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1. From synapse to nucleus: the awesome power of worm genetics. Yishi Jin. University of California, San Diego, HHMI. 

2. The Mystery Cells of the Male: a novel pair of head interneurons required for sex differences in learning. Michele 
Sammut1, Steven J. Cook3, Ken Nguyen3, Terry Felton1, David H. Hall3, Scott W. Emmons2,3, Richard J. Poole1, Arantza 
Barrios1. 1) Cell and Developmental Biology, University College London, London; 2) Department of Genetics, Albert 
Einstein College of Medicine, Bronx, NY; 3) Dominick P. Purpura Department of Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY. 
   We have discovered that our founding fathers overlooked a bilateral pair of male-specific head interneurons, revealing that 
the total number of male neurons is 385, not 383. We have termed these neurons the Mystery Cells of the Male (MCMs). 
Matching the level of characterisation performed by Sulston, White, et al. for all other C. elegans neurons, we have 
established their identity, lineage origin, connectivity and function.            Through reporter gene analysis, and ultrastructural 
reconstruction, we find that the MCMs are fully differentiated neurons. The cell bodies of the MCMs are located 
dorsoanterior to the pharyngeal metacorpus, a region devoid of neuronal cell bodies in the hermaphrodite, and send 
projections posteriorly into the nerve ring and along the ventral cord. The MCMs express neuronal gene batteries for both 
electrical and chemical communication. They are born at the early L4 larval stage from a male-specific asymmetric division 
of the glial amphid socket (AMso) cells. This is the first example of glia acting as neural progenitors in an invertebrate and 
parallels vertebrate neurogenesis. We find that the male AMso cells are fully differentiated, just like the hermaphrodite AMso 
cells, before they re-enter the cell cycle. This male-specific division results in self-renewal of the AMso, which does not 
retract its projection during division, and a cell that transdifferentiates into the MCM neurons.  Reconstruction of the MCM 
synaptic connectivity through serial reconstruction of electron micrographs reveals a circuit where these neurons create 
disynaptic pathways in triplet motifs connecting EF (male-specific), AVF, and RIF to AVB. This suggests that the MCMs 
may incorporate male-specific sensory inputs, such as mate pheromones, into higher-order processing circuits that control 
chemotactic behaviours. Consistent with this we find that the MCMs are specifically required for sexual conditioning, a 
mate-experience dependent plasticity in chemotactic responses that trumps the effect of starvation [1].1.         Sakai, N., 
Iwata, R., Yokoi, S., Butcher, R. A., Clardy, J., Tomioka, M., and Iino, Y. (2013). A sexually conditioned switch of 
chemosensory behavior in C. elegans. PLoS ONE 8, e68676. 

3. Her Brain, His Behavior: Dimorphic neuronal connectivity and behavior are established by sex-specific synapse pruning 
during development. Meital Oren-Suissa1, Oliver Hobert1,2. 1) Biochemistry and Molecular Biophysics, Columbia 
University , New York, NY; 2) Howard Hughes Medical Institute. 
   Sexually reproducing animals display sex-specific behaviors wired onto dimorphic connectivity patterns in the nervous 
system (Jarrell et al., 2012).  The mechanisms underlying the development of sexually dimorphic nervous systems that 
consists mainly of shared neuronal types remain largely unknown.Here we dissect the regulatory programs that specify 
sexually dimorphic neuron identity. Specifically, we focus on the PHB sensory neurons, which function as chemosensory 
cells that negatively modulate reversals to odorant repellents (Hilliard et al., 2002). In hermaphrodites, PHBs synapse heavily 
onto command interneurons (AVAs) that control locomotion. Using in vivo trans-synaptic labeling (Feinberg et al., 2008), 
we confirm the EM data from Jarrell et al. that demonstrates these connections are absent in adult males, and instead, 
connections are made with AVG and LUA interneurons and male specific motor neurons. We find that PHBs in males do not 
process the same sensory cues as in hermaphrodites, but instead are repurposed to process cues involved in mating behavior. 
Inducible neuronal silencing of PHBs results in defective contact-induced backward locomotion of males during mating, as 
well as defective vulva location. Strikingly, we find that PHB-AVA synaptic connections are shared by both sexes at the L1 
stage, therefore resulting in the sensory modulation of locomotion by repellents in both sexes. Later in development, the 
PHBs synapses to AVA interneurons are pruned in males, generating a sexually diverged synaptic state that generates 
dimorphic behaviors. Using cell-specific neuronal masculinization, we show that the pre-synaptic cell autonomously controls 
sex-specific pruning. Conversely, PHB-AVA synapses are pruned in hermaphrodites with masculinized PHBs, and the 
antagonistic behavior is lost. The regulatory programs that trigger this specific dimorphic connectivity are controlled by 
several members of the evolutionary conserved family of DM domain Zn-finger transcription factors, which function in 
neuron-type specific modules. dmd-5 and dmd-11 are dimorphically expressed in the male AVG neuron and are required for 
synaptic connectivity and male mating behavior.Our results suggest that sexual identity of individual neurons defines sex-
specific synaptic targets and allows for diversification of behavioral outputs with a limited set of shared neurons. 

4. Caenorhabditis Genetics Center. Aric Daul, Theresa Stiernagle, Julie Knott, Kemi Awoyinka, Ann E Rougvie. CGC, Univ 
of Minnesota, Minneapolis, MN. 
   The Caenorhabditis Genetics Center (CGC) is supported by the National Institutes of Health - Office of Research 
Infrastructure Programs (NIH-ORIP) and housed at the University of Minnesota.  Our primary aim is to acquire, curate, and 
maintain Caenorhabditis strains and distribute them upon request to researchers throughout the world.  There are now nearly 
19,000 different strains in the collection, including more than two thousand whole-genome sequenced strains obtained from 
the Million Mutation Project and other sources.  We strive to have at least one allele of every published gene and all 



chromosome rearrangements, duplications and deficiencies. Selected multiple-mutant stocks and transgenic strains are also 
available, such as strains that express various fluorescent protein reporter fusions.  The CGC has initiated a small research 
component aimed at enhancing the genetic tool-kit available to C. elegans researchers, including labeling balancer 
chromosomes with fluorescent markers (some of which are now available).  The CGC also distributes stocks of nematode 
species closely related to C. elegans and bacterial strains necessary for nematode growth.  A searchable list of strains, 
including information about CGC stocks, is accessible through the CGC website (www.cbs.umn.edu/CGC/) and 
WormBase.  Requests for strains should be made on-line through our website.  The CGC will be releasing a new on-line 
ordering system with enhanced user features later this summer.  We will be offering a preview of our new website and 
inform users how to set up their required lab and individual accounts in preparation for the transition to our new 
ordering system.As mandated by NIH-ORIP, a small yearly user fee and charge per strain is assessed with each order.  The 
CGC strongly encourages use of credit cards for payments.  We provide yearly reports to the NIH with statistics that reflect 
our services to the worm community.  A key tracked parameter is the number of published papers that acknowledge the CGC 
for providing strains.  Please remember to acknowledge the CGC in your publications!. 

5. WormBook News. Jane Mendel1, Qinghua Wang1, Todd Harris1,2, Paul Sternberg1,3, Oliver Hobert4, Martin Chalfie5. 1) 
Division of Biology and Biological Engineering, California Institute of Technology, Pasadena, CA; 2) Ontario Institute for 
Cancer Research, Toronto, CANADA; 3) Howard Hughes Medical Institute, Pasadena, CA; 4) Department of Biochemistry 
and Molecular Biophysics, Howard Hughes Medical Institute, Columbia University, New York, NY; 5) Department of 
Biological Sciences, Columbia University, New York, NY. 
   WormBook (http://www.wormbook.org/) is a comprehensive, open-access collection of original peer-reviewed chapters 
covering the biology of C. elegans and other nematodes. WormBook also includes WormMethods, which contains protocols 
ranging from the basics of C. elegans culture to advanced imaging techniques, WormHistory, which contains personal 
recollections of the early days of nematode research, and the Worm Breeder’s Gazette, an informal newsletter.  We are 
continually updating the older chapters in WormBook and WormMethods, as well as adding chapters on new topics. For 
example, we will shortly add several WormMethods chapters describing aspects and functions of WormBase.We are very 
happy to announce the addition of an Introduction to WormBook: “A Transparent Window into Biology:  A Primer on 
Caenorhabditis elegans”, by Ann Corsi, Bruce Wightman, and WormBook editor-in-chief, Marty Chalfie, is scheduled to be 
copublished by Genetics and WormBook in June.Additional developments include listing WormBook chapters in PubMed 
Central and upgrading the search feature of WormBook, WormMethods, and The Worm Breeder’s Gazette.We welcome 
your feedback and comments on how we can improve WormBook, WormMethods, and The Worm Breeder’s Gazette to 
make them more useful to you, the worm community. 

6. WormBase 2015. Paul Sternberg1, Kevin Howe2, Paul Kersey2, Matt Berriman3, Todd Harris4, Lincoln Stein4, Tim 
Schedl5, WormBase Consortium. 1) HHMI and Caltech, Pasadena, CA, USA; 2) European Bioinformatics Institute, Hinxton, 
UK; 3) Wellcome Trust Sanger Institute, Hinxton, UK; 4) Ontario Institute for Cancer Research, Toronto, Canada; 5) 
Washington University, St. Louis, USA. 
   WormBase has existed for 15 years and has evolved in many ways.  The new website is fully operational and has made the 
process of adding new data types, displays, and tools easier. Behind the scenes we are piloting an overhaul of the underlying 
database infrastructure to allow us to handle the ever increasing data, have the website perform faster, and allow more 
frequent updates of information. This is a critical time for the project, as we face considerable pressure from two directions. 
The first is that our funders really want us to do more with less. We are responding to this by leading the way in making 
curation (the process of extracting information from papers and data sets into computable form) more efficient using a new 
version of Textpresso (to be released later this calendar year); by discussing with other model organism information 
resources ways to work together to be more efficient and inter-connected; and by seeking additional sources of funding. The 
second, delightful, pressure is an increase in data and results generated by the C. elegans and nematode communities. While 
we are handling this increase by changes in our software for curation, the database infrastructure, and the website, we do need 
your help.  Many of you have helped us over the last few years to identify data in your papers or by sending us data 
directly.  We now need you to help with a few types of information by submitting the data via specially designed, user-
friendly forms that ensure good quality and the use of standard terminology. In particular, we have a large backlog of 
uncurated information associating alleles with phenotypes. We pledge to make this process as painless as possible, and to 
improve WormBase’s description of phenotypes with your feedback, starting at this meeting at the WormBase booth, 
workshops and posters. With your help, continual improvement of our efficiency, and additional sources of funding, we are 
optimistic that we can do much more with even somewhat less effort.Consortium: Paul Davis, Michael Paulini, Gary 
Williams, Bruce Bolt, Thomas Down, Jane Lomax, Todd Harris, Sibyl Gao, Scott Cain, Xiaodong Wang, Karen Yook, 
Juancarlos Chan, Wen Chen, Chris Grove, Mary Ann Tuli, Kimberly Van Auken, D. Wang, Ranjana Kishore, Raymond Lee, 
John DeModena, James Done, Yuling Li, H.-M. Mueller, Cecilia Nakamura, Daniela Raciti, Gary Schindelman. 



7. Comprehensive Biology: How do we complete the C. elegans Knockout Project. Mark Edgley1, Vinci Au1, Katsufumi 
Dejima2, Lisa Fernando1, Stephane Flibotte1, Sayaka Hori2, Satoru Iwata2, Angela Miller1, Tomoko Motohashi2, Greta 
Raymant1, Yuji Suehiro2, Jon Taylor1, Sawako Yoshina2, Shohei Mitani2, Donald Moerman1. 1) Life Sciences Centre, 
University of British Columbia, Vancouver, BC Canada; 2) Department of Physiology, Tokyo Women's Medical University 
School of Medicine & Tokyo Women's Medical University, Institute for Integrated Medical Sciences 8-1, Kawada-cho, 
Shinjuku-ku, Tokyo, 162-8666, Japan 8-1, Kawada-cho, Shinjuku-ku, Tokyo, 162-8666,. 
   The primary objective of this project is to provide the research community with severe loss-of-function mutations of all C. 
elegans genes.  To date we, and the community, have identified such mutations for over14,000 of the 20,000 genes in the 
worm (G3 2012 2:1415-25; Genome Res. 2013 23:1749-63).  Strains harboring these mutations are available through the 
Caenorhabditis Genetics Center and all data pertaining to the mutations is available at WormBase.We are using three 
strategies to generate and isolate mutations in the remaining 6,000 genes.  In the first strategy we will continue to isolate 
deletion mutants using targeted PCR after UV/TMP mutagenesis.  This has been a major method for both nodes to identify 
mutations in non-essential and essential genes until recently, but will now be performed only at the Tokyo node.In the second 
strategy we are using random mutagenesis coupled to Whole Genome Sequencing (WGS) to identify new mutations, 
focusing on mutations that occur in the remaining 6,000 genes that do not have null alleles (Vancouver node).  This strategy 
will allow us to identify mutations in both non-essential and essential genes and to recover the mutant animals.  Using WGS 
we have recently identified nonsense and splicing defects in over 2,000 genes, of which about 500 are among the remaining 
6,000. We are currently working to isolate each of these mutations as homozygous lines, or as balanced recessive lethal 
strains. [Also see poster from the Mitani group on UV/TMP/WGS to identify deletions].In the third strategy we are using 
CRISPR/Cas9 technology to target specific genes as a complement to the random approach described above.  We are 
particularly interested in using this method to target the remaining members of large multi-gene families, for example kinases 
and transcription factors.  We will also use it to expedite community requests if we do not already have hits through the 
deletion and WGS projects. 

8. What's new with WormAtlas? C.A. Wolkow, L.A. Herndon, Z.F. Altun, K. Fisher, C. Crocker, D.H. Hall. WormAtlas, 
Center of C. elegans Anatomy, Albert Einstein Col Med, Bronx, NY. 
   Over the past two years WormAtlas has added new content and many new features.  1) The Dauer Handbook has doubled 
in size and is now complete.  This Handbook offers 12 chapters describing the basics of dauer anatomy, organized by tissue 
type.  We also continue to curate and update the Adult Hermaphrodite and Male Handbooks.  2) The Individual Neuron pages 
have been extensively updated to include information on neurotransmitter and receptor specificity. To better convey the 
developmental dynamics in the origins of individual neurons, videos illustrating neuronal development and patterning in 
the embryo have been added for many of the C. elegans neurons. Videos were created by Anthony Santella & Zhirong Bao. 
3) SlidableWorm has been expanded to include head and tail sections of the adult male. Currently, SlidableWorm offers over 
100 annotated sections from the adult hermaphrodite. Work continues towards greater coverage of the hermaphrodite and 
male bodies. 4) An extensive collection of micrographs from aging adults has been added to WormImage. This collection 
describes adults at young, middle and old age and is annotated with locomotory data and aging class for each adult (Herndon 
et al., 2002).  WormImage welcomes further contributions to the EM archive. 5) WormAtlas has expanded its collection of 
archived papers and has reformatted the HTML version of classic C. elegans publications, including doctoral theses, to make 
them more accessible to users.  6) WormAtlas continues to make the handbook content accessible to mobile devices for the 
ease and convenience of all users. We are grateful to continued funding from NIH OD 010943. 

9. nhr-33 encodes a nuclear receptor that is regulated by high zinc and mediates transcriptional activation to maintain zinc 
homeostasis in C. elegans. Kurt Warnhoff1, Daniel Schneider1, Zuzana Kocsisova1, Chieh-Hsiang Tan1, Hyun Roh2, 
Andrew Morrison1, Damari Croswell1, Kerry Kornfeld1. 1) Developmental Biology, Washington University in Saint Louis, 
St. Louis, MO; 2) Division of Endocrinology, Diabetes, and Metabolism, Beth Israel Deaconess Medical Center, Boston, 
MA. 
   Zinc is an essential element involved in many biological processes and human disorders. Excess zinc is deleterious, and 
therefore animals have evolved sophisticated mechanisms to maintain zinc homeostasis in response to variable zinc 
availability. However, mechanisms of zinc sensing and detoxification are not well defined. Caenorhabditis elegans responds 
to excess dietary zinc by activating transcription of critical zinc-homeostasis genes, such as the zinc exporters cdf-2 and ttm-
1b. We demonstrated that the transcriptional response to high dietary zinc is mediated by the high zinc activated (HZA) 
element, a 14 bp DNA enhancer that is present in multiple genes that are induced by high zinc (Roh et al., NAR, 2014). To 
identify genes that are necessary for the response to excess dietary zinc, we conducted a forward mutagenic screen for 
animals with defects in zinc-induced transcription. We identified five loss-of-function mutations and one gain-of-function 
mutation in nhr-33, which encodes an uncharacterized nuclear receptor. Nuclear receptors are transcription factors that have a 
DNA binding domain and a ligand binding domain. nhr-33(lf) mutations abrogate the induction of zinc-regulated genes and 
dramatically impair zinc homeostasis, as documented by reduced growth and development when mutant animals were 
cultured with excess dietary zinc. By contrast the nhr-33(gf) mutation caused constitutive induction of zinc-regulated genes. 



Thus, nhr-33 is necessary and sufficient for high zinc-activated transcription. To characterize the mechanism of action of nhr-
33, we analyzed the expression pattern; NHR-33 is expressed in intestinal cells and accumulates in nuclei in response to high 
dietary zinc. Biochemical experiments demonstrated that NHR-33 binds the HZA element with high specificity. These results 
indicate that nhr-33 is the master regulator of high zinc homeostasis in C. elegans. High dietary zinc causes NHR-33 to 
accumulate in the nucleus where it binds the HZA element and activates transcription of genes that promote zinc 
homeostasis.  These findings establish a new paradigm for environmental sensing by identifying a novel and unexpected role 
for a nuclear receptor in metal homeostasis. 

10. Intestinal bHLH factors regulate expression of a state-dependent chemoreceptor in ADL. Matt Gruner, Jeremy Grubbs, 
Dom Valdes. Biology Department, University of Nevada, Reno, NV 89557, USA. 
   Feeding state (fed vs starved) and food availability can dramatically alter an animals chemosensory response to chemicals 
in its environment. Dynamic changes in the expression levels of chemoreceptor genes is observed in fish, insects and 
nematodes, and may be a general mechanism underlying the long-term changes in chemosensory behaviors observed in 
starved animals. Our previous work found that the expression of a candidate chemoreceptor, srh-234, in the ADL sensory 
neuron type is modulated by starvation. We showed that sensory- and circuit-mediated regulation of srh-234 is dependent on 
cell-autonomous pathways acting in ADL, such as KIN-29, DAF-2, OCR-2 and calcium signaling, circuit inputs from RMG 
interneurons mediated by NPR-1 signaling, and neuronal outputs of ADL. To further investigate how starvation modulates 
chemoreceptor gene levels, we dissected the cis-regulatory sequences driving srh-234 expression. We found that a putative 
MEF-2 binding site sequence is required for starvation-induced downregulation of srh-234 expression, while a E-box 
sequence motif in close proximity of the MEF-2 site is required to promote srh-234 expression in ADL. In mammals, the 
MEF2 transcription factor is known to interact with basic helix-loop-helix transcription (bHLHs) factors at E-box sites to 
regulate gene expression. We therefore performed a systematic analysis of bHLH factors, and identified HLH-2, HLH-3, 
MXL-3 and HLH-30 as potential regulators of srh-234 expression. Mutations in either hlh-2, hlh-3 or mxl-3 reduce srh-234 
expression in fed conditions, while hlh-30 suppresses the starvation-induced downregulation of srh-234, which is dependent 
on DAF-2 signaling acting in ADL. Since MXL-30/HLH-30 are known to play antagonistic roles in the intestine to modify 
autophagy in response to starvation, we explored their site of action in regulating srh-234. We found that MXL-3 acts in 
intestinal tissues to regulate srh-234 in ADL neurons. These results suggest that during starvation transcriptional changes in 
the intestine mediated by MXL-3/HLH-30 are communicated probably via insulin signals to ADL neurons to regulate srh-
234 expression. Thus, our results provide a brain-gut interaction for modulating chemoreceptor gene expression as a function 
of feeding state. 

11. A novel method for time- and cell-specific RNAi reveals the profile of Let-60Ras in exploratory behavior. M. 
Hamakawa1, T. Uozumi1, N. Ueda1, Y. Iino2, T. Hirotsu1,3,4. 1) Kyushu University, Fukuoka, Fukuoka; 2) Dept of Biophys. 
and Biochem., Grad. Sch of Sci., Univ of Tokyo, Tokyo, Japan; 3) Dept. of Biol. Grad Sch. of Sci., Kyushu Univ., Fukuoka, 
Japan; 4) Division of Applied Medical Sensing, Research and Development Center for Taste and Odor Sensing, Kyushu 
University, Fukuoka, Japan. 
   In the analyses of multifunctional genes such as Ras which plays different roles in various tissues at different stages, the 
effect of these genes knockdown must be controlled strictly to prevent critical secondary effects such as lethality. Recently, 
cell-specific or time-specific RNAi is currently available. However, the conventional RNAi methods are insufficient for the 
analysis of the multifunctional genes. We therefore established a novel method enables to simultaneously perform time- and 
cell-specific RNAi (T.C.RNAi). In T.C.RNAi, the cell-specific promoter which drives the cell-specific and constitutive 
expression and the heat shock promoter which drives the time-specific and global expression are adopted. The one RNA 
strand is driven by the cell-specific promoter, and the other one is done by the heat shock promoter, leading to drive the 
expression of double stranded RNA only in the targeted cell. To confirm the effect of T.C.RNAi, we performed the GFP 
knockdown. The effect of knockdown by T.C.RNAi appeared only in a targeted cell after heat shock treatment, indicating 
T.C.RNAi is capable of simultaneous time- and cell-specific knockdown. Using T.C.RNAi, functions of Let-60Ras in 
exploratory behavior was analyzed. We found Let-60Ras mutants showed abnormal locomotion behavior where they 
continue to move in a circled pattern under a circumstance far from food resources. Because of the abnormal and biased head 
movement in the Let-60Ras mutant, we focused on the foraging behavior in which animals show exploratory and constitutive 
head movement on locomotion. Foraging behavior is known to be regulated by a neural circuit composed of IL1, OLQ, and 
RMD neurons. The cell-specific knockdown of Let-60Ras and rescue experiments showed Let-60Ras functions in the neural 
circuit to control exploratory behavior. In addition, the knockdown of Let-60Ras in RMD motor neurons induced 
mislocalization of glutamate receptors GLR-1. To reveal the temporal profile of Let-60Ras in RMD neurons, we performed 
conditional knockdown of Let-60Ras by T.C.RNAi. The knockdown of Let-60Ras at the adult stage induced GLR-1 
mislocalization. Further, we observed the knockdown of Let-60Ras at the adult stage caused loopy-patterned locomotion. 
These results suggest Let-60Ras functions in RMD motor neurons at the adult stage to regulate GLR-1 localization for the 
modulation of exploratory behavior. 



12. A C. elegans gene-centered protein-DNA interaction network uncovers functions for uncharacterized transcription factors 
and target genes. Juan I. Fuxman Bass1, Carles Pons2, John S. Reece-Hoyes1, Shaleen Shrestha1, Lucie Kozlowski1, Akihiro 
Mori1, Chad L. Myers2, Albertha J.M. Walhout1. 1) Program in Systems Biology, University of Massachusetts Medical 
School, Worcester, MA; 2) Department of Computer Science and Engineering, University of Minnesota-Twin Cities, 
Minneapolis, MN. 
   Gene regulatory networks, comprising interactions between transcription factors (TFs) and regulatory DNA regions, play 
critical roles in development, physiology and responses to environmental cues. In recent years, chromatin 
immunoprecipitation (ChIP) assays greatly expanded our view of the genomic regions occupied by individual TFs. However, 
only ~10% of the ~900 C. elegans TFs have been assayed by ChIP. Here, we use gene-centered enhanced yeast one-hybrid 
(eY1H) assays to identify 21,679 protein-DNA interactions between 366 C. elegans TFs and 2,576 promoters. By integrating 
this network with co-expression data, we characterize TFs as transcriptional activators or repressors. We identify new targets 
for previously characterized TFs that we further validated by qPCR in TF mutants strains. Additionally, we predict the 
function of uncharacterized TFs by evaluating interactions with targets associated with specific gene ontology terms. For 
instance, we identify a module of nuclear hormone receptors that bind to the promoters of detoxifying enzymes. Altogether, 
this large-scale dataset provides a blueprint to study TF and target gene functions. 

13. Transcriptome analysis of the sex-specific differences in the somatic gonadal precursor cells in Caenorhabditis elegans. 
Mary B. Kroetz, David Zarkower. Genetics, Cell Biology & Development, University of Minnesota, Minneapolis, MN. 
   The C. elegans somatic gonad was the first organ to have its cell lineage determined and the gonadal lineages of the two 
sexes differ greatly in their pattern of cell divisions, cell migration and cell types. Despite much study, the genetic pathways 
that direct early gonadal development and establish its sexual dimorphism remain largely unknown, with just a handful of 
regulatory genes identified from genetic screens. To help define the genetic networks that regulate gonadal development in 
both sexes, I employed cell-specific RNA-seq. Single sex populations of animals were generated using sex determination 
pathway mutants and a highly specific GFP reporter was used to isolate the somatic gonadal precursor cells, Z1/Z4 or the 
Z1/Z4 daughter cells, by FACS of dissociated larval cells from synchronized animals harvested just before and just after the 
division of Z1/Z4, when somatic gonad sexual differentiation begins. I identified transcripts present in each sex in Z1/Z4 or 
Z1/Z4-daughter cells and for comparison I also identified the transcripts in each sex in whole animals at both time points. 
Pairwise comparisons of samples identified several hundred gonad-enriched transcripts including most known Z1/Z4-
enriched mRNAs, and reporter analysis has confirmed the effectiveness of this approach. Prior to the Z1/Z4 division only 
about 25 sex-enriched Z1/Z4 transcripts were detectable, but less than six hours later during development, I identified about 
250 sex-enriched transcripts in the Z1/Z4-daughters, of which about a third also were enriched in the somatic gonad cells 
compared to whole animal. This blossoming of sex-specific gene expression indicates that a robust sex-specific 
developmental program, some of it gonad-specific, initiates in these cells around the time of the first Z1/Z4 division. 
Transcripts that have similar patterns in timing and expression are likely to be regulated by a similar mechanism. Sex-
enriched gonadal transcripts were categorized based on similar enrichment patterns from the aforementioned pairwise 
comparisons. Current work is underway to identify and experimentally test shared motifs in conserved regions of promoters 
of transcripts that belong to the same expression category. This method of cell-specific RNA-seq should not only help define 
the regulatory networks controlling gonadal development but will also provide an effective general approach to identify 
genetic networks driving development of other cell lineages in C. elegans. 

14. Genome-wide and species-wide variation in C. elegans reveals association of telomere length with population differences 
in pot-2. D.E. Cook1,2, R.E. Tanny1, D. Riccardi3, L. Noble3, M.V. Rockman3, L. Kruglyak4, E.C. Andersen1,2. 1) Dept. of 
Molecular Biosciences, Northwestern University, Evanston, IL; 2) Interdisciplinary Biological Sciences Program, 
Northwestern University, Evanston, IL; 3) Dept. of Biology, New York University, New York, NY; 4) Dept. of Human 
Genetics, UCLA, Los Angeles, CA. 
   Model organisms have significantly advanced medicine and our understanding of biological phenomena. However, 
experiments are frequently carried out in a single laboratory strain (e.g. N2). This approach, while useful for many 
applications, neglects the potential insights that can be made by examining genetic diversity observed in natural populations. 
This largely untapped resource can help tease apart the genetic factors responsible for complex (multifactorial) traits in 
addition to addressing a multitude of other questions concerning genome evolution and population genetics.Given the 
benefits of studying natural populations, we have sequenced the whole genomes of 181 wild isolate strains that were found to 
represent 124 distinct genome-wide haplotypes (isotypes). To date, this collection is the largest set of wild isolate sequences 
in C. elegans. Sequences were aligned to the reference genome (WS245) and achieved a median coverage of 84, giving us the 
ability to identify rare and common variants with high confidence. We called approximately 1.6 million single nucleotide 
variants that can be used to predict functional changes. 
 
Using this high-coverage sequence dataset, we can map trait differences that can be ascertained from raw sequence data 
alone, including estimates of mitochondrial DNA content and telomere length. We found that telomere length is strongly 



associated with a region on chromosome II that contains the gene pot-2 (Protection of Telomeres 1 homolog). pot-2 has been 
shown to repress the activity of the telomere-lengthening enzyme telomerase and binds to single stranded overhangs at 
telomere ends. A missense (F68I) mutation within the OB-fold domain of pot-2 is correlated with longer telomeres. This 
residue is conserved among pot-2 and two paralogs: mrt-1, which is required for telomerase activity, and pot-3, which does 
not have a well-defined function. Additionally, this residue appears to be conserved in homologs within the reference 
sequences of Caenorhabditis briggsae, C. remanei, C. brenneri, and C. japonica. A deletion allele of pot-2 has previously 
been shown to result in telomere lengthening. One explanation for the apparent natural variation in pot-2 activity may reflect 
distinct environmental pressures on telomere length. 

15. Deciphering the mechanism of X-upregulation in C. elegans dosage compensation. Alyssa Lau, Kevin Zhu, Gyorgyi 
Csankovszki. Molecular, Cellular, and Developmental Biology, Univeristy of Michigan, Ann Arbor, MI. 
   In C. elegans dosage compensation is required to balance X-linked gene expression to autosomes. It is hypothesized that an 
unknown mechanism causes X upregulation in both sexes. This mechanism balances the X to autosomal expression in males, 
but creates X overexpression in hermaphrodites. Therefore, to restore the balance, hermaphrodites downregulate gene 
expression two-fold on both X chromosomes. While many studies have focused on X chromosome downregulation, the 
mechanism of X upregulation is not known.Using 3D FISH microscopy to measure the volume of chromosome territories we 
found that the X chromosome, but not chromosome 1, territories in males are unexpectedly decondensed. We found that this 
X chromosome decondensation requires the activity of the histone acetyltransferase, MYS-1 (homologous to human TIP60). 
Interestingly, MYS-1 acetylates H4K16, the key factor responsible for male-specific X-upregulation in Drosophila 
melanogaster dosage compensation. This suggests that H4K16ac may be responsible for higher gene expression levels on the 
male X in both species. Depleting other members of a putative C. elegans TIP60-like complex led to similar X phenotypes as 
MYS-1 depletion. We hypothesize that a TIP60-like complex decondenses the X chromosome in C. elegans males, and this 
decondensation contributes to upregulation of gene expression on the chromosome. By analyzing X chromosome volumes in 
young male embryos we determined that the developmental time window for this male X chromosome decondensation 
occurs around the 30-to-50-cell stage, surprisingly the same stage as the downregulation process in hermaphrodites. Overall, 
our data indicates that histone acetylation by the MYST family HAT MYS-1 may play an important role in the highly 
debated X upregulation mechanism in C. elegans. . 

16. Condensin-Driven Remodeling of X-Chromosome Topology during Dosage Compensation. E. Crane1,3,4, Q. Bian1,4, R. 
McCord2,4, B. Lajoie2,4, B. Wheeler1, E. Anderson1, J. Dekker2, B. Meyer1. 1) Howard Hughes Medical Institute and 
University of California-Berkeley, Berkeley, CA; 2) University of Massachusetts Medical School, Worcester, MA; 3) 
Current address: Stanford University School of Medicine, Stanford, CA; 4) These authors contributed equally. 
   The three-dimensional organization of a genome plays a critical role in regulating gene expression, yet little is 
known about the machinery and mechanisms that determine higher-order chromosome structure. Here we perform 
genome-wide chromosome conformation capture analysis, FISH, and RNA-seq to obtain comprehensive 3D maps of 
the Caenorhabditis elegans genome and to dissect X-chromosome dosage compensation, which balances gene 
expression between XX hermaphrodites and XO males. The dosage compensation complex (DCC), a condensin 
complex, binds to both hermaphrodite X chromosomes via sequence-specific recruitment elements on X (rex sites) to 
reduce chromosome-wide gene expression by half. Most DCC condensin subunits also act in other condensin 
complexes to control the compaction and resolution of all mitotic and meiotic chromosomes. By comparing 
chromosome structure in wild-type and DCC-defective embryos, we show that the DCC remodels hermaphrodite X 
chromosomes into a sex-specific spatial conformation distinct from autosomes. Dosage-compensated X chromosomes 
consist of self-interacting domains (~1 Mb) resembling mammalian Topologically Associating Domains (TADs). TADs 
on X have stronger boundaries and more regular spacing than on autosomes. Many TAD boundaries on X coincide 
with the highest-affinity rex sites and become diminished or lost in DCC-defective mutants, thereby converting the 
topology of X to a conformation resembling autosomes. rex sites engage in DCC-dependent long-range interactions, 
with the most frequent interactions occurring between rex sites at DCC-dependent TAD boundaries. These results 
imply that the DCC reshapes the topology of X by forming new TAD boundaries and reinforcing weak boundaries 
through interactions between its highest-affinity binding sites. As this model predicts, deletion of endogenous rex sites 
at DCC-dependent TAD boundaries using CRISPR/Cas9 greatly diminishes the boundaries. Thus, the DCC imposes a 
distinct higher-order structure onto X while regulating gene expression chromosome wide.. 

17. H3K9 methylation at repetitive elements safeguards genome integrity. P. Zeller1,2, J. Padeken1, S. Gasser1,2. 1) Friedrich 
Miescher Institute for Biomedical Research, Maulbeerstrasse 66, CH-4058 Basel, Switzerland; 2) University of Basel, 
Faculty of Sciences, CH-4056 Basel, Switzerland. 
   Eukaryotic genomes contain millions of copies of repetitive elements (RE). It is estimated that between 50 and 70% of the 
human genome is comprised of repeats, which include both small nucleotide stretches (tandem repeats) and transposable 
elements (RNA and DNA transposons). Repetitive elements are transcriptionally silenced by heterochromatin, a hallmark of 



which is the methylation of histone H3 at lysine 9 (H3K9me). The nematode C. elegans, has two histone methyl transferases 
responsible for H3K9 modification MET-2 and SET-25.  Worms lacking H3K9me show a striking increase in the 
transcription of all RE classes (DNA transposons, retrotransposons and tandem repeats) mainly in somatic tissues. By using 
ChIPseq and RNAseq to analyze the biology of worm RE’s, we identified elements that are silenced by H3K9me3 as 
opposed to mono- and di-methylation. Surprisingly, worms completely lacking H3K9me are viable, although they become 
sterile at 25°C. Their sterility correlates with a dramatic increase in DNA-damage checkpoint dependent apoptosis during 
oogenesis and a strong increase in repeat expression. A genome wide synthetic lethality screen demonstrated a strong 
dependency of worms lacking H3K9me on DNA damage response proteins for fertility. We could further show that H3K9me 
deficient mutants have a strong increase in spontaneous mutation rates, both when scored using a heterochromatic gene 
reporter, or as spontaneous genomic changes. The lesions incurred include frameshifts, translocations, insertions and 
deletions. We observe no detectable increase in either mitotic or meiotic chromosome missegregation, arguing that the 
genomic instability is not due to a potential role of H3K9me in chromosome segregation. We conclude that H3K9 
methylation plays a unique and crucial role in the stabilization of repetitive DNA. 

18. Epigenetic program of DNA replication. Ehsan Pourkarimi, James Bellush, Iestyn Whitehouse. Memorial Sloan-
Kettering Cancer Center, New York, New York. 
   In eukaryotes, multiple replication origins initiate DNA synthesis bidirectionally. Half of the genome is duplicated 
discontinuously on the lagging strand in the form of Okazaki Fragments (OFs). Previously we have purified and sequenced 
OFs from S. cerevisiae, and have demonstrated their utility in mapping genome wide DNA replication patterns (1,2). Despite 
many years of research, the precise location efficiency and abundance of replication origins in metazoa remains elusive. Here 
we capture and sequence OFs from C. elegans and generate a genome wide map of DNA replication.We use a DNA ligation 
compromised genetic background and purify single stranded OFs from developing embryos. Aligning sequence reads of OFs 
to the C. elegans genome reveals a characteristic strand bias at specific sites that are approximately 50-100 Kb apart. The 
complementary enrichment of Okazaki fragments to either the Watson or Crick strands is the hallmark of a replication origin. 
Additionally we have found that origins of replication in C. elegans are correlated with transcriptionally active regions of 
chromatin. Using the histone modification data set of modENCODE we found a strong association between replication start 
sites and acetylation of Histone H3 lysine 27 (H3K27ac). Acetylation of H3K27 is a chromatin mark characteristic of gene 
enhancer elements. Finally, we show that a partial depletion of CBP/P300 the sole histone H3 acetyltransferase (HAT) 
responsible for H3K27 acetylation has a profound effect on DNA replication.  Our data indicate that the DNA replication 
program is likely plastic and is matched with the transcriptional program. Ultimately our data show, both DNA replication 
and gene transcription are likely regulated by similar epigenetic processes. 1. Intrinsic coupling of lagging-strand synthesis to 
chromatin assemblyDuncan J. Smith& Iestyn Whitehouse. Nature, 20122. Quantitative, genome-wide analysis of eukaryotic 
replication initiation and termination.McGuffee SR, Smith DJ, Whitehouse I. Mol Cell, 2013. 

19. Epigenetic memory in C. elegans: Plastic and elastic behaviors of histone modifications in response to rapid 
environmental changes. I. Celen1,2, J. Doh2, C. Sabanayagam2. 1) Center for Bioinformatics and Computational Biology, 
University of Delaware, Newark, DE; 2) Delaware Biotechnology Institute, University of Delaware, Newark, DE. 
   Epigenetics in the context of histone modifications plays essential roles in gene regulation and has strong relevance to 
animal adaptation in rapidly changing environments. However, the kinetics of epigenetic inheritance in dynamic 
environments remains to be uncovered. We conducted a systematic analysis to investigate the plastic and elastic epigenetic 
properties of histone marks H3K4me3, H3K27me3, H4K20me1, H3K9me3, and H3K36me1 on C. elegans genome: F0 
worms were cultured on agar plates, F1 in liquid, followed by F2 on agar. Transferring animals from agar to liquid presents a 
drastic environmental change. For example, due to the presence of a buoyant force in liquid, the nematodes experience only 
1/8th of their ground weight. In addition, the animals move by crawling in agar and swimming in liquid. As expected, F0 and 
F1 worms showed altered chromosomal distributions for different histone marks, with varying degrees of overlapping regions 
(1% - 31%). Interestingly, the histone distributions in F2 animals were additionally associated with unique genes (0.2% - 
51%) that are not common to F0 and F1. Bioinformatics analyses were conducted to correlate environmental change with the 
histone distributions. One particular finding is that H3K4me3 marks in F1 animals are strongly associated with locomotion 
genes that are not present in F0 and F2. The additional activated locomotion genes in F1 reflect an adaptive response to the 
change from agar to liquid environments. In another example, F1 and F2 animals displayed enriched H3K4me3 activation in 
genes related to adult life span compared to F0. Others have shown that C. elegans lifespan is doubled in liquid cultures. The 
fact that F2 generation retains this epigenetic memory remains unclear, but may closely resemble epigenetic mechanisms 
observed with multigenerational human studies on starvation. Transgenerational analysis (F0, F1, and F2) showed that the 
distribution of H3K4me3,  H3K27me3, and H3K36me1 generally remained constant (epigenetic plasticity), while the other 
histone modifications displayed up to eight-fold change in the number of common genes regulated in three generations 
exposed to environmental changes (epigenetic elasticity). These results indicate that chemically distinct histone marks exhibit 
different kinetics across multigenerations that can be described as elastic and plastic (memory-forming). 



20. The C. elegans KDM5 homolog RBR-2 promotes cell fate acquisition by modifying H3K4 methylation levels at 
regulatory elements. Y.C. Lussi1, L. Mariani1, T.R. Myers1, C. Krag1, G. Wong2, A.E. Salcini1. 1) BRIC, University of 
Copenhagen, Copenhagen, Denmark; 2) A.I. Virtanen Institute, University of Eastern Finland, Kuopio, Finland. 
   Methylation levels of histone 3 lysine 4 (H3K4) play a crucial role in transcription regulation and are finely controlled by 
the action of specific histone methyltransferases and demethylases during development. Here, we address the role of the 
H3K4me2/3 demethylase RBR-2, the unique member of the KDM5 class of histone demethylases in C. elegans, in cell 
differentiation during postembryonic development. We found that the enzymatic activity of RBR-2 is required cell-
autonomously to regulate the 2° cell fate acquisition in vulva precursor cells and to achieve correct vulva formation. 
Genome-wide analysis indicates that RBR-2 is needed for the regulation of H3K4me levels in regulatory regions of the 
genome, including transcription start sites and enhancer regions. Loss of RBR-2 results not only in aberrant acquisition of 
H3K4me3 at transcription start sites, but also in loss of enhancer signatures in regulatory regions. Accordingly, RNA 
sequencing analysis shows both up- and down-regulation of gene transcription, suggesting a complex function of RBR-2 in 
regulating gene activity. 

21. Genome organization revealed through chromatin state mapping. Kenneth J Evans, Przemyslaw Stempor, Michael A 
Chesney, Thomas A Down, Julie Ahringer. The Gurdon Institute, University of Cambridge, Cambridge UK. 
   Eukaryotic genomes are organized into domains of differential structure and activity.  Through chromatin state mapping 
using 17 chromatin marks in L3 larvae, we identify 20 states that correlate with many biological features as seen previously 
in other systems. Investigating patterns of states on a larger scale, we observe extended active and inactive domains 
corresponding with regions of low and high H3K27me3, and we characterize two types of border regions separating domains. 
Marked borders are associated with higher levels of H3K36me3 and germline active chromatin.  These borders show 
spreading of H3K27me3 into neighboring active regions in animals with reduced H3K36me3 germline marking, suggesting 
that germline events contribute to domain definition. Regulatory borders are enriched for characteristics of transcriptional 
regulatory regions. The domain organization shows similarities to topological domains in humans and Drosophila, where 
insulator proteins such as CTCF show enrichment at boundaries. Using large modENCODE and ENCODE collections of 
transcription factor binding data, we find that the binding of most transcription factors is enriched at C. elegans borders and 
Drosophila and human topological boundaries, indicating that the previously observed topological boundary enrichment of 
insulator proteins is not specific to these factors. We propose that these regulatory regions may help to organize chromatin 
into domains. 

22. Synthetic superviability: combining detrimental mutations can have unexpected lifespan enhancing consequences. 
Hayley Lees, Lynne Cox, Alison Woollard. Department of Biochemistry, University of Oxford, Oxford. 
   As geneticists, we take for granted that mutating a single gene can extend C. elegans lifespan way beyond that experienced 
by WT animals. Thus, the genetic approach to longevity research has revealed several important molecular pathways 
regulating lifespan, including insulin signalling and oxidative stress. This is very striking, given the inherent complexity of 
ageing phenotypes, which involve changes in many different biological and physiological processes. It seems likely that 
traditional genetic screens for lifespan mutants are at, or nearing, saturation, and yet our understanding of the biology of 
ageing is far from complete.  Does this mean that longevity is controlled by just a few “master” regulators, or that complex 
genetic interactions are important in determining robust longevity outcomes, such that rather few single mutants display 
profoundly altered rates of ageing? Here, we have modeled the human monogenic premature ageing disorder Werner 
syndrome (WS) using mutation of wrn-1, homologous to the WS associated WRN gene. WS recapitulates many features of 
the normal ageing process, but these manifest at an early age. Furthermore, cells from WS patients are characterized by 
genomic instability. Although a growing body of research can explain how WRN maintains genome stability, it is not clear 
why functional WRN is so important for longevity, or whether the observed genomic instability in WS contributes to 
premature ageing. We have demonstrated the progeroid nature of C. elegans wrn-1 mutants, but, unexpectedly, we find that 
combining short-lived wrn-1 mutants with short lived p53/cep-1 mutants results in a very striking daf-16-dependent 
improvement in both lifespan and healthspan, greatly beyond that of WT worms – a phenomenon we call synthetic 
superviability (SSV). Furthermore, we show that genomic instability per se does not drive ageing, since these long-lived 
double mutants display high levels of genomic instability. Rather, it appears that the ability to sense and respond to stresses 
such as DNA damage (mediated by factors like p53) limits lifespan. Remove the stress responder (which normally perhaps 
“overreacts” to particular stresses, thus limiting lifespan), and the intrinsic stress pushes the physiological outcome into an 
enhanced longevity mode, akin to hormesis. Investigations are now underway to discover other genetic combinations which 
also induce SSV; the cep-1;wrn-1 double mutant may turn out to be the prototype of a new class of combinatorial mutant 
with improved longevity, despite the fact that each single mutant displays progeria. This completely novel type of genetic 
interaction may provide rich resources for a deeper understanding of the biology of ageing. 

23. Autophagy promotes heat resistance and intestinal biomass conversion in ageing hermaphrodites. Alexandre Benedetto1, 
Marina Ezcurra1, Ann Gilliat1, Filipe Cabreiro1,2, Catherine Au1, Jennifer Tullet1,3, David Gems1. 1) IHA, GEE, UCL, 



London, UK; 2) ISMB, UCL / Birkbeck, London, UK; 3) School of Biosciences, University of Kent, Canterbury , UK. 
   In an attempt to understand causes of aging and organismal death C. elegans, we have established new tools for 
longitudinal studies in aging worm cohorts. We have characterized age-related pathologies and developed a high-throughput 
method for simultaneously performing survival assays on over a hundred age/genotype combinations. Applying these 
methodologies to the study of age-related changes in Age mutants, we have uncovered two new phenomena, both requiring 
autophagy. Using time-lapse recordings of blue death fluorescence (Coburn et al. PLoS Biology, 2013) to automate mortality 
scoring in worm populations, we performed semi-automated stress assays in multiwell plates, following daily changes in heat 
resistance in various Age mutants and conditions. Unexpectedly, we observed an age increase in resistance to acute heat 
(42°C) in N2 hermaphrodites, peaking between days 6 and 8 of adulthood, and decreasing thereafter. Mutation of daf-2 
(insulin/IGF-1 receptor) markedly extended the period of maximum resistance, while mutation of daf-16 (FoxO transcription 
factor) shortened it. Overall, both amplitude and timing of the peak correlated positively with mutant longevity and this 
phenomenon required DAF-16, HSF-1 and an intact autophagy pathway. In a parallel line of investigation, we 
simultaneously assessed age-related pathologies in a range of Age mutants (see presentation by Ezcurra et al.). Two salient 
pathologies, extracellular yolk accumulation and intestinal atrophy, were correlated across genotypes and individuals, 
suggesting a causal link. In wild type N2, both phenomena occurred only in hermaphrodites, but they could be induced in 
males by feminization using mab-3 mutations. Autophagy mutants showed striking reductions in both extracellular yolk 
accumulation and intestinal atrophy. Accordingly, protein and lipid yolk components were also reduced. Intestinal-specific 
RNA interference of autophagy genes was sufficient to recapitulate these effects. Taken together, these results identify a 
likely mechanism of intestinal atrophy, a major pathology of aging in C. elegans: autophagy-dependent conversion of 
intestinal biomass into yolk. It implicates autophagy as a modulator of energy flux in C. elegans adulthood, generating 
energy and metabolites to satisfy the high energetic demand of yolk synthesis and afford optimal stress handling during 
the reproductive period. This work further suggests that early ageing in C. elegans is characterized by robust activity rather 
than metabolic decline. 

24. Autophagy-mediated longevity is modulated by lipoprotein biogenesis. C. Daniel De Magalhaes Filho1, Nicole Seah2, 
Anna Petrashen2, Hope R. Henderson3, Jade Laguer4, Julissa Gonzalez4, Andy Dillin1,3, Malene Hansen4, Louis R. 
Lapierre2,4. 1) Salk Institute, La Jolla, CA; 2) Brown University, Providence, RI; 3) University of California Berkeley, 
Berkeley, CA; 4) Sanford-Burnham Medical Research Institute, La Jolla, CA. 
   Autophagy-dependent longevity models in C. elegans display altered lipid metabolism, including a decrease in the 
intestinal production and secretion of the yolk lipoprotein vitellogenin and increased neutral lipid storage, but the 
contribution of intracellular lipid distribution in lifespan extension is not fully understood.Here we report that lipoprotein 
production, autophagy and lysosomal lipolysis are linked and modulate lifespan in a conserved fashion. We find that over-
expression of vitellogenin reduces the lifespan of long-lived animals by impairing the induction of autophagic and lipophagic 
genes necessary for longevity. Increased vitellogenesis also results in intestinal lipid depletion in long-lived animals, 
demonstrating that elevated intestinal lipid storage found in long-lived animals is primarily due to reduced vitellogenesis. 
Indeed, we find that silencing vitellogenin genes is sufficient to increase lifespan via autophagic and lipophagic gene 
induction and by redistributing lipid bound for secretion toward neutral lipid droplet storage, thereby increasing the amount 
of lipids available for lipophagy.Lifespan extension from reduced vitellogenesis requires transcription factors DAF-16/FOXO 
and HLH-30/TFEB, suggesting that the transcriptional regulation of autophagy is coordinated with lipoprotein biogenesis. 
Nuclear hormone receptors (NHR) NHR-49/PPARa and NHR-80/HNF4 are also required to extend lifespan under reduced 
vitellogenesis and enhanced lysosomal lipolysis, highlighting novel roles for these NHRs in lysosomal lipid signaling. In 
dietary-restricted worms and mice, the expression of vitellogenin and hepatic apolipoprotein B, respectively, are significantly 
reduced, suggesting a conserved link in lifespan modulation. Altogether, our study suggests that lipoprotein biogenesis is an 
important mechanism in aging by impairing the transcriptional induction of autophagy. . 

25. A massive increase in lipid and protein content in aging hermaphrodites. Marina Ezcurra, Catherine Au, Thanet Sornda, 
Alexandre Benedetto, Ann Gilliat, David Gems. Institute of Healthy Ageing, University College London, London. 
   One view of aging is as the set of endogenously-generated pathologies that increase in late life, some of which contribute to 
age-related mortality. This implies that to understand aging in C. elegans one needs to characterize age-related pathologies 
and their development, identify the processes that promote pathology development, and establish which pathologies cause 
death. To this end we have established methodologies for simultaneous assessment of a range of late-life pathologies of aging 
C. elegans. Using these we have identified a burst of rapid pathogenesis involving gross anatomical changes, which occurs 
mainly between day 4 and 10 of adulthood in N2 hermaphrodites. One such pathology results from the continuation of yolk 
production after reproduction has ceased, causing accumulation of yolk and in detrimental effects on the worm in later life. 
Yolk is a lipoprotein complex of yolk proteins (vitellogenins) and lipids, including phospholipids and triglycerides. 
Continued yolk synthesis leads to an eventual ~8–fold increase in the major yolk protein component YP170. Yolk proteins 
eventually constitute ~75% of total worm protein content, and there is an ~10-fold age increase in total protein content per 
worm. In old animals, up to 50% of the body cavity can be filled up with yolk pools, which stain with the lipophilic dye 



Bodipy, and there is a ~5-fold increase in overall triglyceride content. Thus, elderly hermaphrodites experience severe 
hyperproteinemia and steatosis. Knock down of vitellogenins using vit-5 + vit-6 RNAi suppressed yolk accumulation and the 
development of other age-related pathologies, and increased lifespan. Conversely, suppressing yolk uptake by oocytes by 
rme-2 RNAi increased yolk pool accumulation, altered other pathologies and decreased lifespan, suggesting that ectopic yolk 
deposition has toxic effects. In long-lived daf-2 insulin/IGF-1 receptor mutants this yolk hypertrophy is suppressed. Together, 
these data suggest that aging C. elegans hermaphrodites undergo an overgrowth phase during early adulthood, characterized 
by vigorous biological activity rather than loss of function. This overgrowth phase results in, among other things, excess 
biosynthesis and the accumulation of large pools containing vitellogenic proteins and lipids in the body cavity, which have 
toxic effects and result in the acceleration of age-related pathologies and shortening of lifespan. 

26. MML-1/Mondo complexes regulate HLH-30/TFEB via TOR inhibition to promote longevity in response to signals from 
the reproductive system. S. Nakamura1, O. Karalay1, P. Jaeger1, M. Horikawa1, K. Nakamura1, C. Latza1, C. Klein1, S. 
Templer1, C. Dieterich1, A. Antebi1,2,3. 1) Max Planck Institute for Biology of Ageing, Cologne, Germany; 2) Department of 
Molecular and Cellular Biology, Huffington Center on Aging, Baylor College of Medicine, Houston, Texas, USA; 3) 
Cologne Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), University of Cologne, 
Cologne, Germany. 
   In mammals, the TOR-TFEB axis is well known to regulate autophagy and lysosomal biogenesis. Recently, it has been 
shown by LaPierre et al that the C. elegans TFEB homolog HLH-30 is required for several known longevity pathways, and 
localizes to the nucleus in response to these signals. However, regulation of TFEB/HLH-30 and its interaction with other 
pathways in long-lived animals is not well understood. From a large-scale RNAi screen, we identified the Mondo-like 
transcription factor MML-1 and its heterodimer partner MXL-2 as a novel regulators of gonadal longevity. These factors 
regulate glucose metabolism and lipogenesis in mammals. We found that MML-1/MXL-2 were both required for longevity 
induced by glp-1 mutation or germline laser ablation. Consistent with a role in the gonadal longevity, nuclear MML-1::GFP 
was elevated upon germline loss, and overexpression of MML-1 modestly extended lifespan in the wild type. HLH-30 
normally is nuclear localized in the glp-1 background. Surprisingly, we found that this nuclear localization was largely 
abolished by mml-1 and mxl-2 mutation. Accordingly, hlh-30 downstream events such as autophagy and lysososmal 
biogenesis were reduced in these mutants. HLH-30 localization and activity are also known to be regulated by TORC1. We 
found that phosphorylated S6 Kinase levels, a readout of TORC1 activity, became elevated upon mml-1 and mxl-2 deletion, 
suggesting that these factors regulate TOR signaling. In particular, we discovered that the amino acid sensor and TOR 
effector, leucyl-tRNA synthetase lars-1, was upregulated by mml-1 deletion. Knockdown of TORC1 components (TOR/let-
363, raptor/daf-15 and raga-1) and lars-1 but not TORC2 specific component (rict-1) restored HLH-30 nuclear localization 
and target gene expression in the mml-1 and mxl-2 background. However, neither longevity nor autophagic process were 
fully rescued by lars-1 or TORC1 knockdown. Transcriptome analysis revealed substantial overlap between hlh-30 and mml-
1 downstream target genes, but also identified mml-1 specific downstream genes that we implicated in longevity. Taken 
together, our analysis reveals that MML-1/MXL-2 regulates HLH-30 activity via TORC1 inhibition upon germline loss. 
Together these transcription factors cooperate in a coherent regulatory network governing autophagy, lysosomal biogenesis, 
and longevity. 

27. SBP-1 and MDT-15 moderate the life-shortening effect of glucose by promoting fat conversion. Dongyeop Lee1, Dae-
Eun Joeng1, Heehwa G. Son1, Yasuyo Yamaoka4, Hyunmin Kim5, Keunhee Seo1, Abdul Aziz Khan4, Tae-Young Roh1,4, Dae 
Won Moon5, Youngsook Lee1,4, Seung-Jae V. Lee1,2,3. 1) Department of Life sciences; 2) ITCE; 3) I-BIO; 4) IBB, Pohang 
University of Science and Technology, Pohang, Gyeongbuk, South Korea; 5) Department of New Biology, DGIST, Daegu, 
South Korea. 
   Abnormal glucose metabolism is linked to many age-related diseases. Several studies including ours have shown that 
glucose-enriched diets shorten the lifespan of C. elegans (1, 2, 3). Here, we sought to identify genes that mediate the effects 
of dietary glucose on lifespan. We performed a genome-wide RNAi screen using a glucose-responsive GFP transgenic C. 
elegans. The level of GFP expression was reproducibly increased by 170 RNAi clones and decreased by 43 RNAi clones. We 
then examined the effects of these RNAi clones on lifespan upon glucose-rich diet feeding. Knock down of mdt-15/mediator 
15 significantly enhanced the life-shortening effect of glucose-rich diets. MDT-15 regulates lipid metabolism and stress 
resistance by acting as a co-regulator of transcription factors, SBP-1 (4), NHR-49 (5), and SKN-1 (6, 7). We showed that 
genetic inhibition of sbp-1 enhanced the toxic effects of glucose on lifespan but knockdown of nhr-49 or skn-1 did not. 
Conversely, gain-of-function mutation of mdt-15 or overexpression of sbp-1 restored normal lifespan in glucose-fed 
conditions. These data suggest that MDT-15 and SBP-1 protect worms from the glucose toxicity. Next, we performed mRNA 
sequencing to identify functionally important downstream effectors of MDT-15 and SBP-1. Glucose-rich diet feeding 
induced several fatty acid desaturases in an mdt-15- and sbp-1-dependent manner. Fatty acid desaturases are enzymes that 
convert saturated fatty acids (SFAs) to unsaturated fatty acids (UFAs). By using GC/MS analysis, we found that SFAs were 
accumulated in glucose-fed mdt-15(RNAi) and sbp-1(RNAi) animals. We showed that glucose-induced shortened lifespan was 
further decreased by SFA feeding, while being suppressed by overexpression of fatty acid desaturases. Thus, MDT-15 and 



SBP-1 appear to moderate the lifespan-shortening effects of glucose by promoting fat conversion through regulating fatty 
acid desaturases. Our study will lead to better understanding of the relationship between glucose and lipid metabolism in 
lifespan regulation at the organismal level. (1) Schulz et al., 2007 (2) Schlotterer et al., 2009 (3) Lee et al., 2009 (4) Yang et 
al., 2006 (5) Taubert et al., 2006 (6) Goh et al., 2014 (7) Pang et al., 2014. 

28. The Deubiquitylase MATH-33 Controls DAF-16 Stability and Function in Development and Longevity. Thomas 
Heimbucher1,4, Zheng Liu1, Carine Bossard1, Richard McCloskey6, Andrea C. Carrano1, Christian G. Riedel7, Bogdan 
Tanasa8, Christian Klammt1, Bryan R. Fonslow5, Celine E. Riera2, Bjorn F. Lillemeier1, Kenneth Kemphues6, John R. Yates 
III5, Clodagh O'Shea1, Tony Hunter1, Andrew Dillin2,3. 1) Salk Institute for Biological Studies, Molecular and Cell Biology 
Laboratory, La Jolla, CA 92037, USA; 2) Molecular and Cell Biology Department, The University of California, Berkeley, 
CA 94705, USA; 3) Howard Hughes Medical Institute, The University of California, Berkeley, CA 94705, USA; 4) Glenn 
Center for Aging Research, Molecular and Cell Biology Laboratory, La Jolla, CA 92037, USA; 5) The Scripps Research 
Institute, Department of Chemical Physiology, La Jolla, CA 92037, USA; 6) Cornell University, Department of Molecular 
Biology and Genetics, Ithaca, NY 14853-2703, USA; 7) European Research Institute for the Biology of Aging, University of 
Groningen, Groningen FA509713 AV, Netherlands; 8) University of California, Department of Medicine, School of 
Medicine, San Diego, La Jolla, CA 92093, USA. 
   One of the major determinants of aging in organisms ranging from worms to man are FOXO family transcription factors, 
which are downstream effectors of Insulin/IGF-1 signaling (IIS). The molecular mechanisms that actively promote 
DAF16/FOXO stability and function are unknown. Here we identify the deubiquitylating enzyme MATH-33, the C. elegans 
orthologue of mammalian USP7/HAUSP, as an essential regulator of DAF-16 in C. elegans. MATH-33 antagonizes 
polyubiquitylation of DAF-16 in C. elegans, stabilizing active DAF-16 protein levels and, as a consequence, influencing 
DAF-16 functions, such as development, metabolism and longevity. MATH-33 associates with DAF-16 in cellulo dependent 
on reduced IIS, binds to DAF-16 in vitro and functions as a deubiquitylase by actively removing ubiquitin moieties from 
DAF-16. We find the E3-ubiquitin ligase rle-1 counteracts the math-33 deubiquitylase activity on DAF-16, providing a 
dynamic and reversible ubiquitylation mechanism to regulate DAF-16 protein levels. Our findings support a model in which 
MATH-33 promotes DAF-16 stability in response to decreased IIS by directly modulating its ubiquitylated state, and suggest 
that regulated oscillations in the stability of DAF-16 protein play an integral role in controlling processes such as 
development, metabolism and longevity. . 

29. Insulin-like peptides in sensory neurons transmit inter-tissue longevity signals through modulating DAF-16 activity in C. 
elegans. M. Artan1, D. Jeong2, D. Lee2, Y. Kim1,2, H. G. Son2, J. Alcedo4, S.-J. V. Lee1,2,3. 1) Information Technology 
Convergence Engineering; 2) Department of Life Sciences; 3) School of Interdisciplinary Bioscience and Bioengineering, 
Pohang University of Science and Technology, Pohang, Gyeongbuk, South Korea; 4) Department of Biological Sciences, 
Wayne State University, Detroit, MI, USA. 
   Inhibition of a small subset of sensory neurons can increase the lifespan of a whole organism, including C. elegans and 
mice. Perturbation of sensory neurons prolongs the lifespan of C. elegans by activating DAF-16/FOXO transcription factor. 
However, mechanisms by which sensory neurons transmit longevity signals to other body parts remain elusive. Here, we 
show that insulin-like peptides (ILPs) are neuro-endocrine factors that relay longevity signals from sensory neurons to non-
neuronal tissues. Mutations in tax-2 and tax-4, subunits of a cyclic GMP-gated channel required for sensory neural functions, 
promote the longevity of C. elegans. We found that tax-2 or tax-4 mutations activated DAF-16/FOXO in multiple tissues, 
including neurons and non-neuronal tissues, intestine and hypodermis. This result indicates tissue-to-tissue regulation of 
DAF-16 activity by sensory neurons. Considering potential roles of neuroendocrine signaling via ILPs in lifespan regulation, 
we determined the expression of 34 C. elegans ILP genes. We found that down-regulation of two ILP genes, daf-28 and ins-
6, mediated the longevity of sensory mutants. Further, daf-28 and ins-6 regulated the elevated nuclear localization and 
transcriptional activation of DAF-16 in tax-4 mutants. We also showed that ins-6 mediated the sensory longevity response by 
acting in two specific sensory neurons, ASI and ASJ. Optogenetic activation of either ASI or ASJ neurons was sufficient to 
alter subcellular localization of DAF-16 in the intestine. Finally, we identified food signals as sensory cues that regulated ILP 
expression. Cell-free E. coli supernatants, which acted as sensory food cues, increased ins-6 and daf-28 mRNA levels and 
caused the inactivation of DAF-16. Thus, food cues appear to regulate ILPs in sensory neurons, which relay the longevity 
signals to non-neuronal tissues by regulating the activity of DAF-16.Research support: NRF-2012R1A4A1028200, NRF-
2013R1A1A2014754, and Korean Health Technology R&D Project (HI14C2337) to S.-J.V.L. H.G.S. is supported by NRF-
2012H1A2A1049108, and D.E.J. is supported by NRF-2013H1A8A1003751. 

30. CREB-Dependent FLP-6 Neuropeptide Signaling Regulates Longevity Response to Temperature in C. elegans . Yen-
Chih Chen, Hung-Jhen Chen, Wei-Chin Tseng, Jiun-Min Hsu, Chun-Liang Pan. Institute of Molecular Medicine, National 
Taiwan University, Taipei, Taiwan. 
   Temperature is an important environmental cue that influences longevity. In the nematode Caenorhabditis elegans, the 
thermosensory neuron AFD is required for normal life span at warm temperatures, but how AFDs control temperature-



specific longevity response remains elusive. We showed that crh-1, which encodes the C. elegans cyclic AMP response 
element binding protein (CREB), acted in the AFD to maintain a normal life span at warm temperatures. We also identified 
an FMRFamide-like neuropeptide, flp-6, as the crh-1 transcriptional target and act in the longevity control in response to 
temperature. crh-1 and flp-6 acted in the AFD for longevity control. Both crh-1 and flp-6 were necessary and sufficient for 
longevity control in a temperature-dependent manner, with flp-6 acting downstream of crh-1. The effects of crh-1 on 
longevity were independent of the heat shock response pathway, but may engage insulin signaling, as genetic analysis of 
longevity phenotype in crh-1, flp-6 and daf-16 suggested that crh-1 and flp-6 act in the daf-16 pathway. This is supported by 
our profiling of the flp-6 mutant transcriptome compared to that of the wild type, which identified several insulin pathway 
genes that were upregulated in the flp-6 mutant, including the insulin-like peptide (ILP) ins-7. crh-1/flp-6 mutation or 
overexpression increased or decreased ins-7 expression in the intestine, respectively. Furthermore, the ins-7 mutation 
completely suppressed longevity deficits of the flp-6 mutant. Together these experiments identify an flp-6/FLP-to-ins-7/ILP 
neuropeptide signaling circuit as an output from the thermosensory neuron for systemic longevity control in response to a rise 
in the ambient temperature. (supported by National Health Research Institutes NHRI-EX101-10119NC). 

31. Environmental temperature differentially modulates C. elegans longevity through a thermosensitive channel. Bi Zhang1,2, 
Rui Xiao1, Elizabeth A. Ronan1, Yongqun He3, Jianfeng Liu2, X.Z. Shawn Xu1. 1) Life Sciences Institute, Ann Arbor, MI; 2) 
College of Life Science and Technology, Huazhong University of Science and Technology, Wuhan, Hubei, China; 3) Unit 
for Laboratory Animal Medicine and Department of Microbiology and Immunology, University of Michigan, Ann Arbor, MI 
48109, USA. 
   Temperature profoundly affects aging in both poikilotherms and homeotherms.  A general belief is that lower temperatures 
extend lifespan while higher temperatures shorten it.  Though this “temperature law” has been widely accepted, it has not 
been extensively tested.  Here, we carefully evaluated the role of temperature in lifespan regulation in C. elegans.  We found 
that while exposure to low temperatures at the adult stage promotes longevity, low temperature treatment at the larval stage 
surprisingly reduces lifespan.  Interestingly, this differential effect of temperature on lifespan in larvae and adults is mediated 
by the same thermosensitive channel TRPA-1 that signals to the transcription factor DAF-16/FOXO, a master regulator of 
lifespan.  DAF-16/FOXO and TRPA-1 act in larvae to shorten lifespan, but extend lifespan in adulthood.  Notably, DAF-
16/FOXO differentially regulates gene expression in larvae and adults in a temperature-dependent manner. Our results 
uncover unexpected complexity underlying temperature modulation of longevity, demonstrating that temperature 
differentially regulates lifespan at different stages of life. 

32. CYP-36A1 Acts Downstream of the Conserved EGL-9/HIF-1 Hypoxia-response Pathway to Regulate C. elegans Egg-
Laying Behavior. Cory Pender, Bob Horvitz. HHMI, Dept. of Biology, MIT, Cambridge, MA. 
   Response to changes in levels of O2 is a fundamental process in human physiology and plays a major role in pathologies as 
diverse as cardiovascular disease, stroke and cancer. More generally, the capacity to respond to fluctuations in O2 provides an 
important physiological adaptation for many organisms, including C. elegans. Diminished access to O2 can elicit metabolic, 
developmental and behavioral responses. Upon exposure to hypoxic conditions (0.5% O2), worms decrease their egg-laying 
rate (Miller and Roth 2009). We are using the egg-laying behavior of C. elegans as a model for studying behavioral responses 
to decreased O2 concentrations and for revealing novel aspects of the molecular genetic pathway that functions in response to 
hypoxia. The prolyl hydroxylase EGL-9 is a key component of the evolutionarily conserved molecular pathway that responds 
to hypoxia. Our laboratory discovered egl-9 many years ago in a C. elegans screen for mutants defective in egg laying. EGL-
9 defines a conserved family of enzymes that hydroxylate the transcription factor hypoxia-inducible factor (HIF-1) using 
available O2, thus targeting HIF-1 for degradation. Increase in HIF-1 activity as a result of reduced inhibition by EGL-9 
under hypoxic conditions is the basis for many C. elegans adaptations to hypoxia, including metabolic and behavioral 
changes. hif-1(lf) mutations suppress the egg-laying defect of egl-9(lf) mutants. Thus, it is likely that the inhibition of egg 
laying under hypoxia is controlled by the egl-9/hif-1 pathway. To find downstream effectors of HIF-1 or pathways that 
regulate egg laying in parallel to HIF-1, we are screening for mutations that suppress the egg-laying defect of egl-9 mutants. 
We identified an allele of the cytochrome P450 gene cyp-36A1 as a recessive suppressor of the egl-9 egg-laying defect. 
Previous work has shown that cyp-36A1 is upregulated in hypoxia in a hif-1-dependent manner and contains the putative 
HIF-1 binding motif in its promoter, suggesting that cyp-36A1 might be a direct transcriptional target of HIF-1 (Shen et al. 
2005). Interestingly, another cytochrome P450 gene, cyp-13A12, was identified in our laboratory as acting downstream of -
egl-9 in the O2-ON locomotory response to changing oxygen levels. CYP-13A12 functions in the generation of an eicosanoid 
and is downregulated upon hypoxia exposure or in egl-9 mutants (Ma et al. 2013). By contrast, our data indicate that CYP-
36A1 generates a hormone that activates a nuclear receptor, and that this pathway is upregulated in egl-9 mutants. We 
suggest that different cytochrome P450 enzymes act broadly, through multiple mechanisms, downstream of the EGL-9 and 
HIF-1 in response to alterations in O2 concentrations. 

33. Non-autonomous DAF-16/FOXO activity antagonizes age-related loss of C. elegans germline stem/progenitor cells. 
Zhao Qin, E. Jane Albert Hubbard. Skirball Institute of Biomolecular Medicine, New York University School of Medicine, 



540 First Ave, New York, NY. 
   Stem cells maintain tissues and organs over the lifespan of individuals. How aging influences this process is unclear. Here 
we use the C. elegans germ line as a model to study stem cell aging. The C. elegans germ line combines a well-established 
genetic model for aging studies with a well-defined, accessible stem cell system, providing a unique opportunity to dissect 
the effects of aging on stem cell dynamics.We found that the stem/progenitor cell pool in the C. elegans germ line becomes 
depleted over time. This depletion is suppressed in mutants with reduced insulin/IGF-like signaling (IIS) via the downstream 
transcription factor DAF-16/FOXO. DAF-16/FOXO acts neither in the germ line itself nor in the intestine, suggesting that 
DAF-16/FOXO regulates age-related germline stem/progenitor cell loss through a novel mechanism that is anatomically 
separable from its previously described roles in larval germline proliferation and lifespan regulation. Further, we found that 
DAF-16/FOXO activity is required in the proximal region of the somatic gonad, suggesting that the part of the reproductive 
system that experiences the transit of gametes and/or embryos might signal to and influence the stem/progenitor cell pool. 
Consistent with this hypothesis, we found that animals with an altered rate of germ cell flux through the reproductive tract 
lose their germline stem/progenitor cells at a significantly different rate compared with controls and that DAF-16/FOXO 
partially mediates the effect of germ cell flux on germline stem/progenitor cell maintenance over time. Together, our 
results represent a novel mechanism of stem cell regulation at the organ level in addition to regulation of stem cells by their 
niche and the systemic environment of the organism. 

34. Investigation of aging and hermaphrodite attractiveness in C. elegans with RNAseq. Daniel Leighton1, Paul Sternberg1,2. 
1) Division of Biology and Biological Engineering, Calif Institute of Technology, Pasadena, CA; 2) Howard Hughes Medical 
Institute. 
     C. elegans hermaphrodites undergo substantial behavioral changes as they age through adulthood, in a manner related 
largely to the depletion of self-sperm. These changes include the production of a volatile male-attracting pheromone, a 
change in how the worm physically reacts to male mating attempts, and an increase in leaving behavior. It is suspected that 
these behavioral changes serve to increase the chance of a successful mating attempt. Hermaphrodites that are incapable of 
producing self-sperm, such as fog-2 mutants, exhibit some of these age-related behaviors even in young adulthood. Last year, 
we demonstrated that the production of volatile pheromone is linked not simply to the presence of sperm, but more 
specifically to the interaction between mature sperm and mature oocytes within the gonad. This interaction is then 
communicated to one or more somatic cells. In an effort to understand the transcriptional changes that are triggered by this 
germline-soma signalling event, we have collected and analyzed RNA from wild-type (N2) and fog-2 hermaphrodites at both 
young and aged stages of adulthood. This data may reveal the regulation of not only volatile pheromone production, but also 
other behavioral changes observed in spermless hermaphrodites. By using RNAseq, we have obtained a transcriptome of 
aged N2 hermaphrodites of substantially higher resolution than any that has been previously published. We have also 
uncovered substantial transcriptional differences between aged N2 and aged fog-2 hermaphrodites, which are physiologically 
similar, but have different reproductive histories. By screening strains with mutations in genes that showed a high correlation 
with attractiveness, we have identified mutant strains that show abnormally low attractiveness to males even in a spermless 
state. The data also reveals an enrichment of genes associated with membrane remodelling only in aging wild type 
hermaphrodites, which may be indicative of physical changes that occur only in reproductive animals. 

35. Glia control locomotion and sleep in C. elegans. Menachem Katz1, Francis Corson2, Shachar Iwanir3, Elena Dragomir1, 
David Biron3, Shai Shaham1. 1) Lab Developmental Genetics, Rockefeller Univ, New York, NY; 2) Laboratoire de Physique 
Statistique Ecole Normale Supérieure, Paris, France; 3) Department of physics, University of Chicago, Chicago, IL. 
   Glia are abundant components of the nervous system, yet their contributions to neural circuits and animal behavior are 
poorly characterized. To study these contributions, we ablated the astrocyte-like CEPsh glia that ensheath synapses in the C. 
elegans nerve ring. We find that ablation results in enhanced locomotory quiescence preceding molting-associated lethargy (a 
sleep-like state), and molting-independent short-duration locomotory pausing. Synapses between the neuron ALA, which 
governs sleep-like behavior, and the locomotory interneuron AVE are ensheathed by CEPsh glia. Loss of ALA function 
suppress both precocious lethargus and locomotory pausing, suggesting that CEPsh blocks a locomotion-inhibiting signal 
from ALA. Several observations suggest this inhibition occurs at the ALA-AVE synapses. Inactivation of AVE promotes 
locomotory pausing independently of ALA or CEPsh glia states, suggesting it acts downstream of these two cells. In 
addition, CEPsh glia ablation results in prolonged calcium transients in AVE, which are rescued by ALA inactivation. 
Finally, AVE calcium levels normally correlate with backwards locomotion; in CEPsh-ablated animals, calcium induction in 
AVE is uncoupled from movement, and coupling is restored by ALA inactivation. These results suggest that CEPsh glia are 
essential for the functions of ALA-AVE synapses. To understand how CEPsh glia control synaptic activity, we developed a 
robust method for isolating these cells from larvae, and generated a list of CEPsh glia-enriched genes using RNAseq. RNAi 
studies have uncovered potential roles for some enriched genes in locomotion control. CEPsh glia also ensheath the outer 
aspect of the nerve ring, where they are in close proximity to glutamatergic synapses. Studies in other labs showed that 
glutamatergic signaling levels correlate with reversal frequency. We found that CEPsh-disrupted animals have an increased 
reversal frequency, suggesting accumulation of glutamate at synapses. Analysis of the CEPsh transcriptome revealed 



enriched expression of glt-1, a homolog of the astrocytic glutamate clearance transporter (EAAT2). glt-1 mutants were 
previously shown to have increased reversal frequency, and we found that expression of glt-1 in CEPsh glia rescues this 
defect. Together, our studies establish functional and molecular homology between CEPsh glia and vertebrate astrocytes, and 
identify exciting roles for these cells in locomotory control in C. elegans. 

36. NCA sodium leak channels and gap junctions regulate sleep and arousal in C. elegans. Huiyan Huang1, Heather 
Bennett1,2, Chen-Tseh Zhu3, Dustin Hayden1, Lukas Skuja1, Anne Hart1. 1) Department of Neuroscience, Brown University, 
Providence, RI; 2) Department of Molecular Biology, Cell Biology and Biochemistry, Brown University, Providence, RI; 3) 
Department of Ecology and Evolution, Brown University, Providence, RI. 
   During sleep, animals exhibit a heightened arousal threshold and decreased behavioral response to external stimuli. The 
molecular and cellular mechanisms underlying these changes are not fully understood. We report here that the activity of the 
C. elegans NALCN sodium leak channel, NCA, is critical for normal sleep and arousal. Sodium leak channels regulate 
resting membrane potential, thus contributing to the overall neuronal excitability (PMID:17448995, PMID:23522043). We 
found that diminished NCA activity in C. elegans robustly increased arousal threshold during sleep bouts in L4-to-adult 
lethargus, consistent with decreased excitability. Quantity of sleep was only modestly increased in these animals, whereas 
heightened NCA activity dramatically decreased sleep. Loss of cGMP-dependent protein kinase EGL-4 suppressed NCA loss 
of function defects. This suggests a model in which increased arousal threshold during sleep requires down-regulation of the 
sodium leak channel, which, directly or indirectly, activates the EGL-4 protein kinase. Others have suggested that Drosophila 
sodium leak channel drives the pigment dispersing factor (PDF) neuropeptide release, regulating daily rhythmic behavior 
(PMID:16364900, PMID:20362452). However, in C. elegans, losing PDF-1, one of the two PDF neuropeptides, had no 
impact on animals with increased NCA function. Intriguingly, loss of the PDF receptor increased arousal threshold, 
reminiscent of decreased NCA function.NCA channels, cooperatively with gap junctions, are required for normal response to 
general anesthetics (PMID:3576211) and function in the premotor interneurons to regulate neuronal excitability 
(PMID:25716181, PMID: 21489288). Consistent with these findings, loss of UNC-7 or UNC-9 gap junction proteins 
partially suppressed the increased sleep of animals with diminished NCA function. Moreover, loss of UNC-7 in premotor 
interneurons or loss of UNC-9 in motor neurons significantly decreased sleep and lowered arousal threshold during sleep. 
Conversely, overexpressing UNC-7 and UNC-9 in adult animals was sufficient to induce anachronistic sleep. Combined, 
these results emphasize the conservation and importance of neuronal activity during sleep, demonstrate a role for gap 
junctions in sleep, and identify possible targets for the modulation of sleep entry and maintenance. 

37. Neuropeptide Modulation of Specific Behaviors During EGF/ALA Induced Sleep. Ravi D. Nath1, Elly S. Chow1, Han 
Wang1, Erich M. Schwarz2, Paul W. Sternberg1. 1) HHMI and Division of Biology and Biological Engineering , California 
Institute of Technology, Pasadena, CA, 91125, U.S.A; 2) Department of Molecular Biology and Genetics, Biotechnology 
351, Cornell University, Ithaca, NY, 14853-2703, U.S.A. 
   Neuropeptides are a class of neuromodulators that act on neural circuits to generate dynamic circuit properties and 
behavioral states. Neuropeptide circuit modulation is thought to generate behavioral states as varied as an "awake" and a 
"sleep" state. Sleep is classically defined as a state with behavioral quiescence, response latency (delayed response to sensory 
stimulus), and homeostatic regulation. By this definition, sleep has been observed in C. elegans, D. melanogaster, zebrafish, 
and mice, as well as humans. Three conditions induce sleep in  C. elegans: developmental lethargus, epidermal growth factor 
(EGF)-, and satiety-induced sleep. Here we focus on EGF induced sleep. Stress, including temperature elevation, leads to 
EGF activation of the EGFR ortholog LET-23 in the peptidergic ALA neuron. To determine how ALA induces sleep, we 
profiled the transcriptome of this neuron and found that many neuropeptide encoding genes were highly expressed in ALA. 
We characterized the effect of four neuropeptides (FLP-13, FLP-24, NLP-8, and FLP-7) on five behaviors: feeding, 
defecation, locomotion, head movement, and response latency. Behavioral quiescence in C. elegans is typically assayed by 
cessation of eating and locomotion, but defecation ceases as well. We wanted to determine if neuropeptides modulate the 
defecation motor program (DMP) during sleep. We found that NLP-8 inhibits defecation, but not feeding, indicating that 
defecation is modulated independently of feeding. While some behaviors were exclusively modulated by one neuropeptide, 
other behaviors were modulated by several. These data suggest that EGF-ALA induced sleep occurs by partly independent 
neuropeptide modulation of eating, defecation, locomotion, and response latency, which together constitute much of the sleep 
state. 

38. Mechanisms for sleep neuron specification and sleep induction. J. Besseling, M. Turek, J. Spies, H. Bringmann. Max-
Planck-Institute for Biophysical Chemistry, Goettingen, Germany. 
   Sleep is induced by sleep-active neurons that are conserved from mammals to C. elegans. These neurons express GABA 
and neuropeptides, are active at the onset of sleep and actively promote it. However, little is known about how sleep neuron 
cell fate is determined and how sleep neurons induce this behavior.In C. elegans, sleep-like behavior occurs during lethargus, 
preceding the molt (Cassada and Russell 1975, Raizen et al. 2008). It depends on the sleep-active sleep-promoting neuron 
RIS, which requires the AP2 transcription factor APTF-1 to induce sleep (Turek et al. 2013). Thus, APTF-1 provides a 



unique starting point to understand sleep neuron specification and sleep induction.We combined transcriptome analysis of 
aptf-1 mutants with analysis of RIS-expressed genes to find out what determines expression of APTF-1 and how APTF-1 
causes RIS to become sleep promoting. We found that the lim box homeodomain transcription factor LIM-6, which broadly 
specifies GABAergic neuron fate (Hobert et al. 1999), determined the expression of APTF-1 in RIS. Transcriptome analysis 
of aptf-1 mutants showed that APTF-1 is required for the expression of an FMRFamide-like neuropeptide, FLP-11, in RIS. 
Deletion of FLP-11 caused substantially reduced sleep behavior during lethargus, an effect that was increased by knockout of 
GABA. Overexpression of FLP-11 caused ectopic sleep behavior, confirming that this peptide is somnogenic. FLP-11 has 
been shown to activate three receptors, NPR-22, NPR-4, and FRPR-3 (Peyman et al. 2014). All these receptors appeared to 
contribute to the induction of sleep behavior downstream of FLP-11 release by RIS.Thus, we present a mechanism of how 
RIS becomes sleep inducing: LIM-6 causes APTF-1 expression, which in turn causes expression of the somnogenic peptide 
FLP-11. At the onset of sleep, RIS is strongly activated and releases both GABA and FLP-11, which activates multiple 
receptors to globally induce sleep. Like mammalian sleep-active neurons, RIS uses both peptidergic and GABAergic 
signaling to induce sleep, which further supports the view of a common evolutionary origin of sleep neurons. 

39. AFD-specific receptor guanylyl cyclases can confer temperature responses onto diverse cell types. Asuka Takeishi*, 
Yanxun V. Yu*, Vera M. Hapiak, Harold W. Bell, Piali Sengupta. Department of Biology and National Center for 
Behavioral Genomics, Brandeis University, Waltham, MA. 
   C. elegans exhibits complex experience-dependent thermosensory behaviors on spatial thermal gradients. AFD has been 
identified as the major thermosensory neuron type, and AFD-ablated worms exhibit strong defects in thermotaxis behaviors. 
Measurements of temperature-evoked intracellular calcium dynamics and thermoreceptor current have shown that AFD 
responds to thermal variation at temperatures above a threshold temperature (T*) that is set by the animal’s cultivation 
temperature (Tc). Thermotransduction in AFD is mediated by cGMP signaling, and requires the functions of the receptor 
guanylyl cyclases (rGCs), GCY-8, GCY-18 and GCY-23, the cGMP-dependent phosphodiesterase PDE-2, and the TAX-2 
and TAX-4 cGMP-gated channels. However, the molecular mechanisms by which AFD senses temperature are still 
unknown.Previous studies have shown that many rGCs function as sensors for specific stimuli, suggesting that the AFD-
expressed rGCs may themselves act as thermosensors. We found that misexpression of GCY-8, GCY-18 and GCY-23 in the 
non-thermosensory AWB and ASE chemosensory neurons is sufficient to confer warming-dependent changes in intracellular 
calcium (also see abstract by Yu, Takeishi et al). We further expressed each rGC singly or in combination in these neurons, 
and found that expression of GCY-23 alone confers temperature responses onto AWB and ASE in the physiological 
temperature range, whereas expression of GCY-18 confers responses to higher temperatures. Interestingly, in contrast to 
AFD, the T* of AWB and ASE misexpressing AFD-specific rGCs is not modulated by Tc, suggesting that the observed Tc -
dependent plasticity in AFD thermosensory response threshold may be mediated by AFD-specific mechanisms. To ask 
whether misexpression in cell types lacking endogenous cGMP signaling pathways would also confer thermosensory 
responses, we next misexpressed the rGCs in vulval muscles. We found that vulval muscles misexpressing GCY-23 as well 
as TAX-2/TAX-4 also exhibit responses to temperature variation. Our results suggest that AFD-specific rGCs can confer 
thermosensory responses onto multiple neuronal and non-neuronal cell types, and raise the possibility that these proteins may 
be bona fide thermosensors in C. elegans.* - equal contributions. 

40. Pan-neuronal imaging in roaming animals. Vivek Venkatachalam1,2, Ni Ji1,2, Xian Wang1,2, James Mitchell1,2, Mason 
Klein1,2, Christopher Tabone1,2, Christopher Clark3, Joel Greenwood2, Andrew Chisholm4, Jagan Srinivasan5, Mark Alkema3, 
Mei Zhen6, Aravinthan Samuel1,2. 1) Physics, Harvard University, Cambridge, MA; 2) Center for Brain Science, Harvard 
University, Cambridge, MA; 3) Neurobiology, University of Massachusetts Medical School, Worcester, MA; 4) 
Neurobiology, UCSD, La Jolla, CA; 5) Biology and Biotechnology, Worcester Polytechnic Institute, Worcester, MA; 6) 
Molecular Genetics and Physiology, University of Toronto, Toronto, ON, Canada. 
   We present an imaging system for panneuronal recording in crawling C. elegans. A spinning disk confocal microscope, 
modified for automated tracking of the C. elegans head ganglia, simultaneously records the activity and position of ~100 
neurons that co-express cytoplasmic calcium indicator GCaMP6 and nuclear localized RFP at 10 volumes per second. We 
developed a behavioral analysis algorithm that maps the movements of the head ganglia to the animal’s posture and 
locomotion. Image registration and analysis software automatically assigns an index to each nucleus and calculates the 
corresponding calcium signal. Neurons with highly stereotyped positions can be associated with unique indexes and 
subsequently identified using an atlas of the worm nervous system. To test our system, we analyzed the brainwide 
activity patterns of worms subjected to thermosensory inputs. We uncover a strikingly sparse representation of thermosensory 
perception involving two neurons (AFDL and AFDR), and a broadly distributed representation of the motor state across the 
nervous system. Our imaging setup and analysis pipeline, panneuronal imaging in roaming animals, or PANERA, provides 
a new platform to establish functional maps of sensory to motor transformation in behaving C. elegans and Drosophila larva. 

41. Caenorhabditis elegans exhibit a fecal avoidance-like coupling between two motor programs. S. Nagy1, Y-C. Huang2, M. 
J. Alkema2, D. Biron1,3. 1) The Institute for Biophysical Dynamics, The University of Chicago, Chicago, IL; 2) Department 



of Neurobiology, University of Massachusetts Medical School, Worcester, MA; 3) Department of Physics and the James 
Franck Institute, The University of Chicago, Chicago, IL. 
   Distinct motor programs can be coupled to enrich and refine the repertoire of behavior dynamics. However, mechanisms 
underlying such coupling are poorly understood. The defecation motor program (DMP) of C. elegans is composed of a 
succession of body contraction and expulsion steps, performed repeatedly with a period of 50-60 sec. Using precise 
automatic detection of contractions, we show that avoidance-like locomotion dynamics are executed in tandem with the DMP 
cycle. Moreover, the two motor programs co-reset and co-terminate in response to external stimuli or developmental events. 
We found that calcium waves in the intestine, known to drive the DMP cycle, drove the avoidance-like behavior. Proton 
signaling, known to regulate the DMP, also played a role in establishing the appropriate locomotion dynamics during the 
cycle. Surprisingly, interneurons that were specifically associated with reversals were essential for DMP anterior body 
contractions and expulsions. Our data suggests that a triggering event, 10 seconds prior to the posterior body contraction, 
may synchronize avoidance-like locomotion with the DMP cycle. This study provides the first example in C. elegans of two 
multi-step motor programs being executed concurrently and in synchrony, as well as of intestinal driven directed 
locomotion. . 

42. The taste receptor homolog LITE-1 is a novel type of photoreceptor protein. Jianke Gong1,2, Yiyuan Yuan1,3, Alex 
Ward1,4, Zhaoyang Feng3, Jianfeng Liu2, X.Z.Shawn Xu1. 1) Life Sciences Institute and Department of Molecular and 
Integrative Physiology, Unversity of Michigan, Ann Arbor, MI; 2) College of Life Sciences, Huazhong University of science 
and technology, Wuhan, Hubei, China; 3) Department of Pharmacology, Case Western Reserve University, Cleveland, OH; 
4) Department of Biology, Stanford University, Palo Alto, CA. 
   It has long been assumed that the nematode C. elegans lacks the sense of light, mainly because it lives in the dark soil and 
does not have eyes.  However, we and others have reported the surprising observation that C. elegans in fact possesses a 
simple visual system; and short-wavelength light, especially UV light, induces avoidance behavior mediated by a group of 
photoreceptor neurons which require the function of the lite-1 gene, a member of the invertebrate taste receptor 
family[Ward.(2008),Liu.(2010),Edwards.(2008)]. Interestingly, a Drosophila homolog of lite-1 has also been suggested to 
mediate light-induced avoidance behavior in fly larva[Xiang.(2010)]. As such, lite-1 has been suggested to encode a light-
sensing protein rather than act as a taste receptor.However, more recent work has demonstrated that light, particularly UV 
light, generates reactive oxygen species (ROS) such as H2O2[Bhatla.(2015)].  H2O2 also induces avoidance behavior in a way 
similar to UV light, suggesting that light-induced avoidance behavior could be mediated by ROS produced by light 
illumination rather than light itself. This raises the possibility that LITE-1 functions as a chemoreceptor instead of a 
photoreceptor protein. To directly test whether LITE-1 can function as a photoreceptor protein, we biochemically purified 
LITE-1 to homogeneity from worm lysate. We found that LITE-1 directly absorbs UV light with an extinction coefficient in 
the range of 10*6.  This indicates that LITE-1 is 10-100 times more sensitive to light than all known photoreceptor proteins, 
such as rhodopsin, cryptochrome, phytochrome and phototropin.  In a genetic screen, we identified missense mutations in the 
lite-1 gene, which disrupt LITE-1 function in vivo. By purifying LITE-1 protein harboring these mutations, we found that the 
mutations also abolish light-absorption by LITE-1 protein in vitro, providing insights into the biophysical mechanism 
underlying light-sensing by LITE-1. Our results show that LITE-1 can function as a bona fide photoreceptor and represents 
the most sensitive light-detecting protein identified to date. . 

43. Dissecting the roles of primary interneurons that regulate memory-dependent salt concentration chemotaxis. Hirofumi 
Kunitomo, Hirofumi Sato, Yohsuke Satoh, Yuichi Iino. Dept Biological Science, Graduate School of Science, University of 
Tokyo, Tokyo. 
   Mapping the neuronal components of perception, memory, and motor control is critical in understanding how memory-
dependent behavior is encoded by the nervous system. Salt chemotaxis of Caenorhabditis elegans is a memory-dependent 
navigation behavior: animals are attracted to the salt concentration at which they have been fed, whereas they avoid it if they 
have been starved (salt concentration chemotaxis). The animals employ a biased random walk strategy (also called the 
pirouette strategy) to migrate towards preferred directions. In this strategy, the frequency of reorientation depends on the 
temporal change of salt concentration and this bias is modulated by the differences in salt concentration between the current 
environment and the memorized one. Interestingly, input from a single sensory neuron, ASER, is required and sufficient for 
salt concentration chemotaxis under well fed conditions, and ASER is activated by salt concentration decrease irrespective of 
cultivation salt concentrations. To understand how sensory inputs are translated into behavior, we examined the roles of 
postsynaptic neurons of ASER by ablating them individually or in combination. ASER densely synapses on three pairs of 
interneurons, AIA, AIB and AIY. Loss of AIY or mutations in ttx-3 resulted in impaired chemotaxis to low salt but not to 
high salt. On the other hand, AIA-ablated animals showed a weak but significant defect in chemotaxis to high salt. Ablating 
both AIY and AIA disrupted chemotaxis to both directions. Quantitative analyses of locomotion revealed that these 
chemotaxis defects were concomitant with altered properties of the pirouette strategy: upon salt concentration decreases, 
AIY-abated animals showed a defect in suppression of turning after cultivation at low salt, whereas AIA-ablated animals 
showed a defect in activation of turning after cultivation at high salt. Ablation of AIB interneurons did not cause discernible 



effect on salt concentration chemotaxis, although these neurons were involved in the regulation of ASER-evoked 
reorientation. These results indicate that although both AIY and AIA are involved in the regulation of turning frequency upon 
salt concentration decreases, they differently mediate transmission of sensory information after cultivation at distinct salt 
concentrations. 

44. Geographical tuning in magnetotactic response across C. elegans wild-type isolates. Andres Vidal-Gadea1, Kristi Ward2, 
Celia Beron2, Jonathan Pierce-Shimomura2. 1) Biological Sciences, Illinois State University, Normal, IL; 2) Neuroscience 
Department, The University of Texas at Austin, Austin, TX. 
   Rotation of the earth’s liquid core generates a magnetic field used by many organisms to navigate their environment. While 
some animals such as turtles and birds use the magnetic field to engage in horizontal migrations, other organisms like 
magnetotactic bacteria use it to guide their migrations vertically. We find that C. elegans readily orients to artificial magnetic 
fields of earth strength. When assaying responses to the natural magnetic field of the earth, we found that worms appear to 
use the geomagnetic field to guide vertical migrations via an identified a pair of sensory neurons. Because the orientation of 
the geomagnetic field differs across the globe, we tested the magnetotactic ability and migratory preference of the standard 
lab strain (N2), and of wild-type strains isolated from different locations across the planet. We found that different 
populations displayed an innate preference to migrate at an angle to magnetic fields of earth-strength that would optimize 
their UP or DOWN direction when burrowing in their native global location. For instance, in England the geomagnetic field 
pierces the earth at +66 degrees (north points down). We found that well-fed British N2 worms prefer to migrate 120 degrees 
to an earth-strength artificial magnetic field. This seemingly arbitrary angle corresponds to the optimal angle to orient them 
upward when burrowing in England. By contrast, starved N2 worms migrated in the opposite direction (i.e. 300 degrees to 
the field), which would orient them downward in England.  Consistent with natural populations adapting to local magnetic 
fields, we next found that worms isolated from Australia, where the geomagnetic field emanates out of the earth at -66 
degrees (north points up), displayed an opposite innate pattern of migratory preference. Similar results were found for wild-
type worms from Hawaii. This pattern of optimal natural variation in magnetic orientation in C. elegans serves as an 
excellent example to relate spatiotemporal genetic variation with a behavioral trait. The breath in number and distribution of 
wild-type C. elegans populations makes this a promising model for studying the effects of natural and artificial magnetic 
field variation on the behavior of a genetically tractable animal. 

45. The ciliary protein, EFHC1, implicated in epilepsy, functions at the cilium and synapse to modulate dopamine signalling. 
C.M. Loucks1, A.H. McEwan2, T.A. Timbers1, C.M. Li1, D.S. Walker3, J.L. Johnson1, W.R. Schafer3, C.H. Rankin2,4, M.R. 
Leroux1. 1) Molecular Biology and Biochemistry, Simon Fraser University, Burnaby, BC, Canada; 2) Brain Research Centre, 
University of British Columbia, Vancouver, BC, Canada; 3) Cell Biology Division, MRC Laboratory of Molecular Biology, 
Cambridge, UK; 4) Department of Psychology, University of British Columbia, Vancouver, BC, Canada. 
   Aberrant dopamine signalling is associated with various forms of epilepsy. An important question is whether alterations in 
dopamine signalling contribute to epileptogenesis or are merely a consequence of increased neuronal excitability. In this 
work, we provide evidence for a direct link between the ciliary gene, EFHC1, commonly mutated in juvenile myoclonic 
epilepsy, and dopamine signalling. C. elegans EFHC1 localizes to a subset of ciliated dopaminergic neurons responsible for 
modulating specific behaviors based on food availability. In the presence of food, cilia are mechanically activated, leading to 
synaptic release of dopamine that is then able to modulate neuronal activity. EFHC1 is enriched at cilia, and we find that 
mechanosensory responses are disrupted in animals lacking EFHC1. Interestingly, EFHC1 also localizes to synapses, and 
mutations in EFHC1 cause phenotypes consistent with increased dopamine signalling due to spontaneous dopamine release 
at the synapse. This work shows that EFHC1 can modulate neuronal activity both at the cilium and the synapse. It also 
represents the first evidence that a gene implicated in epilepsy directly influences dopamine signalling and suggests a 
possible involvement of ciliary proteins in epileptogenesis. 

46. Mechanosensory stimulation controls behaviour andPVD dendritic tree menorah structure. Sharon Inberg, Benjamin 
Podbilewicz. Technion- Israel Institute of Technology, Haifa, Israel. 
   Many discoveries in neurosciences revealed the interconnections between epigenetic, synaptic and circuit modifications to 
sensory experience and behaviour. In contrast, very little is known about how neuronal activity and sensory experience 
influence the structure and function of dendritic trees.To study whether mechanosensory stimulation affects behaviour and 
the dendritic tree architecture, we used natural mechanical stimulation with signals that are generated by physical contacts 
between worms. We first compared grouped to single isolated embryos to test the influence of mechanosensory experience 
on behaviour using a paradigm established by the Rankin lab (Rose et al. 2005). We found that worm isolation affected two 
behaviours: First, it altered the sinusoidal waveforms produced during worm movement. Second, it decreased the number of 
responses generated by the adult following harsh mechanical stimulation.We then asked whether the morphology of the 
polymodal mechanosensory PVD is affected by mechanical isolation, focusing on the number and geometry of its repetitive 
dendritic trees that are similar to “menorahs” (Oren-Suissa et al. 2010). We found that isolation of both larvae and adult 
worms significantly affected two parameters of PVD structure: First, it increased the number of dendritic branches. Second, it 



modified the straight geometry of the “candles” of the menorahs (quaternary branches), into wavy structures. Moreover, 
when we isolated worms with glass beads, that function as static mechanical stimulators in the plate, the reduction in the 
number of straight quaternary branches following isolation was rescued. In contrast, isolation of worms following chemical 
stimulation (with plates previously exposed to worms) resulted in similar effect on the PVD, as without chemical 
stimulation.In conclusion, our observations indicate that mechanical isolation induces changes in dendritic branching 
architecture of the PVD.  We found that the menorahs structural plasticity is accompanied by altered behavioural output in 
functions that are mediated, at least in part, by the PVD. Thus, we propose that mechanical isolation during development and 
adulthood affects PVD dendritic arbors and these structural changes influence worm behaviour. The genetic basis of these 
structural and behavioural modifications is currently being characterized. 

47. The genetic sex of the chemosensory sensory neuron ADF determines the behavioral response to sex pheromones. Kelli 
A. Fagan1, Jessica R. Bennett2, Frank Schroeder3, Douglas S. Portman2. 1) Neuroscience Graduate Program, University of 
Rochester, Rochester, NY; 2) Center for Neural Development and Disease, University of Rochester, Rochester, NY; 3) 
Boyce Thompson Institute, Cornell University, Ithaca, NY. 
   Sexually dimorphic neuromodulation is emerging as a key determinant of sex differences in behavior. However, little is 
known about the mechanisms by which genetic sex tunes the functional properties of shared circuitry. To approach this issue, 
we are studying sexually dimorphic responses to ascaroside sex pheromones in C. elegans. Previous work has shown that a 
mixture of ascarosides ascr#2, #3 and #8 elicits strong attraction in males but weakly repels hermaphrodites. By studying 
sexually mosaic animals, we have discovered that the circuitry eliciting this attraction is present in both sexes but is 
functionally silent in hermaphrodites. That is, switching the sexual state of shared circuits is sufficient to switch the sexual 
phenotype of ascaroside attraction behavior. Moreover, we have found that sexual state is particularly important in the 
sensory neuron ADF, previously implicated in dauer entry. Feminizing ADF alone causes a complete loss of male attraction, 
while masculinizing it is sufficient to generate attraction in hermaphrodites. Consistent with this, ablation of ADF in males 
eliminates attraction. However, the serotonergic function of ADF does not appear to be required for pheromone attraction. 
Through a candidate screen to identify factors important for ADF’s sexually dimorphic function, we found that signaling by 
the neuropeptides PDF-1 and PDF-2 promotes ascaroside attraction. Interestingly, this pathway appears to act through 
distinct mechanisms to promote male attraction and to repress hermaphrodite repulsion. The mammalian ortholog of the these 
neuropeptides, VIP, is enriched in the male hypothalamus, suggesting this may reflect a conserved sex-dependent 
neuromodulatory mechanism. 

48. Compartment-specific killing and clearance programs in the C. elegans tail-spike cell. Piya Ghose, Peter Insley, Yun Lu, 
Meera Trivedi, Shai Shaham. The Rockefeller University, New York, NY. 
   While distinct programs are hypothesized to mediate degeneration of different parts of a cell, the precise cell biological and 
molecular events leading to compartment-specific destruction, such as neurite degeneration and pruning, are not well 
understood. We address this in the C. elegans tail-spike cell, a structurally complex cell that dies during embryonic 
development. This cell resembles a neuron, projecting an axon-like process towards the tail tip. Electron and fluorescence 
microscopy reveal that the tail-spike cell can be divided into three compartments: the cell body, the process proximal to the 
cell body, and a distal process segment. Scanning light-sheet microscopy indicates that the three compartments undergo 
region-specific degeneration with features resembling apoptotic death and clearance, axon fragmentation similar to that 
observed in Wallerian degeneration, and cytoplasmic transport and removal, respectively. We previously showed that cell 
body and process degeneration require CED-3/caspase and its adapter CED-4/Apaf-1, but are largely independent of EGL-
1/BH3-only. Here we describe tail-spike cell compartment-specific killing and clearance programs. Importantly, we show 
that animals carrying a weak ced-3/caspase mutation can exhibit intact tail-spike cell soma or process alone, suggesting 
independent control of cell body and process degeneration by caspases. We also find that while ced-5/DOCK180 controls 
only cell body and not process engulfment, the conserved phagosome maturation gene sand-1 controls degradation of both, 
suggesting that independent engulfment programs converge on a common degradation machinery. We further report that the 
cell fusion receptor EFF-1, known to cell-autonomously mediate axon regeneration and dendrite sculpting, acts in 
surrounding cells to specifically promote degradation of the tail-spike cell distal process. Our studies uncover important roles 
for conserved genes in compartment-selective killing and degradation that are consistent with reports of differential 
requirements for process and cell body death and engulfment in other animals. We thus identify the tail-spike cell as an 
exciting and novel venue for understanding the cellular and molecular events governing complex cell elimination. 

49. Assisted Suicide: a Caspase- and Engulfment-Dependent Cell Death. Holly Johnsen, Bob Horvitz. HHMI, Department of 
Biology, MIT, Cambridge, MA. 
   Programmed cell death is an evolutionarily conserved process that plays critical roles in development. During programmed 
cell death, proteases known as “caspases” are activated in the dying cell, which is engulfed by a neighboring cell and 
degraded. Almost all C. elegans cell deaths are believed to be “suicides” — e.g., they are caspase-dependent and do not 
require engulfment. However, the death of the cell B.al/rapaav has been considered a potential “murder,” based on reports 



that this death depends on engulfment genes and the presence of the engulfing cell. B.alapaav and B.arapaav are generated in 
the male tail during the late L3 stage. During the early L4 stage one of these cells dies, and the other survives and adopts an 
epithelial fate. The decision of which cell dies and which survives is stochastic. The cell that dies is engulfed by the 
neighboring cell P12.pa. 
That the B.al/rapaav cell death is engulfment-dependent contrasts with most C. elegans cell deaths. We and others have 
found that mutations in the engulfment pathway cause both B.alapaav and B.arapaav to survive. However, we found that if 
the engulfing cell P12.pa is ablated, the B.al/rapaav death still occurs in 39% of animals. We discovered that the dying 
B.al/rapaav can be engulfed by other neighboring cells in the absence of P12.pa. 
The B.al/rapaav cell death is known to be caspase-dependent, leading to the suggestion that cell-interactions might activate 
the cell-death pathway in the dying cell and hence that this death might be an “induced suicide.” We observed that when the 
B.al/rapaav cell death is blocked by engulfment defects or P12.pa ablation, the undead cell still initiates the cell-death 
pathway. Similar to cells that are about to die, the undead cells in engulfment mutants look round and cytoplasmically 
refractile as seen using Nomarski microscopy and expose phosphatidylserine on their surfaces. By contrast, the undead cell in 
mutants of the suicide pathway genes egl-1, ced-9, ced-4 or ced-3 appear healthy, suggesting that in engulfment mutants the 
B.alrapaav death process fails at a point after caspase activation. egl-1 and ced-3 are expressed in the dying or undead cell in 
wild-type and engulfment-defective worms, and these genes are required for the B.al/rapaav cell death, suggesting that the 
core cell-death pathway is necessary but not sufficient for this cell death. We conclude that this death is an “assisted suicide.” 
Studies of this assisted suicide should facilitate understanding of cell-autonomous and cell non-autonomous mechanisms that 
sensitize cells to death not only in C. elegans but also in other animals including humans, in whom cancer cells are more 
sensitive than non-cancer cells to the cell-death process. 

50. The Putative TRP Channel CED-11 Functions to Increase Nuclear Membrane Permeability in C. elegans Apoptosis. 
Kaitlin Driscoll1, Gillian Stanfield2, Rita Droste1, Bob Horvitz1. 1) HHMI, Dept. of Biology, MIT, Cambridge, MA; 2) 
Molecular Biology, University of Utah, Salt Lake City, UT. 
   Programmed cell death is an evolutionarily conserved fundamental process required for proper development and tissue 
homeostasis in many organisms. In C. elegans, a cell dying by apoptosis undergoes a series of morphological changes 
resulting in the appearance of a round refractile cell corpse as visualized by Nomarski optics. The mechanism underlying 
these morphological changes remains poorly understood. We identified ced-11, a putative TRP channel, in a screen for 
mutants that modify the refractile appearance of cell corpses. The cell corpses in ced-11 mutant embryos have a non-refractile 
disc-like appearance. We examined the morphology of engulfed wild-type and ced-11 apoptotic-cell corpses in embryos by 
electron microscopy and found that wild-type corpses stain darkly by electron microscopy and have lost much of their 
subcellular definition, whereas ced-11 corpses do not stain darkly and look more similar to living cells than to dying cells. In 
addition, we discovered that ced-11 corpses take an average of 17 minutes longer to degrade than wild-type corpses (48 min 
vs. 65 min), even though ced-11 corpses are engulfed at a normal rate. Thus, ced-11 is required for the normal degradation 
but not the engulfment of apoptotic-cell corpses. We found that while mutations in ced-11 do not prevent cells from dying, 
they can enhance the ventral-cord cell-death defect of engulfment mutants. These data indicate that ced-11 functions in 
parallel to engulfment to facilitate cell killing. It has previously been shown in mammals that nuclear permeability is 
increased during apoptosis and postulated that this change might occur through an increase in the nuclear pore passive 
diffusion limit. This increase in nuclear permeability might be how caspase-3 enters the nucleus during apoptosis. While 
using fluorescent proteins to analyze ced-11 corpses, we found that while small proteins such as GFP (27 kDa) were seen in 
both the cytoplasm and nucleus of wild-type and ced-11 corpses, larger proteins that are normally cytosolic in living cells 
(GCaMP3, 50 kDa and GCaMP3::mCherry, 77 kDa) diffused into the nucleus in wild-type but not ced-11 corpses. This 
observation suggests that ced-11 is required for an increase in nuclear permeability during apoptosis and that this increase 
might drive subsequent events in apoptosis. Additional studies of ced-11 should further elucidate the mechanism and function 
of increased nuclear permeability during apoptosis. 

51. Combinatorial control of apoptosis by microRNAs in the C. elegans germline. Anh Tran1, Bin Yu1, Mehran Haeri1, W. 
Brent Derry1,2. 1) Developmental and Stem Cell Biology, The Hospital for Sick Children, Toronto, Ontario; 2) Department of 
Molecular Genetics, University of Toronto, 1 King's College Circle, Toronto, Ontario, Canada M5S 1A8. 
   Apoptosis is a conserved fundamental biological cell death process critical for development, homeostasis, and stress 
responses. Dysregulation of apoptosis has profound effects on many diseases, including cancer. Recently, microRNAs (miRs) 
are found to modulate expression of many apoptotic proteins, and like apoptotic genes, miRs are often deregulated in human 
cancers. Recent evidence suggests complex combinatorial relationships between miRNAs and their targets. Thus, it will be 
important to establish an in vivo system to understand how miRs coordinate the expression of apoptotic genes in order to 
develop alternative therapies for cancer treatment. DNA damage in C. elegans germline activates p53-like protein CEP-1, 
which transcriptionally induces expression of BH3-only protein EGL-1 required to trigger apoptosis. Since the syncytial 
germline shares a common cytoplasm we hypothesize that mechanisms exist to buffer EGL-1 translation in surrounding cells 
with less damage. Inactivation of ALG-2/Argonaute as well as mir-35 and mir-71, predicted to bind the egl-1 3’ untranslated 



region (3’UTR), increase germ cell apoptosis in response to genotoxic stress. An in vivo fluorescent reporter with GFP fused 
histone H2B under control of germline-specific pie-1 promoter is used to assess egl-1 3’-UTR activity. pie-1 3’-UTR was 
used as a control since it lacks binding sites to targeted miRs in the egl-1 3’UTR. GFP intensity with egl-1 3’-UTR was much 
lower compared to the pie-1 3’-UTR. However, GFP expression with egl-1 3’UTR increased dramatically in mir-35 and mir-
71 single mutants, suggesting these miRs limit EGL-1 translation. Ablation of mir-71 and mir-58 (also predicted to bind egl-1 
3’-UTR) restricted GFP expression to germ cells and oocytes, whereas ablation of mir-35 restored GFP signal in germ cells, 
oocytes and embryos. This suggests specific miRs control EGL-1 translation in distinct regions of the germline. Interestingly, 
mir-58 deletion conferred apoptotic resistance and decline in GFP intensity, suggesting a pro-apoptotic role. mir-35 and mir-
71 double mutant showed synergistic activation of apoptosis after genotoxic stress relative to single miR mutants. However, 
mir-35 and mir-58 double mutant showed ~50% reduction in cell death compared to mir-35 single mutant, supporting our 
observation that mir-58 positively regulates EGL-1. Our study highlights complex miRNA permutations under which EGL-1 
is regulated. Understanding how miRs regulate pro-apoptotic proteins translation should illuminate conserved mechanisms 
that can be exploited for alternative cancer drug development. 

52. Telomere maintenance through recruitment of internal genomic regions. Beomseok Seo1, Chuna Kim1, Mark Hills2, 
Sanghyun Sung1, Hyesook Kim1, Eunkyeong Kim1, Daisy S. Lim1, Hyun-Seok Oh3, Rachael Mi Jung Choi3, Jongsik Chun3, 
Jaegal Shim4, Junho Lee1,5. 1) Department of Biological Sciences, Institute of Molecular Biology and Genetics, Seoul 
National University, Seoul, Korea; 2) Terry Fox Laboratory, BC Cancer Agency, Vancouver V5Z 1L3, Canada; 3) 
Department of Biological Sciences, Bioinformatics Institute, BIO-MAX, Seoul National University, Seoul, Korea; 4) 
Research Institute, National Cancer Center, Goyang, Gyeonggi, Korea; 5) Department of Biophysics and Chemical Biology, 
Seoul National University, Seoul, Korea. 
    Telomere is a ribonucleoprotein complex that protects the natural ends of the linear chromosome. Telomere length 
is mainly maintained by telomerase, a reverse transcriptase that adds telomere repeat sequence. However 
recombination-dependent mechanism for telomere maintenance also exist in yeast and human cancer cells. In 
Caenorhabditis elegans, some of telomerase deletion mutant, trt-1(ok410), can maintain the telomere by alternative 
lengthening of telomeres (ALT). However the molecular mechanism of ALT in worms is largely unknown. In this 
study, we established stably maintained ALT survivors of worms that activate an ALT mechanism to escape from the 
sterility phenotype caused by telomerase deletion. By whole genome sequencing and  mapping we concluded that 
mutation may not be required to maintain ALT telomere in these survivors. Interestingly, ALT survivors added either 
of two specific internal genomic regions as templates for ALT(T-ALT) according to their genetic backgrounds. A T-
ALT sequence consists of telomere-like repeat sequence with unrelated sequence in between. T-ALTs had already 
been copied to a proximal telomere region of the same chromosome prior to ALT activation in nature, and were 
amplified interchromosomally by ALT activation. Here we propose a hypothesis that the existence of T-ALT structure 
in the proximal telomere may be one of the prerequisites for ALT activation.. 

53. Restriction of Topoisomerase II levels by Aminopeptidase P prevents genome instability. N. Silva1, K. Matsuzaki2, C. 
Barroso1, D. Brooks3, E.R. Isaac4, S.J. Boulton2, E. Martinez-Perez1. 1) Medical Research Council, CSC, Imperial College, 
London; 2) London Research Institute, Clare Hall Laboratories, South Mimms, Herts; 3) School of Environmental and Life 
Sciences, University of Salford; 4) Faculty of Biological Sciences, University of Leeds, Leeds. 
   Topoisomerase II (Top2) is an essential enzyme that binds DNA to produce a transient double strand break (DSB) that 
allows the release of topological stress (supercoiling) and catenations that arise mostly during DNA mitotic replication. Since 
Top2 binds covalently to DNA, the amount of DNA-bound Top2 must be tightly controlled as these complexes impede the 
progression of DNA polymerases, causing replication fork collapse, unscheduled DSB formation and genome instability. In 
fact, Top2 poisons that prevent Top2 removal from DNA, such as etoposide, are key components of anticancer drugs. 
However, the mechanisms that regulate the amount of DNA-bound Top2 are not understood. We show that in C. elegans and 
human cells lacking aminopeptidase P (APP-1/ (XPNPEP1 in humans), which removes the N-terminal amino acid of 
peptides carrying a proline in position 2, display an increase in cellular levels of Top2, demonstrating that APP-1 is a key 
regulator of Top2 levels. Importantly, this overall increase in Top2 levels causes accumulation of Top2 on DNA in humans 
and worms, suggesting that Top2 activity is modulated through the control of its cellular levels. app-1 mutant worms display 
reduced fertility, genomic instability, and a dramatic accumulation of RAD-51 recombination intermediates in their 
germlines. RAD-51 intermediates persist even in the absence of SPO-11, the topoisomerase-like enzyme that induces DSBs 
during meiosis to promote inter-homologue crossover events, demonstrating that APP-1 prevents the formation of 
unscheduled DSBs in the germline. Knockdown of XPNPEP1 in human cells also causes formation of unscheduled DSBs. 
Analysis of transgenic strains demonstrates that the enzymatic activity of APP-1 is required for genome stability and to 
prevent TOP-2 accumulation, while analysis of DNA repair in app-1 mutants reveals the presence of replication-related 
damage, suggesting that excess TOP-2 impairs the progression of DNA polymerases. In fact, app-1 mutants are 
hypersensitive to etoposide, but resistant to top-2 knockdown by RNAi, confirming that they accumulate functional TOP-
2. Thus, APP-1 is a conserved regulator of Top2 levels and increased amounts of Top2 cause genome instability. These 



findings could have therapeutic implications, since increasing the cellular levels of Top2 should sensitize cells to Top2 
poisons commonly used to treat a variety of human cancers. 

54. Karyotype manipulation reveals multiple inputs driving pairwise chromosome synapsis during C. elegans meiosis. B. 
Roelens1, M. Schvarzstein2, A. Villeneuve1. 1) Dpt of Developmental Biology, Stanford University School of Medicine, 
Stanford, CA; 2) Biology Dpt, Brooklyn College, Brookly, NY. 
   Meiotic chromosome segregation requires formation of pairwise associations between homologs, stabilized by assembly of 
the synaptonemal complex (SC). Here, we investigate factors that contribute to pairwise synapsis during Caenorhabditis 
elegans meiosis. We devised a strategy, based on transient inhibition of meiotic cohesin function, to generate tetraploid 
derivatives of virtually any C. elegans strain. We exploited this ability to manipulate ploidy to interrogate synapsis in spo-11 
tetraploid and triploid worms, which are deficient for initiation of meiotic recombination.  In otherwise wild-type polyploids, 
chromosomes first sort into homolog groups, then multi-partner interactions later mature into exclusive pairwise associations. 
Pairwise synapsis associations still form in spo-11 tetraploids, confirming a propensity for synapsis to occur in a strictly 
pairwise manner.  However, the transition from multi-partner to pairwise association was perturbed in spo-11 triploids, 
implying a role for recombination in promoting this transition when three partners compete for synapsis.  We also generated 
polyploid worms heterozygous for normal-sequence and rearranged chromosomes sharing the same pairing center (PC) to 
evaluate the basis of synapsis partner preference. Tetraploid worms had no detectable preference for pairing between 
identical partners, indicating that PC-adjacent homology drives partner choice in this context. In contrast, triploid worms 
exhibited a clear bias for pairwise interactions between identical chromosomes, indicating that homology outside the PC 
region can influence partner choice. Together, our findings reveal multiple distinct inputs contributing to pairwise synapsis in 
C. elegans. We reconcile our data with previous findings by proposing a two-phase model for synapsis: an early phase, in 
which initial synapsis interactions are driven primarily by recombination-independent assessment of homology near PCs and 
by a propensity for pairwise SC assembly, and a later phase in which mature synaptic interactions are promoted by 
recombination. . 

55. Dynamic phosphoregulation of axis proteins underlies chromosome remodeling during meiosis. Yumi Kim1,2, Scott C. 
Rosenberg3,4, Nora Kostow1,2, Ofer Rog1,2, Kevin D. Corbett3,4, Abby F. Dernburg1,2. 1) Department of Molecular and Cell 
Biology, University of California, Berkeley, Berkeley, CA; 2) Howard Hughes Medical Institute; 3) Department of Cellular 
and Molecular Medicine, University of California, San Diego, La Jolla, CA; 4) Ludwig Institute for Cancer Research. 
   Segregation of chromosomes in meiosis requires their dramatic, stepwise reorganization during meiotic prophase. Each 
chromosome must pair, synapse, and recombine with its homolog to achieve the stable bivalent structures that biorient and 
then divide during Meiosis I. A fundamental mystery is how these events are coordinated during the meiotic cell cycle. 
Pairing, synapsis, and recombination depend on the formation of linear “axes” along each chromosome at meiotic entry, 
followed by assembly of the synaptomemal complex (SC) between paired axes. Chromosome axes in C. elegans are 
comprised of cohesins and four related HORMA domain proteins: HIM-3, HTP-1, HTP-2, and HTP-3. We recently reported 
that the largest of these proteins, HTP-3, recruits the other three paralogs through short peptide sequences (closure motifs) in 
its C-terminal tail, which are bound by the HORMA domains of HTP-1, HTP-2, and HIM-3 (Kim, Rosenberg, et al., 2014). 
Here we show that these interactions are dynamically regulated by phosphorylation of the closure motifs in HTP-3 by two 
meiotic kinases, CHK-2 and PLK-2. Phosphorylation of the four central motifs reduces their binding affinity for HIM-3, and 
occurs in two temporally distinct waves. In early meiosis, phosphorylation along the entire axis by CHK-2 is required for 
efficient synapsis. A second wave of phosophorylation by PLK-2 occurs after crossover formation, and specifies the “short 
arm” of the bivalent where cohesion will be released during the first meiotic division. This second wave of HTP-3 
phosphorylation requires both crossover formation and recruitment of PLK-2 to the chromosomes through a binding site in a 
SC component, SYP-1. Thus, phosphorylation-dependent regulation of HORMA domain protein assembly promotes dynamic 
remodeling of chromosome axes during meiotic progression, and is essential for proper segregation of holocentric 
chromosomes in C. elegans meiosis. 

56. Spindle assembly checkpoint proteins regulate and monitor meiotic synapsis in C. elegans. Tisha Bohr, Christian 
Nelson, Needhi Bhalla. Molecular, Cellular and Developmental Biology, University of California Santa Cruz, Santa Cruz, 
CA. 
   Homolog synapsis is required for proper meiotic chromosome segregation but how synapsis is initiated to stabilize pairing 
between homologous chromosomes is poorly understood. In C. elegans, synapsis and a meiotic checkpoint that monitors 
synapsis depend on Pairing Centers, cis-acting loci that interact with nuclear envelope proteins, such as SUN-1, to access 
cytoplasmic microtubules. We report that synapsis is negatively regulated by spindle assembly checkpoint components. 
Specifically, we demonstrate that mutations in mdf-1, mdf-2 and bub-3 suppress synapsis defects of dynein mutants. In 
addition, we show that these proteins are required for the synapsis checkpoint. Consistent with a role at Pairing Centers, 
MDF-1 and MDF-2 interact with SUN-1 and localize to the periphery of meiotic nuclei. Furthermore, the requirement for 
spindle assembly checkpoint proteins in regulating synapsis relies on all chromosomes having functional Pairing Centers. We 



propose that spindle assembly checkpoint proteins monitor the stability of pairing, or tension, between homologous 
chromosomes to regulate synapsis and elicit a checkpoint response. Our studies uncover an unexpected link between 
mechanisms that ensure genomic integrity during mitosis and meiotic prophase. 

57. Sex-specific features of kinetochore function during sperm meiosis. Vanessa Cota, Luis Quintanilla, Thais Cintra, Byrd 
Dana, Diana Chu. Department of Biology, San Francisco State University, San Francisco, CA. 
   In meiosis, germ cells undergo two meiotic chromosome segregation events to generate haploid gametes. While many 
events during chromosome segregation are similar in both sperm and oocyte meiosis, there are key features that are unique to 
sperm. In spermatogenesis, cell division is symmetrical, and sperm spindle microtubules are organized by centrosomes. We 
report here that sperm have unique kinetochore composition, dynamics, and regulation in C. elegans. Another distinct feature 
are the sperm-specific PP1 phosphatases GSP-3/4 –key regulatory proteins during sperm meiotic chromosome segregation. 
gsp-3/4 mutant males have defects in anaphase I, which takes nearly twice as long to complete when compared to wildtype 
sperm. In meiosis II, sister chromatids fail to segregate resulting in sperm aneuploidy. It is unclear what targets GSP-3/4 are 
regulating, or the reason for the segregation defects. One clue is that GSP-3/4 localize to chromosomes in a pattern similar to 
that of kinetochore components. Interestingly, kinetochore composition is different in sperm when compared to oocytes. 
Sperm inner kinetochores lack HCP-3 (CENP-A) and are enriched with HCP-4 (CENP-C), while oocyte kinetochores are 
composed of both. Furthermore, outer kinetochores in oocytes have two CENP-F proteins, HCP-1 and HCP-2, while sperm 
only rely on HCP-2. Using immunostaining, we show the outer kinetochore protein HCP-2, as well as NDC-80 and KNL-3, 
have distinct dynamics during sperm chromosome segregation. In oocyte meiosis, outer kinetochore components move 
between segregating chromosomes in anaphase I. In sperm meiosis, kinetochore proteins remain localized to chromosomes as 
they segregate. Furthermore, we show that these kinetochore components are dependent on the regulation of the sperm-
specific PP1 phosphatases. In gsp-3/4 mutant males, we see a mislocalization of HCP-2, NDC-80 and KNL-3 during 
anaphase I and meiosis II. This defect is consistent with the timing of the segregation defect previously 
described.  Simultaneously, microtubule-associated protein CLASP-2 also shows a defect in gsp-3/4 mutants, further 
supporting outer kinetochore function is compromised. Taken together these results support that sperm-specific features of 
kinetochore components are regulated by the sperm-specific PP1 phosphatases.     . 

58. The molecular identification of a gene which controls the distribution of meiotic recombination events in Caenorhabditis 
elegans. George Chung1, Ann Rose1, Mark Petalcorin2, Nigel O'Neil1, Jeffrey Chu1, Julie Martin2, Zebulin Kessler3, Luis 
Sanchez-Pulido4, Chris Ponting4, Judith Yanowitz3, Simon Boulton2. 1) Department of Medical Genetics, University of 
British Columbia, Vancouver, BC; 2) DNA Damage Response Laboratory, London Research Institute, Clare Hall 
Laboratories, South Mimms, UK; 3) Magee-Womens Research Institute, University of Pittsburgh School of Medicine, 
Pittsburgh, PA; 4) MRC Functional Genomics Unit, Department of Physiology, Anatomy and Genetics, University of 
Oxford, Oxford, UK. 
   The placement of meiotic crossover events is regulated such that crossover events are not distributed randomly along the 
chromosome. In Caenorhabditis elegans, meiotic crossover placement favours chromosome arms over chromosome centres, 
a bias abolished by mutations in the rec-1 gene. This mutant phenotype has precluded positional cloning efforts for 30 years. 
Here, we describe the identity of rec-1, which was uncovered by whole-genome sequencing and confirmed by new alleles 
engineered with MosSCI and CRISPR-Cas9. The rec-1 gene encodes a previously uncharacterized protein, which possesses 
putative phosphorylation motifs as well as weak homology to the meiotic protein HIM-5. We demonstrate that the REC-1 
protein is a substrate for CDK phosphorylation in vitro and in C. elegans extracts. This phosphorylation was abolished in a 
REC-1(8A) mutant lacking the 8 CDK phosphorylation sites. Moreover, the rec-1(8A) and rec-1(8E) (phosphor-mimetic) 
mutant transgenes did not rescue the rec-1 defect. Given the homology shared between REC-1 and HIM-5, we also examined 
their genetic relationship. Strikingly, we found that in contrast to the single mutants, the rec-1; him-5 double mutant was 
defective for the formation of meiotic double-strand breaks (DSBs), which was rescued by artificially introducing DSBs 
using ionizing radiation. Thus, we establish that REC-1 plays an indispensable role in the distribution of meiotic crossovers, 
which is controlled by CDK phosphorylation. Furthermore, we uncover an unappreciated redundancy in the mechanisms 
required to generate meiotic DSBs involving REC-1 and HIM-5. 

59. C. elegans Chibby-like protein is a SPD-2 interacting centriolar component required for proper SPD-2 localization and 
centriole duplication. Kenji Sugioka1, Danielle R. Hamill2, Joshua B. Lowry1, Marie E. McNeely2, Molly Enrick2, Bhavna 
Murali2, Lauren W. Parsons2, Bruce Bowerman1. 1) Institute of Molecular Biology, University of Oregon, Eugene, OR; 2) 
Department of Zoology, Ohio Wesleyan University, Delaware, OH. 
   The centriole/basal body (CBB) is a widely conserved eukaryotic organelle that plays essential role in the cell division and 
sensing. Despite such significance, the mechanism of CBB assembly is not fully elucidated. To add to our understanding of 
CBB assembly, we isolated a temperature sensitive mutant, or452ts, which exhibited centrosome duplication defects and 
identified the causal gene T07C4.10 using whole genome sequencing. We also used CRISPR to generate a likely null allele, 
or1942. The affected gene has weak homology to Chibby family protein, which is widely conserved among eukaryotes, 



including humans. Chibby is known to be involved in basal body formation in fly, frog and human. However, the role during 
cell division has not been reported. Interestingly, a GFP-tagged Ce-Chibby protein exclusively localizes to the centriole, 
suggesting that it is a new essential centriolar gene. In C. elegans, five core centriole proteins—SPD-2, ZYG-1, SAS-5, SAS-
6 and SAS-4—are known to localize to centrioles and function sequentially to regulate centriole duplication and biogenesis. 
SPD-2 is the first protein recruited to the newly formed centriole after fertilization and is required for the centriolar 
localization of the other core proteins. To determine the timing of Ce-Chibby localization to the newly formed centriole, we 
analyzed maternal GFP::Chibby localization after mating with non-GFP males and found that GFP::Chibby started to localize 
to the centriole as early as the SPD-2 protein. Moreover, in spd-2(RNAi) animals, maternal GFP::Chibby still localized to the 
centriole, suggesting that the centriolar localization of Ce-Chibby is SPD-2 independent. In contrast, SPD-2 centriolar 
localization was delayed in a chibby(null) mutant, suggesting that Ce-Chibby regulates proper SPD-2 localization. 
Interestingly, Ce-Chibby interacts with SPD-2 by the yeast two-hybrid assay through the C-terminal 263 amino acids that 
include a conserved 24 amino acid motif. Finally, wild-type males can partially rescue embryonic viability when mated with 
homozygous chibby(-) mutants, suggesting that chibby may have both maternal and paternal contributions. In summary, we 
have identified a C. elegans Chibby-like protein which functions in the most upstream step of the centriole biogenesis to 
promote SPD-2 centriolar recruitment, possibly through a physical interaction. 

60. Regulation of the microtubule severing complex in early C. elegans development. Ryan Smit, Sarah Beard, Benjamin 
Chan, Paul Mains. Biochemistry and Molecular Biology, University of Calgary, Calgary, AB. 
   After fertilization, dramatic changes of the Caenorhabditis elegans cytoskeleton occur in the transition from meiosis to 
mitosis that require precise regulation. The MEI-1/MEI-2 katanin microtubule-severing complex is required for meiotic 
spindle formation but must be inactivated within roughly 15 minutes to allow formation of the mitotic spindle. This tightly 
regulated process is dependent on the function of several partially redundant pathways. In order to clarify how genes of these 
pathways function relative to one another, we developed a robust antibody-staining assay to measure anti-MEI-1 protein 
levels during the early embryonic divisions. Using this assay, we show that the anaphase-promoting complex, APC/C, the 
DYRK homolog MBK-2 and the CUL-2 (cullin) E3 ubiquitin ligase all act in the same pathway to degrade MEI-1. MEL-26, 
a substrate adaptor for a CUL-3-based ubiquitin ligase acts in a parallel pathway. During meiosis, when MEI-1 is active, 
CUL-2 does not degrade MEI-1 and instead acts to keep MEL-26/CUL-3 activity in check. These results suggest that CUL-2 
switches from degrading MEL-26 in meiosis to degrading MEI-1 in mitosis. To confirm this, we set out to identify the 
substrate adaptors for these two complexes. We tested known CUL-2 substrate recognition subunits and candidate subunits 
from a computational search and identified three novel proteins acting in this pathway. In an independent screen for genes 
acting in parallel to MEL-26, we identified a HECT -domain E3 ubiquitin ligase, HECD-1. Further genetic testing suggests 
that HECD-1 is acting both as a meiotic activator and a mitotic inhibitor of MEI-1. However, using the quantitative antibody-
staining assay, HECD-1 does not affect the levels of MEI-1. Our results further highlight the importance of having multiple 
redundant pathways to regulate a key developmental switch. 

61. Wild worms - a world beyond N2 in its Petri dish. Marie-Anne Felix. Ecole Normale Superieure, CNRS, Inserm, Paris, 
France. 
    

62. X-chromosome evolution: divergence of X-sequence motifs that drive dosage compensation across Caenorhabditis 
species. Caitlin M. Schartner1, Te-Wen Lo1,2, Barbara J. Meyer1. 1) HHMI, Molecular and Cell Biology, University of 
California, Berkeley, Berkeley, CA; 2) Biology, Ithaca College, Ithaca, NY. 
   Dosage compensation (DC) across Caenorhabditis species exemplifies an essential process that has undergone rapid co-
evolution of protein-DNA interactions central to its mechanism. In C. elegans, recruitment elements on X (rex sites) recruit a 
condensin-like DC complex (DCC) to hermaphrodite X chromosomes to balance gene expression between the sexes. 
Recruitment assays in vivo showed that C. elegans rex sites do not recruit the DCC of C. briggsae, and vice versa. To 
understand how DC complexes and X chromosomes evolved to use different X targeting sequences, we compared DCC 
subunits and binding sites in C. elegans to those in three species of the C. briggsae clade (15-30 MYR diverged): C. 
briggsae, its close relative C. nigoni (C. sp. 9), and C. tropicalis (C. sp. 11). By raising antibodies and introducing 
endogenous tags with TALENs or CRISPR/Cas9, we showed that homologs of both SDC-2, the pivotal X targeting factor, 
and DPY-27, a DCC-specific condensin subunit, bind X chromosomes of XX animals. Although the DCC shares key 
components across these four species, the binding sites differ. First, ChIP-seq studies in C. briggsae and C. nigoni identified 
DCC binding sites that are homologous across these close relatives but differ from C. elegans sites in sequence and location. 
Second, C. elegans sites use motifs enriched on X (MEX and MEXII) to drive DCC binding, but these motifs are not in C. 
briggsae or C. nigoni DCC sites and are not X-enriched. Third, we found an X-enriched motif at DCC binding sites of C. 
briggsae and C. nigoni that is not X-enriched in C. elegans. An oligo with the C. briggsae motif recruits the DCC in C. 
briggsae, but a similar oligo lacking the motif fails to recruit, establishing the importance of the motif. Fourth, another motif 
was found in C. briggsae and C. nigoni that shares a few nucleotides with MEX, but its functional divergence was shown by 



C. elegans recruitment assays. Fifth, two endogenous C. briggsae X-chromosome regions with strong C. elegans MEX 
motifs fail to recruit the C. briggsae DCC, as assayed by ChIP-seq and recruitment assays. None of these DCC motifs is 
enriched on the C. tropicalis draft X sequence, supporting further binding site divergence within the C. briggsae clade. 
Ongoing ChIP-seq studies in C. tropicalis will help determine how C. elegans and C. briggsae clade motifs are evolutionarily 
related. Comparison of DCC targeting mechanisms across these four species allows us to characterize a rarely captured 
event:  the recent co-evolution of a protein complex and its rapidly diverged target sequences across an entire X chromosome. 

63. The molecular signature of animal embryogenesis. Itai Yanai. Technion, IIT. 
   The evolution of embryogenesis is biased since many variations affect vital processes and lead to nonviable organisms. 
Species comparisons have enabled to evolutionary developmental biologists to characterize such constraints. For the animal 
embryo, it has been proposed that a stage in mid-development is conserved throughout the kingdom. As part of a consortium 
of ten labs, we test this hypothesis by identifying the developmental transcriptomes of ten species, each of a different animal 
phylum, including Nematodes, Ctenophores, Annelids, Chordates, Platyhelminthes, Tardigrades, Arthropods, Echinoderms, 
Cnidarians, and Poriferas. We find that animal embryonic development comprises the coupling of two conserved gene 
expression modules, primarily involved in proliferation and differentiation, where the switch between them occurs at the 
apparent phylotypic period of each phylum. Genes whose expression is coherent across the examined species are expressed in 
the first module, while clade specific variations occur in the second module and the transition to it. Our results are consistent 
with an inverse hour-glass model of animal evolution: gene expression differences across phyla are concentrated at the inter-
module switch. Since, expression differences within a phylum appear to be minimal at the phylotypic stage, our work leads 
us to define a phylum as a collection of species where an hourglass model holds for gene expression differences. All together, 
we provide a map of embryology upon which ancestral constraints are mapped and distinguished from the stages in which 
variations are available to the agency of natural selection. [This work is a collaboration among the Arendt (Heidelberg), Rink 
(Dresden), Blaxter (Edinburgh), Goldstein (North Carolina), Salzberg (Haifa), deLeon (Haifa), Yaniv (Rehovot), Gat 
(Jerusalem), Degnan (Queensland), Martindale (Florida), and Yanai (Haifa) labs.]. 

64. Self-Recognition Prevents Cannibalism in Predatory Nematodes. James Lightfoot, Martin Wilecki, Eduardo Moreno, 
Vladislav Susoy, Christian Rödelsperger, Ralf Sommer. MPI Developmental Biology, Tübingen. 
   Self-recognition described as the capacity to discriminate between identical and foreign tissue is observed abundantly 
throughout nature and is exploited for a plethora of diverse biological functions. These range from the adaptive immune 
response in jawed vertebrates to neuronal wiring and dendrite self-avoidance in fruit flies to inducing swarming behaviour in 
bacteria. However, although self-recognition is observed ubiquitously in nature, relatively little is known about the 
mechanisms behind this phenomenon and surprisingly, despite the pre-eminence of Caernorhabditis elegans as a model 
organism, evidence of self-recognition has thus far never been described in nematodes. Our recent investigations explored the 
feeding dynamics in the predatory nematode Pristionchus pacificus and revealed P. pacificus to be voracious killers of C. 
elegans.  We have subsequently, analysed predatory interactions in the context of self-recognition by investigating predation 
between P. pacificus and its self-progeny. Predation occurs interspecifically between a wide range of closely related 
nematode species however never on self-progeny, a mechanism that is conserved amongst other Pristionchus species. 
Furthermore, the ability to determine self from non-self is highly specific with even closely related strains of P. pacificus 
perceived as prey, while self-progeny are ignored. The identification of self-progeny is dependent on interactions with 
surface bound molecules, a process which is maintained despite severe starvation and additionally, not disrupted in a host of 
cuticle morphology mutants. Finally as even closely related P. pacificus strains predate one another while distinguishing and 
ignoring self-progeny, we have exploited single nucleotide polymorphisms between two strains and generated recombinant 
inbred lines (RILs) to isolate the genetic component of self-recognition. Each of the RILs was successfully predated by only a 
single parental lineage facilitating quantitative trait locus (QTL) mapping resulting in the identification of a putative 
candidate gene and the underlying molecular mechanism. We thus present the first evidence of self-recognition in nematodes, 
a phenomenon that enables P. pacificus to avoid cannibalism while also promoting the killing of larvae from potential 
competing nematodes. 

65. Another update on Caenorhabditis diversity, phylogeny and evolution. Karin Kiontke1, Marie-Anne Félix2, David H. A. 
Fitch1. 1) Department of Biology, New York University, New York, USA; 2) Institute of Biology, Ecole Normale Supérieure, 
Paris, France. 
   Since the 19th International C. elegans Meeting in 2013, discovery of new Caenorhabditis species has continued at a rapid 
rate. We now know of 63 species, 51 of which are in culture. All new species were found in tropical locations.A molecular 
phylogeny for 41 Caenorhabditis species was calculated with sequence data of 22 genes that were analyzed with three 
different algorithms. Previously reconstructed relationships within the genus are confirmed. Caenorhabditis contains three 
large monophyletic groups: The Drosophilae super group and the Japonica group and Elegans groups within the Elegans 
super group. Four species are not part of these clades and branch off early. Relationships within the Elegans super group are 
generally well resolved but the position of C. kamaaina remains uncertain. Two species isolated from fresh figs and likely 



associated with fig-wasps (Kanzaki pers. comm.) branch off as the sister group of C. elegans. The relationships within the 
Drosophilae super group are less well supported with conflicting placements of several subclades. We are currently 
incorporating the remaining species into the phylogeny.Light and scanning electron microscopic evaluation of morphology 
show that the diversity in phenotypic characters is large across the genus as a whole. However, most of this diversity is found 
in the Drosophilae super group and the basally branching species. Phenotypic diversity within the Elegans group is small in 
comparison. This is in contrast to the rate of molecular diversity, which is more uniform across all Caenorhabditis species. 
The analysis of phenotypic characters confirms that homoplasy is extensive and affects almost all characters studied.So far, 
genomes of 16 species have been sequenced. An initiative to sequence the genomes of all remaining Caenorhabditis species 
in culture was launched by Mark Blaxter and his lab in 2014 (http://caenorhabditis.bio.ed.ac.uk/).We continue to deposit 
morphological, biogeographical, ecological, sequence, and taxonomic data on all Caenorhabditis species in the open-access 
online database RhabditinaDB (http://wormtails.bio.nyu.edu/Databases). Information about Caenorhabditis isolates is also 
found in a WIKI on WormBase (http://evolution.wormbase.org/index.php/Main_Page). 

66. Long-time quantitative time-lapse microscopy of C. elegans post-embryonic development. Nicola Gritti, Jeroen van Zon. 
FOM Institute AMOLF, Amsterdam. 
   Time-lapse microscopy has proven indispensible for studying dynamic processes in living organisms and has uncovered 
significant individual-to-individual variability at the cellular level. However, time-lapse microscopy is currently rarely used 
to study C. elegans post-embryonic development. The major obstacle is the need to restrict movement of animals for 
imaging, as drug-induced or mechanical immobilization precludes the animal’s feeding and typically leads to growth arrest of 
larvae within hours. Here, we circumvent this problem by constraining the movement of animals in ~200x200x10μm 
chambers made of polyacrylamide hydrogel, with each chamber containing bacteria as food source to sustain development. 
We found that in such chambers C. elegans animals develop normally, as measured by body length extension, timing of the 
molting cycle and egg laying. Using arrays of microchambers, combined with fast image acquisition, we could perform 
fluorescence microscopy of developmental dynamics at the single-cell level and with ~10 minute time resolution for the full 
duration of post-embryonic development, in up to 50 animals simultaneously. We demonstrated the power of our setup in 
capturing a number of key developmental processes in C. elegans that span a significant fraction of the ~48 hours of post-
embryonic development and hence have so far been inaccessible for time-lapse microscopy. In particular, we (i) studied the 
temporal regulation of seam cell divisions by imaging all cell divisions of the seam cell lineages, (ii) measured the trajectory 
of the distal tip cells during their entire ~30 hour migration and (iii) quantified the oscillatory gene expression dynamics of 
molting genes during all four larval stages. We observed significant variability, both between individuals and on the single 
cell level, in all these processes. Our setup should make it possible to use time-lapse microscopy as a routine tool to study C. 
elegans post-embryonic development. 

67. The rich get richer: comprehensive quantitative analysis of nuclear SYS-1/β-catenin and POP-1/TCF in C. elegans 
embryos identifies a novel memory mechanism for gene expression diversification. AMANDA L. ZACHARIAS, TRAVIS 
WALTON, ELICIA PRESTON, JOHN ISAAC MURRAY. Genetics Department, University of Pennsylvania, Philadelphia, 
PA. 
   Quantitative differences in signaling pathway activity are a powerful potential mechanism for diversifying cell fates during 
development. However, few examples of this mechanism have been identified in vivo, in part due to the challenges of 
performing quantitative assays. The purpose of this study was to evaluate whether C. elegans embryos use quantitative 
differences Wnt pathway activity to regulate gene expression. The conserved Wnt pathway acts repeatedly during 
development, transcriptionally regulating distinct targets in different stages and cell types (i.e. contexts). This dependence of 
targets on context could reflect not only interactions with differentially expressed transcription factors, but also quantitative, 
context-specific differences in the nuclear localization of the Wnt pathway effector transcription factor, POP-1/TCF and its 
cofactor SYS-1/β-catenin. We investigated the role of Wnt pathway activity in target expression by using time-lapse 
microscopy and automated lineage tracing of Caenorhabditis elegans embryos to quantify expression of Wnt ligands, target 
genes, and nuclear localization of POP-1 and SYS-1 in vivo at single cell resolution for all cells throughout embryonic 
development. Contrary to the exiting binary model, we found reproducible quantitative variability in POP-1 and  SYS-1 
across cells. Nuclear levels of SYS-1 are constant over time but concentrations increase due to decreases in nuclear volume. 
Cells in which Wnt signaling was activated for two or more consecutive cell cycles have higher nuclear SYS-1 concentration 
and stronger POP-1-mediated transcriptional activation than cells where the parent was not signaled, indicating a “memory” 
of previous states. We measured the POP-1-dependence of candidate targets and identified over a dozen important 
developmental regulators as new POP-1 targets. We found that most targets require POP-1 for either activation or repression, 
but not both. The targets that require POP-1 for activation are preferentially expressed in the cells where Wnt signaling was 
active for consecutive cell cycles, consistent with a functional role for the quantitative difference we observed. Taken 
together, these results suggest that the enrichment of nuclear POP-1 and SYS-1 across mitosis provides a cellular memory 
mechanism to integrate lineage history and allow POP-1 to activate distinct targets in different developmental contexts. 



Future identification of POP-1, SYS-1 and context factor binding sites will help further refine our understanding of the 
mechanisms governing context-specific activity. 

68. Transmitting an epigenetic 'memory of germline' across generations and through cell divisions in C. elegans. Jeremy 
Kreher1, Teruaki Takasaki1,2, Susan Strome1. 1) MCD, UC Santa Cruz, Santa Cruz, CA; 2) Kobe University, Division of 
Biosignal Transduction, Kobe, Japan. 
   In C. elegans, the germline is set apart from somatic lineages early and requires the MES proteins for survival and proper 
development. The MES proteins are a group of chromatin regulators named for their Maternal Effect Sterile phenotype. It is 
well established that epigenetic mechanisms are involved in specifying and maintaining cell fates, yet it is still unclear if and 
how epigenetic marks are transmitted across generations and maintained through cell divisions. We are investigating the 
MES proteins and the histone modifications they generate to elucidate the mechanisms by which epigenetic information is 
transmitted from parents to progeny and to daughter chromosomes during DNA replication. We previously reported that 
MES-4 transmits an epigenetic ‘memory of germline’ from mother’s germ cells to embryos, likely to guide gene expression 
in the primordial germ cells. MES-4 is a histone methyltransferase that catalyzes tri-methylation on Lys 36 of Histone H3 
(H3K36me3), a mark associated with active transcription. Our data support a model in which MES-4 and H3K36me3 
transmit a ‘memory of germline gene expression’ by maintaining marking in embryos of genes expressed in the maternal 
germline regardless of their expression status in embryos. We have used immunostaining to demonstrate that 1) H3K36me3 
is delivered to embryos on the chromosomes from both the oocyte and the sperm, 2) MES-4 is delivered to embryos solely 
through the oocyte, 3) the recruitment of maternally supplied MES-4 to sperm chromosomes in the zygote requires that those 
chromosomes were marked with H3K36me3 during spermatogenesis, and 4) H3K36me3 inherited in the absence of MES-4 
disappears after two rounds of DNA replication. Together, these results reveal that maternal MES-4 is required to maintain 
inherited H3K36me3 in early embryos. Remarkably, MES-4 maintains H3K36me3 in a gamete-of-origin manner: when 
H3K36me3 is inherited on the chromosomes from only one gamete, that pattern of half-marked/half-unmarked chromosomes 
persists through multiple rounds of cell division. Persistence of this gamete-of-origin pattern in early embryos suggests that 
MES-4 maintains the ‘memory of germline’ by propagating inherited H3K36me3 on germline-expressed genes. Our findings 
show that epigenetic information in the form of modified histones is transmitted to the embryo by both gametes, and is 
faithfully maintained through multiple rounds of DNA replication in the early embryo by maternally loaded enzyme. This 
epigenetic information is essential for primordial germ cell survival and development. 

69. A regulatory module involving a microRNA and an RNA binding protein controls sex determination and dosage 
compensation in the C. elegans embryo. Katherine McJunkin, Victor Ambros. University of Massachusetts Medical 
School, Worcester, MA. 
   MicroRNAs control gene expression through binding to complementary target mRNAs. Although the roles of microRNAs 
in C. elegans larval development have been extensively studied, relatively little is understood about the function of 
microRNAs in embryonic development. The mir-35-41 microRNA cluster is expressed maternally and in embryos, and is 
essential for embryonic development and fecundity. Here, we show that the mir-35-41 microRNA cluster promotes 
hermaphrodite sex determination and dosage compensation via regulation of its target gene sup-26.We observed that many 
transcripts are abberantly upregulated in mir-35-41(nDf50) mutant embryos, but that these transcripts are not enriched for 
mir-35-41 target sites. We hypothesized that mir-35-41 might indirectly repress these transcripts by promoting the function of 
a transcriptional repressor. By analyzing publicly-available gene expression data, we found that the transcriptional changes 
observed in mir-35-41(nDf50) are highly similar to those observed in dosage compensation mutant embryos (sdc-2(lf)). 
Additionally, mir-35-41(nDf50) strongly enhances her-1(gf) masculinization, another hallmark of compromised dosage 
compensation. We sought a target gene that might link mir-35-41 to dosage compensation. SUP-26 is an RNA-binding 
protein which was cloned as a suppressor of her-1(gf) masculinization, and is a predicted mir-35-41 target gene. Sup-26(lf) is 
epistatic to mir-35-41(nDf50);her-1(gf) masculinization and to the derepression of dosage-compensated genes observed in 
mir-35-41(nDf50) embryos. Thus, the dosage compensation phenotypes of mir-35-41(nDf50) are dependent on SUP-26, 
supporting a role for SUP-26 downstream of mir-35-41 in regulating dosage compensation.Finally, we performed high-
throughput sequencing-crosslinking immunoprecipitation (HITS-CLIP) to define the targets of SUP-26 binding. Through this 
method, we identified >800 RNA peaks of direct SUP-26 binding. Nearly all of the SUP-26-bound regions are in the 3’UTRs 
of protein coding genes (>94% of peaks). Among the targets of SUP-26 binding are members of the dosage compensation 
complex, providing a putative link between mir-35-41, SUP-26, and dosage compensation. Overall, this work provides 
surprising new insight into the role that microRNAs play in regulating embryonic gene expression, and draws the first link 
between microRNAs and dosage compensation. . 

70. De novo lysosome acidification defines a quality control switch in the C. elegans germline. K. Adam Bohnert1, Cynthia 
Kenyon1,2. 1) Department of Biochemistry and Biophysics, University of California, San Francisco, San Francisco, CA USA 
94158; 2) California Life Company, South San Francisco, CA USA 94080. 
   The survival of any animal species relies on the continuity of its germ cell lineage. How germ cells avoid transmitting 



damage from one generation to the next remains a fundamental, unsolved question in biology. Here, we identify a sperm-
triggered lysosomal switch that improves oocyte proteostasis just prior to fertilization. We find that sperm-secreted hormones 
activate a signaling cascade that eliminates multiple types of protein aggregates from Caenorhabditis elegans oocytes. A key 
step in this cascade is the acidification of lysosomes, a process driven by the vacuolar ATPase (V-ATPase). Our findings 
indicate that sperm signaling triggers lysosome acidification by abolishing GLD-1-mediated translational repression of V-
ATPase RNAs. The lysosomal acidity established upon V-ATPase synthesis, in turn, affects protein aggregation by 
promoting mitochondrial homeostasis. Given that we likewise observe lysosome acidification during Xenopus oocyte 
maturation, we propose that this event clears cellular damage and enhances oocyte health in anticipation of fertilization in 
multiple species. Taken together, these findings highlight a lysosome-based quality control switch that may contribute to the 
trans-generational maintenance of an immortal germ lineage. We are now exploring whether a similar lysosomal switch can 
be artificially induced in the somatic tissues of aged worms to erase markers of aging and improve healthspan. . 

71. Male Chemosensory Pathways that Modulate Sperm Motility Properties. H. Hoang, M. Miller. Cell Developmental and 
Integrative Biology Dept., University of Alabama at Birmingham, Birmingham, AL. 
   Environmental change has a detrimental effect on species survival, but the mechanisms are not well understood. We 
recently delineated a neuroendocrine mechanism in C. elegans hermaphrodites that couples environmental cues, such as 
ascarosides to sperm motility behavior in the uterus (1). In nutritionally rich, less crowded environments, amphid sensory 
neurons secrete DAF-7 TGF-β to stimulate synthesis of ovarian F-series prostaglandins, which guide sperm to the 
spermatheca. Conventional wisdom is that males maximize reproductive output through production of copious competitive 
sperm, independent of environment. Here we overturn this dogma. We identify at least four evolutionarily related 
chemosensory receptors that are essential in males to generate sperm capable of efficiently navigating the hermaphrodite 
reproductive tract. These chemoreceptors, which include srb-13, srb-16, and srb-5 are physically clustered in a 22 kilobase 
genomic region, together with four other srb family members. Extensive genome-editing and transgenic manipulations show 
that srb chemoreceptors function in head sensory neurons, such as amphids. We identify at least two parallel pathways that 
likely converge on the Gα subunit GOA-1 to modulate spermatogenic gene expression from sperm nuclear and mitochondrial 
genomes. These pathways affect sperm motility responses (i.e. to prostaglandins) and competitiveness, but not spermatid 
size, activation, or fertilization ability, per se. Global RNA sequencing analysis suggests that SRB pathways also impact male 
metabolism and immunity, consistent with complex tradeoffs at the organismal level. SRB signaling is independent of food 
and DAF-7 activity, indicating that males and hermaphrodites respond to distinct environmental cues. Together, our results 
show that environment has a profound impact on sperm function, with each sex manipulating sperm motility properties, 
presumably to optimize their own reproductive success.(1) McKnight et al. 2014. Neurosensory perception of environmental 
cues regulates sperm motility critical for fertilization. Science, 344:754-757. 

72. The P-granule assembly protein, PGL-1, is a base-specific RNA nuclease. Scott Takeo Aoki1, Aaron M. Kershner1,2, 
Marvin Wickens1, Craig Bingman1, Judith Kimble1,2. 1) Department of Biochemistry, University of Wisconsin-Madison, 
Madison, WI; 2) Howard Hughes Medical Institute, University of Wisconsin-Madison, Madison, WI. 
   P-granules are RNA-protein assemblies required for germ cell development. Loss of P-granules leads to adult germline 
deterioration (reviewed in 1-2) and differentiation of germ cells into somatic cell types (3). Granule formation requires PGL-
1 and PGL-3 (PGLs), protein paralogs capable of granule self-assembly (4-5). We set out to structurally characterize the 
PGLs to better understand their molecular function in P-granules. Our biochemical analyses of recombinant PGL-1 identified 
a dimerization domain in the central region of the protein, referred to as “PGL-1 DD.” We then determined the 1.6 Å and 3.6 
Å crystal structures of C. remanei and C. elegans PGL-1 DD, respectively. PGL-1 DD has a novel, alpha helical fold. The 
proposed dimer forms a positively charged channel with the appropriate dimensions to fit single stranded RNA. 
Unexpectedly, incubation of PGL-1 DD with oligonucleotides resulted in RNA cleavage. Additional in vitro results 
demonstrate PGL-1 DD to be a guanosine-specific, single-stranded RNase. The crystal structure allowed us to identify a site 
in the dimer channel that brought together conserved glutamine and lysine side chains. We postulated these side chains might 
contribute to PGL’s RNase activity. Mutation of this glutamine to alanine abrogated RNA cleavage without affecting either 
dimerization or RNA binding. We have now created the glutamine to alanine RNase mutants in the endogenous pgl-1 and 
pgl-3 genes using CRISPR-Cas methods, and we are assessing the role of PGL's enzymatic function in germ cell 
development. Our results support the notion that PGL-1 may have a dual function in P-granules as an assembly protein and as 
an RNase. Our results also raise the question of whether other germ granule scaffold proteins, like Drosophila Oskar and 
zebrafish Bucky Ball, may also have enzymatic activities affecting RNA regulation.1. Updike, D., Strome, S. J Androl 2010; 
31(1):53-60.2. Voronina E, Seydoux G, Sassone-Corsi P, Nagamori I. Cold Spring Harb Perspect Biol. 2011 Dec 
1;3(12):a002774.3. Updike DL, Knutson AK, Egelhofer TA, Campbell AC, Strome S. Curr Biol. 2014 May 5;24(9):970-5.4. 
Updike DL, Hachey SJ, Kreher J, Strome S. J Cell Biol. 2011 Mar 21;192(6):939-48.5. Hanazawa M, Yonetani M, Sugimoto 
A. J Cell Biol. 2011 Mar 21;192(6):929-37. 



73. SKN-1 is essential for evolutionary success during starvation. Dana Lynn1, Sean Curran1,2,3. 1) Dornsife College of 
Letters Arts and Sciences, University of Southern California, Los Angeles, CA; 2) Davis School of Gerontology, University 
of Southern California, Los Angeles, CA; 3) Keck School of Medicine, University of Southern California, Los Angeles, CA. 
   Animals in the wild periodically go through phases of feast and famine as resources naturally fluctuate and C. elegans have 
evolved exceptional survival mechanisms when food sources are scarce. Here, we demonstrate that acute adult starvation of 
C. elegans induces the depletion of somatic fat but these animals retain their germline fat stores. SKN-1 is an established 
regulator of cellular and organismal stress responses. Recently, we have reported that SKN-1 is a critical mediator of 
metabolic adaptation and here we define an unprecedented role for SKN-1 in the depletion of somatic fat phenotype. Notably, 
skn-1 gain-of-function mutant animals, which behave as if they are being starved despite eating ad libitum, mobilize their 
somatic fat, but only late in their reproductive period. The rapid utilization of somatic fat phenotype is a cell non-autonomous 
organismal response to ensure reproductive success and we have identified a specific eicosanoid signaling pathway that is 
responsible for this phenotype. Mechanistically, we have found that vitellogenins are essential for lipid mobilization and this 
phenotype is intimately tied to available nutrients as the lipid depletion phenotype is influenced by diet and can be suppressed 
with supplemented dietary carbohydrates. Our results describe a novel mechanism to mobilize nutrient stores, which 
maximizes the fitness for an organism continually challenged by highly variable food availability. 

74. NCL-1; an important player in Dietary Restriction mediated longevity in C. elegans. Varnesh Tiku1,2, Yidong Shen1, 
Bree N. Heestand3, Adam Antebi1,2,3. 1) Max Planck Institute for Biology of Ageing, Cologne, Germany; 2) Cologne 
Excellence Cluster on Cellular Stress Responses in Aging Associated Diseases (CECAD), University of Cologne, Germany; 
3) Huffington Center on Aging, Baylor College of Medicine, Houston, Texas, United States of America. 
   Dietary restriction (DR) extends lifespan in many organisms ranging from simple invertebrates to complex mammals. A 
number of lifespan extending DR regimens have been described in diverse organisms, but it is still not clear if there are 
universal or overlapping mechanisms that modulate longevity by DR. In C. elegans, there are many ways to induce DR and 
different methods elicit varied downstream responses, revealing a complex process. Although a handful of important 
regulators have been identified, the molecular basis of DR mediated longevity still remains poorly understood, and additional 
players are likely to be involved.From a genetic screen for DR longevity mediators, we identified the RING finger protein 
NCL-1 to be required for DR induced longevity. ncl-1 is known to regulate the nucleolar size in worms and the loss of ncl-1 
leads to increased nucleolar size and also increased translation. Our data suggest that nucleolar size is reduced under DR 
conditions and that the loss of ncl-1 abrogates DR longevity as well as the longevity conferred by the inhibition of the TOR 
pathway. The TOR pathway is known to be involved in DR mediated longevity and it also regulates translation. Global 
translation levels are low under DR conditions. So we speculate ncl-1 loss might be altering the translational rates thus 
abrogating longevity under DR and TOR inhibition. We are now investigating how ncl-1 interacts with nutrient sensing 
pathways and its detailed role in influencing lifespan extension. These studies should provide greater molecular insights into 
DR mediated longevity and a link between TOR signaling, translation and longevity under DR conditions. . 

75. SILeNCe is golden: slow-down of protein turnover in the long-lived Caenorhabditis elegans daf-2 mutant. Ineke 
Dhondt1, Vladislav A. Petyuk2, Richard D. Smith2, Geert Depuydt3, Bart P. Braeckman1. 1) Department of Biology, Ghent 
University, Ghent, Belgium; 2) Biological Sciences Division and Environmental Molecular Sciences Laboratory, Pacific 
Northwest National Laboratory, Richland (WA), USA; 3) Department of Biology, KU Leuven; Leuven, Belgium. 
   Most aging hypotheses revolve around the accumulation of some sort of damage resulting in gradual physiological decline 
and ultimately death. Avoiding protein damage accumulation by enhanced turnover should slow down the aging process and 
extend lifespan. However, lowering translational efficiency extends rather than shortens lifespan in C. elegans. We studied 
turnover of individual proteins in the conserved Insulin/Insulin-like Growth Factor (IGF-1) receptor mutant daf-2 by 
combining Stable Isotope Labeling by Nitrogen in Caenorhabditis elegans (SILeNCe) and accurate mass spectrometry. 
Intriguingly, the majority of proteins displayed prolonged half-lives in daf-2, while others remained unchanged, signifying 
that longevity is not supported by high protein turnover. This slow-down of protein turnover was most prominent for 
components of the translation machinery and mitochondria. In contrast, the high turnover of lysosomal hydrolases and very 
low turnover of cytoskeletal proteins remained largely unchanged in daf-2. The slow-down of protein dynamics and low 
abundance of the translational machinery may point at the importance of anabolic attenuation in lifespan extension as 
suggested by the hyperfunction theory. 

76. mRNA decay interfaces with protein synthesis to modulate stress resistance and longevity in C. elegans. Matthias 
Rieckher1,3, Maria Markaki1, Andrea Princz1, Nektarios Tavernarakis1,2. 1) Institute of Molecular Biology and 
Biotechnology, Foundation for Research and Technology, Heraklion, Crete, Greece; 2) Medical School, University of Crete, 
Heraklion, Crete, Greece; 3) The Cologne Cluster of Excellence in Cellular Stress Responses in Aging-associated Diseases 
(CECAD), Cologne, Germany. 
   Attenuation of protein synthesis has been demonstrated to increase lifespan across taxa. Recent findings show that 
activators of mRNA degradation suppress mRNA translation by targeting mRNAs for storage and decapping in cytoplasmic 



Processing (P) bodies. We hypothesized that storage and degradation of mRNAs in P bodies may regulate physiological 
processes such as stress responses and ageing via the control of mRNA translation. We observed that somatic P bodies 
increase in size and number during ageing in C. elegans. IFE-2, an isoform of the translation initiation factor eIF4E, 
progressively localizes to P bodies upon stress and during ageing. Loss of the P body factor “enhancer of mRNA decapping” 
EDC-3 promotes longevity and resistance to stress. EDC-3 mutants display reduced protein synthesis in somatic cells. 
Furthermore, lack of EDC-3 leads to increased P body formation. Notably, longevity and stress resistance in EDC-3-depleted 
animals is rescued by neuron-specific EDC-3 expression. We find that the transcription factor SKN-1, which also mediates 
lifespan extension by eIF4E deficiency in somatic C. elegans tissues, is required for the effects of EDC-3 depletion on stress 
resistance and lifespan. Further, loss of SKN-1 robustly enhances P body formation in EDC-3 mutants. We conclude that 
upon mRNA decapping impairment, eIF4E becomes sequestered in P bodies, which in turn downregulates general protein 
synthesis in the soma, thereby increasing organismal lifespan. Our findings indicate a causative role for P bodies in the 
regulation of stress resistance and ageing. 

77. Loss of Folliculin confers osmotic stress resistance via AMPK-dependent remodeling of carbohydrate stores in C. 
elegans. Arnim Pause1, Elite Possik1, Andrew Ajisebutu1, Sanaz Manteghi1, Mathieu Flamand1, Tarika Vijayaraghavan1, 
Barry Coull2, Maurice van Stensel2, David Hall2. 1) Biochemistry, McGill University, montreal, Quebec; 2) College of Life 
Sciences, University of Dundee, Dundee; 3) Department of Neuroscience, Albert Einstein College of Medicine, New York, 
USA. 
   Mechanisms of adaptation to environmental changes in osmolarity are fundamental for cellular life.  When exposed to 
hyperosmotic stress, cells and organisms utilize conserved strategies to prevent water loss and maintain cellular integrity and 
viability. Here we identify a novel AMPK-dependent pathway of resistance to hypertonic stress mediated by the AMPK 
regulator flcn-1  in C. elegans.  FLCN-1 is the worm homologue of the tumor suppressor Folliculin (FLCN), responsible for 
the Birt-Hogg-Dubé hereditary cancer disorder. We show that loss of flcn-1 increases glycogen stores in an AMPK dependent 
manner and that the glycogen reserves are rapidly degraded upon hypertonic stress, leading to a remarkable accumulation of 
the organic osmolyte glycerol, promoting resistance to hyperosmotic stress. Importantly, loss of AMPK, glycogen synthase 
or glycogen phospharylase, which are critical enzymes in glycogen metabolism, strongly suppressed the increased osmotic 
stress resistance in flcn mutant animals. We further demonstrate that glycerol 3-phosphate dehydrogenase-1 is strongly 
induced in flcn-1 animals upon hyperosmotic stress and that simultaneous loss of gpdh-1 and gpdh-2 abolished the flcn-
1/AMPK-mediated osmotic stress phenotype. Importantly, we show that glycogen accumulates in kidneys from mice lacking 
FLCN and in kidneys and renal tumors from a BHD patient. Since BHD is a renal hyperproliferation disorder, a mechanism 
of osmotic stress resistance in kidney hyperosmotic environments might explain tumorigenesis in BHD patients. Overall, our 
data indicate that FLCN is an evolutionary conserved regulator of glycogen metabolism, that might be acting as a tumor 
suppressor via AMPK-dependent accumulation of glycogen and organic osmolytes, resulting in an advantageous increase in 
proliferation and survival in hyperosmotic environments. . 

78. Neuronal CRTC-1 governs systemic mitochondrial metabolism and lifespan via a catecholamine signal. Kristopher 
Burkewitz1, Ianessa Morantte1, Heather Weir1, Robin Yeo1, Yue Zhang1, Frank Huynh2, Olga Ilkayeva2, Matthew Hirschey2, 
Ana Grant3, William Mair1. 1) Genetics and Complex Diseases, Harvard T.H. Chan School of Public Health, Boston, MA; 2) 
Duke Molecular Physiology Institute, Duke University Medical Center, Durham, NC, USA; 3) Department of Computational 
Medicine and Bioinformatics, University of Michigan Medical School, Ann Arbor, MI, USA. 
   Low energy status delays aging in multiple species, yet the mechanisms coordinating energetics and longevity remain 
poorly defined. One established and highly conserved link to both energetics and aging is AMP-activated protein kinase 
(AMPK). AMPK mediates metabolic adaptation to low energy both at the cellular and organismal levels, and mutations 
conferring constitutive activation to AMPK extend lifespan in multiple animal models. Previously, we established that 
AMPK and the phosphatase calcineurin antagonistically regulate CREB-regulated transcriptional coactivator (CRTC)-1 to 
modulate longevity in C. elegans. We now show that AMPK- and calcineurin-mediated effects on lifespan can be uncoupled 
from associated pleiotropic side effects through CRTC-1, and exploit this observation to demonstrate that the mechanisms 
specific to AMPK longevity involve reprogramming of mitochondrial and metabolic function. Strikingly, this pro-longevity 
metabolic state is regulated cell-nonautonomously by CRTC-1 and its partner transcription factor CREB in the nervous 
system. Neuronal CRTC-1 drives mitochondrial fragmentation in distal tissues and suppresses the effect of AMPK on 
systemic mitochondrial metabolism and longevity via a cell-nonautonomous catecholamine signal. These results demonstrate 
that transcriptional control of neuronal signals can override enzymatic regulation of metabolism across the organism. 
Neuronal perception of energetic state therefore represents a target to promote healthy aging. 

79. How sirtuins regulate lifespan: endogenous small molecules trigger ROS signaling. Frank C. Schroeder1, Andreas 
Ludewig1, Yegeniy Izrayelit1, Sydney Campbell1, Anne Brunet2, Lauren Booth2. 1) Boyce Thompson Inst, Cornell Univ, 
Ithaca, NY; 2) Department of Genetics, Stanford University. 
   Sirtuins, a family of NAD+ dependent histone deacetylases, have been implied as conserved regulators of lifespan and 



stress resistance; however, the underlying mechanisms are unclear. Previous work showed that chemosensation of 
hermaphrodite-produced pheromones ascr#2 and ascr#3 increases C. elegans adult lifespan and stress resistance (Ludewig 
2013), whereas male-produced pheromones of unknown identity shorten hermaphrodite lifespan (Gems 2000, Maures 
2014).We show that the male-produced ascaroside ascr#10 decreases hermaphrodite lifespan, and that pheromone-mediated 
lifespan increase and decrease depend on two different sirtuins, SIR-2.1 and SIR-2.3. Whereas SIR-2.1 mutants are defective 
in pheromone mediated lifespan increase, the ascr#10-dependent lifespan phenotype is reversed in SIR-2.3 worms: male-
produced ascr#10 decreases lifespan in wild-type worms but increases lifespan in SIR-2.3 mutants. We further show that 
lifespan regulation via sirtuins primarily depends on metabolism of co-factor (NAD+)-derived nicotinamide, which triggers 
generation of reactive oxygen species (ROS) in the mitochondria and activation of the transcription factor skn-1, a homolog 
of mammalian Nrf. Similar to the effects of SIR-2.1 over expression (Schmeisser 2013), ascaroside perception transiently 
increases ROS in mitochondria, followed by a long-term decrease of ROS activity for lifespan-increasing compounds. In sir-
2.1 mutants, longevity-promoting ascarosides do not increase ROS, indicating a direct connection between sirtuin-dependent 
mitochondrial ROS increase and longevity. Our work demonstrates that sirtuins regulate lifespan in a non-over expression 
background (i.e WT) via ROS generation, and that sex-specific endogenous small molecules modulate lifespan through this 
mechanism. Furthermore, our results link SIR-2.1, the homolog of mammalian SIRT1, to increased lifespan, whereas the 
SIRT4 homolog SIR-2.3 appears to promote shorter lifespan.Lastly, our work shows that a seemingly minor modification of 
the chemical structure of an endogenous small molecule, namely the addition of a double bond, can drastically change its 
signaling properties: a lifespan-decreasing (ascr#10, no double bond) signal turns into a lifespan extending (ascr#3, with 
double bond) signal. Both ascr#3 and ascr#10 accumulate on C. elegans plates, suggesting confounding effects of population 
density on C. elegans lifespan studies. 

80. The intrinsic apoptosis pathway mediates the pro-longevity response to mitochondrial reactive oxygen species. Callista 
Yee, Wen Yang, Siegfried Hekimi. Department of Biology, McGill University, Montreal, Quebec. 
   In C. elegans, two mutations that affect mitochondrial electron transport chain subunits (isp-1(qm150) and nuo-6(qm200)) 
result in increased production of mitochondrial reactive oxygen species (mtROS). Animals carrying these mutations have a 
significantly increased lifespan relative to the wild type. It has also been shown that treatment with pro-oxidants such as 
paraquat (PQ) can significantly increase wild type lifespan but is not additive to the lifespan of the two mitochondrial 
mutants. Furthermore, treatment with antioxidants such as N-acetyl-cysteine (NAC) and Vitamin C can decrease the 
longevity of these mutants. Using gene arrays, we determined a large overlap of differentially expressed transcripts between 
isp-1, nuo-6 and paraquat treatment. These and other results suggest that increased levels of mtROS act as a signal to extend 
lifespan in C. elegans.We were interested in determining the mechanism by which mtROS signalling is sensed and 
transduced in order to elicit these changes in gene expression. Many processes have been found to require components of the 
intrinsic apoptotic pathway to perform tasks that do not result in apoptosis, such as cell cycle regulation, neuronal 
regeneration and mitochondrial fission/fusion. In mammalian studies, components of the intrinsic apoptotic pathway have 
also been found to be sensitive to ROS, prompting us to test the involvement of this pathway with respect to mtROS-
mediated longevity. We found that components of the core intrinsic apoptotic pathway (CED-9, CED-4 and CED-3) are 
required for the longevity of isp-1 and nuo-6 mutants, as well as for lifespan extension induced by paraquat treatment. In 
addition, loss of the intrinsic pathway reversed a large portion of the gene expression changes observed in isp-1 and nuo-6 
mutants.  We found that to induce an effect on longevity the pathway is not stimulated by EGL-1 as for apoptosis, but by 
CED-13, an alternative BH3-only protein. We observed no effect on developmental apoptosis in isp-1 and nuo-6 mutants or 
by treatment with paraquat. We conclude that activation of the pathway by mtROS signaling does not affect apoptosis, but 
instead acts as a defense mechanism to protect against consequences of mitochondrial dysfunction by inducing gene 
expression changes that promotes survival and modulates stress sensitivity.We are currently using CRISPR/Cas9 to study the 
molecular mechanisms that allow for a dual role of the pathway: apoptosis and longevity.  . 

81. Coordination of mitophagy and mitochondrial biogenesis during ageing in C. elegans. Konstantinos Palikaras1,2, 
Nektarios Tavernarakis1,3. 1) Institute of Molecular Biology and Biotechnology; Foundation for Research and Technology-
Hellas, Heraklion, Crete, Greece; 2) Department of Biology, University of Crete, Heraklion, Crete, Greece; 3) Department of 
Basic Sciences, Faculty of Medicine, University of Crete, Heraklion, Crete, Greece. 
   Mitochondria are highly dynamic, energy-generating organelles in eukaryotic cells and play an essential role in 
fundamental cellular processes. Mitochondrial function impinges on several signalling pathways modulating cellular 
metabolism, cell survival and organismal healthspan. Excessive mitochondrial dysfunction and aberrant accumulation of 
mitochondria in various cell types are shared hallmarks of many pathological conditions and ageing. Thus, maintenance of 
cellular homeostasis necessitates a tight regulation of mitochondrial biogenesis, as well as, the elimination of dysfunctional or 
superfluous mitochondria. Mitophagy is a selective type of autophagy mediating removal of damaged mitochondria, and the 
major degradation pathway, by which cells regulate mitochondrial number in response to metabolic state. However, little is 
known about the role and regulation of mitophagy during ageing. To address this question, we developed two composite 
systems for monitoring mitophagy in vivo, and identified conditions that either induce or suppress mitophagy. We used this 



systems to investigate the involvement of mitophagy in C. elegans ageing. Inhibition of mitophagy does not affect the 
lifespan of otherwise wild type animals. By contrast, mitophagy depletion markedly shortens the lifespan of long-lived 
diapause mutants, animals grown under dietary restriction and long-lived mutants with compromised mitochondrial function. 
We found that mitophagy-deficient animals display impaired mitochondrial function characterized by decreased ATP levels, 
elevated mitochondrial ROS generation, mitochondrial membrane depolarization, increased oxygen consumption and 
cytoplasmic Ca2+ elevation. Impairment of mitophagy compromises stress resistance and triggers mitochondrial retrograde 
signalling through the SKN-1 transcription factor that regulates both mitochondrial biogenesis genes and mitophagy by 
enhancing the expression of DCT-1 mitophagy receptor. Our results indicate that mitophagy and the retrograde response 
signalling are tightly coupled and coordinately contribute to promote mitochondrial homeostasis and longevity. 

82. Localized redox regulation of IRE-1 kinase activity controls distinct ER and oxidative stress responses. John Hourihan1,2, 
Lorenza Moronetti Mazzeo1,2, T. Keith Blackwell1,2. 1) Joslin Diabetes Ctr, Boston, MA; 2) Department of Genetics, 
Harvard Medical School. 
   It has become increasingly apparent that reactive oxygen species (ROS) act as redox signals that influence development, 
growth, and aging.  For example, low-level production of ROS by mitochondria is thought to activate mechanisms that 
increase lifespan.  Our understanding of the mechanisms and scope of redox signaling is still limited, however.  The 
transmembrane protein IRE-1 senses unfolded proteins within the endoplasmic reticulum (ER), and is critical for ER 
homeostasis and longevity assurance.  IRE-1 activates the core unfolded protein response (UPR) through (1) oligomerization, 
(2) autophosphorylation, and (3) splicing the mRNA for the XBP-1 transcription factor.  We found in C. elegans that ire-1 is 
needed for the SKN-1/Nrf-induced oxidative stress response (PLoS Gen 2013;9:e1003701), but the basis for this has 
remained unknown.We have now determined in C. elegans that IRE-1 acts as a redox sensor that initiates p38 signaling, and 
SKN-1 activation.  In response to oxidizing conditions in vivo, a conserved Cys within the kinase activation loop of IRE-1 
rapidly becomes sulfenylated, a modification in which the –SH within Cys is oxidized to –SOH (sulfenic acid).  While 
sulfenylation at this site inhibits the IRE-1 kinase and blocks the UPR, UPR activation inhibits IRE-1 sulfenylation, making 
these IRE-1 states mutually exclusive.  Sulfenylated IRE-1 recruits the p38 MAPKKK (NSY-1), which then becomes 
activated by sulfenylation at a different position.  This initiates p38 signaling and activates SKN-1.  IRE-1 redox signaling 
can be triggered by global cytoplasmic ROS, or ROS that are produced locally by specific oxidases that are activated in 
response to xenobiotic or genetic stimuli.  Like mitochondrially-derived ROS, these enzymatically-generated ROS stimulate 
longevity assurance mechanisms.  This evolutionarily conserved pathway similarly controls the mammalian Nrf2(SKN-1)-
mediated oxidative stress response. Our findings define an unexpected mechanism of IRE-1 function, in which it acts as a 
redox-sensing switch that discriminates the ER and oxidative stress responses.  This redox control of IRE-1 and p38 signaling 
may represent a broadly applicable paradigm for redox regulation of kinase activity.  The data also reveal a model by which 
localized oxidase activation transduces and amplifies cellular stress signals, and thereby maintains homeostasis by initiating 
downstream protective responses that may promote longevity. . 

83. A novel role for the nuclear receptor NHR-49 in the oxidative stress response. Grace Y.S. Goh, Regina C. Lai, Ka-
Young Lee, Stefan Taubert. University of British Columbia, Vancouver, BC. 
   Cytoprotective responses and lipid metabolism are tied to longevity. Genes in both pathways are differentially regulated in 
several long-lived mutants, and many regulators of these genes are key effectors of longevity. One such regulator is the 
transcriptional coregulator MDT-15, a subunit of the Mediator complex. MDT-15 regulates lipid metabolism and oxidative 
stress response genes, and is required for normal lifespan. In the oxidative stress response, MDT-15 binds the transcription 
factor SKN-1 and regulates SKN-1-dependent genes. However, not all oxidative stress response genes are SKN-1-dependent. 
For example, the tert-butyl hydroperoxide (tBOOH) response is largely SKN-1-independent. We previously showed that 
MDT-15 is required for the tBOOH response; however, the transcription factor that regulates this response is unknown.The 
MDT-15 KIX domain interacts with multiple transcription factors. We found that a gain-of-function (GOF) mutation of mdt-
15 located near the KIX specifically induces SKN-1-independent tBOOH-responsive genes. This implies that the tBOOH 
response is regulated by a transcription factor that binds the KIX domain of MDT-15. We conducted an RNAi screen to find 
transcription factors required to induce a promoter::GFP fusion of fmo-2, a tBOOH-responsive gene. We tested transcription 
factors that bind the KIX domain of MDT-15, as determined by published screens. Of the candidates screened, only the 
nuclear receptor NHR-49 was required for fmo-2p::GFP induction on tBOOH. NHR-49 is required to express genes involved 
in lipid metabolism, including β-oxidation and fatty acid desaturation, but has not been implicated in oxidative stress 
responses. Using qPCR, we show that nhr-49 null mutants fail to fully induce other tBOOH-responsive genes in addition to 
fmo-2. Conversely, nhr-49 GOF mutants show upregulation of many tBOOH-responsive genes even without tBOOH. 
Interestingly, we previously found that nhr-49 nulls are hypersensitive to tBOOH; therefore, the regulation of tBOOH-
responsive genes by NHR-49 also has functional consequences. We are currently testing whether any known NHR-49 
partners, e.g. NHR-80 or NHR-13, are also required for the tBOOH response.In conclusion, we describe a new role for NHR-
49 as a regulator of the oxidative stress response. NHR-49 has recently emerged as an important regulator of longevity, e.g. 



in germline-less glp-1 mutants. This was thought to relate to nhr-49’s role in lipid metabolism. Our work suggests an 
alternative possibility, i.e. that NHR-49’s role in the oxidative stress response contributes to its action in longevity pathways. 

84. Somatic expression of a germline program does not extend lifespan in C. elegans. Andrew Knutson, Susan Strome. 
Department of Molecular, Cell, and Developmental Biology, UC Santa Cruz, Santa Cruz, CA 95064. 
   Maintenance of the germ-soma distinction ensures proper cellular identity and function.  A 2009 study reported that long-
lived daf-2 mutants of C. elegans ectopically express a germline program in their somatic cells, including mRNAs for the P-
granule factors PGL-1 and PGL-3 (Curran et al. Nature 459: 1079-1084, 2009).  Importantly, knock-down of several 
germline factors via RNAi in adult daf-2 worms resulted in a slight decrease in those worms’ lifespan, suggesting that those 
proteins confer some lifespan extension to daf-2 mutants.  Our lab’s interest in germline development, regulators of the germ-
soma distinction, and the possibility that some of the immortality of germ cells can be harnessed to extend somatic lifespan 
led us to explore and extend the daf-2 findings.  Our results have shown that somatic expression of a germline program does 
not extend lifespan in C. elegans:  1) We do not detect ectopic expression of P-granule proteins in daf-2 worms, as assayed 
by immunostaining for PGL proteins and by expression of a PGL-1::GFP transgene under the control of the pgl-1 
promoter.  2) Simultaneous depletion of 4 constitutive components of P granules (PGL-1, PGL-3, GLH-1, and GLH-4) from 
daf-2 mutants did not decrease lifespan but instead slightly extended lifespan.  3) Expressing a PGL-1::GFP fusion protein in 
the intestine of wild-type worms did not alter lifespan.  4) Six synMuv mutants that ectopically express germline proteins in 
their somatic cells at 24oC are not long-lived compared to wild type.  We also tested the effect of loss of the master germline 
chromatin regulator MES-4 on the lifespan of daf-2 worms.  Compared to daf-2 single mutants, fertile daf-2; mes-4 double 
mutants had the same lifespan, while sterile daf-2; mes-4 double mutants were dramatically longer-lived.  We attribute this 
hyper-increased longevity to the synergistic effects of reduced insulin-like signaling and absence of a germline.  Taken 
together, our results show that extreme extension of lifespan can be accomplished by combining loss of DAF-2 with absence 
of germ cells, and that somatic expression of germline proteins does not extend lifespan, arguing against the appealing 
possibility that expression of a germline progam in somatic cells can provide the somatic body with partial “germline 
immortality.”. 

85. NemaFlex: A microfluidic tool for phenotyping (neuro)muscular strength in C. elegans. Mizanur Rahman1, Jennifer E. 
Hewitt1, Frank Van Bussel3, Jerzy Blawzdziewicz3, Nathaniel Szewczyk4, Monica Driscoll2, Siva A. Vanapalli1. 1) Chemical 
Engineering, Texas Tech University, Lubbock, TX; 2) Molecular Biology and Biochemistry, Rutgers University, New 
Brunswick, NJ; 3) Mechanical Engineering, Texas Tech University, Lubbock, TX; 4) MRC/Arthritis Research UK Centre for 
Musculoskeletal Ageing Research, University of Nottingham, UK. 
   Maintenance of muscle strength is essential for an individual’s health and well-being. In fact, loss of muscle strength is a 
prognostic indicator for a variety of disorders including sarcopenia, cancer, and neuromuscular diseases. Decline in muscle 
strength is also a significant issue for space explorers. Therefore, a major challenge for muscle health research is to 
understand the genetic mechanisms regulating strength. C. elegans is an established genetic model that has muscle with 
genetic and physiological similarities to human muscle. Aging C. elegans also show muscle deterioration with age much like 
humans. Thus, prospective life-long muscle health studies can be accomplished in the roundworm C. elegans. 
 
To make C. elegans a comprehensive genetic model for muscle health investigations, we engineered NemaFlex—a 
microfluidic device containing deformable pillars for quantifying muscle strength in C. elegans. Animals crawl through the 
pillar array, causing pillar displacements from which local force data can be extracted. Since the forces fluctuate depending 
on the animal’s behavior (velocity, body conformation, and position with respect to pillar), reproducible quantitation of 
animal strength has thus far remained elusive. We establish NemaFlex for high throughput muscle strength assays by 
developing a robust experimental protocol and analysis workflow to sample the full range of forces and define a metric for 
maximum strength. We also configure NemaFlex for recording strength across virtually the entire lifespan of animals 
permitting sarcopenia investigations. 
 
We find that forced contractions, such as induced by an acetylcholine agonist, show the same maximum strength as the 
untreated animals suggesting NemaFlex quantitates maximum strength. We tested mutants with neuronal defects (unc-17 and 
unc-119) and impaired sarcomeres (unc-52 and unc-112) and observe changes that verify the neuromuscular origin of 
strength.  We profile strength across the lifespan of a wild-type population, and our results show that strength increases 7-fold 
from the young adult followed by a sharp late-age decline—providing the first direct evidence of muscle strength loss due to 
aging, similar to sarcopenia in humans. In summary, NemaFlex is a powerful tool to conduct prospective life-long 
investigations of muscle strength in C. elegans and mutants. 

86. Tuning of the RNA polymerase II CTD phosphatase SSUP-72 at internal poly(A) sites controls alternative 
polyadenylation in C. elegans neurons. Fei Chen1,3, Yu Zhou2, Yingchuan B. Qi1, Vishal Khivansara4, Hairi Li2, Sang Young 
Chun4, John K Kim4, Xiang-Dong Fu2, Yishi Jin1,2,3. 1) Neurobiology section, University of California, San Diego, La Jolla, 



CA; 2) Dept. Cell. Mol. Med., University of California, San Diego, La Jolla, CA; 3) Howard Hughes Medical Institute, 
University of California, San Diego, La Jolla, CA; 4) Life Sciences Institute, University of Michigan, Ann Arbor, MI. 
   Alternative polyadenylation (APA) plays important roles in generating transcriptome diversity under physiological and 
pathological conditions. However, the underlying molecular mechanisms are poorly understood. By using systematic genetic 
studies and genome-wide surveys of the transcriptional landscape in C. elegans, we identify an APA pathway that is required 
for neuron development. We show that SYDN-1, a novel nuclear protein (Van Epps et al, 2010), can antagonize SSUP-72, a 
Ser5 phosphatase for the RNA polymerase II (Pol II) Carboxyl-Terminal Domain (CTD), and controls the mRNA isoform 
production of two neuronal genes, unc-44/Ankryrin and dlk-1/MAPKKK. Exclusion of SSUP-72 activity at a strong internal 
poly(A) site (PAS) in unc-44 dampens its usage and allows the production of a neuron-specific ankyrin long isoform. 
Conversely, at the weak internal PAS of dlk-1, SSUP-72 exclusion promotes its usage and produces short isoform to control 
its activity. Dysregulation of unc-44 and dlk-1 mRNA isoforms impairs neuronal development. Our results demonstrate a 
mechanism by which tissue-specific and gene-specific APA is achieved via regulation of select internal PASs. 

87. Genome-wide analyses of actively translating mRNAs in neurons identify a heat-sensitive transcription elongation factor 
in a pair of serotonergic sensory neurons. Xicotencatl Gracida, Mike Dion, John A. Calarco. Harvard University, 
Cambridge, MA. 
            Specific cell types or tissues adjust their gene expression programs in response to sensory stimuli to help an organism 
cope with its environment. However, transcriptome-wide analyses are often limited by a lack of spatial resolution when 
studying whole-animal samples. This difficulty makes it challenging to identify the extent of broader gene expression 
differences in individual tissues or in specific cell types in vivo. 
          To tackle this problem, we adapted the Translating Ribosome Affinity Purification method (TRAP) (Heiman et al. 
2008) in C. elegans. In TRAP, cell-type specific promoters drive expression of eGFP-tagged Ribosomal Protein L10a of the 
Large subunit to tag sets of genetically defined cell types in vivo. These GFP-tagged ribosomes can be subsequently affinity 
purified to obtain enriched populations of ribosome-associated mRNAs from cells of interest. We have recently coupled 
TRAP to deep sequencing and computational analyses to identify tissue- and neuron-specific patterns of gene and isoform 
abundance. 
          By using TRAP, we globally surveyed the repertoire of mRNAs in the nervous system and specific neuronal classes 
expressing the neurotransmitters dopamine and serotonin. Comparative analyses between these samples and non-neuronal 
tissues revealed hundreds of tissue- and neuron-biased mRNA isoforms, and neuronal-enriched mRNAs encoding conserved 
proteins whose functions have not been characterized. Among these we found elc-2/ElonginC/TCEB1, a regulatory subunit of 
the transcription elongation factor complex Elongin/SIII. Using a GFP-tagged fosmid we found that ELC-2 protein is 
selectively expressed in a pair of sensory neurons that we confirmed to be the serotonergic ADFs.  
         ADF neurons are a hub for integrating several stress responses that ultimately lead to the release of serotonin to alter 
animal physiology. We unexpectedly found that upon heat shock ELC-2 redistributes in the ADF soma, becoming more 
nuclear enriched. Concomitantly, a backcrossed natural variant containing an elc-2 deletion fails to increase pharyngeal 
pumping rates upon heat shock, a phenotype of increased serotonin release. We are investigating whether other stresses also 
induce ELC-2 redistribution, and what the role of its nuclear accumulation is for coordinating heat shock-dependent gene 
regulation in ADF.  
        We hypothesize that redistribution of this transcription elongation factor subunit ELC-2 may act as a modulator of 
sensory-dependent transcriptional programs that induce longer lasting neural effects that help the organism successfully 
respond and adapt to its environment. . 

88. Developmental history regulates olfactory behavior via RNAi pathways. Jennie Sims1, Maria C. Ow1, Mailyn 
Nishiguchi1, Piali Sengupta2, Sarah E. Hall1. 1) Dept Biol, Syracuse University, Syracuse, NY; 2) Department of Biology, 
Brandeis University, Waltham, MA. 
   Environmental stress early in development can impact adult phenotypes through programmed changes in gene expression. 
C. elegans larvae respond to environmental stress by entering the alternative dauer diapause pathway, and 
resume development once conditions improve (postdauers). Our previous work showed that postdauer adults retain a cellular 
memory of their developmental history through changes in gene expression, genome-wide chromatin states, small RNA 
profiles, and life history traits when compared to animals that bypassed the dauer stage (controls). However, little is known 
about the mechanisms that establish and maintain these changes in response to developmental history. We have identified the 
osm-9 TRPV channel gene as a target of environmental programming. OSM-9 is expressed in multiple sensory neurons and 
is essential for mechanosensory, osmosensory, and chemosensory behaviors. In control adults, gfp driven by ~350 bp of osm-
9 upstream regulatory sequences was expressed in the ADL and AWA neurons, whereas gfp was only expressed in AWA 
neurons of postdauer adults. Analysis of the osm-9 upstream regulatory sequence yielded a cis-acting motif that is necessary 
for the downregulation of osm-9 in ADL, and is competitively bound by the negative regulator, DAF-3 SMAD, and unknown 
activators. In addition, we found that the ADL-mediated and osm-9 dependent ascr#3 avoidance behavior is significantly 
reduced in wildtype postdauer adults compared to controls, indicating that the endogenous osm-9 gene is downregulated 



similarly to the gfp reporter. Using the ascr#3 avoidance assay, we investigated the mechanism of osm-9 regulation by testing 
the behavior of control and postdauer animals in strains carrying mutations in dauer formation, RNAi, and chromatin 
remodeling genes. Our results indicated that the differential expression of osm-9 was mediated by TGF-β signaling and 
required functional chromatin remodeling pathways. Moreover, we found that the Mutator and ERGO-1 26G RNAi pathways 
are also required for the regulation of osm-9 expression. We showed that MUT-16 modulates the expression of daf-3, and is 
required in ADL neurons for the differential expression of osm-9. Together, our results suggest that RNAi pathways regulate 
osm-9 expression indirectly via modulation of TGF-β signaling, and that the altered expression pattern is maintained by the 
chromatin state at the osm-9 locus. Our results describe an elegant mechanism by which developmental experience influences 
adult phenotypes by establishing and maintaining transcriptional changes via RNAi and chromatin remodeling pathways. 

89. Motor Neuron Identity Diversification via Selective Repression of Terminal Selector Target Genes. SY Kerk, P Kratsios, 
M Hart, R Mourao, O Hobert. Biochemistry & Molecular Biophysics, HHMI, Columbia University, New York, NY. 
   Complex neural circuits controlling body musculature that underlie animal movement comprise of diverse motor neuron 
(MN) classes. To investigate how such class identities are established, we turned to the ventral nerve cord cholinergic motor 
nervous system of Caenorhabditis elegans that consists of 6 distinct classes (DA/DB/VA/VB/AS/VC). In addition to 
morphological criteria, each MN class is molecularly defined by a unique combination of class-specific effector genes while 
sharing a multitude of commonly expressed ones. UNC-3/EBF is the terminal selector that confers cholinergic identity on the 
DA/DB/VA/VB/AS classes. Interestingly, despite its expression in all 5 MN classes, UNC-3 also directly controls the 
expression of the effector genes that are only selectively expressed in subsets of MN classes. We hypothesized that repressor 
proteins are the factors restricting the ability of UNC-3 to activate these genes in a MN class-specific manner. Forward 
genetic screens were performed using fluorescent reporters of MN class-specific effector genes [e.g. the DA/DB-specific unc-
129 (DA/DB)] to examine if such repressors do exist. Indeed, we discovered bnc-1, a novel gene previously uncharacterized 
in C. elegans or any nervous systems which is the sole C. elegans ortholog of the vertebrate paired C2H2 zinc finger 
transcription factor, BNC. Loss of bnc-1 function causes unc-129 to be derepressed in VA/VB in an unc-3-dependent manner. 
Further experiments showed that BNC-1 is expressed specifically in VA/VB and works as a repressor via a putative binding 
site near that of UNC-3 (COE motif) within the cis-regulatory region of unc-129. Additionally, reporters of other unc-3-
dependent effector genes that are not expressed in VA/VB [unc-8 (DA/DB/AS), unc-53 (DA/AS) & acr-16 (DB)] are also 
repressed in VA/VB by BNC-1. This concept of selective repression extends to the expression control of other unc-3-
dependent MN class-specific effector genes, as determined by additional mutant analyses. For example, del-1 (VA/VB) is 
repressed in DA/DB by mab-9/TBX20 (DA/DB/AS) and in AS redundantly by both mab-9 and unc-55/NR2F (AS) whereas 
glr-4 (SAB/DA9) is repressed in DA/DB by cfi-1/ARID (DA/DB). Similarly, the aforementioned unc-53 is repressed in DB 
by vab-7/EVX (DB) whereas acr-16 is repressed in DA by unc-4/UNCX (DA/VA). We hence propose a general principle of 
MN identity diversification whereby unc-3-dependent MN class-specific effector genes are selectively repressed by 
evolutionarily conserved MN class-specific repressors via direct binding to cognate sites adjacent to the COE motif, giving 
rise to unique combinations of MN class-specific effector genes that consequentially define individual MN classes. 

90. Developmental changes in composition of chemotaxis circuits may underlie behavioral maturation. Laura Hale1, Eudoria 
Lee1, Daphne Bazopoulou2, Nikos Chronis2, Sreekanth Chalasani1. 1) Molecular Neurobiology Laboratory, Salk Institute for 
Biological Studies, La Jolla, CA; 2) Department of Mechanical Engineering, University of Michigan, Ann Arbor, MI. 
   How does the nervous sytem change during development to enable mature behavior?  We use the development of 
chemotaxis behavior as model to study maturation and have shown that L3 larvae respond worse than adults in attractive 
diacetyl chemotaxis assays.  However, L3 larvae are not generally bad at chemotaxis, since they respond similarly to adults in 
repulsive nonanone chemotaxis assays.  To begin to identify neural mechanisms underlying maturation, we mapped both the 
adult and larval sensory circuits required for attractive diacetyl chemotaxis.  Based on behavioral analysis of sensory neuron 
mutants, we found that the adult sensory circuit contains more neurons than the L3 circuit, suggesting that changing circuit 
composition may play a crucial role in behavioral maturation.   To further characterize differences between the adult and L3 
cellular circuits we examined the activity of individual sensory neurons from each circuit.  While a microfluidic device for 
recording neuronal activity from adult worms is published, none had existed for L3 worms. In collaboration with N. Chronis 
and D. Bazopoulou we developed a novel microfluidic device that traps L3 animals and enables ready imaging of individual 
neurons. We previously reported that in both adult and L3 worms AWA sensory neurons respond to the addition of 
diacetyl.  Interestingly, our current results show that L3 AWA responses are less reliable than adult responses at a lower 
diacetyl concentration.  We also find, in support of our behavioral results, that different sets of sensory neurons encode 
diacetyl in adult and L3 animals.  Moreover, the functional adult circuit is larger than the L3 one.  Collectively, our results 
show that for adult and L3 worms different cellular circuits are required for attractive chemotaxis behavior, different sensory 
neurons encode diacetyl, and odors are encoded by cells which are dispensable for behavior. We will present these findings 
and our results analyzing differences in molecular pathways between L3 and adults. 



91. Glial cells instruct neuronal polarity through gap junctions. L. Meng1, A. Wan1, Y. Jin2,3,4, D. Yan1,5. 1) Dept of 
Molecular Genetics and Microbiology, Duke University Medical Center, Durham, NC; 2) Neurobiology Section, Division of 
Biological Sciences, University of California, San Diego, La Jolla, CA; 3) Dept of Cellular and Molecular Medicine, School 
of Medicine, University of California, San Diego, La Jolla, CA; 4) Howard Hughes Medical Institute; 5) Dept of 
Neurobiology and Duke institute for Brain Sciences, Duke University Medical Center, Durham, NC. 
   Glial cells function in diverse aspects of neuronal development and plasticity. Gap junctions also play multiple roles in the 
nervous system. However the functions of neuron-glia gap junctions in neuronal polarity have not been explored. Here we 
showed that gap junctions between C. elegans GLR glial cells and RME neurons were required for establishment of RME 
neuronal polarity. In a genetic screen for RME neuronal circuit formation, we found that loss-of-function in a gap junction 
regulator, unc-1, induce strong polarity defects. Gap junctions in C. elegans are composed by innexins, two of which unc-7 
and unc-9 are expressed in RME neurons. We found that unc-7 unc-9 double mutants displayed similar phenotype as unc-1, 
suggesting that gap junctions were required for the establishment of RME neuronal polarity. Furthermore, our rescue 
experiments showed that unc-1 and unc-7 were required in both RME neurons and GLR glial cells, indicating the RME-GLR 
gap junctions were important for RME polarity. Since microtubule polarity plays a fundamental role in neuronal polarity, we 
further examined the role of RME-GLR gap junctions in regulation of microtubules using EBP-2::GFP reporter. We found 
that microtubules orientations were almost evenly mixed in RME dendrites in control animals, but the majority of 
microtubules were plus-end out cell body in RME dendrites in gap junction mutants. Consistent with this finding, loss-of-
function in the minus-end to plus-end motor protein unc-104 was able to suppress the polarity defects in gap junction 
mutants. In C. elegans, several signal pathways have been reported to regulate microtubule polarity, including the P35-CDK-
5 pathway. We found that loss-of-function in each members of the P35-CDK-5 pathway induced similar polarity defects in 
RME neurons. Double mutants of cdk-5 and unc-7 neither enhanced nor suppressed single mutant phenotypes, suggesting the 
CDK-5 pathway might function in the gap junction pathway. Previous study showed that the cleavage of P35 was essential 
for the activation of the P35-CDK-5 pathway. If gap junctions function through the P35-CDK-5 pathway, disruption of gap 
junctions should affect the cleavage of P35. Indeed, we found the cleavage of P35 was nearly undetectable in gap junction 
mutants. Furthermore, overexpression of the active version of P35, P25, was able to suppress unc-1 phenotypes. These data 
suggested that RME-GLR gap junctions functioned through P35-CDK-5 pathway to regulate microtubule polarity. In 
summary, our study described the role of neuron-glia gap junctions in vivo, and provided a novel mechanism for neuronal 
polarity, that glial cells directly form gap junctions with neurons to regulate neuronal intracellular pathways. 

92. LON-2/Glypican is a modulator of UNC-6/netrin-mediated axon guidance. Cassandra Blanchette, Paola Perrat, Andrea 
Thackeray, Claire Bénard. Department of Neurobiology, UMass Medical School, Worcester, MA, USA. 
   Netrin is a key axon guidance cue that orients axon growth during neural circuit formation. However, the mechanisms 
regulating netrin and its receptors in the extracellular milieu are largely unknown. Here we provide a missing link in 
understanding the modulation of UNC-6/netrin signaling in the extracellular milieu. We demonstrate that LON-2/glypican, a 
heparan sulfate proteoglycan, modulates UNC-6/netrin signaling, and may do this through interactions with the UNC-
40/DCC netrin receptor. By combining loss-of-function and gain-of-function approaches, we demonstrate that LON-
2/glypican functions in the attractive and repulsive UNC-6/netrin pathways, and guides AVM, the distal tip cells, and the 
motorneurons. We show that LON-2/glypican functions from the hypodermis, where it is expressed (1), to guide cells and 
axons. To directly test the associations between LON-2/glypican, UNC-6/netrin, and UNC-40/DCC, we have developed an 
S2 cell-based assay and demonstrate that LON-2/glypican specifically associates with cells expressing the UNC-40/DCC 
receptor. The association between LON-2/glypican and UNC-40/DCC-expressing cells occurs via the extracellular portion of 
UNC-40/DCC, independently of UNC-6/netrin binding. Furthermore, we show that the N-terminal globular region of LON-
2/glypican, lacking the three HS chain attachment sites, is functional in UNC-6/netrin-mediated guidance. Our studies 
unravel a novel mechanism by which LON-2/glypican is produced by substrate hypodermal cells and is released from the 
membrane to associate with UNC-40/DCC-expressing cells and neurons, enabling the modulation of their responses to UNC-
6/netrin during cell and axon migrations. Given the evolutionary conservation of both the UNC-6/netrin pathway components 
and of glypicans, and that synthesis of HS chains is required for mammalian axons to respond to netrin-1 in vitro (2,3), 
glypicans are likely to play a role in netrin-mediated axon pathfinding in mammals as well.1. Gumienny et al., 20072. 
Matsumoto et al., 20073. Ogata-Iwao et al., 2011. 

93. Neurons and glia cooperate in assembly of the embryonic C. elegans nerve ring. Georgia Rapti, Shai Shaham. Shaham 
Lab, Rockefeller University, New York, NY. 
   Central nervous system (CNS) assembly involves multiple cell-recognition events, including axon guidance and 
fasciculation. Such events have been studied extensively in model systems, yet how a connected brain emerges from these 
selective interactions remains enigmatic. Glia have been suggested to act as guideposts for axons en route to their final 
destination, however, a detailed molecular understanding of this glial function is not currently at hand. To understand how 
glia and neurons cooperate to form a CNS, we have been studying assembly of the C. elegans nerve ring (NR), a CNS 
neuropil consisting of ~170 axons enveloped by four astrocyte-like CEPsh glia and six mesodermal GLR glia. From a screen 



of fluorescent reporters expressed in subsets of embryonic neurons or glia, we determined that the NR is populated in an 
orderly manner, with specific glial processes extending early in conjunction with a small set of axons. Our ablation studies 
reveal these early cells are essential for insertion of diverse axon classes into the NR. We performed a forward genetic screen 
for mutants with amphid neuron entry defects resembling those in glia-ablated animals. Amphid neurons enter the NR late, 
allowing both early and late NR assembly factors to be identified. In addition to previously known guidance factors, we 
isolated a new mutant with a highly penetrant defect in NR axon entry. This mutant carries lesions in two genes, encoding a 
GTPase regulator and a proprotein convertase. While each lesion alone exhibits a mild NR defect (5-15%), combining both 
lesions blocks 70% of axons, of each of multiple neuron types, from entering the nerve ring. Surprisingly, full rescue of the 
double-mutant phenotype is only achieved by expressing either gene in both early-entering NR axons and glia. We performed 
live imaging to investigate the primary defects of this mutant during embryonic development. Moreover, we identified 
specific genetic interactions of each of these two new genes with known guidance signaling pathways. Importantly, the 
synergistic nature of the double mutant allowed us to perform a screen for a novel class of axon-guidance mutants that 
function redundantly. To date we have isolated over 20 mutants that fall into this category. Altogether, our studies suggest a 
pivotal role for glia in CNS formation and open the door to uncovering previously unrecognized axon guidance genes. 
Furthermore, the guidance roles of CEPsh glia are reminiscent of those played by radial glia in populating the vertebrate 
brain, and the mammalian homologs of the genes affected in our double mutant have known axon guidance roles in 
vertebrates. Our studies, therefore, may reveal conserved mechanisms promoting CNS assembly. 

94. Autophagy is required for Axon Outgrowth and the Specification of Presynaptic Sites during Neurodevelopment. Sarah 
Hill1,2, Andrea Stavoe1,2, Daniel Colon-Ramos1,2. 1) Cell Biology, Yale University, New Haven, CT; 2) Program in Cellular 
Neuroscience, Neurodegeneration and Repair, Yale University, New Haven, CT. 
   Autophagy is a highly conserved multi-step pathway used by cells to degrade substrates. Autophagy is important for 
maintaining homeostasis in neurons, and disruption of autophagy contributes to neuronal diseases. However, the role of 
autophagy in neurodevelopment is not well understood.  Through a forward genetic screen in C. elegans, we identified the 
autophagy gene, atg-9, as required for specifying presynaptic sites. Atg-9 mutant animals have disrupted synaptic vesicle 
clusters at presynaptic sites in the interneuron AIY and elongated axons in the sensory neuron PVD. We determined that each 
step of autophagosome biogenesis: initiation, nucleation, elongation, and recycling, is required for these two distinct 
phenotypes. Presynaptic assembly and axon outgrowth both rely on appropriate actin organization. Cell-specific disruption of 
F-actin phenocopied autophagy mutants. Additionally, we observed disordered F-actin localization in autophagy mutants. 
Our results demonstrate that autophagy is required cell-autonomously, during development, and likely acts through actin to 
control precise neurodevelopment. 

95. MIG-14/Wntless Regulates Dendrite Self-Avoidance Independently of Wnts. Chien-Po Liao, Chun-Liang Pan. Institute 
of Molecular Medicine, National Taiwan University, Taipei, Taiwan. 
   Sister dendrites from the same neuron show self-avoidance, a conserved mechanism among different nervous system to 
pattern non-overlapping dendritic arborization. Cell surface proteins, such as Dscam and protocadherins, and secreted cues, 
including Netrin and Slit, are known to regulate dendrite self-avoidance. Here we show that the Wnt-secretory factor MIG-
14/Wntless controlled dendrite self-avoidance in the C. elegans multidendritic PVD neurons. This unexpected function of 
MIG-14 was independent of Wnts, as none of the Wnt or Wnt receptor mutants examined showed PVD self-avoidance 
defects, and MIG-14 acted cell-autonomously in the PVD, rather than in the Wnt-secreting tissues, to regulate self-avoidance. 
MIG-14 function was required during the establishment of PVD dendrite self-avoidance. Movements of MIG-14 molecules 
in the PVD dendrites required UNC-116/Kinesin 1, and mutation in unc-116 caused self-avoidance defects. MIG-14 showed 
homophilic interaction when expressed in mammalian cells. Our structure-function analysis suggested that the first 
extracellular domain was required for dendrite self-avoidance, whereas the C-terminus domain was dispensable. Ectopic 
MIG-14 expression triggered defasciculation of tightly bundled nerve ring branches of the touch neurons. We propose that 
MIG-14 mediates dendrite self-avoidance through contact-dependent repulsion. Our findings expand the repertoire of self-
avoidance factors and uncover a previously unknown, Wnt-independent function of MIG-14/Wntless. (supported by the 
Ministry of Science and Technology, Taiwan, 103-2320-B-002-050-MY3). 

96. Spatial control of neurite branching by Wnt-Frizzled/PCP and endosomal signaling. Chun-Hao Chen, Chun-Liang Pan. 
Institute of Molecular Medicine, National Taiwan University, Taipei, Taiwan. 
   Spatial control of neurite branching is crucial for the establishment of precise connectivity of the nervous system. However, 
how extracellular signals specify axon branching sites remains incompletely understood. Here we examine the role of 
secreted Wnt glycoproteins in specifying neurite branching pattern in the bilaterally symmetric PLM touch neurons. The 
PLM has an anterior neurite that generates a single synaptic branch at a fairly invariable location. The outgrowth of the PLM 
branch was preceded by the emergence of a highly localized F-actin patch. In mutants that lost activity for cwn-1/Wnt, egl-
20/Wnt, mig-1/Frizzled and vang-1/Strabismus/Vangl2, PLM branches developed at more proximal locations. In these 
mutants, we observed stronger and more dispersed F-actin signals before the onset of branch outgrowth, suggesting that Wnt-



Frizzled/PCP (planar cell polarity) signaling restricted F-actin activity to the distal neurite. While egl-20 was permissive for 
PLM branching pattern, cwn-1 acted instructively for PLM branch placement. These Wnts promoted endosomal localization 
of MIG-1 in the proximal PLM neurite. Interestingly, we found that vang-1 was required for endosomal localization of MIG-
1. In the absence of VANG-1, MIG-1 was more retained on the plasma membrane. The importance of endocytosis in 
mediating Frizzled signaling during branching site control was further supported by: (1) Mutations in rabs-5 and arr-1, two 
genes required for endosomal trafficking and receptor-mediated endocytosis, respectively, caused proximal branching 
phenotype and dispersal of F-actin activity; (2) MIG-1 C-terminus controled MIG-1 endocytosis and was required for rescue; 
and (3) VANG-1 and MIG-1 existed in the same protein complex. These findings provide a genetic framework for spatial 
control of neurite branching by Wnt-Frizzled/PCP signaling that likely occurs in the endosome to pattern F-actin 
polymerization. (supported by The Ministry of Science and Technology, Taiwan, 103-2320-B-002-050-MY3). 

97. Transcriptional control of postsynaptic remodeling through regulated expression of an immunoglobulin superfamily 
protein. Siwei He1,2, Alison Philbrook3, Rebecca McWhirter1, Christopher Gabel4, Daniel Taub4, Michael Francis3, David 
Miller1,2. 1) Cell and Developmental Biology; 2) Neuroscience Graduate Program, Vanderbilt University, Vanderbilt 
University, Nashville, TN, 37232; 3) Department of Neurobiology, University of Massachusetts Medical School, Worcester, 
Massachusetts 01605; 4) Department of Physiology and Biophysics, Boston University Medical Campus, Boston, MA 02118. 
   Neural circuits are extensively remodeled during development; however, the mechanisms underlying this process and the 
timing of rewiring remain largely unknown. Here we describe a transcriptionally regulated immunoglobulin super family 
protein, OIG-1, that fine-tunes synaptic plasticity in remodeling GABAergic motor neurons. DD class GABAergic motor 
neurons reverse polarity in the first larval (L1) stage. In newly born animals, DDs receive cholinergic inputs in the dorsal 
nerve cord but these are switched to the ventral side by the end of the L1 stage. The relocation of the DD postsynaptic 
apparatus can be monitored with the acetylcholine receptor (AChR) subunit, ACR-12::GFP. OIG-1 is highly expressed in 
early DD neurons where it antagonizes the relocation of ACR-12::GFP from the dorsal side.  During the L1/L2 transition, 
OIG-1 is down-regulated by the transcription factor, IRX-1/Iroquois, in DD neurons to coincide with the translocation of 
postsynaptic ACR-12 to the ventral side. In VD class GABAergic motor neurons, which normally do not remodel, the 
transcription factor, UNC-55/COUP-TF turns off IRX-1, thus maintaining high levels of OIG-1 to block the removal of 
dorsally-located ACR-12 receptors. OIG-1 is secreted from GABAergic motor neurons but its anti-plasticity function is cell-
autonomous and does not require secretion. Instead, we propose that secretion offers a rapid mechanism for clearing 
functionally active, intracellular OIG-1 thereby unleashing the postsynaptic remodeling program. Our study provides a novel 
mechanism by which synaptic remodeling is set in motion, through the temporal and spatial regulation of an Ig domain 
protein. . 

98. Temporal regulation of MT dynamics drives synapse remodeling. Naina Kurup1, Dong Yan3, Alexandr Goncharov2, 
Yishi Jin1,2. 1) Neurobiology Section, Division of Biological Sciences, University of California, San Diego, La Jolla, CA; 2) 
Howard Hughes Medical Institue, University of California, San Diego, La Jolla, CA; 3) Department of Molecular Genetics 
and Microbiology, Duke University School of Medicine, Durham, NC. 
   Connectivity changes in developing neuronal circuits involve large and small scale rearrangements of the underlying 
cytoskeleton. While changes to the microtubule (MT) cytoskeleton during dendritic plasticity have been well characterized, 
much less is known about how MT dynamics contributes to structural plasticity of pre-synaptic terminals. In C. elegans, the 
GABAergic DD neurons undergo synapse remodeling in the L1-L2 molt, termed DD remodeling, where pre-existing ventral 
synapses are eliminated and new synapses are formed along the dorsal neurite, without neurite growth or pruning (White et 
al., 1978). Here we characterize the role of the MT cytoskeleton in DD remodeling, using a double mutant animal containing 
a missense mutation in α-tubulin (tba-1(gf)) (Baran et al., 2010) and loss of the conserved MAPKKK DLK-1 (dlk-1(0)) 
(Nakata et al., 2005). DD remodeling is completely blocked in tba-1(gf) dlk-1(0) animals, and temporal activation of DLK-1 
in the L2 stage restores DD remodeling.  MT polarity is largely unchanged before and after DD remodeling, while a loss in 
dynamic MTs causes the failure in DD remodeling in tba-1(gf) dlk-1(0). We hypothesized that an increase in dynamic MTs is 
critical for axonal transport during new synapse formation. In support of this hypothesis, 4-D imaging during DD remodeling 
shows a significant reduction in SNB-1::GFP  labeled vesicles trafficked from the ventral to the dorsal neurite in tba-1(gf) 
dlk-1(0) animals. Moreover, we identify gain-of-function alleles in Kinesin-1/UNC-116 that suppress tba-1(gf) dlk-1(0), 
through an increase in MT-motor binding affinity that promotes synaptic vesicle transport during DD remodeling. In 
summary, our data provides in vivo evidence of the importance of temporal regulation of dynamic MTs, under the control of 
DLK-1, in facilitating circuit plasticity. 

99. Evolution and development of Caenorhabditis sperm size: from interspecific to intra-individual levels of variation. Anne 
Vielle1, Nuno Soares1, Nicolas Callemeyn1, Clotilde Gimond1, Jeremy C. Gray2, Stefan Zdraljevic3, Nausicaa Poullet1, Céline 
Ferrari1, Patrick McGrath4, Erik C. Andersen3, Asher D. Cutter2, Christian Braendle1. 1) Institut de Biologie Valrose, CNRS, 
INSERM, University of Nice Sophia-Antipolis, Nice, France; 2) Department of Ecology and Evolutionary Biology, 
University of Toronto, Toronto, Canada; 3) Department of Molecular Biosciences, Northwestern University, Evanston, USA; 



4) School of Biology, Georgia Tech, Atlanta, USA. 
   Sperm competition is a key force driving evolutionary diversification of sperm morphology. In Caenorhabditis nematodes, 
sperm size is a major factor determining sperm competitiveness: male sperm is larger and consistently outcompetes 
hermaphrodite sperm, and larger male sperm outcompetes smaller male sperm. To generate an in-depth overview of sperm 
size variation in Caenorhabditis nematodes, we quantified male sperm size in 100 C. elegans wild isolates from a world-wide 
collection and in the 26 currently described Caenorhabditis species, including the three androdioecious species. Analysis of 
C. elegans wild isolates indicates significant levels of heritable variation in mean male sperm size, but Genome-Wide 
Association Mapping did not allow detection of any significant QTL underlying this variation. The observed sperm size 
distributions across strains indicate a complex genetic basis involving many loci of small effect. This survey of intraspecific 
variation also uncovered  a strongly reduced mean male sperm size in LSJ1 and LSJ2 strains, recently derived from the 
reference strain N2. We show through quantitative complementation tests that a nurf-1 deletion in LSJ strains is responsible 
for reduced male sperm size, suggesting  a role of the Nucleosome Remodeling Factor (NURF)-like complex in C. elegans 
spermatogenesis. Our quantification of sperm size evolution in different Caenorhabditis species confirmed earlier reports 
that  mean sperm size of gonochoristic species is globally larger than in males of androdioecious species, although exceptions 
occur. While species of the elegans group  all display relatively small, and similar, male sperm size, several gonochoristic 
species outside this group show convergent evolution of distinct, extremely large male sperm. In addition, within-species 
genetic variation in male sperm size is considerable in all examined gonochoristic and androdioecious species. We present 
experimental results aimed at understanding how germline and sperm development shape such dramatic variation in sperm 
size across species, isolate, sex and individual. 

100. Developmental fidelity in males varies widely across C. elegans isotypes. Melissa Alcorn1, Davon Callander1, Bilge 
Birsoy1, Matthew Cieslak2, Joel Rothman1,3. 1) Molecular, Cellular and Developmental Biology, UC Santa Barbara, Santa 
Barbara, CA; 2) Psychological and Brain Sciences, UC Santa Barbara, Santa Barbara, CA; 3) Biological Sciences, University 
of Auckland, Auckland, New Zealand. 
   The development of C. elegans hermaphrodites is generally highly reproducible under laboratory conditions. For example, 
the pattern of somatic programmed cell death (PCD) and establishment of left-right (L/R) handedness in the arrangement of 
internal organs in hermaphrodites are virtually invariant across large numbers of animals. In contrast, we have found that 
both N2 and many wild isolates of C. elegans males show frequent “errors,” indicating that that the fidelity of male 
development is often relaxed and varies widely between wild isolates.  We have observed that particular sensory rays in the 
male tail are often missing as an apparent result of inappropriate PCD, indicating that repression of EGL-1-dependent PCD is 
defective in many natural isolates.  Further, the L/R arrangement of the gut and gonad, while essentially invariant in 
hermaphrodites and in males of some wild isolates, shows frequent reversals in males of other isotypes, with a reversal rate as 
high as ~30% at 25oC. Defects in the normal trajectory of gonad migration were also seen in some, but not all of the isotypes; 
however, these migration errors do not correlate with the L/R organ handedness phenotype across different isotypes. These 
errors in PCD and L/R handedness are not characteristic of all representatives of the species, as some isolates, unlike N2, 
nearly always make “perfect” tails and show fully stereotyped organ handedness. Moreover, such defects in male 
development are not explained by the androdioecious nature of C. elegans, in which males are of low significance to 
propagation of the species, as we have observed both kinds of defects in gonochoristic (male/female) species. Analysis of 
RILs made from isotypes that are high-fidelity and low-fidelity for both the stochastic PCD and L/R reversal phenotypes 
indicate that both traits are multigenic. Finally, we found that a strain that is high fidelity for both developmental processes 
also shows low variation in two hermaphrodite characteristics: variance in germline stem cell number and in length of newly 
hatched L1s. In contrast, a strain that is low-fidelity for the two male traits shows high variation in these hermaphrodite 
parameters.  These findings raise the possibility that global differences in the fidelity of development may vary between 
different isolates of the species. . 

101. Assembly of the Caenorhabditis elegans gut microbiota is a deterministic process shaped by the host. Maureen Berg1, 
Ben Stenuit2, Joshua Ho1, Andrew Wang1, Catelin Parke1, Matthew Knight1, Lisa Alvarez-Cohen2, Michael Shapira1. 1) 
Department of Integrative Biology, UC Berkeley; 2) Department of Civil and Environmental Engineering, UC Berkeley. 
   Animals harbor gut microbiotas that play critical roles in the maintenance of host health, from digestion to immunity. 
Characterizing the gut microbiota has become an active area of research, but the relative contribution of factors shaping 
microbiota composition is still unclear. C. elegans could provide a useful model to study such questions, utilizing genetically 
homogenous populations to discern common patterns in microbiota composition beyond individual variation. However, to 
date, very little is known about the natural C. elegans microbiota. To fill this gap, we grew worms of the N2 wildtype strain 
in the lab in natural-like mini-environments of different composted soils, and used 16S rDNA deep sequencing to 
characterize the assembled microbiota of adult worms. Comparisons of worm microbiotas to microbiotas in their soil 
environment revealed that worm microbiotas resembled each other even when assembled from different microbial 
environments. This enabled defining a core gut microbiota that accounted for ca. 50% of gut microbes, and was primarily 
composed of members of the Enterobacteriaceae, Pseudomonadaceae, and Xanthomonadaceae families. Beyond the shared 



core, two distinct types of worm microbiotas were identified, distinguished by varying abundance of core taxa as well as the 
presence of auxiliary taxa. Ecological analyses indicated that the assembly rules for worm microbiotas differed from those in 
their soil habitat, and pointed at the importance of competitive interactions between gut-residing taxa. Our results support a 
dominant contribution of the host niche in shaping the gut microbiota, and suggest contributions from inter-microbial 
competition within the gut. The data presented provides a framework to better understand the worm natural history and its 
interactions with microbes. 

102. The diacetyl receptor ODR-10 mediates a natural odor attraction between C. elegans and lactic acid bacteria grown on 
citrus fruit. Jae Im Choi, Kyoung-hye Yoon, Saraswathi Kalichamy, Sung-Sik Yoon, Jin Il Lee. Division of Biological 
Science and Technology, Yonsei University, Wonju, Gangwondo. 
   In the laboratory C. elegans displays odor related behaviors such as attraction, aversion, and adaptation. Worms express 
vertebrate-like G-protein coupled odor receptors in the AWA and AWC olfactory sensory neurons to sense attractive odors 
that are thought to be important for tracking bacterial food sources. However culture conditions in the laboratory are vastly 
different than those C. elegans encounters in the wild. Recent studies have shown that C. elegans is densely populated in 
rotting fruit and vegetation, which can be a rich source of bacterial bonanzas for nematodes. We wondered whether C. 
elegans exploits olfactory behaviors to track bacteria in rotting fruit. Using a combination of food microbiology, 
biochemistry, behavioral analysis and genetics, we elucidate a possible predator-prey relationship between C. elegans and 
lactic acid bacteria (LAB) in rotting citrus fruit. LAB produces the volatile odor diacetyl as an oxidized by-product of 
fermentation in the presence of citrate, and we confirmed this using a colorometric assay to determine diacetyl production in 
LAB grown on citrate media or citrus fruit. We show that C. elegans is attracted to LAB only when grown on citrate media 
or yuzu fruit, a citrus fruit native to East Asia, but not other fruits or grains such as apple, tomato or barley malt. We show 
that the attraction to LAB is mediated by the diacetyl odor receptor, ODR-10. In addition, adaptation to diacetyl odor results 
in attenuation of attraction behavior to LAB grown on citrate. We isolated a wild LAB strain and a wild C. remanei strain 
from rotten yuzu collected from a farm. The wild LAB strain produces diacetyl when grown on citrate media or yuzu, and C. 
elegans attraction to the wild LAB grown on yuzu is mediated by ODR-10. We also demonstrate that the wild C. remanei is 
attracted to wild LAB when grown on citrate media or yuzu. These results not only identify an ecological function for a C. 
elegans olfactory behavior, but contribute to the growing understanding of the molecular and genetic basis for natural 
ecological phenomena. 

103. Caenorhabditis briggsae and its two natural viruses, coevolution in a 'ménage à trois'. Lise Frézal1,2, Gautier Brésard2, 
Marie-Anne Félix2. 1) Gurdon Institute and Department of Genetics, University of Cambridge, Tennis Court Road, 
Cambridge CB2 1QN, United Kingdom; 2) Institute of Biology of the Ecole Normale Supérieure, 46 rue d'Ulm, 75230 Paris 
cedex 05, France. 
                 We study the natural coevolution between Caenorhabditis briggsae and its two recently described RNA viruses 
called Santeuil and Le Blanc (1, 2). The main advantage of this system is to combine the access to wild host and virus 
populations with powerful molecular tools and experimental evolution designs.               We characterized the incidence of 
the two C. briggsae viruses in France and found that they are found in sympatry. By monitoring the viral RNAs in wild-
caught C. briggsae isolates using Fluorescent In Situ Hybridization, we demonstrated that the Le Blanc and Santeuil viruses 
could coexist in one host population, one animal and one intestinal cell.               Molecular variation of the wild-caught 
viruses was assessed by sequencing their two RNA molecules. While both viruses’ diversities are geographically structured, 
we detected balancing selection on the RNA-dependent RNA polymerase (RdRp) locus in one local Santeuil population. 
Despite the frequent incidence of coinfection in the wild, we found no evidence for genetic exchange (recombination or RNA 
reassortment) between the Santeuil and Le Blanc viruses. However, we found clear evidence for RNA reassortment between 
different Santeuil virus variants.               Finally, we investigated natural variation in C. briggsae resistance to each virus. 
We tested a set of wild isolates -representative of C. briggsae worldwide diversity- for their sensitivity to the Santeuil and Le 
Blanc viruses. While temperate C. briggsae genotypes are generally susceptible to both viruses, the tested tropical C. 
briggsae genotypes are resistant to both viruses. Most interestingly, two Japanese C. briggsae genotypes show specific 
resistance to the Le Blanc virus. To understand the genetic basis of the general and virus-specific resistances of C. briggsae, 
we carried out a QTL-mapping approach using recombinant inbred lines between AF16 and HK104 (3) and identified a main 
QTL region on chromosome IV responsible for the variation in resistance to Santeuil virus infection.(1) Félix, Ashe, Piffaretti 
et al. 2011 PloS Biology. (2) Franz et al. 2012 Journal of Virology. (3) Ross et al. 2011 PLoS Genetics.. 

104. Never change a running system? A surprising similarity in nematode embryogenesis. Nadin Memar1,2, Katharina 
Luthe2, Sabrina Schiemann3, Hanna Chiesielski1, Christian Hennig2, Barbara Conradt1, Ralf Schnabel2. 1) Cell and 
Developmental Biology, LMU Munich, Martinsried-Planegg, Germany; 2) Institut für Genetik, TU Braunschweig, 
Braunschweig, Germany; 3) Sars International Centre for Marine Molecular Biology, University of Bergen, Bergen, Norway. 
   An important justification of genome projects in general is the notion that there should be a strong correlation between 
genotype and phenotype. C. elegans and C. briggsae show more differences at the genomic level than humans compared to 



mice [1]. However, the behavior and anatomy of these nematodes are overall very similar. C. elegans and C. briggsae shared 
the last common ancestor 80-100 million years ago [2]. Here we present a detailed analysis of the embryogenesis of C. 
elegans, C. briggsae, C. remanei and C. brenneri. Microscopic 4D analyses, including the terminal differentiation patterns 
and bioinformatical quantifications of cell behavior show that the embryogenesis of these nematodes cannot be distinguished. 
Thus, significantly differing genomes lead to morphological processes that are almost completely identical. To determine 
whether this process is also almost identical in more distantly related nematodes, we analyzed Pristionchus pacificus, which 
separated from C. elegans more than 280-430 million years ago [3]. We found that up to the pre-morphogenetic stage, when 
embryos contain 400 cells and are about to undergo morphogenesis, the Caenorhabditis species and P. pacificus share 
(beside some minor differences such as, for example, an additional cell death after the 9th cleavage round) identical cell 
positions and fates. However, starting with the pre-morphogenetic stage, development in P. pacificus and the Caenorhabditis 
species analyzed takes two different paths. We propose that in nematodes, the pre-morphogenetic stage may be equivalent to 
the so called ‘phylotypic stage’ that Klaus Sander proposed to be a conserved embryonic stage in other animals [4]. 1. Stein, 
L.D., et al., The genome sequence of Caenorhabditis briggsae: a platform for comparative genomics. PLoS Biol, 2003. 1(2): 
p. E45. 
2. Hillier, L.W., et al., Comparison of C. elegans and C. briggsae genome sequences reveals extensive conservation of 
chromosome organization and synteny. PLoS Biol, 2007. 5(7): p. e167. 
3. Dieterich, C., et al., The Pristionchus pacificus genome provides a unique perspective on nematode lifestyle and 
parasitism. Nat Genet, 2008. 40(10): p. 1193-8. 
4. Sander, K., Specification of the Basic Body Pattern in Insect Embryogenesis. Advances in Insect Physiology, 1976. 12: p. 
125-238. 

105. A long non-coding RNA acts in developmental timing by repressing LIN-28. Karin Kiontke1, R. Antonio Herrera1, 
Edward Vuong2, Douglas S. Portman2, David H. A. Fitch1. 1) Department of Biology, New York University, New York, NY; 
2) Center for Neural Development and Disease, University of Rochester, Rochester, NY. 
   Developmental timing in C. elegans is regulated by the heterochronic pathway, a conserved developmental program that 
features temporal waves of miRNA expression. This mechanism coordinates multiple stage-specific developmental events, 
including the late-larval morphogenesis that generates the rounded adult male tail tip. We identified a novel gene, lep-
5 (H36L18.2), that regulates the timing of tail tip morphogenesis in L4 males. Loss of lep-5 results in absent or delayed 
morphogenesis, such that adult males retain a juvenile pointed tail tip, while overexpression of lep-5 causes premature 
retraction. Some mutant adults undergo an additional molt, thus demonstating that the activity of lep-5 is not restricted to the 
tail tip. However, lep-5 mutants do not exhibit any defects in the development of the lateral seam. Unexpectedly, lep-5 
functions not as a protein or miRNA, but rather as a novel long noncoding RNA (lncRNA). SL1-spliced lep-5 lncRNA is 
predicted to adopt a complex secondary structure with multiple stem-loops, at least two of which are necessary for its 
function. lep-5 is highly conserved within Caenorhabditis but could not be identified outside of this genus. The expression of 
lep-5 is temporally regulated with a peak between late L2 and mid L3. During this time, lep-5 lncRNA is visible via RNA 
smFISH in many tissues except the gut and germline, with a notable concentration in the nervous system.By testing genetic 
interactions and performing Western blot and qPCR analysis, we determined that lep-5 lncRNA down-regulates LIN-28 
protein levels post-transcriptionally without affecting LIN-28 mRNA levels. We further found that Lep-5 acts on the 3’UTR 
of the LIN-28 mRNA independent of previously identifid miRNA binding sites. Although the mechanism for its activity is 
not yet known, lep-5 represents the first example of a functional lncRNA in C. elegans. Furthermore, adding a lncRNA to the 
multiple miRNAs that act in the heterochronic pathway highlights the striking importance of RNA-mediated regulation in 
developmental timing. 

106. Multiple mechanisms of germ granule condensation and distribution are essential for soma-germline distinction in the C. 
elegans embryo. Agata Rybarska1, Christian Eckmann1,2. 1) Max Planck Institute for Molecular Cell Biology and Genetics, 
Dresden (Germany); 2) Genetics Dept, Martin-Luther-University, Halle/Salle (Germany). 
   Organization of the cytoplasm into dynamic assemblages, such as RNA/protein (RNP) granules, reflects physiological 
control of gene expression programs. However, the pathways of RNP granule formation and their function during 
development remain largely unclear. Moreover, in animals with preformed germ cell specification, such as C. elegans, 
maternal germplasm components asymmetrically condense into RNP (germ) granules that partition exclusively to the 
germline precursor (P) lineage, lending to the hypothesis that germ granule condensation is a physiochemical property of 
germ cells that is linked to the embryonic germ line establishment. However, recent findings challenged this view as failed 
asymmetric segregation of the canonical markers of P granules, PGL and GLH proteins, have no obvious role in germline 
fate specification [Gallo et al. 2010]. We set out to clarify this enigma by carefully studying the localization behavior and 
function of other known P granule-associated components.  In particular, we focused on maternal RNA regulators that have–
unlike PGL/GLH proteins–also an obvious non-granular phase. This includes GLD-2 and GLD-3, which form together a 
cytoplasmic poly(A) polymerase (cytoPAP). Using a suit of new antibodies, we found that both cytoPAP components are 
asymmetrically organized in dividing germline precursors. Their cytosolic phase is present at the “somatic” and “germline” 



poles; however, at the “germline” pole they condense into granules that partition exclusively to germline precursors. 
Strikingly, these germplasm granules segregate independently of phosphatase PPTR-1, which regulates asymmetric 
condensation of PGL/GLH-positive P granules. Instead, cytoPAP components follow a MEX-5-dependent dissolution 
pathway that acts in a later stage of mitosis. In contrast to PGL/GLH, condensation of cytoPAP-containing germ granules 
strongly correlates with nuclear accumulation of PIE-1, an essential germline fate determinant. Moreover, we uncovered an 
important functional interdependency between the non-granular form of both cytoPAP components and cortical polarity 
establishment, suggesting that RNA modifiers act in germline precursors to break cellular symmetry. Taken together, we 
identified two types of germ granules that depend on different molecular pathways for their asymmetric condensation and 
distribution. These differing mechanisms of intracellular phase separation appear to be essential for soma-germ line 
distinction. Thus, our work provides a paradigm for the intricate relation between position-dependent cytoplasm organization 
and cell fate establishment. 

107. Notch signaling antagonizes PRC2-mediated silencing and promotes reprogramming of C. elegans germ cells. Stefanie 
Seelk1,4, Balázs Hargitai2,4, Irene Kalchhauser2,3,4, Martina Hajduskova1, Silvia Gutnik2, Rafal Ciosk2, Baris Tursun1. 1) 
BIMSB MDC; 2) FMI Basel; 3) University of Basel; 4) equal contribution. 
   Notch signaling is essential for maintaining stem cells of self-renewing tissues but also for regulating differentiation during 
development. We observed such seemingly disparate roles of Notch in the germline where it maintains stem cells but also 
promotes germ cell reprogramming to neurons upon ectopic transcription factor expression. But how maintenance of stem 
cells and promoting differentiation can be employed simultaneously by Notch signaling remains unclear. Depletion of the 
histone-chaperone gene lin-53 allows conversion of germ cells into neurons (Tursun et al., 2011). LIN-53 is part of different 
chromatin-regulating complexes such as the Polycomb repressive complex 2 (PRC2) and we previously demonstrated that 
LIN-53 protects germ cells together with PRC2 (Patel et al., 2012). Here, we show that this germline conversion depends on 
the Notch receptor gene glp-1 and is significantly enhanced when Notch signaling is increased. Germ cell conversion is 
increased upon depletion of lin-53 or PRC2 members in the glp-1 gain-of function (gf) mutant ar202. To rule out that this 
effect is simply due to increased numbers of mitotic germ cells in the glp-1 (gf) background we used a gld-1/gld-2/glp-1(lf) 
triple mutant which lacks glp-1 Notch-signaling but has proliferating mitotic germ cells. In this background conversion into 
neurons is abolished attesting the requirement for Notch signaling during germ cell conversion in lin-53 or PRC2-depleted 
germline. In order to understand the role of Notch signaling in germ cell reprogramming we performed transcriptome 
analysis from dissected gonads. Our analysis revealed that Notch signaling mediates reactivation of genes repressed by 
PRC2. A number of Notch-activated genes regulate self-renewal and differentiation suggesting that Notch controls germ cell 
development by antagonizing PRC2-mediated repression and this counteraction against PRC2 activity leads to enhancement 
of germ cell reprogramming to neurons. Furthermore, we identified the chromodomain protein MRG-1 as another barrier for 
cellular reprogramming of germ cells. Interestingly increased Notch signaling in glp-1 ar202 worms also enhances 
reprogramming into neuron-like cells in mrg-1 depleted germ cells. However, glp-1 is not required for the germ cell 
conversion in mrg-1 RNAi worms suggesting that MRG-1 might play a role in protecting germ cells independently of PRC2. 
Our findings demonstrate that the germline stem cell niche controls cell behavior by signaling through the Notch pathway to 
chromatin. 

108. The NHL-TRIM Protein LIN-41 is a Major Determinant of the Extended Meiotic Prophase of C. elegans Oocytes. 
Caroline Spike, Tatsuya Tsukamoto, David Greenstein. Department of Genetics, Cell Biology, and Development, University 
of Minnesota, Minneapolis, MN USA. 
   An extended meiotic prophase is a hallmark of oogenesis in sexually reproducing animals. Arrest in meiotic prophase I 
coincides with the period of growth that presumably enables oocytes to acquire the cytoplasmic components needed to 
produce healthy progeny and to gain competence to complete meiosis. Meiotic resumption (also called meiotic maturation) 
involves the transition to metaphase I, and is triggered by maturation-promoting factor, which consists of the Cdk1 catalytic 
subunit and the cyclin B regulatory subunit. Because full-grown oocytes of most animals are transcriptionally quiescent, 
translational regulation is a major control point. Biochemical and genetic results suggest that LIN-41 controls mRNA 
translation to coordinate and control oocyte growth and meiotic maturation downstream of intercellular signaling. In the 
absence of LIN-41, pachytene-stage oocytes cellularize prematurely and fail to progress to diplotene. Instead, these cells 
activate CDK-1, enter M phase, and attempt to segregate chromosomes. Translational derepression of the CDK-1 activator 
CDC-25.3 contributes to premature M-phase entry in lin-41 mutant oocytes. LIN-41 copurifies with regulators of 
cytoplasmic polyadenylation, including the GLD-2 poly(A) polymerase and its cofactor GLD-3, which are thought to 
function as translational activators, suggesting that LIN-41 might regulate translational activation and repression. Consistent 
with this idea, the premature M-phase entry defect in lin-41 mutants requires gld-2 function–lin-41 gld-2 double mutant 
oocytes arrest in pachytene. Genetic analysis using classical and CRISPR-Cas9-induced alleles suggests the NHL domain, 
which constitutes a novel RNA-binding domain, is a chief determinant of LIN-41 function. Our results suggest that LIN-41 
functions as a molecular “stop sign” that imposes prophase arrest. Further, genetic analysis also reveals that LIN-41 is not 
simply an arbiter of the meiotic maturation decision; its proper function is also required to form high-quality oocytes and to 



prevent aneuploidy. Upon the onset of meiotic maturation, LIN-41 is degraded in a CDK-1-dependent manner. Thus LIN-41 
controls and coordinates oocyte growth and meiotic maturation to enable successful fertilization. 

109. Localized insulin signaling inhibition couples germline stem cell activity to oocyte needs in aging C. elegans adults. 
Patrick Narbonne1, Paul S. Maddox1,2, Jean-Claude Labbé1. 1) IRIC, Université de Montréal, Montréal, Québec, Canada; 2) 
Department of Biology, University of North Carolina, Chapel Hill, NC, USA. 
   The efficiency of stem cell-dependent processes declines with age, largely owing to a decline in stem cell capacities, but the 
mechanisms remain unclear. Using the C. elegans germline stem cells (GSCs) as model, we found that two general 
mechanisms underlie stem cell activity decline during aging: a passive decline that results from aging, and an active 
induction of quiescence to meet stem cell progeny needs. The adult C. elegans germline can be viewed as a biological 
assembly line, with stem cells as the raw material that is turned, in a stepwise manner, into mature oocytes. Under replete 
growth conditions, the two gonad arms produce about 300 oocytes over three days in self-fertilizing hermaphrodites, but can 
produce more if they mate with males. We found that the accumulation of unfertilized oocytes, which occurs after sperm 
depletion, triggers a feedback signal leading to a reversible complete germline arrest, including the induction of stem cell 
quiescence. Accumulation of intermediate differentiation products or sperm does not trigger the feedback, which once 
induced, is able to strongly suppress stem cell proliferation throughout the gonad. The active induction of stem cell 
quiescence in otherwise healthy and well-fed adults only occurs when there is an accumulation of terminally-differentiated 
stem cell progeny (oocytes) and requires a localized, daf-16-independent down-regulation of insulin signaling in the 
germline. This in turns locally activates the energy-sensing kinase AMPK, which can then phosphorylate regulators of the 
ERK/MAPK pathway, including MPK-1 itself, to inhibit MPK-1 activity and shut down GSC proliferation and 
differentiation. Our results demonstrate that stem cell assembly units (from the stem cells to their terminally-differentiated 
progeny) can function as self-regulated, independent entities within multi-cellular organisms. This allows different stem cell 
populations, across and within tissues, to differentially respond to systemic information according to the local needs. 

110. Exogenous regulation of C. elegans germ stem cell proliferation. Alexandra S. Vagasi1, Snehal N. Chaudhari1, 
Madhumati Mukherjee2, Gaofeng Bi3, Mohammad M. Rahman2, Jacob Selhub3, Edward T. Kipreos1. 1) Dept Cellular 
Biology, University of Georgia, Athens, GA; 2) Dept Genetics, University of Georgia, Athens, GA; 3) Human Nutrition 
Research Center on Aging, Tufts University, Boston, MA. 
   The C. elegans germline contains an adult stem cell niche in which germ stem cells divide continuously during the larval 
and adult stages.  We created a primary culture system for C. elegans germ cells.  The tissue culture media we developed 
allows germ cells isolated from tumorous germline mutants to remain alive in culture for over four weeks.  This culture 
system was used to identify two novel regulators of germ stem cell proliferation: dafachronic acid, and bacteria-derived 
folates.  Dafachronic acid is a sterol-derived hormone that is a ligand for the nuclear hormone receptor DAF-12.  We found 
that the addition of dafachronic acid inhibits DNA replication in isolated germ cells.  Further, the addition of dafachronic acid 
inhibits the growth of germ cell tumors in germline tumor mutants, and reduces the number of mitotic germ cells in wild-type 
animals.  Our results indicate that dafachronic acid negatively affects germ cells in a cell-autonomous and DAF-12-dependent 
manner. We discovered that the addition of bacterial extract increases the rate of DNA replication in isolated germ 
cells.  Stimulating bacteria to increase the production of folates prior to creating the bacterial extract enhances its 
activity.  Feeding germline tumor mutants a diet of bacteria with increased folate production increases tumor growth.  This 
diet also increases the percentage of mitotic germ cells in wild-type animals.  Conversely, inhibiting folate production in 
bacteria reduces the efficacy of bacterial extract and inhibits germ cell proliferation in vivo.  Folates are a family of 
structurally-related B-group vitamins that are required for one-carbon metabolism.  Purified folates isolated from bacteria 
stimulate DNA replication in vitro and germ cell proliferation in vivo.  The E. coli bacteria strains OP50 and HT115(DE3) 
and the Comamonas aquatica strain DA1877 have notable differences in their distributions of folate species, and in the 
abilities of the folates to stimulate germ cell proliferation.  Our work therefore provides evidence for an exogenous signal 
linked to C. elegans’ diet that stimulates the proliferation of an adult stem cell population. In the context of other published 
work, our results allow the key insight that three signals, dafachronic acid, bacteria-derived folates, and insulin, mediate a 
critical binary decision between lifespan extension and germ cell proliferation. 

111. The intrinsically-disordered MEG proteins regulate RNA granule assembly and germ cell fate in embryos. Tu Lu, Helen 
Schmidt, Geraldine Seydoux. HHMI and Dept Molec Biol & Gen, Johns Hopkins Univ Sch Med, Baltimore, MD. 
   The P granules are the C. elegans germ granules, RNA granules specific to the germline. In the embryo, P granules 
segregate asymmetrically with the P lineage for inheritance by the primordial germ cells (PGCs) Z2 and Z3. P granules are 
thought to regulate RNAs with critical germline functions, such as the Nanos homolog nos-2, but the function and structure 
of embryonic P granules are not well understood. We previously reported that embryonic P granules are heterogeneous 
organelles consisting of an inner core and an outer scaffold (Wang et al., 2014). The inner core contains the PGL and GLH 
class of RNA-binding proteins that are found in P granules throughout development. The outer scaffold contains a novel class 
of intrinsically-disordered and serine-rich proteins (MEGs) that associate with P granules only in embryos.Surprisingly, our 



genetic analyses suggest that the MEG proteins mediate the essential function of P granules in embryos independently of the 
PGL/GLH cores. Embryos lacking the MEGs do not assemble PGL/GLH granules, do not express NOS-2 (or express very 
low levels), exhibit PGC defects characteristic of embryos lacking Nanos activity, and are sterile. In contrast, embryos that do 
not form PGL/GLH granules still form RNA-positive MEG granules, express NOS-2, and are fertile. We conclude that the 
intrinsically-disordered MEGs mediate the essential functions of P granules during embryogenesis. We speculate that the 
MEGs may be functional homologues of other intrinsically disordered proteins that scaffold RNA granules in germ cells, 
such as vertebrate Bucky ball. . 

112. Competitive Microdomains Hypothesis; using large endosomes of the coelomocyte to investigate subendosomal 
microdomains. Anne Norris, Alexandra Murr, Julie Gerdes, Simon Wang, Rouchen Ying, Barth Grant. MBB, Rutgers 
University, New Brunswick, NJ. 
   Primary endocytic vesicles containing transmembrane cargo fuse with the early/sorting endosome, from which cargo can be 
sorted for delivery to the plasma membrane, the Golgi, or the lysosome. In many cases endosome to Golgi transport is 
controlled by the retromer coat complex, consisting of the cargo selective complex (Vps35, Vps29, and Vps26) and members 
of the sorting nexin family such as Snx1 and Snx6. The J-domain Hsc70 co-chaperone RME-8 associates with Snx1 in 
worms and human cells is required for efficient endosome-to-Golgi transport. The sorting of cargo bound for degradation into 
intralumenal vesicles occurs at least in part on the same endosomes. This process requires ESCRT complexes, including 
ESCRT-0, consisting of Hrs and Stam. Previous work indicated that the retromer component Snx1 can also bind to Hrs, 
suggesting that Snx1 may act as part of a competitive mechanism that balances the relative activities of retromer and ESCRT, 
possibly via maintenance of distinct endosomal subdomains. Taking advantage of the normally very large endosomes of the 
C. elegans coelomocyte, we have been investigating the nature of retromer – ESCRT interaction in vivo. We find that C. 
elegans ESCRT-0 component HGRS-1 (Hrs), and retromer component SNX-1, often reside on the same large early 
endosomes of the coleomocyte, but in clearly distinct subdomains. Such subdomains are motile but remain mostly distinct as 
they move around the endosome. HGRS-1(Hrs) positive subdomains are also complementary to those labeled by retrograde 
cargo MIG-14 or functional RME-8. Consistent with our hypothesis that ESCRT-0 and retromer compete for territory on the 
endosomal limiting membrane, we find subdomain separation is greatly impaired in snx-1 null mutants, rme-8 ts-mutants at 
the restrictive temperature, or upon expression of RME-8 protein containing critical point mutations in the  J-domain.  Under 
such conditions HGRS-1/Hrs labeled microdomains increase in both in size and intensity. Conversely, RNAi-mediated 
depletion of degradative component HGRS-1/Hrs results in over-accumulation of retrograde cargo MIG-14. Importantly, we 
find the loss of another sorting nexin, SNX-3, that does not interact with RME-8 but is required for MIG-14 recycling, does 
not alter the apparent subdomain architecture. We demonstrate this the effect of rme-8ts and snx-1 null mutants is not specific 
to retrograde cargo MIG-14, but also holds true for C. elegans TGN-38-GFP or human CIMPR-GFP expressed in the 
coelomocyte. Given that the same 50 amino acids of SNX-1 binds to both HGRS-1 and RME-8, we propose SNX-1 is the 
fulcrum of this competitive interaction. . 

113. DLK-1/p38 MAP Kinase signaling controls cilium length by regulating RAB-5 mediated endocytosis. Aniek van der 
Vaart, Suzanne Rademakers, Gert Jansen. Cell Biology, Erasmus MC, Rotterdam, the Netherlands. 
   Many cells in the vertebrate body use specialized sensory organelles to sense particular cues in their environment: primary 
cilia. Proteins that function in cilia are transported into and within cilia by a specialized transport machinery, called 
intraflagellar transport, IFT. The amphid channel cilia of C. elegans are a good model to study the regulation of cilium length 
and intraflagellar transport (IFT), since they consist of two segments where different kinesin complexes are used for IFT. 
Previously, we have shown that coordination of the kinesins is regulated by exposure to dauer pheromone and the 
heterotrimeric G protein α-subunit GPA-3. Furthermore, animals that carry a dominant active mutant gpa-3 (gpa-3QL) have 
shorter cilia.To find out how G protein signalling modulates cilium length, we screened for suppressors of the short cilium 
phenotype of gpa-3QL animals. This screen identified three components of the DLK/p38 MAP kinase pathway, the MAP3K 
dlk-1, the p38 MAPK pmk-3 and the ubiquitin-conjugating enzyme variant uev-3. Previous studies have shown that this 
pathway is important for axon development and regrowth and synapse formation. We show that DLK-1, PMK-3 and UEV-3 
localize in cilia or at their base. Surprisingly, mutations in all three genes affect IFT, but these changes do not explain the 
suppression of the gpa-3QL induced cilium length defect.p38 MAP kinase has been shown to regulate endocytosis. 
Interestingly, endocytosis at the base of the cilium is important for proper cilium function. We found that blocking 
endocytosis by mutating rabx-5 or rme-6, GEFs for RAB-5, or chc-1, the clathrin heavy chain, suppressed the gpa-3QL 
induced short cilium phenotype. In addition, we found GFP::RAB-5 accumulation at the base of the cilium in pmk-3 and 
pmk-3; gpa-3QL animals. In contrast, gpa-3QL animals showed relatively low levels of GFP::RAB-5.Our results identify a 
new role for the DLK/p38 MAP kinase pathway in the control of cilium length. We propose that environmental signals 
mediated by GPA-3 and the DLK/MAPK pathway can modulate cilium function by regulating RAB-5 mediated endocytosis. 

114. CCM-3/STRIPAK promotes excretory canal extension through endocytic recycling. Benjamin Lant. The Hospital for 
Sick Children, Toronto, Ontario. 



   Cerebral cavernous malformation (CCM) is a disease of the neurovasculature, which can lead to seizure and stroke. It is 
caused by mutation in one of three members of this family of genes (CCM1/2/3). These mutations can be as common as 1 in 
200 in some populations, and can arise hereditarily or sporadically. Of the three genes, mutations in CCM3 cause the earliest 
onset and have the most severe prognosis. We have discovered that CCM-3 (the C. elegans homolog of human CCM3), 
independent of KRI-1 (the C. elegans CCM1 homolog), regulates vascular tube growth in the worm model. Mutation of ccm-
3 causes severe truncation and extensive lumen defects within the excretory canal, which resemble the cavernous 
malformations in patients. We have shown that CCM-3 localizes to the apical membrane, and in conjunction with GCK-1 and 
members of the striatin interacting phosphatase and kinase (STRIPAK) complex, affects actin, CDC-42 signalling, Golgi 
stability, and endocytic recycling. This suggests the first in vivo role for CCM3/STRIPAK. TEM imaging further reveals that 
loss of ccm-3 affects the co-ordinated building of basolateral and apical membranes by causing improper aggregations of 
canalicular vesicles; which in turn form ectopic lumen (cysts). These novel roles for CCM-3/STRIPAK in regulating tube 
extension may begin to explain the severity of CCM3 mutations in patients. 

115. The Non-Muscle Myosin NMY-1 functions with actin polymerizing UNC-34/Enabled to drive contact-dependent 
dendritic self-avoidance. Lakshmi Sundararajan1, Cody Smith2, Matthew Tyska1, David Miller1. 1) Cell and 
Developmental Biology, Vanderbilt University, Nashville, TN; 2) Department ofBiology, University of Virginia, 
Charlottesville, VA. 
   Actin polymerization plays an important role in cell migration and axon/dendrite outgrowth. Both attractive and repulsive 
signals regulate actin-mediated protrusions. Here we show that actin plays a key role in the process of dendritic self-
avoidance. Dendrites arising from a single neuron rarely overlap due to contact-dependent retraction. We have observed this 
phenomenon in the highly branched C. elegans nociceptive neuron, PVD, in which tertiary sister dendrites retract upon 
mutual contact. We have previously shown that PVD self-avoidance is mediated by the short -range diffusible cue, UNC-
6/Netrin and its receptors, UNC-40/DCC and UNC-5. Our observations show that actin is enriched in these retracting tertiary 
dendrites. A genetic survey of candidate UNC-6 downstream components established that the actin polymerizing protein, 
UNC-34/Ena/VASP is also required for PVD self-avoidance. We used ‘pseudo-TIRF’ microscopy to detect a burst of actin 
accumulation and UNC-34 localization at the tips of retracting PVD dendrites immediately after contact. These findings 
suggest the paradoxical idea that UNC-34-mediated growth of nascent actin filaments is required for dendrite retraction. This 
model may be explained by the observation that the non-muscle myosin, NMY-1, is necessary for PVD dendrite retraction 
and could mediate this effect by retrograde flow. Genetic studies are consistent with NMY-1 functioning in the same pathway 
as UNC-34. Together, these data suggest that UNC-6/Netrin signaling triggers local assembly of new actin filaments, which 
then engage NMY-1 to elicit dendrite retraction. In addition to describing the first cell biological mechanism of dendrite self-
avoidance, we also suggest that nascent actin assembly and retrograde flow could be required for axonal growth cone 
repulsion. . 

116. CDKL-1, a protein related to the human CDKL5 kinase implicated in Rett syndrome and epilepsy, is a novel transition 
zone protein that controls cilium formation. Kwangjin Park, Chunmei Li, Michel Leroux. Simon Fraser University, 
Burnaby, BC, CANADA. 
   The surfaces of most cells in humans have small antenna-like structures termed cilia. There are two types of cilia: motile 
cilia and non-motile cilia. Motile cilia facilitate cell locomotion or fluid flow and non-motile cilia mediate cellular signaling, 
critically important for development. We are studying a specialized subcompartment of cilia, called the ciliary transition zone 
(TZ). The role of the TZ is to create a ‘barrier’ that controls the protein composition of the cilium, a function that is critical 
for the ability of the cilium to capture and transduce signals. In this study, we identified cyclin-dependent kinase-like 1 
(CDKL-1) as a novel TZ protein. To our surprise, CDKL-1 is not associated with the formation of the TZ barrier, but instead, 
regulates ciliary length. We observe elongated cilia in cdkl-1 null ADL neurons, and shorter ADL cilia when CDKL-1 is 
overexpressed, indicating the correct level of this kinase is crucial for cilium length control. Mutations of human CDKL5, 
one of five CDKL family members, often cause human neurological disorders such as Rett syndrome and epilepsy, and most 
mutations are located in the conserved kinase domain of CDKL family members. We therefore introduced three of these 
mutations into C. elegans CDKL-1 (the only C. elegans CDKL family member). All CDKL-1 variants harboring the 
mutations failed to localize to the TZ, implicating that CDKL5 mutations may result in ciliary dysfunction in humans. 
Altogether, our results suggest that CDKL family members are ciliary proteins that regulate ciliary length and their 
dysfunction may lead to neurological phenotypes in humans. 

117. Post-translational microtubule glutamylation levels control ciliary motor transport, microtubule structure, and 
cytoskeletal stability. Robert O'Hagan1, Malan Silva1, Ken Nguyen2, Margaret Morash1, Sebastian Bellotti1, David Hall2, 
Maureen Barr1. 1) Dept Genetics, Rutgers, The State Univ NJ, Piscataway, NJ; 2) Center for C. elegans Anatomy, Albert 
Einstein College of Medicine, 1410 Pelham Parkway, Bronx NY 10461. 
        Post-translational modifications (PTMs) added to microtubules (MTs) may act as a “Tubulin Code” that guides the 
activities of kinesins, dyneins, and other MT-binding proteins. Ciliary MTs are highly decorated with PTMs, but the 



functions of PTMs in cilia are largely unknown. We previously showed that loss of CCPP-1, a predicted MT deglutamylase, 
caused defective localization of the ciliary receptor PKD-2 and the kinesin-3 motor KLP-6, and abnormally fast movement of 
the kinesin 2 OSM-3, in male-specific B-type neuronal cilia.  In amphid channel cilia, ccpp-1 mutants displayed a 
progressive Dyf phenotype and deterioration of MT structure.  Loss of a CCPP-1 homolog in mice also affects ciliated cells, 
causing degeneration of cerebellar Purkinje neurons, olfactory mitral cells, and retinal photoreceptors, and also causes sperm 
immotility.  Therefore, MT glutamylation may play a conserved role in cilia and flagella.     Here we show that select Tubulin 
Tyrosine Ligase-Like (TTLL) MT glutamylases oppose the activity of CCPP-1.  Mutations in ttll-4, ttll-5, or ttll-11 
suppressed the ccpp-1 progressive Dyf phenotype, but did not suppress PKD-2 ciliary localization defects.  The ttll-11 
mutation suppressed ccpp-1 effects on kinesin-3 KLP-6 localization and kinesin-2 OSM-3 velocity.       Ciliary MT structure 
typically contains doublets composed of A- and B- tubules.  Ultrastructural analysis revealed loss of ciliary B-tubules in 
ccpp-1, while ttll-11 mutants displayed abnormally long ciliary doublet regions. MT glutamylation reduced B-tubule stability 
in both neuronal types, despite differences in structural details.  We hypothesize that glutamylation targets MTs for 
degradation by MT-severing enzymes.  To elucidate the pathways by which glutamylation controls ciliary MT stability, we 
performed a screen for suppressors of the ccpp-1 Dyf phenotype.  Our screen should identify molecules upstream and 
downstream of MT glutamylation.     Our data suggest that, in cilia, MT glutamylation is part of a Tubulin Code that 
regulates ciliary transport of molecular motors and sensory receptors and controls axonemal structure. 

118. LINKIN, a cell adhesion molecule required during collective migration of the male gonad. Mihoko Kato1, Tsui-Fen 
Chou2, Collin Z. Yu3, John DeModena1, Paul W. Sternberg1. 1) HHMI and Division of Biology and Biological Engineering, 
California Institute of Technology, Pasadena, CA 91125, USA; 2) Division of Medical Genetics, Department of Pediatrics, 
Harbor-UCLA Medical Center and Los Angeles Biomedical Research Institute, Torrance, CA 90502, USA; 3) UCSF School 
of Pharmacy, San Francisco, CA 94143, USA. 
   During epithelial collective migration, partial tissue organization is maintained through cell adhesion. The developing C. 
elegans male gonad undergoes a collective cell migration consisting of the linker cell, which acts as a leader migratory cell, 
and a chain of interconnected epithelial-like follower cells. This organization differs from the hermaphrodite gonad, in which 
the leader cells are immediately followed by germ cells. We have identified a conserved protein, LNKN-1, required for 
maintaining cell adhesion during male gonadal migration. LNKN-1 defines the LINKIN proteins, a family of previously 
uncharacterized single-pass transmembrane proteins conserved from unicellular eukaryotes to humans. We identified seven 
atypical FG-GAP domains in the extracellular domain, which potentially fold into a β-propeller structure resembling the 
ligand-binding domain of α-integrins. By antibody staining and YFP-translational fusion, we observe expression of LNKN-1 
in the plasma membrane of all gonadal cells with apical and lateral enrichment.  Through rescue experiments, we showed that 
both the extracellular and intracellular domains are required for LNKN-1 function. We identified RUVB-1/RUVBL1, 
RUVB-2/RUVBL2 and TBA-2/α-tubulin as interactors of LINKIN by mass spectrometry using SILAC-treated HEK 293T 
cells and testing candidates for lnkn-1-like phenotypes in C. elegans male gonad migration. We propose that LINKIN 
promotes tissue cohesion during migration by adhering through a β-propeller extracellular domain and regulating microtubule 
dynamics through RUVBL proteins at its intracellular domain. We are currently building on the LINKIN pathway by 
investigating whether LINKIN binds homophilically or has a heterophilic binding partner. Additionally, we are examining 
other lnkn-1 mutants, including a point mutation of a highly conserved residue and a new LINKIN deletion mutant. 

119. A new role for the conserved centrosomal protein Girdin in the regulation of primary cilia biogenesis in C. elegans and 
mammalian cells. Inna Nechipurenko1, Anique Olivier-Mason1, Julie Kennedy2, Oliver Blacque2, Piali Sengupta1. 1) 
Biology, Brandeis University, Waltham, MA; 2) School of Biomolecular and Biomed Science, UCD Conway Institute, 
University College Dublin, Belfield, Dublin 4, Ireland. 
   Precise regulation of centrosome position is critical for diverse processes including asymmetric cell division, neurogenesis, 
directed cell migration, and ciliogenesis. Primary cilia, present on the surface of most cell types in metazoans, are key 
mediators of diverse signaling pathways essential for embryonic development, sensory signal transduction, and adult tissue 
homeostasis. Cilia from all studied organisms share a conserved core organization comprised of a microtubule-based 
axoneme anchored by the basal body (BB) and surrounded by a specialized membrane. Primary cilium assembly is a multi-
step process that relies on mother centriole-to-BB transition, BB migration and anchoring to membrane, establishment of the 
‘ciliary gate’, and axoneme elongation from the BB via intraflagellar transport of ciliary components. Considerable progress 
has been made in identifying molecular components of distinct centrosomal and ciliary sub-compartments; however, the 
mechanisms regulating centrosome positioning during early steps of ciliogenesis are poorly understood. We find that the 
highly conserved signaling protein Girdin localizes to the BB in C. elegans sensory neurons and mammalian cells. Loss of 
grdn-1 function in C. elegans results in defective sensory cilia morphology, ultrastructure, and localization of BB, transition 
zone, and signaling proteins. Similarly, Girdin knockdown in mammalian RPE-1 cells leads to a complete loss of, or 
shortened cilia, and dissociation of the BB from the nucleus. These findings suggest a conserved function for Girdin in 
regulating centrosome positioning, and thereby ciliogenesis, in both C. elegans sensory neurons and mammalian cells. 
Mammalian Girdin has been previously implicated in regulating the actin cytoskeleton, and in coupling multiple classes of 



surface receptors to downstream signaling events in different contexts (e.g. cell migration, synaptic plasticity, and 
tumorigenesis). Therefore, Girdin is perfectly positioned to link extracellular cues to the cytoskeleton to ensure correct 
centrosome/BB positioning during primary cilia formation – a previously uncharacterized role for this protein in any species. 
We will present our ongoing efforts to further characterize the mechanism, by which Girdin regulates BB positioning and 
primary cilia biogenesis in C. elegans sensory neurons and mammalian cells. 

120. Furrowing as the result of mechanically induced actin alignment. Anne-Cecile Reymann1,2, Fabio Staniscia3, Anna 
Erzberger3, Guillaume Salbreux3,4, Stephan Grill1,2. 1) Biotechnology Center, Technische Universität, Dresden, Germany; 2) 
Max Planck Institute of Molecular Cell Biology and Genetics,Dresden, Germany; 3) Max Planck Institute for the Physics of 
Complex Systems, Dresden, Germany; 4) London Research Institute, London, UK. 
   During cytokinesis’ onset the recruitment of multiple proteins is orchestrated by specific signaling events while 
reproducible cortical actin flows have been observed. This brings up the question of the contribution of the mechanics during 
this initial phase of ring assembly. In this study we investigate how myosin induced cortical flows impact actin network 
organization and filament alignment, thereby directly initiating stable ingression by mechanically remodeling the 
architecture.We perform our analysis in the early C. elegans zygote. In this organism, a pseudocleavage furrow is formed 
during the phase of polarizing cortical flows, at a time when the biochemical triggers involved in cytokinesis are not yet 
present. In this system, we can thus uncouple the mechanical contributions to furrow formation from the biochemical effects 
involved in the later stages of cytokinesis. We observed that actin filaments align in converging and compressive flow. 
Hence, alignment and order arises in a disordered network in response to compression by flow and orthogonally to its 
direction. We show that this partially ingressing furrow is a direct consequence of actin filament alignment induced by the 
initial flow phase. Quantitative analysis of the dynamics of flows, filaments orientation and cell shape changes, together with 
theoretical modeling in the framework of a thin film of active and nematic fluid, allowed for a precise characterization of how 
deformation and shear in the cortical flow gives rise to ordering of actin filaments. Notably, such cortical dynamics and 
pattern formation arise in a very similar manner both during pseudocleavage and cytokinesis phases.Taken together, our work 
paints a simple picture of how furrow ingression arises: the presence of a contractility gradient induces the formation of 
convergent flows, which in turn result in the local alignment of filaments. Filament alignment by compressive flow in turn 
drives asymmetric stress generation and furrow ingression. We thus identify the key physical principles that lead to the 
generation of an ingression for cytokinesis. 

121. A network of conserved formins regulates excretory cell tubulogenesis. Daniel Shaye1, Iva Greenwald1,2. 1) HHMI; 2) 
Dept. of Biochemistry. Columbia University. New York, NY. 
   The excretory cell is a simple model to study tubulogenesis. It forms an H-shaped unicellular tube composed of four long 
processes (canals) that encompass a single continuous intracellular lumen. We have shown that exc-6, which was identified in 
a pioneering screen for mutants with cystic excretory canals1, encodes an ortholog of the mammalian formin INF2, a kidney 
and neuropathy disease gene2. INF2, like other formins, is an actin-polymerizing factor, while it is unique in that it can also 
promote F-actin de-polymerization in vitro3. Moreover, INF2 has also been shown to regulate microtubules4, 5. We 
demonstrated that exc-6 does not promote bulk F-actin polymerization in the excretory cell, and instead regulates F-actin 
accumulation at the leading edge of the canals and the dynamics of basolateral microtubules, contributing to coordination of 
basolateral outgrowth with apical lumen formation2. We also showed that exc-5, an activator of the Cdc42 family of Rho 
GTPases6, 7, regulates apical F-actin levels along the excretory cell lumen, and F-actin accumulation at the leading edge2. 
However, whether cdc-42 indeed acts downstream of exc-5, and what actin-polymerizing factor(s) function downstream 
of exc-5 remain open questions.We have found that two other formins are expressed in the excretory cell, and are analyzing 
their contribution to excretory cell tubulogenesis.  These formins are cyk-1, the sole member of the Diaphanous family of 
formins in C. elegans, and inft-2, another ortholog of INF2 (and thus a paralog of exc-6).  Results from our genetic 
analysis are consistent with the hypothesis that cyk-1 and inft-2 function downstream of exc-5 in the excretory cell. We will 
report on our further studies of the interactions between these formins, and their potential regulation by exc-5 and cdc-
42.  Recent cell culture experiments suggest that mammalian INF2 negatively regulates the Diaphanous formin mDIA8, 9. Our 
work suggests that this regulatory relationship may be conserved and functionally relevant in vivo during tubulogenesis. 
Given that we found conservation of INF2 function between C. elegans and humans2, further characterizing the role and 
regulation of this network of formins has potential relevance for disease.1) Buechner et al., 1999. 2) Shaye and Greenwald, 
2015. 3) Chhabra and Higgs, 2006. 4) Gaillard et al., 2011. 5) Andrés-Delgado, et al., 2012. 6) Gao, et al., 2001. 7) Suzuki, et 
al., 2001. 8) Sun et al., 2011. 9) Sun et al., 2013. 

122. Shaping neurons by twist-tension coupling in chiral cytoskeleton networks. Michael Krieg1,2, Juan G. Cueva1, Kerry 
Spilker2, Kang Shen2, Alexander R. Dunn3, Miriam B. Goodman1. 1) Stanford University, Department of 
Molecular&Cellular Physiology, Stanford, CA; 2) Stanford University, Department of Biology, HHMI, Stanford, CA; 3) 
Stanford University, Department of Chemical Engineering, Stanford, CA. 
   All animals and plants, even protozoa, have evolved specialized molecular sensors that convert mechanical stress into 



behavioral responses. The touch receptor neurons (TRNs) in Caenorhabditis elegans respond to gentle body touch and are 
especially well characterized on a physiological and ultrastructural level, a knowledge which is unavailable in other animals. 
Moreover, C. elegans is a unique model organism to study the mechanics of neurons due to their simple shapes, the known 
wiring diagram and a rich repertoire of simple behaviors, thus permitting a systems perspective on cell function.As in other 
animals, neuron morphology is critical for function in C. elegans. Some neurons are highly branched and curved, while 
others are extremely straight. We have previously shown that a functional, pre-stressed spectrin network is critical for 
mechanosensation and neuron stability under body-evoked forces (Krieg, Nat Cell Bio, 2014). How the constituent molecules 
of these different neurons establish a functional organization and how nanometer sized molecules can determine cell shape in 
the millimeter scale is still not understood. To establish this paradigm, we first compared different neurons and classified 
their shapes. We then used electron and STED microscopy to investigate how the organization of microtubule bundles and 
spectrin network determines neuron morphology. We found that TRNs with defective organization in both cytoskeletal 
elements undergo deformations highly similar to a twisted rod under compression. These experimental results, together with 
mechanical modeling of the neuron, suggest that spectrin tension and microtubule bundle mechanics are crucial for 
stabilizing chiral cytoskeletal networks and produce a specialized cell shape that we propose is critical for mechanosensation. 

123. Distinct contribution of different tubulin isotypes to microtubule dynamics. Yu Honda1,2, Eisuke Sumiyoshi1, Asako 
Sugimoto1. 1) Graduate School of Life Science, Tohoku University, Sendai, Japan; 2) Research Fellow of Japan Society for 
the Promotion of Science. 
    Microtubules (MTs) are dynamic polymers composed of α- and β-tubulin heterodimers. Most organisms have multiple 
tubulin isotypes encoded by different genes. In C. elegans, nine α-tubulins and six β-tubulins are present. Among them, two 
α-tubulins (tba-1 and tba-2; hereafter called α1 and α2) and two β-tubulins (tbb-1 and tbb-2; hereafter called β1 and β2) are 
the principal isotypes during embryogenesis. While the depletion of α1, α2 or β1 does not affect viability, β2 depletion causes 
abnormally active spindle movement which leads to partial embryonic lethality, implying that the two β-tubulin isotypes 
distinctively contribute to the behaviors of MTs. However, how tubulin isotypes affect MT dynamics in vivo is still poorly 
understood. To further understand the distinct contribution of tubulin isotypes in MT dynamics in C. elegans embryos, we 
have generated in-frame GFP insertions in the genomic locus of β1 or β2 using the CRISPR-Cas9 system. Live imaging of 
these strains revealed that β2 was incorporated into the spindle MTs twice as much as β1. We next measured the parameters 
of the MT dynamics in embryos lacking either β1 or β2, using a growing MT plus-end marker GFP::EBP-2. In embryos 
lacking β1, both the growth rate and the catastrophe frequency of MTs were slightly decreased, resulting in the equivalent 
length of MTs with the wild type despite the alteration of MT dynamics. On the other hand, in embryos lacking β2, the 
growth rate was severely decreased and the catastrophe frequency was increased, resulting in shorter MTs that lead to 
abnormally active spindle movement. The decreased growth rate (and resulting partial embryonic lethality) by β2 depletion 
was enhanced by α1 depletion, whereas it was partially suppressed by α2 depletion. These results indicate that different 
tubulin isotypes—and different combinations of αβ-heterodimers—distinctively affect MT dynamics. 

124. The fate of the midbody after cell division. Gholamreza Fazeli, Michaela Trinkwalder, Ann Wehman. Rudolf-
Virchow-Center, University of Würzburg, Würzburg, Germany. 
   In animals, the midbody coordinates the end of cytokinesis when two daughter cells separate through abscission. Despite 
decades of study, whether abscission happens on one or both sides of the midbody is still under debate. Disparate models 
have also been proposed for the mechanisms of midbody internalization, ranging from asymmetric abscission followed by 
autophagy to symmetric release followed by phagocytosis. Here, we elucidate the fate of the midbody after cytokinesis in C. 
elegans embryos, taking advantage of their stereotyped timing and pattern of inheritance. We reveal that after symmetric 
abscission on both sides, the midbodies from early divisions are released outside cells. Released midbodies are internalized 
via CED-10/RAC1-dependent phagocytosis that further requires lipid regulators, such as the phosphatidylethanolamine 
flippase TAT-5 and the Class III PI3Kinase complex. We also find that the second polar body released during oocyte 
maturation is phagocytosed via the same pathways. Finally, we reveal that autophagy mediates degradation of the 
phagocytosed midbody. Based on our findings, we predict that this pathway of midbody release, phagocytosis, and 
degradation via autophagy is the in vivo fate of post-mitotic midbodies in animals. 

125. How cells change shape. Bob Goldstein. University of North Carolina, Chapel Hill. 
    

126. PAR polarity in C. elegans zygotes is established by a mechanochemical feedback-patterning motif. Peter Gross1,2, K. 
Vijay Kumar3,4, Justin S. Bois5, Carsten Hoege2, Nathan W. Goehring6, Frank Jülicher3, Stephan W. Grill1,2,3. 1) BIOTEC, 
Dresden, Germany; 2) MPI-CBG, Dresden, Germany; 3) MPI-PKS, Dresden, Germany; 4) ICTS, Bangalore, India; 5) 
UCLA, Los Angeles, CA; 6) London Research Institute, London, UK. 
   Many conserved morphogenetic processes are orchestrated by a well-controlled interplay between mechanical forces and 



biochemical regulation. A key example is the early embryonic development of the Caenorhabditis elegans zygote, where 
large-scale flows of the actomyosin cortex occur simultaneously with the establishment of a polarity pattern in partitioning 
defective (PAR) proteins. However, how the PAR system interacts with and regulates cortical flow has remained elusive. By 
combining quantitative fluorescence microscopy, cell biology analysis and a physical theory, we here identify a novel 
mechanochemical pattern-generating motif, which represents the mechanism that drives the patterning of the PAR polarity 
proteins in the C. elegans zygote. Using Fluorescence Recovery After Photobleaching (FRAP) and RNA interference 
(RNAi), we demonstrate that the PAR domains feed back on the mechanics by establishing and maintaining a non-muscle 
myosin II (NMY-2) - based contractility gradient. To study the consequence of this PAR-mediated feedback on NMY-2, we 
first measured the dynamics of the PAR and NMY-2 system. Using calibrated, quantitative fluorescence microscopy, we 
measured the spatiotemporal evolution of the membrane-associated protein concentration of the posterior PAR-2, the anterior 
PAR-6 and NMY-2 as the mechanical force generator, as well as the cortical flow field.  Next we show that these measured 
dynamics of PAR polarity establishment can be quantitatively recapitulated, using a reaction-diffusion-advection theory for 
the concentration fields of NMY-2, the posterior PAR-2 and the anterior PAR-6, in combination with a thin-film active-fluids 
theory for the flow field generated by NMY-2 gradients. Essential for this was the biochemical control of the PAR domains 
on the NMY-2 binding kinetics, which closes the mechanochemical feedback loop. Remarkably, our physical theory can, for 
the first time, fully recapitulate the spatiotemporal evolution of all the measured PAR-2, PAR-6 and NMY-2 membrane-
concentration fields as well as the actomyosin flow field in the polarization process. We demonstrate that the function of this 
mechanochemical feedback is to amplify and stabilize cortical flows and thus to promote a rapid transition to the patterned 
state of the PAR system. We anticipate that this wok will open new avenues in our quantitative understanding of the 
emergence of patterns during the development of an organism. 

127. Asymmetric ubiquitination of the contractile ring by CUL-3 E3 ubiquitin ligase complex regulates asymmetric 
cytokinesis in P0 cell. Kenji Sugioka, Bruce Bowerman. Institute of Molecular Biology, University of Oregon, Eugene, OR. 
   In the ubiquitin proteasome system, E3 ubiquitin ligases serve to ubiquitylate target substrates and thereby target them for 
the proteasome dependent degradation. During C. elegans early embryogenesis, the CUL-2 and CUL-3 E3 ligase complexes 
play essential roles by regulating the degradation of developmental factors. However, the targets of these E3 ligases and their 
developmental significance are not entirely known. Here we found a new role for the CUL-3 E3 ligase during cytokinesis. 
Interestingly, C. elegans zygote P0 cell is known to undergo an asymmetric cytokinesis, with the contractile ring on one side 
closing faster than on the opposite side, such that the midbody is eventually off-centered. We found that cul-3(RNAi) resulted 
in a loss of this asymmetry during cytokinesis. The CUL-3 binding partner and substrate adaptor MEL-26 also is required for 
this asymmetric cytokinesis. Using a GFP::CUL-3 fusion we generated by CRISPR/Cas9 genome editing, and an anti-MEL-
26 antibody, we found that both CUL-3 and MEL-26 localized to the cleavage furrow during cytokinesis, suggesting that this 
E3 ligase complex functions at the contractile ring. The CUL-3/MEL-26 complex may be selectively transported to the 
cleavage furrow, as RNAi knockdown of the early endosomal component RAB-5 specifically diminished CUL-3/MEL-26 
localization at the cleavage furrow. How does this E3 ligase on the contractile ring regulate asymmetric cytokinesis? 
Surprisingly, we found that ubiquitylation at the contractile ring was strongly asymmetric, and this ubiquitylation was CUL-3 
dependent. A previous study has reported the asymmetric accumulation of contractile ring components, including the non-
muscle myosin NMY-2, to the side where the ring closes faster during asymmetric cytokinesis. We found that in cul-3(RNAi) 
embryos, NMY-2 localization became symmetric, suggesting that CUL-3 dependent ubiquitylation is required for the 
formation of an asymmetric contractile ring. Simultaneous staining of ubiquitin and NMY-2 showed that poly-ubiquitin 
exclusively localized to the fast closing side while NMY-2 localized to both sides with enrichment on the fast side. 
Moreover, poly-ubiquitin only localized to the inner contractile ring while NMY-2 also localized to the outer ring. In 
summary, we have found that the CUL-3/MEL-26 E3 ubiquitin ligase regulates the asymmetric ubiquitination of an unknown 
protein at the inner contractile ring on the fast closing side during this asymmetric cytokinesis. To our knowledge, this is the 
first example of an asymmetric ubiquitination within a cell. Moreover, this ubiquitylation is required for the asymmetric 
localization of NMY-2 to the contractile ring and for the asymmetry of this cytokinesis. . 

128. Crossover position directs accurate chromosome remodeling during late meiotic prophase I in Caenorhabditis elegans . 
Elisabeth Altendorfer1,2, Monica Colaiacovo1. 1) Genetics, Harvard Medical School, Boston, MA; 2) Max F. Perutz 
Laboratories, University of Vienna, Austria. 
   Meiosis is the cell division program producing haploid gametes from diploid precursor cells. A key step during meiosis is 
crossover (CO) formation, which results in physical attachments between homologous chromosomes that are critical for their 
accurate segregation at meiosis I. In C. elegans, a single CO is formed per homolog pair and it is located on the terminal 
thirds of most chromosomes. The off-centered position of the CO has been proposed to dictate the cruciform shape acquired 
by bivalents during late prophase chromosome remodeling resulting in short and long chromosome arms. The bias towards 
off-centered COs is also observed in human and mouse male meiosis. Furthermore, in human female meiosis, COs occurring 
near telomeres are thought to contribute to aneuploidy and are usually suppressed. However, a direct analysis as to whether 
and how the position of the CO is a major determinant of late prophase chromosome remodeling has not been previously 



done in metazoans. Here, we are addressing these important questions by using an inducible single DNA double-strand break 
(DSB) system based on Mos1 transposon excision in spo-11 mutants, which lack endogenous meiotic DSBs. We found that 
induction of a DSB resulting in a CO at the center of chromosome III fails to restrict LAB-1 (the functional analog of 
Shugoshin) to the long arms, and that both AIR-2 (Aurora B kinase) and SYP-1 (central region component of the 
synaptonemal complex) no longer exhibit a constrained localization to the short arms of the reconstituted bivalent. The 
short/long arm identities can be restored by exogenous DSB formation via gamma-IR suggesting that off-centered DSBs are 
a preferred substrate for CO formation. This is further supported by analysis in rec-1 mutants where DSBs are SPO-11 
derived, eliminating the concern of a Mos1 artifact, but where CO distribution is biased towards to the center of the 
chromosomes, and normal short/long arm identities also fail to be established. Finally, inducing a single DSB at a telomere 
on chromosome III fails to form bivalents indicating that terminally located COs are either suppressed or fail to sustain a 
physical attachment between homologs. Together, these findings demonstrate that CO position directs late prophase 
chromosome remodeling. Ongoing analysis of single DSBs induced on other chromosomes and at different chromosome 
positions suggests a mechanism in which distances are measured from the CO site to chromosome ends dictating short/long 
chromosome arm identity. 

129. Dosage Compensation Complex alters X chromosome organization in C. elegans. Rahul Sharma1,2, Jop Kind3, 
Georgina Gomez-Salivar4, Bas van Steensel3, Peter Askjaer4, Peter Meister2. 1) Graduate School for Cellular and Biomedical 
Sciences, Uni Bern, Switzerland; 2) Institute of Cell Biology, Uni Bern, Switzerland; 3) NKI, Amsterdam, The Netherlands; 
4) CABD, CSIC-Universidad Pablo de Olavide, Sevilla, Spain. 
   Many species have evolved a sex chromosome based sex determination system that often leads to a difference in sex 
chromosome copy number. Failure to compensate for this difference leads to expression disequilibrium that proves lethal for 
the organism. Dosage Compensation (DC) collectively refers to the strategies that correct for gene dosage imbalance between 
sexes and serves as an interesting problem to explore the interaction between chromosome organization and chromosome 
wide gene regulation. In C. elegans, DC is achieved by two-fold downregulation of X-linked genes in hermaphrodites (XX) 
upon recruitment of the Dosage Compensation Complex (DCC). GRO-seq studies have shown that loading of the DCC 
restricts RNA Polymerase II access via an unknown mechanism. DCC is a multiprotein complex structurally similar to 
mitotic condensins. Higher order chromatin structures have therefore long been suggested to influence X-linked transcription, 
but never tested. Here, we asked whether the DCC influences the spatial and structural organization of the X chromosome. 
Using microscopic measurements we find that loading of the DCC slightly increases compaction of the X chromosome in 
hermaphrodites compared to males. Moreover, our data shows that the entire X chromosome lies preferentially in close 
proximity to the nuclear periphery in males while it is internal positioned in hermaphrodites. Loss and gain of function 
experiments demonstrate that DCC loading in hermaphrodites impairs perinuclear localization. Moreover, a single motif 
enriched on X and sufficient for DCC loading in hermaphrodites (rex site), is able to autonomously target an autosomal locus 
to the nuclear periphery in males specifically. To identify X interactors at the periphery, we performed DNA Adenine 
Methyltransferase Analysis (DamID). This showed a male-specific interaction of the X chromosome with the nuclear pore 
subunit and not the lamina. Together, our results put forward a structural model of DC, in which X-specific sequences 
mediate interactions with nuclear pore proteins in males, thereby locating the X chromosome in transcriptionally active 
perinuclear domains, while DCC binding prevents this pore association in hermaphrodite; reversing the role of DCC from 
active repression to inhibition of activation. Currently, we focus on the characterization of factors involved in X chromosome 
activation in males, by screening for male-specific lethal factors using a candidate reverse genetic screen. . 

130. Regulation of nuclear organization and long-range gene expression by condensin. Bayly Wheeler1, Christian Frøkjær-
Jensen2,3, Erika Anderson1, Qian Bian1, Erik Jorgensen2, Barbara J. Meyer1. 1) University of California, Berkeley and 
HHMI; 2) University of Utah, Salt Lake City, UT and HHMI; 3) Stanford University, Stanford, CA. 
   The relationship between chromosome structure, nuclear positioning, and long-range gene regulation is poorly understood. 
To explore this relationship, we dissected X-chromosome-wide gene regulation enacted by a dosage compensation complex 
(DCC), which represses X transcription in hermaphrodites to balance gene expression between sexes. We inserted transgenes 
throughout the genome and queried their expression to determine whether different transcriptional environments exist on X 
and autosomes. Transgenes integrated on X were dosage compensated regardless of position, meaning their expression was 
equal in wild-type males and hermaphrodites but elevated in dosage-compensation-defective hermaphrodites. This result 
indicates the X chromosome is broadly permissive for repression, and endogenous genes that escape have special features 
enabling them to overcome this repression. In contrast, we found no chromosome-wide mechanism to balance X expression 
with that of autosomes, given that transgenes on X were expressed at half the level of transgenes on autosomes. Repression of 
X transgenes was independent of their proximity to DCC recruitment sites (rex), highlighting the long-range mechanism of 
regulation employed by the DCC. We already showed that changes in higher order X-chromosome structure accompany 
repression of X-linked genes, so we next explored whether spatial positioning of X influences dosage compensation. We first 
addressed a model of others that rex sites target X to the nuclear periphery in males to increase gene expression, and DCC 
binding to rex sites in hermaphrodites helps relocate X to the interior, thereby repressing X. Using FISH, we found for both 



sexes that neither endogenous rex sites on X nor ectopically inserted rex sites on autosomes were preferentially located at the 
nuclear periphery. Furthermore, though rex insertions on autosomes recruit the DCC, the expression of adjacent genes was 
not elevated in DCC-depleted animals. These observations disfavor the proposed model. Instead, we found that pairs of 
distant rex sites interact in a DCC-dependent manner, and interacting rex sites are preferentially located at the nuclear 
periphery compared to non-interacting sites. Interacting rex pairs associate with nuclear pores, not the lamina. We propose 
the nuclear pore might act as a scaffold to promote rex site interactions, which in turn influence gene expression by 
remodeling higher order chromosome structure. 

131. Whole-brain imaging at cellular resolution reveals multi-neuronal dynamics under non-stimulus condition. Takayuki 
Teramoto1,2, Terumasa Tokunaga2,3, Osamu Hirose2,4, Yu Toyoshima2,5, Yuichi Iino2,5, Ryo Yoshida2,6, Takeshi Ishihara2,1. 
1) Dept. of Biology, Kyushu Univ., Fukuoka JAPAN; 2) JST, CREST, Saitama JAPAN; 3) Dept. of Systems Design and 
Informatics, Kyushu Institute of Technology, Fukuoka JAPAN; 4) Institute of Sci. and Engineering, Kanazawa Univ., 
Ishikawa Japan; 5) Dept. of Biological Sci., Univ. of Tokyo, Tokyo JAPAN; 6) The Institute of Statistical Mathematics, 
Research Organization of Information and Systems, Tokyo JAPAN. 
   One of the fundamental challenges on neurosciences is whole-brain imaging at cellular resolution using a live animal. 
Simultaneous measurement of the multi-neuronal activities of the whole brain of a live animal will provide a new sight for 
exploring and understanding neural mechanisms for information processing. To realize this, we used the C. elegans CNS as a 
simple model brain and we designed a 4-D imaging system that can acquire time-sequential 3-D images at three wavelength. 
For image processing of acquired data, we developed a line of programs, which perform positional tracking and segmentation 
of each neuron.Combining this imaging system and a ratio-metric fluorescent Ca2+ indicator and mCherry as a positional 
marker, we carried out 4-D Ca2+ imaging of the C. elegans CNS, and we succeeded in visualizing and measurement of 
neuronal activities of most neurons of the CNS without any anesthesia. Analysis of temporal changes in ratio of the 
individual neurons revealed that multiple neurons responded with positive and negative correlation to stimulation by such as 
an attractive odor and a repulsive metal ion. This result may suggest that these neurons are components of the neuronal 
circuit, which are involved in the sensory signaling pathway. On the other hand under non-stimulus condition, we observed 
synchronized rhythmic activity in multiple neurons, implying that pacemakers or pattern generators may exist in C. 
elegans.Taken together, our 4-D Ca2+ imaging techniques provide a measurement method of neuronal activities in the CNS of 
C. elegans and revealed that multi-neuronal dynamics: 1) responding multi-neurons may involve in information transfer 
or/and processing, 2) rhythmic activity of other group of neurons may confer a pace or a pattern generation that correlates to 
behavior such as locomotion. We are now trying to reveal relationship between these neuronal dynamics by analysis of these 
multi-neuronal activities.  Moreover, we plan to identify these neurons by combining neuronal specific promoters and 
fluorescent with distinguishable wavelength to adapt these neurons on the synaptic connectivity map. . 

132. The C. elegans Cell-Specific Proteomics Toolkit. Kai P. Yuet1, Meenakshi K. Doma2,3, Paul W. Sternberg2,3, David A. 
Tirrell1. 1) Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, California, 
United States of America; 2) Division of Biology and Biological Engineering, California Institute of Technology, Pasadena, 
California, United States of America; 3) Howard Hughes Medical Institute, California Institute of Technology, Pasadena, 
California, United States of America. 
   In a multicellular animal like C. elegans, it is difficult to monitor dynamic changes in protein synthesis in a specific cell 
type within its native environment. To address these challenges, we engineered a C. elegans phenylalanyl-tRNA synthetase 
(CePheRS) to selectively recognize the unnatural L-phenylalanine analog p-azido-L-phenylalanine (Azf). We expressed the 
engineered CePheRS in a cell type of choice (i.e. body wall muscles, intestinal epithelial cells, neurons, pharyngeal muscles), 
permitting proteins in those cells – and only those cells – to be labeled with azides upon feeding Azf-labeled E. coli to the 
worms. Labeled proteins are therefore subject to "click" conjugation to cyclooctyne-functionalized affinity probes, separation 
from the rest of the protein pool and identification by mass spectrometry. By coupling our methodology with heavy isotopic 
labeling, we successfully identified proteins – including proteins with previously unknown expression patterns – expressed in 
targeted subsets of cells. While cell types like body wall or pharyngeal muscles can be targeted with a single promoter, many 
cells cannot; cell-specificity typically results from the combinatorial action of multiple regulators. To enhance spatiotemporal 
selectivity, we also developed a two-component system to drive overlapping – but not identical – patterns of expression of 
engineered CePheRS, restricting labeling to cells that express both elements. Specifically, we developed a split-intein-based 
split-CePheRS system for highly efficient CePheRS-reconstitution through protein splicing. Together, these tools represent a 
powerful approach for unbiased discovery of proteins uniquely expressed in a subset of cells. 

133. C. elegans Punctin clusters GABAA receptors via neuroligin binding and UNC-40/DCC recruitment. Haijun Tu#, 
Berangere Pinan-Lucarre#, Tingting Ji, Maelle Jospin, Jean-Louis Bessereau. University Claude Bernard Lyon1, CGphiMC 
UMR CNRS 5534, Villeurbanne, France. # Equal contributions. 
   Positioning type A GABA receptors (GABAARs) in front of GABA release sites sets the strength of inhibitory synapses 
and consequently the excitability of neuronal networks. The C. elegans neuromuscular junction (NMJ) provides a genetically 



tractable model to analyze the segregation of neurotransmitter receptors because muscle cells receive inhibitory innervation 
from GABAergic neurons and excitatory innervation from cholinergic neurons. We previously identified an original synaptic 
organizer, Ce-Punctin/MADD-4, that specifies GABAergic versus cholinergic identity of post-synaptic domains at the NMJs 
(B. Pinan-Lucarré#, H. Tu#, et al., Nature, 2014). Punctin is secreted by the two types of motoneurons and localizes at NMJs. 
Alternative promoters generate different isoforms with different functions.We now show that Punctin controls the clustering 
of GABAARs through the synaptic adhesion molecule neuroligin (NLG-1) and the netrin receptor UNC-40/DCC (Deleted in 
Colorectal Cancer). By using imaging and electrophysiology techniques, we show that NLG-1 is a component of the post-
synaptic membrane that specifically clusters GABAAR at the inhibitory NMJ. The short Punctin isoform physically interacts 
with the extracellular domain of NLG-1, as we demonstrated by co-immunoprecipitation in a heterologous system, and 
ensures the specific localization of NLG-1 at GABAergic NMJs. In parallel, we performed a genetic screen for UNC-
49/GABAAR mislocalization and identified a mutant allele of unc-40. Punctin binds UNC-40/DCC and recruits UNC-
40/DCC at post-synaptic sites. The expression of a myristoylated fusion of the intracellular domain of UNC-40, which was 
shown to behave as a constitutively active receptor, fully rescued GABAAR localization defect in unc-40 mutant despite it 
was ubiquitously distributed at the muscle cell surface. We therefore favor a model in which UNC-40 activates an 
intracellular signaling pathway that promotes direct or indirect interaction between GABAARs and the NLG-1 positioned by 
Punctin in front of GABAergic boutons. In conclusion, Punctin constitutes a new ligand of NLG-1/neuroligin and UNC-
40/DCC and functions as a central anterograde organizer of inhibitory synapses. Since the mammalian orthologs of these 
genes are expressed in the central nervous system and their mutations are implicated in neuropsychiatric diseases, this 
novel molecular pathway might have been evolutionarily conserved. 

134. Global brain dynamics generate the holistic motor command pattern in C. elegans. Saul Kato, Harris Kaplan, Tina 
Schrödel, Manuel Zimmer. IMP, Vienna, Austria. 
   Due to technical limitations, prior studies in C. elegans have not typically considered distributed coding principles observed 
in other nervous systems. Instead, identified neurons have been described as dedicated encoders of specific sensory inputs or 
motor outputs in a context of separable, linear and mostly feed-forward sensory-to-motor pathways. This viewpoint is hard to 
reconcile with the largely horizontal and recurrent character of the neuronal wiring diagram. Moreover, the circuit elements 
in these studies overlap, suggesting that processing of various sensory modalities and computation of behavior may be 
performed by a common system. Here, using a single-cell resolution, brain-wide Ca2+-imaging approach developed by our 
group, we find that neural population dynamics exhibit a widely shared, low-dimensional component with a cyclical state 
space trajectory, indicative of a continuous attractor manifold. Next, by calcium imaging in free-moving worms, we find that 
the activities of key neurons correlate to both high level motor state as well as analog movement parameters such as speed, 
and that these activities map onto the state space trajectory in a well-ordered manner: trajectory bundles can be mapped to 
motor command states and decisions between alternate behaviors are readily observable at bundle branch points. Moreover, 
an analog parameter like speed drive is discernible by the position on the manifold. We argue that this dynamical 
organization assembles action sequences of discrete motor states and at the same time encodes graded metrics of motor 
intent. This study establishes, for the first time in any animal, a real-time mapping between neural and behavioral dynamics 
on a single-trial basis. Using chemical genetics, we find that network dynamics persist when decoupled from output by pre-
motor interneuron inhibition. Moreover, manifold topology is robust and provides a framework for a sensory input, which 
modulates the probability of branch traversal, to produce stimulus-evoked behavioral transitions. Both results indicate that 
population state structure is stably maintained by intrinsic dynamics. This work shows that many neuron classes participate in 
a pervasive low-dimensional signal which holds the high-level motor command sequence. In mammals, cortical population 
dynamics produce functionality in a distributed manner; e.g. in macaque motor cortex, goal parameters are encoded across 
the neural population and movement is produced by collective dynamics. The character and function of the collective neural 
dynamics we observe suggests that despite profoundly differing neuroanatomy, the principles of C. elegans and mammalian 
brain function are far more similar than previously suspected. 

135. Deep-proteome & single-worm proteomics pipelines to uncover molecular changes associated with aging. Vikram 
Narayan1,2, Dalila Bensaddek1, Tony Ly1, Ehsan Pourkarimi1, Megan Laurance3, Mark Larance1, Anton Gartner1, Cynthia 
Kenyon2, Angus Lamond1. 1) Centre for Gene Regulation and Expression, College of Life Sciences, University of Dundee, 
Dundee DD1 5EH, United Kingdom; 2) Department of Biochemistry and Biophysics, Mission Bay Genentech Hall, 600 16th 
Street, Room S312D, University of California, San Francisco, San Francisco, CA 94158-2517, USA; 3) UCSF Library and 
Center for Knowledge Management, University of California, San Francisco, San Francisco, CA 94158-2517, USA. 
   Forward and reverse genetics approaches have identified many genes associated with organismal aging that are conserved 
across species. However, relatively little is known about how the proteome changes during aging in any organism. Using 
quantitative mass spectrometry together with protein and peptide-level fractionation, we can now report a major increase in 
coverage of the C. elegans proteome, identifying over 9,300 proteins in three biological replicates. The resulting 
data are being assembled into a searchable, online resource with a user-friendly graphical interface to provide convenient and 
open access to the community (https://www.peptracker.com/epd/). By quantifying these proteins in fertile, post-reproductive 



and aging animals, we show that there is a striking change in abundance of ~7% of the proteome during the course of aging. 
Our data reveal a concerted down-regulation of proteins involved in fatty acid, amino acid and carbohydrate metabolism, as 
well as peroxisome function, with increasing age. Interestingly, levels of PRX-5, which is responsible for the import of 
peroxisomal enzymes, also decrease during aging. Using a GFP reporter coupled to a peroxisomal targeting signal (PTS1), 
we observed that GFP-PTS1 is correctly localized to the peroxisome in young animals, whereas older animals showed GFP-
PTS1 distributed across the cytosol and peroxisomes. This finding supports a model in which decreased PRX-5 levels 
contribute to an age-dependent reduction of peroxisomal protein localization and function. In summary, we have established 
quantitative proteomics methods to provide a deep coverage of the C. elegans proteome, with which we shed light on the 
importance of PRX-5 in maintaining peroxisome function during aging. Additionally, owing to innovations in our sample 
handling and processing methods, we are able to scale down the analysis of nematode proteomics to the level of a single 
animal. Thus, we can now reproducibly identify >3,000 proteins from a single nematode. This new single-worm proteomics 
pipeline opens up exciting new opportunities such as correlating protein variation with interesting phenotypic traits among 
individuals in a population. . 

136. Neuronal Exophers: a novel mechanism for the removal of neurotoxic cytoplasm components. Ilija Melentijevic1, 
Marton Toth1, Meghan Arnold1, Ryan Guasp1, Girish Harinath1, Alex Parker2, Christian Neri2, Monica Driscoll1. 1) 
Department of Molecular Biology and Biochemistry, Nelson Biological Laboratories, Rutgers, The State University of New 
Jersey, Piscataway, New Jersey 08854; 2) INSERM, Unit 894, Laboratory of Neuronal Cell Biology and Pathology, 75014 
Paris, France. 
   Combating late-onset neurodegenerative disease and age associated functional decline in brain are major health challenges 
of our time. For the effective design of interventions that protect the nervous system from disease-induced and/or age-
associated deterioration, we must fully understand endogenous mechanisms for neuronal protection and how they might fail 
to enable disease promotion. Recently, it has come to be appreciated that neurodegenerative disease proteins/aggregates can 
be found outside of mammalian neurons, and when outside, can actually be taken up by neighboring cells. Transfer of 
offending molecules has been suggested to be a mechanism of pathogenesis spread for multiple neurodegenerative diseases, 
including the prevalent Alzheimer's and Parkinson's diseases.We discovered a novel capacity of young adult C. elegans 
neurons - neurons can extrude substantial packets of cellular contents, which can include aggregated human 
neurodegenerative disease proteins, mitochondria, or lysosomes, but no nuclear DNA. We currently call these extrusions 
"exophers". The ability to jettison cell contents appears to change with age, and extrusion is increased when protein turnover 
is impaired, autophagy is inhibited, or mitochondria are compromised. Moreover, exophers can selectively incorporate 
aggregation-prone proteins and mitochondria with elevated levels of an oxidized reporter. Thus, exopher-mediated extrusion 
may constitute a novel neuronal protection mechanism that serves to maintain protein/organelle homeostasis when other 
systems are compromised or overloaded. We propose that the neuronal extrusion phenomenon constitutes a significant but 
currently unknown conserved pathway by which healthy neurons maintain their functions, and speculate that, in 
neurodegenerative diseases, this pathway may malfunction to promote spread of pathology. We will present the basic 
characterization of neuronal exopher production and our latest data on genetic influences on exopher generation. 

137. A Worm's Tale: Secrets of Inheritance and Immortality. Craig Mello. University of Massachusetts Medical School. 
    

138. Small RNAs and RNAi machinery mediate transgenerational dauer formation in response to bacterial pathogens in C. 
elegans. Lidia Verdugo1, Fernanda Palominos1, Carolina Sanchez1, Yessenia Vasquez1, Vinicius Maracaja1, Francisco 
Chavez2, Andrea Calixto1. 1) Center for Genomics and Bioinformatics, Universidad Mayor, Santiago; 2) School of 
Sciences, University of Chile. 
   Unfavorable environments challenge organisms to engage in defensive strategies. A notable example is C. elegans diapause 
entry in response to food deprivation and other stresses. We found that C. elegans forms dauer larvae in defense against the 
pathogens P. aeruginosa and S. typhimurium in the second and subsequent generations. The information to form dauers is 
transmitted to the progeny in the maternal germline. This transgenerational effect correlates with DAF-16 activation and 
depends on the immune status of the animal and virulence of the pathogen. Importantly, changing F1 worms from S. 
typhimurium to P. aeruginosa and vice versa, retained their ability to form dauers in the F2, suggesting a common 
mechanism to induce diapause for both pathogens. Since RNA interference (RNAi) is systemic and transgenerational 
mechanism, we examined a large group of mutants defective in different forms of RNAi for their ability to grow and form 
dauers in pathogens. sid-2, sid-3, rde-4, drh-3 and the multiple argonaute mutant MAGO12 grow significantly slower in 
routinary food E. coli OP50 than wild type animals. Mutants such as ergo-1, sago-1, sago-2, nrd-3 and the multiple 
argonaute mutant WM126 (defective in germline and somatic RNAi) grow as wild type on E. coli OP50 but slower on 
pathogens. sid-1, rde-1, WM119 (defective in germline RNAi), sid-5 and alg-2 grow like wild-type animals in pathogens but 
fail to form dauers in response to pathogens, suggesting a role for systemic, exogenous and germline RNAi in pathogen 
induced dauer formation.What is the RNA signal that triggers diapause entry in the F2? To address this question we extracted 



mRNA and small RNAs from F1 and F2 animals growing on E. coli OP50, S. typhimurium and P. aeruginosa.  Furthermore 
we isolated small RNAs from the bacteria from the intestines of C. elegans. Comparison of the RNAs of animals grown on 
the E. coli and pathogenic bacteria showed that a number of the same sRNAs were differentially expressed in animals raised 
on S. typhimurium and P. aeruginosa. The sRNAs found in our experiments include several classes, mainly microRNA 
(miRNAs), small nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNA) and previously uncharacterized small RNAs. 
Importantly, some of the transcripts differentially expressed in worms on non-pathogenic vs pathogenic are potential targets 
of the differentially expressed small RNAs. Currently we are constructing the gene networks underlying dauer formation 
under pathogenesis. . 

139. Toward an understanding of cooperative miRNA-mediated silencing. M.N. Flamand1, H.H. Gan2, E. Wu1, A. Vashisht3, 
G. Jannot4, J. Wohlschlegel3, M.J. Simard4, T.F. Duchaine1. 1) Goodman Cancer Research Centre/Biochemistry, McGill 
University, Montreal, Quebec; 2) Department of Chemistry, New York University, New York, NY; 3) Department of 
Biological Chemistry David Geffen School of Medicine at UCLA, Los Angeles, CA; 4) Laval University Cancer Research 
Centre, Hôtel-Dieu de Québec (Centre Hospitalier Universitaire de Québec), Quebec City, QC. 
   MicroRNAs (miRNAs), small RNA molecules derived from gene-encoded hairpins, play roles in various biological 
phenomena ranging from development to environmental responses. From within the miRNA-Induced Silencing Complex 
(miRISC), miRNAs base-pair with 3’ un-translated regions (3’UTRs) of mRNAs, and direct a series of gene silencing 
mechanisms. At the core of the miRISC are specialized Argonautes; ALG-1 and ALG-2 bind to miRNAs in C. elegans. 
While several lines of evidence point to the importance of cooperating interactions between multiple miRNA-binding sites on 
individual target mRNAs, they are still largely investigated as functionally independent regulatory units. We have previously 
shown that mRNA deadenylation, a prominent mechanism of miRNA-mediated silencing, strictly requires target site 
cooperation.Investigation of the mechanistic basis for cooperative silencing by miRNAs in C. elegans unveiled its multi-
faceted nature. Firstly, miRNA-binding sites cooperate in miRISC recruitment; binding to a canonical site enables the 
subsequent recruitment of miRISC to weaker, and even non-canonical sites on mRNAs, a process we coined trans-seeding. 
Secondly, we find that interactions between miRISC units are required to trigger miRNA-mediated silencing. At least part of 
such interactions may occur through homo- or hetero-dimerization of the ALG-1/2 Argonautes. Structural and 
thermodynamic modeling of ALG-1 proteins associated to cooperating miRNA-binding sites identified residues that may be 
required for cooperation. We are systematically validating these candidates in vivo and using embryonic cell-free assays by 
exploiting CRISPR/Cas-9 mediated genome-editing strategies. Furthermore, we found that two interactors of cooperative 
miRISC, the poly(A) binding proteins PAB-1 and PAB-2, are required for the full functions of miRNAs in vivo. Surprisingly, 
while they are dispensable for miRNA-mediated deadenylation, they are required for all miRNA-mediated translation 
repression.Insight in the mechanistic nature of cooperative miRNA-mediated silencing will enable more reliable prediction of 
the identity of targets, the extent of their silencing, and their biological impact. 

140. Staufen negatively modulates microRNA activity in Caenorhabditis elegans. Zhiji Ren1,2, Isana Veksler-Lublinsky1,2, 
Alejandro Vasquez-Rifo1,2, David Morrissey3, Victor Ambros1,2. 1) Molecular Med, Univ Mass Medical School, Worcester, 
MA; 2) RNA Therapeutics Institute, Univ Mass Medical School, Worcester, MA; 3) Intellia Therapeutics, Inc. Cambridge, 
MA. 
   MicroRNAs (miRNAs) are endogenous non-coding small RNAs that post-transcriptionally regulate gene expression 
primarily through binding to the 3’ untranslated region (3’UTR) of target mRNAs, which results in translation inhibition 
and/or mRNA degradation. MiRNAs are known to play important roles in various developmental and physiological 
processes. Staufen is a double-stranded RNA binding protein that has been shown in Drosophila and mammals to regulate 
mRNA localization, translation and decay. There is only one Staufen homolog identified in C. elegans (stau-1), and the 
mutants of stau-1 have been shown to exhibit enhanced exogenous RNAi phenotypes and slight germline defects.Here we 
demonstrate that loss-of-function mutations of stau-1 increase miRNA activity for several miRNA families. First, both stau-
1(tm2266) and stau-1(q798) suppress the developmental timing defects of a let-7 family mutant, mir-48 mir-241(nDf51). In 
addition, stau-1(tm2266) suppresses the phenotype of a lsy-6 hypomorphic allele (ot150) in a set of bilaterally symmetric 
gustatory neurons (ASEL/R). Finally, stau-1(tm2266) suppresses the heterochronic phenotype of lin-4(e912); lin-14(n719) 
animals. Interestingly, stau-1(tm2266) does not suppress the heterochronic phenotype of the 3’UTR deletion mutant lin-
14(n355n679), which removes all the predicated binding sites for lin-4 and let-7 family miRNAs. Furthermore, small RNA 
high-throughput sequencing analysis reveals that there is no dramatic change in most small RNA population between wild 
type and stau-1(tm2266), except several endogenous siRNAs in the WAGO pathway. The modulation of stau-1 on miRNA 
activity does not seem to be simply caused by the enhanced exogenous RNAi phenotype of stau-1 mutants since eri-
1(mg366) does not suppress, but rather enhances the heterochronic phenotypes of mir-48 mir-241(nDf51) animals. Therefore, 
our results suggest that STAU-1 negatively modulates miRNA activity downstream of biogenesis, possibly by competing 
with miRNAs for binding to target mRNA 3’UTRs. 



141. Characterization of the Argonaute protein C04F12.1/VSRA-1 in C. elegans development. Monica Wu1, Shikui Tu2, 
Zhiping Weng2, Julie Claycomb1. 1) Department of Molecular Genetics, University of Toronto, Canada; 2) Program in 
Bioinformatics and Integrative Technology, University of Massachusetts Medical School, USA. 
   At the core of all small RNA pathways are the Argonaute (AGO) proteins, which interact with particular small RNA 
binding partners to regulate gene expression. C. elegans possesses 26 AGO family proteins and four types of endogenous 
small RNAs. Thus far, the characterization of a handful of AGOs in the worm has shown that they bind to non-overlapping 
subsets of small RNAs to perform distinct regulatory functions throughout development. However, a large number of the 
AGOs remain to be characterized, which could ultimately lead to novel insights into small RNA mediated gene regulatory 
functions. We have investigated the role that an uncharacterized, but well-conserved AGO, C04F12.1, plays in small RNA-
mediated gene regulation throughout development. C04F12.1 is broadly expressed across most developmental stages and 
tissues, but is particularly enriched in the germline. Excitingly, C04F12.1 localizes to cytoplasmic germ granules (P granules) 
and to the nucleus, implicating C04F12.1 in both transcriptional and/or post-transcriptional gene regulation. To dissect the 
molecular functions of C04F12.1, we have cloned and Illumina sequenced small RNAs in both the C04F12.1(tm1637) 
mutant background and from C04F12.1 complexes. Remarkably, our analyses reveal that C04F12.1 associates with multiple 
classes of small RNAs, including a subset of miRNAs, piRNAs, and 22G-RNAs, whereas previously characterized worm 
AGOs generally associate with only one particular type of small RNA. Because of its unique capacity to associate with 
multiple small RNA classes, we have named C04F12.1 VSRA-1 (Versatile Small RNAs Argonaute-1). Consistent with 
functional roles utilizing multiple small RNA classes, vsra-1 displays synthetic genetic interactions with the AGOs generally 
associated with these categories of small RNAs (alg-1, prg-1, csr-1). In vivo reporter assays and mRNA-seq data indicate the 
functional importance of VSRA-1 and point to a role in silencing gene expression. These findings are exciting and point to a 
novel activity for the AGO VSRA-1 in multiple small RNA pathways. Further characterization of VSRA-1 will likely reveal 
new molecular mechanisms of AGO/small RNA-mediated gene regulation, including points of cross-talk and specificity 
between small RNA pathways. Furthermore, due to its unique property of being able to associate with multiple classes of 
small RNAs that generally possess different biochemical features, VSRA-1 can be exploited as a valuable tool in dissecting 
the requirements for small RNA loading onto particular AGO proteins in the worm. 

142. RNA circles can be used to inhibit and assay microRNA activity. Eric Moss, Abrar Sulaimani, Kevin Kemper. Dept 
Molecular Biol, Rowan University SOM/GSBS, Stratford, NJ. 
   A couple of tools would be nice to have for investigating microRNA activity in C. elegans: First, it would be useful to 
block the activity of a single microRNA or a microRNA family in specific cells or stages without mutations. Second, it would 
be helpful to have a quantitative assay for microRNA activity that doesn’t use translated reporters like lacZ, GFP or 
luciferase, so that translation initiation and protein folding and stability don’t muddy the measurements. Several investigators 
have made artificial RNA circles by placing a splice acceptor before a splice donor in a construct. Such circles are stable 
because they lack targets for exonucleases. To get splicing to occur efficiently, the sequence is flanked by inverted repeats 
that bring the splice sites together. We built a vector for expressing RNA circles in C. elegans and have used it to address the 
two desirables mentioned above.First, we generated a microRNA “sponge” containing an artificial sequence of 36 repeats of 
a let-7 seed sequence spaced 18nt apart. (This design is based on the naturally-occurring ciRS-7 sponge that inhibits miR-7 in 
the mammalian brain (Hansen, Nature, 495, 2013)). The let-7 family microRNAs are required for normal timing of epidermal 
development, and if they are knocked out, reiteration of L2 and later seam cell fates occurs, which is easily measured. We 
expressed the circular let-7 sponge in larvae using a col-10 promoter, which is active in the epidermis at all stages. This 
sponge caused a severe reiterative phenotype, whereas its reverse complement did not.We next produced an RNA circle that 
contains a single exact match to a microRNA, in this case lin-4. This match should allow complete base-pairing between the 
microRNA and its target and subsequent cleavage by “Slicer.” (ALG-1 and -2, the two microRNA-binding Argonautes of C. 
elegans, have Slicer activity (Bouasker, NAR, 40, 2012)). We expressed this circle in larvae and measured its stability by 
qRT-PCR in wildtype and lin-4(0). We used the dpy-14 promoter, which is most active in late embryos just prior to hatching, 
so that the only factor contributing to the circle’s abundance is its stability. Removing lin-4 roughly tripled the amount of the 
circle, indicating that we can detect microRNA activity independent of a translated reporter. Our next goals are to determine 
whether flanking sequences affect microRNA activity and whether our Circle Cleavage Assay can be used to measure the 
contributions of RNA regulatory proteins. 

143. The Conserved Histone Chaperone, NAP-1 is Required for Small-RNA Mediated Chromatin Modulation. Michelle 
Francisco, Tuhin Maity, Christopher Wedeles, Julie Claycomb. Molecular Genetics, Univ. of Toronto, Toronto, ON. 
   Small RNA pathways have emerged as key players in maintaining a balance between silencing the expression of exogenous 
or deleterious (nonself) nucleic acid and licensing the expression of endogenous (self) genes in various species. These 
functions are especially critical in the germline, which is an immortal cell lineage in organisms such as the nematode C. 
elegans. In the C. elegans germline, the piRNA-mediated surveillance system encodes tens of thousands of unique 21-
nucleotide piRNAs, which set off a cascade of events to silence a variety of deleterious nucleic acids. If left unchecked, the 
piRNA pathway would have the potential to recognize and silence nearly the entire C. elegans germline transcriptome, thus 



counter measures are also in place to promote germline gene expression.My lab and others recently demonstrated that the 
Argonaute CSR-1 is guided by its 22G-RNA partners to nascent transcripts, where it promotes germline transcription to 
counteract piRNA pathway silencing. We are now using a variety of approaches to dissect the molecular mechanisms by 
which CSR-1 modulates chromatin at its targets to promote transcription. To identify chromatin factors that function in the 
CSR-1 pathway, we performed a candidate RNAi screen of chromatin-related factors previously implicated in RNAi-related 
pathways, searching for key phenotypes that are specific to loss of the CSR-1 pathway (RNAi deficiency, chromosome 
segregation defects, and P granule abnormalities). From this screen, we identified the essential gene nsbp-1/nap-1, which 
encodes a homolog of the human Nucleosome Assembly Protein, NAP-1, and is a member of the highly conserved NAP/SET 
histone chaperone family. Loss of nap-1 phenocopies loss of csr-1, and its expression pattern parallels that of CSR-1. We 
have identified the histone binding partners of NAP-1 and have determined that NAP-1 physically interacts with CSR-1. 
ChIP-seq, coupled with small RNA and gene-expression profiling by RNA-seq when nap-1 is compromised reveal insights 
into the role of NAP-1 in small RNA-mediated chromatin modulation in the CSR-1 pathway, as well as its more general roles 
in regulating chromatin and gene expression throughout development. Together, these studies reveal new insights into a 
novel role for this highly conserved histone chaperone in small RNA-mediated chromatin modulation, and demonstrate a key 
role for NAP-1 in the transmission of epigenetic information from parent to progeny. . 

144. The CSR-1 RNAi pathway promotes germline transcription and defines the chromatin landscape. G. Cecere1, S. 
Hoersch2, S. O'Keeffe1, R. Sachidanandam3, A. Grishok1. 1) Dept Biochem, Columbia Univ, New York, NY; 2) Novartis 
Institutes for Biomedical Research, Basel, Switzerland; 3) Dept Genetics and Genomic Sciences, Mount Sinai, New York, 
NY. 
   Argonaute proteins and their small RNA cofactors short interfering RNAs (siRNAs) are mainly known to inhibit gene 
expression by a variety of mechanisms, which include inhibition of mRNA translation, mRNA or pre-mRNA degradation, 
and inhibition of transcription by promoting heterochromatin assembly. Surprisingly, nuclear Argonaute proteins also 
localize on active euchromatic regions of metazoan genomes, including humans, and their functions on these active loci still 
remain largely unknown.I will present the results of our work on the C. elegans nuclear Argonaute protein CSR-1. CSR-1 
localizes to the nucleus and is exclusively loaded with endogenous siRNAs (endo-siRNAs), called 22G-RNAs, which are 
antisense to more than 4,000 active protein-coding transcripts expressed in the germline. Inactivation of the CSR-1 pathway 
components leads to specific germline defects and embryonic lethality. Despite these observations, the role of CSR-1 in gene 
regulation is unclear. We adapted the Global Run-On sequencing (GRO-seq) method for use in C. elegans to investigate a 
possible function of CSR-1-bound 22G-RNAs in controlling transcription genome wide. We discovered that CSR-1 globally 
promotes transcription of its target genes. Moreover, we demonstrated that CSR-1 interacts with RNA polymerase II (Pol II) 
through nascent RNAs in a siRNA-dependent manner. Finally, our analyses revealed that CSR-1 restricts the activity of Pol 
II to active genomic regions to avoid ectopic initiation of transcription of silent chromatin domains. Remarkably, the 
distinction between silent and active chromatin domains is lost in CSR-1 mutant embryos. Based on these observations, we 
propose a model whereby CSR-1-bound 22G-RNAs produced from the active locations of the genome reinforce germline 
transcription and help to propagate the distinction between active and silent chromatin domains across generations. 

145. Homologous pairing and unpaired silencing of chromosomes are regulated by RNAi during meiosis in C. elegans. 
Hiroaki Tabara1,2, Shohei Mitani3, Megumi Mochizuki4, Yuji Kohara2, Kyosuke Nagata1. 1) University of Tsukuba, Fac. of 
Medicine, Japan; 2) National Institute of Genetics; 3) Tokyo Women's Med. Univ; 4) Kyoto Univ. 
     During meiosis, most chromosomes have homologous partners and undergo homologous pairing.  In contrast, pairing does 
not occur for X-chromosomes in males of C. elegans and free-type chromosome duplications.  These unpaired chromosomes 
are heterochromatinized by meiotic silencing of unpaired DNA, which is often abbreviated to meiotic silencing.  We 
analyzed the differences and similarities of regulation of paired and unpaired chromosomes during meiosis. 
  In C. elegans, unpaired DNA subjected to meiotic silencing forms facultative heterochromatin that is rich in dimethylation 
of lysine 9 on histone H3 (H3K9me2).  Heterochromatinization of unpaired chromosome is known to be abnormal in some 
RNAi mutants, such as the csr-1 mutant corresponding to an Argonaute protein, which has an RNA cleavage (Slicer) activity 
in conjunction with triphosphorylated siRNAs produced by RNA-dependent RNA polymerases.  A similar Slicer activity was 
detected also from C04F12.1 corresponding to another Argonaute protein.  We found that C04F12.1(tm1637) mutation 
enhanced the meiotic silencing defect caused by csr-1(fj54) mutation.  While endogenous RNAi is thought to be involved in 
the early phase of meiotic silencing, the nature of heterochromatin formed by meiotic silencing is not well understood.  Our 
biochemical analysis identified a chromo-domain protein CEC-5 as a component of heterochromatin formed by meiotic 
silencing.  Triple-mutations of cec-5 and similar genes significantly diminished H3K9me2 signals thought to correspond to 
unpaired chromosomes.  In addition, we found that the activity of meiosis-specific cohesin containing COH-3/4 kleisin is 
required for meiotic silencing.  Our immunostaining detected COH-3/4 on unpaired chromosomes and at lateral axes of the 
synaptonemal complex on paired chromosomes. 
  Considering the distribution of COH-3/4, we next asked whether mutants corresponding to COH-3/4 and Slicer-type 
Argonaute proteins show any defect in homolog pairing.  As results of immunofluorescence and FISH experiments, the coh-



3/4 double-mutant and the Slicer-type Argonaute double-mutant showed the defects in homolog pairing, except for pairing 
centers.  An abnormal distribution of COH-3/4 was also observed in some gonads of the Argonaute double-mutant.  Slicer-
type Argonaute proteins are not essential for axis formation of the synaptonemal complex, but they are necessary for 
formation of a synaptonemal complex with accurate homology between homologous chromosomes. 
  Thus, mechanisms of RNAi, meiotic silencing and homologous pairing overlap partially with each other in this organism. 

146. WAGO-4, a tissue specific argonaute, plays a role in germline apoptosis and orchestrates post-transcriptional mRNA 
regulation. Martin Keller1,2, Deni Subasic1,2, Anneke Brummer3, Kapil Singh1,2, Luca Ducoli1, Shivendra Kishore3, Yibo 
Wu4, Mihaela Zavolan3, Ruedi Aebersold4, Michael Hengartner1. 1) Institute of Molecular Life Sciences, University of 
Zurich, Zurich, Switzerland; 2) Molecular Life Sciences PhD program, Life Science Zurich Graduate School, 
ETH/University of Zurich, Zurich, Switzerland; 3) Biozentrum, University of Basel, Basel, Switzerland; 4) Institute of 
Molecular Systems Biology, ETH Zurich, Zurich, Switzerland. 
   Post-transcriptional control of mRNAs by RNA-binding proteins (RBPs) has a prominent role in the regulation of gene 
expression. RPBs interact with mRNAs to control their biogenesis, splicing, transport, localization, translation, and stability. 
Defects in such regulation can lead to a wide range of human diseases from neurological disorders to cancer.Many RBPs are 
conserved between Caenorhabditis elegans and humans, and several RBPs are known to regulate apoptosis in the adult C. 
elegans germline. How these RBPs control apoptosis is, however, largely unknown. We identified wago-4, one of the 27 
worm argonautes, in an RNAi screen as novel regulator of germ cell apoptosis. In an in vivo CLIP experiment we found that 
wago-4 mRNA is controlled by MINA-1, another novel apoptosis relevant RBP.By RNAi experiments we determined that 
WAGO-4 acts specifically in the germ line. This is supported by the exclusive expression of WAGO-4 in the germline 
ranging from the distal tip cell to the region of late oocyte formation. Also, the identification of protein-protein interaction 
partners led to the conclusion that WAGO-4 plays a role in RNAi.A system wide analysis including quantitative proteome 
data (SILAC) and transcriptome data (RNAseq) of a wago-4 deletion mutant compared to wild type pointed at a post-
transcriptional regulatory function of WAGO-4 during apoptosis. Our comprehensive approach allowed us to build a model 
of the germ cell apoptosis RNA regulon and to broaden our understanding of how RBPs orchestrate different cellular events. 

147. MORC-1 regulates endogenous small RNAs, chromatin organization, and germline immortality. Natasha Weiser1,2, 
Danny Yang1,3, Jayshree Khanikar3, Suhua Feng4, Raymond Chan3, Steven Jacobsen4, John Kim1,3. 1) Life Sciences Institute, 
University of Michigan, Ann Arbor, MI; 2) Cellular and Molecular Biology Graduate Program, University of Michigan, Ann 
Arbor, MI; 3) Department of Human Genetics, University of Michigan, Ann Arbor, MI; 4) Department of Molecular, 
Cellular, and Developmental Biology, University of California-Los Angeles, Los Angeles, CA. 
   The germline is an immortal cell lineage. In C. elegans, epigenetic factors such as nuclear endogenous siRNAs (nuclear 
RNAi) and chromatin modifications are critical for maintaining germline immortality. Loss of these factors causes a mortal 
germline (Mrt) phenotype in which fertility declines over generations, eventually leading to complete sterility. As nuclear 
RNAi is inherited and leads to deposition of H3K9me3 at target genes, loss of the critical components of this pathway leads 
to loss of H3K9 trimethylation over generations. This transgenerational loss of heterochromatin is thought to contribute to the 
Mrt phenotype exhibited by nuclear RNAi mutants. However, the specific mechanism by which nuclear RNAi mediates 
heterochromatin deposition and germline mortality remains to be clarified.We have identified MORC-1, a highly-conserved 
zinc-finger protein, as a novel factor which links the nuclear RNAi pathway to heterochromatin formation and germline 
mortality. MORC-1 is dispensable for biogenesis and inheritance of siRNAs but necessary for the effector function of the 
nuclear RNAi pathway. Accordingly, morc-1(-) mutants exhibit progressive defects in germline nuclear organization and a 
moderate defect in localization of H3K9 trimethylated foci at the nuclear periphery. MORC-1 contains an H3K4 reader 
domain and is excluded from H3K9me3 foci, suggesting that MORC-1 may be required for erasing euchromatin marks to 
allow for the formation of heterochromatin. In support of this hypothesis, the germline mortal phenotype of morc-1(-) worms 
can be rescued by mutations in the H3K4 methyltransferases, set-17 and set-30. Taken together, these data support a model in 
which MORC-1 may regulate the balance of active and silent chromatin by binding euchromatin to promote the removal of 
activating marks such as H3K4me3, thus allowing for the deposition of repressive H3K9me3 marks by the nuclear RNAi 
pathway. We are currently exploring the role of MORC-1 in establishment and maintenance of chromatin marks. 

148. Computer-assisted transgenesis of C. elegans for deep phenotyping. Cody Gilleland1, Adam Falls1, James Noraky1, 
Maxwell Heiman2, Mehmet Yanik1,3,4. 1) Electrical Engineering and Computer Science, Massachusetts Institute of 
Technology, Cambridge, MA; 2) Department of Genetics, Boston Children’s Hospital and Harvard Medical School, Boston, 
MA; 3) Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA; 4) Department of 
Electrical Engineering, ETH Zürich, 8093 Zürich, Switzerland. 
   A major goal in the study of human disease is to assign functions to genes or genetic variants. The model organism C. 
elegans provides a powerful tool because homologs of many human genes are identifiable, and large collections of genetic 
vectors and mutant strains are available.  However, the delivery of such vector libraries into mutant strains remains a long-
standing experimental bottleneck for phenotypic analysis. Here, we present a computer-assisted micro-injection (CAMI) 



platform to streamline the production of transgenic C. elegans with multiple vectors for deep phenotyping. Briefly, animals 
are immobilized in a temperature-sensitive hydrogel using a standard multiwell platform. Microinjection is then performed 
under control of an automated microscope using precision robotics driven by customized computer vision algorithms. We 
demonstrate utility by phenotyping the morphology of 12 neuronal classes in 6 mutant backgrounds using combinations of 
neuron-type-specific fluorescent reporters.  A standard assay of rol-6 plasmid expression efficiency determined that 
transgenesis by CAMI occurs at an efficiency well in line with conventional techniques. CAMI operates at a rate of ~25 sec 
per gonad target with no user fatigue, in contrast to conventional manual microinjection at ~2-3 min per animal where, in 
addition, most users cannot sustain injecting for more than 1-2 hours. Typically, one needs to inject ~15 animals to ensure 
obtaining a transgenic line. Importantly, however, recent genome-editing techniques such as Crispr/Cas9-mediated genome 
editing require larger cohorts of ~50 animals, which are challenging using manual methods but are easily accommodated 
using CAMI. This technology can industrialize the assignment of in vivo gene function by enabling large-scale transgenic 
engineering. 

149. An auxin-inducible degradation (AID) system for precise temporal and spatial control of protein depletion. L. 
Zhang1,2,3,4, J. Ward5, Z. Cheng1,2,3,4, A. Dernburg1,2,3,4. 1) Department of Molecular and Cell Biology, Howard Hughes 
Medical Institute, Berkeley, CA 94720-3220, USA; 2) Howard Hughes Medical Institute; 3) Life Sciences Division, 
Department of Genome Dynamics, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA; 4) California 
Institute for Quantitative Biosciences; 5) Department of Cellular and Molecular Pharmacology, University of California, San 
Francisco, CA 94158, USA. 
   Established approaches for protein depletion in C. elegans have primarily relied on disrupting genes or inhibiting their 
expression. A method for posttranslational depletion of proteins has recently been developed (Armenti et al., 2014), but this 
approach has some limitations: In particular, it cannot be used in the germline or in early embryos, and conditional depletion 
involves induction of a ubiquitin ligase, requiring both heat shock and lag time. As an alternative method for rapid, inducible 
protein depletion, we have implemented the auxin-inducible degradation (AID) system in C. elegans. This system relies on 
expression of a plant-specific F-box protein, TIR1, which interacts with endogenous Skp1 and Cul1 proteins. This SCF 
ubiquitin ligase complex recognizes substrates only in the presence of auxin (indole acetic acid, or IAA). We expressed an 
optimized TIR1 transgene and found that it mediates rapid, auxin-dependent degradation of nuclear or cytoplasmic proteins 
tagged with a short (44-amino acid) degron sequence. The degron can be fused to endogenous genes or transgenes, with or 
without a fluorescent protein or other tag as a reporter for expression and degradation. CRISPR/Cas9 editing with pha-1(ts) 
co-conversion (Ward, 2015) allowed efficient introduction of degron-3xFLAG tags in 8-9 days. TIR1 expression or IAA 
alone had no detectable effects on worm viability or fertility. The AID system mediates inducible protein degradation in 
somatic tissues, embryos, and the mitotic and/or meiotic germline. Degron-tagged proteins are depleted within 30 minutes in 
the soma or an hour in the germline. Using MosSCI, we have engineered TIR1 transgenes with various promoter and 3’UTR 
sequences to restrict expression to specific somatic tissues or subregions within the germline. We have harnessed the system 
both to explore the role of dynamically expressed nuclear hormone receptors in molting and to analyze meiosis-specific roles 
for proteins required for germline proliferation. Thus, the AID system provides a powerful new tool for spatiotemporal 
regulation and analysis of protein function in C. elegans.References: Armenti, S.T., Lohmer, L.L., Sherwood, D.R., and 
Nance, J. (2014). Development 141: 4640-7. 

150. Engineering non-mendelian genetics. Henrik Bringmann, Judith Besseling. MPI Biophysical Chemistry, Goettingen. 
   150 years ago, Gregor Mendel described the basic rules of genetics. According to these rules, each parent makes an equal 
genetic contribution to an offspring in sexually reproducing organisms. The bipolar mitotic spindle controls the equal 
segregation of paternal and maternal chromosomes during the first cell division.Being able to rewrite the rules of genetic 
segregation would expand the technological possibilities of biology and biotechnology, which may allow novel synthetic 
approaches to engineering animals in the future.Here, we manipulated the mitotic spindle during the first cell division of 
Caenorhabditis elegans to segregate maternal and paternal chromosomes into different cell lineages, resulting in non-
mendelian segregation of entire genomes.Non-mendelian genetics was achieved by generating a strain that forms two 
monopolar spindles instead of one bipolar spindle during the first cell division. Monopolar spindles were generated by up 
regulating GPR-1 activity to increase microtubule-based cortical force generators to pull apart paternal and maternal 
pronuclei before nuclear envelope breakdown. Thus, one monopolar spindle was formed from only paternal chromosomes 
and one monopolar spindle was formed from only maternal chromosomes.  The maternal monopolar spindle always formed 
in the anterior, and the paternal monopolar spindle always formed in the posterior of the zygote. As a consequence, only 
paternal chromosomes were segregated to P1, and thus to the germline. Thus, this monopolar spindle strain selectively passed 
on only paternal chromosomes, and thus acted like a “host” after mating: mothers produced F1 offspring with a mixed 
maternal-paternal genotype, but these hermaphrodites segregated F2 offspring with only paternal chromosomes. We are 
currently using this non-mendelian segregation to investigate parent-of-origin effects.Taken together, we found that genetic 
rules can be rewritten by engineering cell division in an animal to generate non-mendelian segregation of entire genomes. 
This may be the starting point for a novel, synthetic zoology. 



151. Acyl-CoA oxidase complexes control the chemical message produced by C. elegans. Xinxing Zhang, Likui Feng, Satya 
Chinta, Prashant Singh, Yuting Wang, Joshawna Nunnery, Rebecca Butcher. Chemistry, University of Florida, Gainesville, 
FL. 
   The nematode Caenorhabditis elegans secretes a family of pheromones called the ascarosides to induce development of the 
dauer larval stage, as well as to coordinate various behaviors.  The ascarosides are derivatives of the 3,6-dideoxy-L-sugar 
ascarylose with different fatty acid-derived side chains.  We are using a multidisciplinary approach, including RNAi-based 
screens, metabolomics, in vitro enzyme assays, organic synthesis of biosynthetic intermediates, and X-ray crystallography, to 
study the ascaroside biosynthetic pathway.  We have shown that peroxisomal β-oxidation cycles shorten long-chain 
ascaroside precursors to the shorter chain, ascaroside pheromones.  Acyl-CoA oxidases, which catalyze the first step in these 
β-oxidation cycles, form different protein homo- and heterodimers with distinct side chain length preferences.  Mutations in 
the acyl-CoA oxidase genes, acox-1, -2, and -3, led to specific defects in ascaroside production.  When the acyl-CoA 
oxidases were expressed alone or in pairs and purified, the resulting acyl-CoA oxidase homo- and heterodimers displayed 
different side chain length preferences in an in vitro activity assay.  Specifically, an ACOX-1 homodimer controls the 
production of ascarosides with side chains with nine or fewer carbons, an ACOX-1/ACOX-3 heterodimer controls the 
production of those with side chains with seven or fewer carbons, and an ACOX-2 homodimer controls the production of 
those with ω-side chains with less than five carbons.  Our results support a biosynthetic model in which β-oxidation enzymes 
act directly on the CoA-thioesters of ascaroside biosynthetic precursors.  Furthermore, we identify specific environmental 
conditions, including high temperature and low food availability, which induce the expression of acox-2 and/or acox-3 and 
lead to corresponding changes in ascaroside production.  Thus, we have uncovered an important mechanism by which C. 
elegans increases the production of the most potent dauer pheromones, those with the shortest side chains, under stressful 
environmental conditions.  Furthermore, we have identified additional peroxisomal enzymes that are responsible for the 
biosynthesis of pheromones with specific modifications to their fatty acid side chains.  Our work demonstrates how C. 
elegans controls the chemical message that it communicates to the rest of the population in response to changing 
environmental conditions. . 

152. Mechanisms underlying transmission dynamics of mutant mitochondrial genomes. Maulik Patel1, Harmit Malik2,3. 1) 
Biological Sciences, Vanderbilt University, Nashville, TN; 2) Howard Hughes Medical Institute, Seattle WA; 3) Fred 
Hutchinson Cancer Research Center, Seattle WA. 
   Hundreds to thousands of independently replicating copies of the mitochondrial genome (mtDNA) are present in each cell. 
Therefore, mutations in mtDNA can be present at varying heteroplasmic frequencies and can be pathogenic at high levels. 
How mutant mtDNA can rise in frequency despite being deleterious to the host is a fundamental question in the field of 
mitochondrial genetics. We reasoned that study of mutant mtDNA as evolutionarily 'selfish' elements might provide insights 
into this question. Towards this end, we have developed C. elegans as a model system to study transmission dynamics of 
mutant mtDNA. Specifically, we have characterized a mutant mtDNA that is heteroplasmically inherited along with wildtype 
mtDNA. Our data reveal existence of a homeostatic mtDNA copy number control mechanism in the C. elegans germline, 
which the mutant mtDNA evades in order to replicate uncontrollably. In fact, our results suggest a model in which the mutant 
mtDNA takes advantage of the germline's copy number control mechanism to 'hitchhike' to high frequency. We are currently 
analyzing whole genome sequencing data from dozens of additional heteroplasmies to determine whether escape from 
germline copy number control is a common mechanism that mutant mtDNA employ to ensure their faithful inheritance. In 
summary, our results provide novel mechanistic insights into the transmission dynamics of selfish mutant mtDNA. 

153. New 13C- and 15N-labeling strategies to monitor individual phospholipid dynamics identify regulators of membrane 
rejuvenation. B Dancy1, S Chen1, R Drechsler1, P Gafken2, C Olsen1. 1) Division of Basic Sciences, Fred Hutchinson Cancer 
Research Center, Seattle, WA; 2) Proteomics Facility, Fred Hutchinson Cancer Research Center, Seattle, WA. 
   The lipid composition of a membrane greatly influences how it functions, yet we know little about the mechanisms that 
regulate its maintenance.  Although there is a continual flux of new fatty acids to maintain its composition, there are no 
current methods that allow an understanding of the dynamics and underlying mechanisms.  Here, we developed mass 
spectrometry based approaches to compare multiple lipid populations simultaneously and found different dynamics of fatty 
acid replacement in phospholipids and neutral lipids.  Because Stearoyl-CoA desaturases are known regulators of membrane 
composition, we used adult-only SCD RNAi to look for changes in membrane dynamics when the proper fatty acids are not 
available.  Strikingly, we also found a reduction in the turnover of fatty acids produced independently of SCDs, 
demonstrating a more general role for these enzymes in membrane maintenance.  Furthermore, we extended our technique to 
analyze intact phospholipids with a novel 15N approach by LC-MS/MS and found that SCD RNAi led to a significant 
reduction in the turnover of nearly all the phospholipid molecules examined.  Taken together, the 13C and 15N feeding 
approaches have revealed a novel role for SCDs in influencing the overall rates of membrane maintenance.  Finally, we 
identified compensatory responses in overall phospholipid structure as SCD RNAi results in major adaptations to the 
membrane structure by LC-MS/MS, most notably a pairing of saturated fat with highly polyunsaturated fatty acid that 
suggests active remodeling.  The implementation of stable isotopes to monitor membrane maintenance in C. elegans has 



identified novel facets of membrane regulation particularly a role for Stearoyl-CoA desaturases in controlling rates of 
membrane rejuvenation. 

154. Loss of the C. elegans holocarboxylase synthetase homolog, MEL-3 disrupts anterior-posterior polarity in the embryo 
and causes larval arrest in a diet dependent manner. Jason Watts1, Diance Morton2, Kenneth Kemphues2, Jennifer Watts1. 1) 
School of Molecular Biosciences, Washington State University, Pullman, Wa; 2) Department of Molecular Biology and 
Genetics, Cornell University, Ithaca, NY. 
   The establishment of anterior-posterior polarity occurs rapidly, and is tightly coordinated with meiosis and eggshell 
formation. The precise timing of the process requires that many of the macromolecules involved must be synthesized and in 
the correct location prior to fertilization. Lipids play a vital role during the oocyte-to-embryo transition. A precise lipid 
balance must be maintained to support signaling prior to fertilization as well as membrane structural integrity and eggshell 
formation after. Here, we demonstrate that MEL-3, the C. elegans homolog to mammalian holocarboxylase synthetase, is an 
essential player in lipid biosynthesis and in the events following fertilization of the embryo.We found that reduction of MEL-
3 function disrupts anterior-posterior polarity and permeability barrier formation in the C. elegans embryo similarly to loss of 
de novo fatty acid synthesis. We confirmed MEL-3’s crucial role in de novo fatty acid synthesis using stable isotope labeling. 
Further, by genetically manipulating the bacterial food source of C. elegans to limit the dietary fatty acid precursors available 
to worms, we show that MEL-3 function is essential for larval development when dietary malonyl-CoA is 
limited.Importantly, we can rescue larval development in mel-3 mutants with supplemental biotin; however, we cannot rescue 
embryonic phenotypes with biotin or fatty acids. The observation that the mutants can utilize exogenous biotin suggests that 
they retain some enzymatic function and that the worm can use dietary metabolites to sustain post-embryonic development 
even when MEL-3 function is reduced, but full function is essential for the embryo. This suggests that the worm diet cannot 
compensate for either the rapid rate of lipid synthesis required at the transition, or for the specific lipid products 
produced.  We conclude that C. elegans has a specific requirement for fully functioning lipid biosynthesis machinery during 
the oocyte-to-embryo transition. . 

155. Dietary vitamin B12 intake dictates expression of a novel, B12-independent propionate breakdown pathway in C. 
elegans. Emma Watson1,2, Michael Hoy1,2, Maria Olin-Sandoval3, Markus Ralser3, A. J. Marian Walhout1,2. 1) Program in 
Systems Biology, UMass Medical School, Worcester, MA; 2) Program in Molecular Medicine, UMass Medical School, 
Worcester, MA; 3) Department of Biochemistry, University of Cambridge, Cambridge, GB. 
   In recent years, much attention has been paid to the cellular and organismal responses to dietary restriction, however less 
attention has been paid to responses to dietary composition, which can also have profound effects on physiology. We sought 
to elucidate the mechanisms connecting dietary composition, metabolic gene regulation, and physiological responses. In its 
natural environment, C. elegans encounters diverse bacterial diets. Compared to a diet of E. coli OP50, a diet of Comamonas 
aquatica accelerates C. elegans developmental rate, reduces fecundity and shortens lifespan. These physiological responses 
are accompanied by gene expression changes. Taking advantage of this natural, genetically tractable predator-prey system, 
we performed genetic screens i) in C. elegans to identify regulators of diet-responsive genes, and ii) in E. coli and 
Comamonas to determine dietary factors driving transcriptional and physiological responses in C. elegans. We identified a C. 
elegans transcriptional program that regulates metabolic genes in response to vitamin B12 content in the bacterial diet, and 
find that vitamin B12 supplementation accelerates development. Interestingly, several B12-responsive metabolic genes of 
unknown function are transcriptionally activated when B12 levels are low and flux through the canonical B12-dependent 
propionate breakdown pathway is impaired. Mutation of these genes renders animals sensitive to propionate-induced toxicity 
on low B12-diets. We hypothesize that these genes form an alternate, B12-independent, beta-oxidation-like propionate 
breakdown shunt in C. elegans. In support of this hypothesis, metabolomics revealed a unique intermediate from the putative 
shunt, and this metabolite accumulates when we mutate a predicted downstream enzyme. We propose that C. elegans has 
evolved an adaptive response to low-B12 content bacterial diets, in which novel propionate breakdown genes are 
transcriptionally unregulated to compensate for reduced canonical propionate breakdown pathway function. 

156. innate immunity mediated longevity and reproductive longevity converge on the c-type lectin domain (ctld) protein upr-
1. elad yunger, modi safra, yehuda salzberg, sivan henis-korenblit. The Mina and Everard Faculty of Life Science, Bar-Ilan 
University, Ramat Gan, Israel. 
   In Caenorhabditis elegans and Drosophila melanogaster, removal of the germline stem cells slows down aging of the 
organism. Nevertheless, the mechanism by which somatic tissues respond to loss of the germline and how this promotes 
longevity is not well understood. In this study, we identified an innate immunity-associated C-type lectin protein encoded by 
the upr-1 gene as a novel determinant of this longevity pathway.upr-1 is required for loss of the germ cells to increase C. 
elegans' lifespan, but is not required for lifespan extension by other longevity pathways. Accordingly, in the absence of upr-
1, the activation of the germ cell-regulated transcription factors DAF-16/FOXO and NHR/DAF-12 is compromised. 
Furthermore, when the germline is removed, upr-1's transcription in the intestine increases. This induction may be 
functionally significant as upr-1 overexpression or a gain-of function mutation in upr-1 in normal, fertile animals bypasses 



the requirement for germ-cell loss and extends lifespan. Strikingly, this lifespan extension relies on the same set of genes 
required for extending lifespan in the reproductive longevity pathway. In addition, similarly to the longevity conferred upon 
germ cell removal, upr-1-mediated longevity also requires an intact somatic gonad.In agreement with the presumed role of 
CTLD proteins in the innate immune response, upr-1 promotes longevity by modulating the nematode's innate immune 
response. Accordingly, upr-1 activation is sufficient to stimulate the PMK-1/ATF-7 innate immune response pathway and the 
stimulation of this innate immune response pathway is essential for the lifespan-extending phenotype of upr-1 gof mutants. 
Furthermore, upr-1 activation extends the lifespan of animals fed with live bacteria, but does not further extend the lifespan 
of animals fed with dead bacteria. This indicates that in animals with an intact germline, upr-1 promotes longevity primarily 
by improving their ability to deal with pathogens.  In summary, our findings indicate that upr-1 plays a key role in 
transducing longevity-promoting signals from the reproductive system to the somatic tissues in germlineless animals and that 
it can practically activate the germ cell-associated longevity program as well as an innate immunity program independently of 
pathogen exposure or germ cell removal. These findings shed light on the important crosstalk between the reproductive 
system, innate immunity system and longevity. 

157. Internal structural damage induces an innate immune response in C. elegans epidermis. Yun Zhang, Wenna Li, Linfeng 
Li, Yuanbao Li, Rong Fu, Yi Zhu, Huimin Zhang. Soochow University, Suzhou. 
   Being a first-line defense, the epidermis is in constant confrontation against pathological or mechanical insults that disrupt 
the epidermal architecture. Yet whether and how the immune system of the epidermal cells recognizes its structural damage 
as a danger signal to activate self-defense remains unclear. Here we use C. elegans epidermis as the model to address this 
question. The adult C. elegans epidermis is a single-cell-layered tissue with highly organized 3-D architecture. When 
subjected to skin-penentrating fungal infection or physical injury, it activates innate defense through p38-MAPK and TGF-β 
signaling cassettes and produces antimicrobial peptides (AMPs) such as nlp-29 and cnc-2. By disrupting each epidermal 
architectural components seperately, we pinpointed a spatially-restricted group of structures at the apical hemidesmosomes 
capable of activating epidermal immune defense once damaged. By screening most signaling molecules known to control 
AMP production, we found that the immune defense against epidermal damage depends on STA-2, but not on any other 
immune-related signaling pathways known to date. The endogenous STA-2 is mostly associated with apical 
hemidesmosomes in the healthy epidermis. Disruption of apical hemidesmosomes leads to increased nuclear localization of 
STA-2 and results in AMP up-regulation. The cooperation between hemidesmosomes and STA-2 enables the epidermis to 
bypass p38-MAPK and TGF-β signaling pathways and directly turn on immune effector genes when subjected to severe 
architectural damage by internal or external causes. Together, our findings uncovered a cell-autonomous surveilance program 
installed within the stable attachment structures of the epidermal cells, and a novel mechanism for the epidermis to detect 
danger and activate self-defense. These results may also provide mechanistic insights into the pathogenesis of inflammatory 
diseases involving epidermal damage.. 

158. The gut-brain cross talk regulates innate immunity in Caenorhabditis elegans. Abdul Hakkim Rahamathullah, 
Sakthimala Jagadeesan, Sid Ahmed, Rhonda Feinbaum, Fred Ausubel. Molecular Biology, Massachusetts General Hospital, 
Boston, MA. 
   The soil nematode Caenorhabditis elegans in the wild encounters various pathogens and pathobionts. However they lack 
the evolutionarily conserved toll-like receptors (TLRs) for pathogen recognition and defense suggesting that the worm may 
employ alternative strategies for pathogen resistance. However very little is known about the molecular mechanisms that 
regulate worm immunity. Using an image based RNAi screen for increased gut colonization with the pathogenic bacteria 
Pseudomonas aeruginosa, we identified PDFR-1; a G-protein coupled receptor and its endogenous ligands PDF-1 and PDF-2 
to be essential for pathogen defense. Interestingly, we show that the ligands are only upregulated in intestine following the 
infection and activate the receptor in sensory neurons, signifying that there is a gut-brain cross talk during infection. This 
may either trigger the worm’s flight response or lead to expression of downstream immune effectors contributing to the host 
defense. 

159. Aberrant activation of p38 MAP kinase-dependent innate immune responses is toxic to C. elegans. Hilary Cheesman1,3, 
Rhonda Feinbaum2,3, Robert Dowen2, Read Pukkila-Worley1. 1) University of Massachusetts Medical School, Worcester, 
MA; 2) Massachusetts General Hospital, Boston, MA; 3) Equal Contribution. 
   Inappropriate activation of innate immune responses in intestinal epithelial cells underlies the pathophysiology of 
inflammatory disorders of the intestine. Here we examine the physiological effects of immune hyperactivation in the intestine 
of the model nematode C. elegans. We previously identified an immunostimulatory xenobiotic, called RPW-24, that protects 
C. elegans from bacterial infection by inducing immune effector expression via the conserved p38 MAP kinase pathway, but 
was toxic to nematodes developing in the absence of pathogen. To investigate a possible connection between the toxicity and 
immunostimulatory properties of this xenobiotic, we conducted a forward genetic screen for C. elegans mutants that are 
resistant to the toxic effects of the compound. We identified seven toxicity suppressors from a screen of approximately 
100,000 mutagenized haploid genomes, and found that five of these strains contain loss-of-function mutations in each of the 



known components of the p38 MAP kinase cassette (tir-1, nsy-1, sek-1 and pmk-1). These data indicate that the toxicity of 
RPW-24 is directly related to its stimulatory effects on the p38 MAPK pathway. We therefore predicted that a genetic screen 
aimed at identifying endogenous activators of the p38 MAP kinase pathway would uncover mutants that phenocopy the 
addition of RPW-24 to wild-type animals. We screened approximately 170,000 haploid genomes for dominant mutations that 
activated the p38 MAPK-dependent pathogen response gene (F08G5.6::GFP) and identified a single allele, which had a 
gain-of-function (gof) mutation in nsy-1, the MAP kinase kinase kinase that acts upstream of p38 MAPK PMK-1. We found 
that the nsy-1(gof) allele had greater levels of phosphorylated p38 MAPK, caused hyperinduction of p38 MAPK PMK-1-
dependent immune effectors, and was more resistant to killing by the bacterial pathogen Pseudomonas aeruginosa compared 
to wild-type controls. As was the case in wild-type worms that were exposed to RPW-24, a nsy-1(gof) mutation was toxic to 
developing animals, a phenotype that could be suppressed through RNAi-mediated knockdown of the nsy-1 gene. Thus, a 
gain-of-function mutation in nsy-1 and xenobiotic-induced hyperactivation of the p38 MAPK pathway each drive immune 
responses that are protective during infection, but are toxic to nematodes under normal growth conditions. These data suggest 
that there are physiological mechanisms that regulate the p38 MAPK pathway to ensure cellular homeostasis in C. elegans. 

160. Mitophagy and hypoxic response protect C. elegans against P. aeruginosa pathogenesis. Natalia Kirienko1,2, Daniel 
Kirienko1,2, Fred Ausubel1,2, Gary Ruvkun1,2. 1) Dept Molecular Biol, Mass General Hospital, Boston, MA; 2) Harvard 
Medical School, Boston, MA. 
   In the arms race of bacterial pathogenesis, bacteria produce an array of toxins and virulence factors that disrupt core host 
processes. Hosts mitigate the ensuing damage by responding with immune countermeasures. The iron-binding siderophore 
pyoverdin is a key virulence mediator of the human pathogen Pseudomonas aeruginosa, but its pathogenic mechanism has 
not been established. Here we demonstrate that pyoverdin enters Caenorhabditis elegans and that it is sufficient to mediate 
host killing. In addition, a screen of small molecules that protect C. elegans from P. aeruginosa virulence identified a number 
of hits that interfere with either the function or the biosynthesis of pyoverdin. This confirms the importance of this virulence 
factor as well as offer possibilities for developing anti-Pseudomonal therapies.We show that exposure to pyoverdin disrupts 
mitochondrial homeostasis and triggers mitophagy both in C. elegans and mammalian cells. Disruption of iron homeostasis 
also causes stabilization of HIF-1, triggering a hypoxic response that contributes to the immune defense against P. 
aeruginosa. Finally, we show that activation of mitophagy provides protection both against the extracellular pathogen P. 
aeruginosa and to treatment with a xenobiotic chelator, phenanthroline, in C. elegans. Although autophagic machinery has 
been shown to target intracellular bacteria for degradation (a process known as xenophagy), our report establishes a role for 
authentic mitochondrial autophagy in the innate immune defense against P. aeruginosa. 

161. Opposite immune responses in Caenorhabditis elegans caused by a single gene, the neuropeptide receptor gene npr-1. 
R. Nakad1,4, B. L. Snoek2, W. Yang1, K. Dierking1, P. C. Rosenstiel3, J. E. Kammenga2, H. Schulenburg1. 1) Department of 
Evolutionary Ecology and Genetics, Zoological Institute, University of Kiel, 24098 Kiel, Germany; 2) Laboratory of 
Nematology, Wageningen University, Wageningen 6708 PB, The Netherlands; 3) Institute for Clinical Molecular Biology, 
University of Kiel, 24098 Kiel, Germany; 4) Cologne Excellence Cluster for Cellular Stress Responses in Ageing-Associated 
Diseases (CECAD) and Systems Biology of Ageing, University of Cologne, Joseph-Stelzmann-Str. 26, 50931 Cologne, 
Germany. 
   The nematode Caenorhabditis elegans feeds on microbes in its natural environment. Some of these microbes are 
pathogenic and thus harmful to the worm. To minimize fitness reductions, C. elegans has evolved various defence 
mechanisms including behavioural responses (i.e., avoidance behaviour). In this study, we characterized the genetic 
architecture of natural variation in C. elegans avoidance behaviour against the infectious stages of the Gram-positive 
bacterium Bacillus thuringiensis. We performed an analysis of quantitative trait loci (QTLs) using recombinant inbred lines 
(RILs) and introgression lines (ILs) generated from a cross of two genetically distinct C. elegans strains, N2 and CB4856. 
The analysis identified several QTLs that underlie variation in the behavioural response to pathogenic and non-pathogenic 
bacteria. One of the candidates is the npr-1 gene, which encodes a homolog of the mammalian neuropeptide receptor. Npr-1 
was previously indicated to fully contribute to behavioural defence against the Gram-negative bacterium Pseudomonas 
aeruginosa. Surprisingly, npr-1 influences both survival and avoidance behaviour toward B. thuringiensis in exactly the 
opposite way than toward P. aeruginosa. We subsequently used RNA-Seq to explore in what way npr-1 differentially 
influences C. elegans defence responses toward these two distinct pathogen taxa. The analysis suggests that npr-1 mediates 
resistance towards P. aeruginosa through the induction of oxidative stress genes and activation of GATA transcription 
factors, while it seems to contribute to susceptibility towards B. thuringiensis through the repression of oxidative stress genes 
combined with activation of Ebox transcription factors. Our findings highlight the role of npr-1 in fine-tuning nematode 
defence responses depending on the microbe to which C. elegans is exposed. 

162. A STAT homologue is a key transcription factor in Caenorhabditis elegans antiviral immunity. Melanie TANGUY1, 
Peter SARKIES1,2, Eric MISKA1. 1) Gurdon Institute and Department of Genetics, University of Cambridge, Tennis Court 
Road, Cambridge CB2 1QN, United Kingdom; 2) MRC Clinical Sciences Centre, Faculty of Medicine, Imperial College 



London, London W12 0NN, United Kingdom. 
   Innate immunity represents the capacity of any cell types to mount a reaction against any potential danger and is conserved 
in all domains of life. The recent discovery of a virus able to infect C. elegans in the wild offers the opportunity for 
characterization of its antiviral immunity mechanisms. We previously showed that the RNAi pathway is a major component 
of antiviral innate immunity, and is initiated by DRH-1 (1), a member of the family of RIG-I like receptors conserved in 
mammals (2). Surprisingly, despite the absence of interferon in C. elegans, DRH-1 also acts upstream of a transcriptional 
response to viral infection (3). Through further analysis of the antiviral transcriptional response, we identified the STAT 
family transcription factor STA-1 as a main effector of innate immunity.  Intriguingly, just as in mammals, STA-1 acts 
downstream of viral sensing by DRH-1. However, unlike in mammals, STA-1 acts as a constitutive repressor of viral 
response genes, with DRH-1 acting to release repression as a result of viral infection.Altogether, we propose that DRH-1 has 
a conserved role in a STAT signaling pathway during viral infection in addition to its initiator of the RNAi response. The 
respective contribution of RNA interference and interferon pathways across species or even within an organism is a current 
challenge of antiviral research. In this study, we take advantage of Orsay virus infection in C. elegans and the dual role of its 
RIG-I like receptor to better understand how organism can shape an efficient response to pathogen.1.        Ashe A et al. Elife. 
2(0):e00994. (2013)2.        Yoneyama M et al. Curr. Opin. Immunol. 32C:48. (2015)3.        Sarkies P et al. Genome Res. 
23(8):1258. (2013). 

163. Infection by a single microsporidia cell fuses the intestine of C. elegans into a syncytium. Keir Balla, Emily Troemel. 
Division of Biological Sciences, Section of Cell and Developmental Biology, UCSD, La Jolla, CA. 
   Cell-cell fusion is a common developmental process in animals that is limited to specialized tissues. Interestingly, cells that 
do not normally undergo fusion can be induced to do so by pathogens. For example, viruses and bacteria are well-known 
coordinators of abnormal cell-cell fusion in hosts. Here, we find that infection by an intracellular eukaryotic pathogen causes 
a dramatic fusion of host cells during the replication phase of its lifecycle. Specifically, when C. elegans is infected by the 
microsporidian parasite Nematocida parisii, the pathogen grows and fuses intestinal cells as it spreads from cell to cell. We 
find that intestinal infection by a single N. parisii cell can rapidly grow to dominate the entire organ before differentiating to 
form new spores, which are the transmissible form of the parasite. We use microscopy to observe infection over time in live 
animals and find that GFP-labeled LET-413, a marker of basolateral membrane, is disrupted on intestinal cells as N. parisii 
spreads. Furthermore, by measuring the diffusion of a photoconvertible fluorescent protein we find that the cytoplasmic 
content of infected intestinal cells becomes shared. These experiments demonstrate that a single infectious event by a 
eukaryotic pathogen causes the intestine of C. elegans to fuse into a syncytium. We are now performing a forward-genetic 
screen to identify host factors that underlie this process. 

164. The microtubule dynamics regulator EFA-6 responds to injury and inhibits axon regeneration via TAC-1 and ZYG-
8/DCLK. Lizhen Chen1,2, Marian Chuang1, Thijs Koorman3, Mike Boxem3, Yishi Jin1,2, Andrew Chisholm2. 1) University of 
California, San Diego, La Jolla, CA; 2) Howard Hughes Medical Institute; 3) Department of Biology, Utrecht University, 
3584 CH Utrecht, The Netherlands. 
   Axon injury triggers a complex sequence of changes in the axonal cytoskeleton that are prerequisites for effective axon 
regeneration. We previously identified EFA-6 as a potent intrinsic inhibitor of axon regrowth in C. elegans (Chen et al. 2011, 
Neuron). We report that axon injury triggers a rapid and transient relocalization of EFA-6 from the plasma membrane to the 
cytoskeleton, concomitant with a local downregulation of axonal MT dynamics after injury. Relocalization is modulated by 
axonal Ca2+ levels and correlates with EFA-6 protein function in microtubule (MT) regulation and axon regeneration. The N-
terminus of EFA-6 is predicted to be an intrinsically disordered domain, and mediates the abilioty of EFA-6 to modulate MT 
dynamics and axon growth and regeneration. A conserved 18-aa motif in the N terminus is required for its injury-induced 
relocalization and for inhibition of axon regeneration. We show that the EFA-6 N-terminal domain directly interacts with MT 
associated proteins TAC-1, a member of the TACC (Transforming-Acidic-Coiled-Coil) family, and ZYG-8, an ortholog of 
Doublecortin-Like Kinase (DCLK). Using conditional alleles and tissue-specific knockout strategies we find that TAC-1 and 
ZYG-8 are required for initiation of axon regeneration, and that their overexpression can promote regrowth. Furthermore, 
injury triggers relocalization of EFA-6 and TAC-1 to sites overlapping with the MT minus end binding protein 
Patronin/PTRN-1. We propose that EFA-6 is a bifunctional injury-responsive regulator of MT dynamics, acting at the cell 
cortex in the steady state and at MT minus ends after axon injury. 

165. EFF-1-mediated regenerative axonal fusion requires components of the apoptotic pathway. Brent Neumann1,2, Sean 
Coakley1, Rosina Giordano-Santini1, Casey Linton1, Eui Seung Lee3, Akihisa Nakagawa3, Ding Xue3, Massimo A Hilliard1. 
1) Queensland Brain Institute, The University of Queensland, Brisbane QLD 4072, Australia; 2) Anatomy and 
Developmental Biology, Monash University, Clayton, Victoria 3800, Australia; 3) Department of Molecular, Cellular, and 
Developmental Biology, University of Colorado, Boulder, Colorado 80309, USA. 
   Functional regeneration after nervous system injury requires transected axons to reconnect with their original target tissue. 
Axonal fusion, a spontaneous regenerative mechanism identified in several species, provides an efficient means of achieving 



target reconnection as a regrowing axon is able to contact and fuse with its own separated axon fragment, thereby re-
establishing the original axonal tract. Here we report a molecular characterization of this process in Caenorhabditis elegans, 
revealing dynamic changes in the subcellular localization of the EFF-1 fusogen after axotomy, and establishing 
phosphatidylserine (PS) and the PS receptor (PSR-1) as critical components for axonal fusion. PSR-1 functions cell-
autonomously in the regrowing neuron and, instead of acting in its canonical signalling pathway, acts in a parallel phagocytic 
pathway that includes the transthyretin protein TTR-52, as well as CED-7, NRF-5 and CED-6. We show that TTR-52 binds 
to PS exposed on the injured axon, and can restore fusion several hours after injury. We propose that PS functions as a ‘save-
me’ signal for the distal fragment, allowing conserved apoptotic cell clearance molecules to function in re- establishing 
axonal integrity during regeneration of the nervous system. 

166. Identification of a new regulator of age-dependent axon regeneration by characterizing the neuronal IIS/FOXO 
transcriptome from isolated adult C. elegans neurons. Vanisha Lakhina1, Rachel Kaletsky1, April Williams1, Rachel Arey1, 
Jessica Landis2, Jasmine Ashraf1, Coleen Murphy1,2. 1) Lewis Sigler Institute for Integrative Genomics, Princeton University, 
Princeton, NJ; 2) Molecular Biology Department, Princeton University, Princeton, NJ. 
   The ability of axons to regenerate depends on the age of the neuron in all model organisms tested, including humans. 
Young axons (including CNS axons) regenerate efficiently, whereas old axons either do not regrow at all, or make errors 
while navigating to their target (Verdu et al., 2000; Wu et al., 2007). Insulin/IGF-1 signaling (IIS) is a critical regulator of the 
most important biological decisions, from rates of growth, development, and metabolism, to reproduction and longevity. 
Long-lived daf-2 insulin/IGF1 receptor mutants exhibit enhanced axonal regenerative capacity in older GABAergic motor 
neurons and PLM mechanosensory neurons (Byrne et al., 2014, Lakhina et al., submitted). This occurs through the activity of 
the DAF-16/FOXO transcription factor, which regulates regeneration independent of lifespan, and in a neuron-specific 
manner (Byrne et al., 2014). While the global, whole-worm targets of DAF-16 were identified in C. elegans using whole-
worm transcriptional analyses more than a decade ago (Murphy et al., 2003; Lee et al., 2003; McElwee et al., 2003), neuron-
specific DAF-16 targets remain elusive. We have selectively isolated adult C. elegans neurons and performed transcriptional 
profiling. The neuron-enriched set includes synaptic machinery, channels, neurotransmitters, and signaling components, as 
well as >700 previously uncharacterized genes. Comparison of the embryonic and larval neuronal transcriptomes with this 
new adult neuronal transcriptome revealed a shift in functional categories from developmental processes to neuronal function 
and behavior. We next used this approach to directly identify IIS/FOXO targets from isolated daf-2 and daf-16;daf-2 
neurons. IIS/FOXO neuron-specific targets are distinct from canonical IIS/FOXO-regulated longevity and metabolism 
targets. We also selectively sequenced six mechanosensory neurons and identified 63 mechanosensory neuron-specific DAF-
16 targets. We discovered that a transcription factor that is upregulated in daf-2 neurons is almost entirely responsible for daf-
2’s enhanced ability to regenerate PLM mechanosensory axons with age. These studies identify a set of adult neuronal FOXO 
targets and potentially a new set of candidate age-dependent axonal regeneration factors. 

167. PARGs and PARPs: Novel Regulators of Axon Regeneration. Alexandra B. Byrne1, Rebecca D. McWhirter2, David M. 
Miller, III2, Marc Hammarlund1. 1) Department of Genetics, Program in Cellular Neuroscience, Neurodegeneration and 
Repair, Yale University School of Medicine, New Haven, CT; 2) Department of Cell and Molecular Biology, Nashville, TN. 
   Few of the intrinsic mechanisms that regulate axon regeneration after injury are known.  To identify genes that regulate 
axon regeneration, we compared gene expression profiles of FACS-sorted C. elegans GABA motor neurons with high 
regenerative capacity (conferred by overexpression of DLK-1 MAPKKK) to wild type GABA motor neurons.  We detected 
robust upregulation of both poly(ADP-ribose) glycohydrolases (PARGs), pme-3 and pme-4, in neurons with high 
regenerative capacity.  These data suggest PARG activity might promote axon regeneration.  We performed laser 
axotomy in pme-3 and pme-4 loss-of-function mutants and found that regeneration is impaired.  Therefore, PARGs are 
regeneration-promoting factors.PARGs degrade poly(ADP-ribose), which is synthesized by poly(ADP-ribose) polymerases 
(PARPs).  Thus, the balance between PARG and PARP activity determines cellular levels of poly(ADP-ribose).  The PARG-
PARP balance regulates multiple processes including DNA damage response, lifespan, and neurodegeneration.  Since 
PARGs counteract PARP function, we hypothesized that loss of PARP activity would have the opposite effect on axon 
regeneration to loss of PARG activity.  We found that loss of function of PARP genes pme-1 and pme-2 increased axon 
regeneration.  Therefore, PARPs inhibit axon regeneration.  Together with our PARG findings, these data suggest that levels 
of poly(ADP-ribose) are a critical determinant of regenerative potential.Next, we investigated whether we could inhibit 
PARP activity post-injury to promote regeneration of damaged axons.  Multiple PARP inhibitors are currently in clinical 
trials for indications including cancer and stroke.  We tested whether PARP inhibitors could enhance axon 
regeneration.  Wild type animals treated with chemical PARP inhibitors after injury showed significantly enhanced axon 
regeneration compared to controls.  Thus, PARP activity regulates the acute response of neurons to axon injury, and PARP 
inhibition after injury is sufficient to improve regeneration.  Together, our findings identify a novel pathway involving 
control of poly(ADP-ribose) levels that regulates axon regeneration. 



168. AMPK modulates the activity of neural circuits to trigger adaptive behavioral outcomes during periods of starvation . 
Moloud Ahmadi, Richard Roy. Department of Biology, 1205 avenue Docteur Penfield, McGill University. Montreal, QC, 
Canada. H3A 1B1. 
   Energy homeostasis is of paramount importance for health and survival during periods of duress and this must occur at both 
the cellular and organismal level. Starvation is therefore often accompanied by compensatory behaviours that are triggered to 
increase the probability of encountering a food source. But how hunger results in changes in the activity of neural circuits to 
elicit specific adaptive behavioural responses is just beginning to be elucidated. AMP-activated protein kinase (AMPK) is a 
metabolic sensor that has also emerged as a key modulator of behavioral responses to food availability, although the 
mechanisms by which this kinase affects such outcomes remain unclear. We observed a locomotory defect in starved AMPK-
deficient C. elegans larvae, which reflects their inability to appropriately respond to resource depletion. We observed that 
AMPK is expressed in key neurons involved in the various locomotory responses associated with reduced food availability, 
while reconstitution of AMPK within these neurons completely rescues the locomotory defects of AMPK mutants. Using a 
combination of classic genetic analysis, optogenetic approaches and calcium imaging techniques, we discovered that 
although AMPK is not required for the essential aspects of neural function, it plays a key role in the regulation of the 
neuronal activity in starved animals, which in turn ensures appropriate behavioral outcomes in response to acute energy 
stress. Furthermore, we observed that this effect of AMPK is partly mediated by regulating the levels of AMPA-type 
glutamate receptor GLR-1, which ultimately modulates synaptic strength under conditions of starvation. Overall, our study 
suggests that besides its well-known function in metabolic control at the cellular level, AMPK also acts at the organismal 
level as a molecular trigger required to modulate neuronal activity to elicit adaptive behavioral outputs in response to 
starvation. 

169. The Johanson-Blizzard Syndrome Ubiquitin Ligase UBR-1 Regulates Glutamate Metabolism and Signaling. Jyothsna 
Chitturi1,2, Maria A. Lim*2, Wesley L. Hung*2, Anas M. Abdel Rahman2, John Calarco3, Renee Baran4, Xun Huang5, James 
Dennis2, Mei Zhen1,2. 1) IMS, University of Toronto, Toronto, ON; 2) Lunenfeld-Tanenbaum Research Institute, Mount Sinai 
Hospital, Toronto, ON, Canada; 3) FAS Center for Systems Biology, Harvard University, Cambridge, MA, USA; 4) 
Department of Biology, Occidental College, Los Angeles, CA, USA; 5) Institute of Genetics and Developmental Biology, 
Chinese Academy of Sciences, Beijing 100101, China. 
   *contributed equallyJohanson-Blizzard Syndrome (JBS) is an autosomal recessive disorder, characterized by congenital 
exocrine pancreatic insufficiency, multiple malformations, and severe cognitive impairments. JBS results from mutations in 
the gene UBR1, an E3 ubiquitin ligase. The molecular and cellular mechanisms that underlie UBR1-mediated disease 
pathogenesis in JBS patients remain elusive. Here we report that loss-of-function mutations in the C. elegans homolog, UBR-
1, lead to behavioral and physiological defects in a small motor circuit, involving the pre-motor interneurons AVE, RIM and 
AVA that controls body curvature during backward locomotion. In addition, we determined that AVA coordinates backward 
locomotion by setting up phasic activity lags in A motorneurons. In ubr-1 mutant, activities of these A motorneurons become 
in-sync, leading to backward locomotion and body curvature defects. We have identified a novel regulatory role for UBR-1 
in maintaining synaptic glutamate homeostasis. We provide metabolic as well as neurophysiology evidence that essential 
components of UBR-1-regulated signaling consist of the metabolic enzyme GOT-1, vesicular glutamate transporter 
VGLUT3, and glutamate-gated chloride channel AVR-15. We propose that dysregulation of glutamate homeostasis caused 
by the absence of UBR-1 may underlie systemic and neurodevelopmental defects in JBS patients. 

170. A two-tier glutamate clearance system in C. elegans preserves signaling fidelity and circuit separation in the absence of 
synaptic isolation. KyungWha Lee, Jenny Chan-Ying Wong, Itzhak Mano. Physiol, Pharm, & Neurosci., Sophie Davis 
Biomedical School, City College, City Univ NY, New York, NY. 
   The fidelity of neuronal processing depends on the resolution of signaling through the neuronal circuits. Preventing 
spillover of neurotransmitter therefore becomes a prominent issue, typically addressed by anatomical separation between 
synapses by cells that express neurotransmitter transporters. The nervous system of C. elegans presents a challenge to this 
concept, because of the widespread use of Glutamate (Glu) as a neurotransmitter (which cannot be inactivated in the 
synapse), and the lack of glial barrier between synapses. Instead, we show that the nematode nervous system relies on a 
robust two-tier system for Glu clearance, composed of proximal and distal Glu Transporters (GluTs). We use behavioral 
analysis and Ca2+ imaging in intact animals to show that distal GluTs regulate synaptic activity in the ASH-controlled 
nociceptive circuit. In contrast, inactivation of proximal GluTs seems to cause Glu spillover from the low-salt responsive 
chemoattractive circuit to the nociceptive circuit. To explain the differential contribution of distal and proximal GluTs to 
synaptic activity in different circuits, we present a hypothesis that mechanical agitation and washout might contribute to Glu 
clearance in some synapses in the nerve ring. Examination of nematode Glu clearance therefore widens the discussion on 
additional potential strategies for Glu clearance in a nervous system that seems to maintain circuit resolution in the face of 
strong morphological challenges. 



171. Carbon dioxide sensing controls CREB-dependent regulation of neuropeptide expression. Teresa Rojo Romanos1,2, 
Jakob Gramstrup Petersen1, Roger Pocock1,2. 1) BRIC, University of Copenhagen, Denmark; 2) Department of Anatomy and 
Developmental Biology, Monash University, Australia. 
   The ability for organisms to sense and respond to changes in the environment is crucial for survival. Monitoring the activity 
of all neurons facilitates an integrated response of the nervous system enabling rapid changes in behavior. We have identified 
a system where neuropeptide expression is dependent on the ability of the BAG neurons to sense carbon dioxide. In C. 
elegans, CO2 sensing is mediated through the receptor-type guanylate cyclase GCY-9 that is expressed exclusively in the 
BAG neurons. GCY-9 binding to CO2 leads to accumulation of cGMP, thereby opening the calcium channel TAX-2/TAX-4. 
Subsequent calcium influx provokes an integrated downstream cascade that enables the worm to change direction away from 
high CO2.How the activity of the BAG neurons regulates expression of downstream factors is poorly understood. We found 
that expression of the FMRF-amide FLP-19 neuropeptide is exquisitely sensitive to the ability for worms to sense CO2. 
Mutation of gcy-9 or tax-4 results in loss of flp-19 expression in the BAG neurons This defect is specific for the CO2 sensing 
capability of the BAG neurons, as mutants with impaired oxygen sensing exhibit wild type expression of flp-19. What are the 
molecular mechanisms that control this plasticity? We found that the expression of flp-19 in BAGs is controlled by the 
activity-dependent transcription factor CREB (CRH-1) through a kinase cascade. This pathway involves the calmodulin-
dependant kinase CamKII (UNC-43) and the PKA (KIN-2) signaling pathway. We have therefore shown for the first time 
that neuropeptide gene expression in the BAG sensory neurons is modulated by the ability to sense changes in carbon 
dioxide.We believe that expression of flp-19 reflects the activity of the BAG neurons and that FLP-19 regulates aspects of 
BAG-mediated behavioral responses. We expect that our findings will yield insights into the molecular mechanisms that 
underlie neuropeptide expression in sensory neurons and those that control neuronal plasticity. 

172. The C. elegans RID neuron is a neurosecretory cell that modulates locomotion. Wesley Hung*1, Maria A Lim*1, 
Jyothsna Chitturi*1, Valeriya Laskova1, Yangning Lu1, Douglas Holmyard2, Rebecca McWhirter3, Ni Ji4, John Calarco5, Chi-
Yip Ho2, Aravinthan Samuel4, David M. Miller3, Mei Zhen1. 1) Dept Research, Samuel Lunenfeld Research Inst, Toronto, 
ON; 2) Mount Sinai Hospital, Toronto, ON, Canada; 3) Department of Cell and Developmental Biology, Vanderbilt 
University, Nashville, TN, USA; 4) Center for Brain Science, Harvard University, Cambridge, MA, USA; 5) FAS Center for 
Systems Biology, Harvard University, Cambridge, MA, USA. 
   * contributed equallyComplex behaviors are modulated by endocrine neurons, which secrete neuropeptides and hormones. 
Homeostasis of these neuromodulators is critical, and its disruption has been associated with disease.  Despite the ancient and 
significant role that neuromodulators play in complex behaviors across organisms, a comprehensive understanding of 
neuroendocrine cell function and their regulation is limited. The C. elegans nervous system provides an excellent genetic 
platform to investigate neural network functions and behavior.  However, despite a fully annotated nervous system, a neuron 
with dedicated neurosecretory properties has not been identified.  Using serial transmission electron microscopy, we 
identified RID as a potential endocrine cell.  RID is the only neuron that extends an axon along the full length of the dorsal 
nerve cord and almost exclusively contains dense core vesicles, which package and secrete neuromodulators.  Using a 
combination of laser ablation, genetics, and imaging techniques, we provide several lines of evidence that the RID neuron is a 
neuroendocrine cell that modulates motor behaviors.  Using transcriptome profiling of a subpopulation of neurons isolated 
from both wild-type and unc-39 mutant worms, wherein the RID neuron is absent, we found that the RID neuron is enriched 
with neuropeptides, including flp-14.  We confirm that flp-14 is expressed in the RID neuron and that flp-14 mutants possess 
locomotor defects similar to RID mutants.  Our results demonstrate a neuromodulatory role for the RID neuron in regulating 
locomotion.  We propose that the C. elegans RID neuron may be a useful genetic model to probe for conserved molecular 
mechanisms underlying neuroendocrine cell development and function.    . 

173. Stress induced plasticity of the C. elegans electrical synapse network. Abhishek Bhattacharya1,2, Daehan Lee3, Junho 
Lee3, Oliver Hobert1,2. 1) Dept. Biochemistry, Columbia Univ, NY; 2) Howard Hughes Medical Institute; 3) Dept. 
Biophysics & Chemical Biology, Seoul National University, Korea. 
   Stress induced plasticity of the nervous system allows animals to adapt to changing environments by modulating their 
behavior. We are studying the nervous system rewiring in response to environmental cues by investigating the hibernation-
like alternative diapause state of C. elegans, the dauer state. In adverse environmental conditions, mainly starvation, 
population density and high temperature, C. elegans larvae molt into dauer, which not only show altered morphology, but 
also show a remarkably altered responsiveness to various environmental cues and strikingly different locomotory behavior. 
However, the neuronal circuit responsible for these altered behaviors and the molecular mechanism responsible for the circuit 
remodelling is poorly understood. We focused our study on innexin (inx) genes, which encode the functional units of 
invertebrate electrical synapses. In a screen, using fosmid-based fluorescent reporter transgenes, for neuronally 
expressed inx genes that show altered expression in dauer, we have identified the cellular specificity of inx-6 expression is 
altered in dauer. In replete condition, inx-6 is only expressed in pharynx throughout life. In dauer, inx-6 expression is 
additionally turned on in the glutametergic interneuron pair AIB, which regulates locomotion during chemotaxis and 
odortaxis, by promoting reversals and turns. Furthermore, the inx-6 expression in AIB is reversible. As animals recover from 



dauer stage, inx-6 expression disappears from AIB. Another diapause stage, the starvation-induced L1-diapause, shows 
similar plasticity of inx-6 expression in AIB. Using a temperature sensitive inx-6(rr5) allele, we identified that INX-6 activity 
is required for nictation, a dauer specific dispersal behavior that is also conserved in parasitic nematodes. We also observed 
that the loss of INX-6 activity and similarly ablation of AIB affects locomotion speed and locomotory quiescence, 
specifically in dauer. I will present our data on the molecular composition of the INX-6-synapses in dauer-AIB and 
preliminary results en route to identifying the synaptic partners of dauer-AIB for INX-6-mediated synapses. I will also 
present our data on the transcriptional control of the inx-6 expression plasticity in the dauer nervous system that provides 
cellular specificity and also integrates environmental cues. Our studies provide insights into the process of stress induced 
nervous system plasticity at different levels of gene regulation, circuits and behaviors. . 

174. CLH-1 is a bicarbonate permeable anion channel involved in amphid sheath glia pH regulation. Jeff Grant, Cristina 
Matthewman, Christina Johnson, Laura Bianchi. Deptartment of Physiology and Biophysics, Miller School of Medicine, 
University of Miami, Miami, Fl. 
   The amphid sheath glia of C. elegans are closely associated with 12 amphid sensory neurons. An important function of glia 
in general is the maintenance of the ionic composition and pH of the synaptic microenvironment. Previously, work from our 
lab showed that the pH sensitive DEG/ENaC channel ACD-1 is expressed in these glia, and that the activity of this channel is 
involved in modulation of chemosensory behavior in C. elegans. This highlights the likely importance of glial pH regulation 
in chemosensory signaling. However, to date no studies have been undertaken to determine the mechanisms by which the 
amphid sheath glia regulate pH. We expressed the GFP-based pH sensor Phlourin under the control of the glial-specific 
promoter PT02B11.3 to examine the mechanisms of intracellular pH regulation in amphid sheath glia, using in vivo 
fluorescent pH imaging. Incisions were made in the cuticle of the animals to allow for perfusion of solutions of different 
compositions over the glia. Initial experiments revealed that bicarbonate (HCO3-) transport is required for efficient buffering 
of pH in the glia.  Interestingly however, HCO3

- entry into the glia at baseline pH was not inhibited by removal of Na+ or Cl-, 
or by several pharmacological inhibitors of Na+/ HCO3

- or Cl-/HCO3
- transporters, which are commonly associated with 

HCO3
- flux in many different cell types. RNA sequencing of AMsh cells revealed significant enrichment of clh-1 and clh-3 

chloride channel transcripts in these cells.  Knockout of clh-1, but not clh-3 blocked HCO3
- entry into the glia. In addition, 

two- electrode voltage clamp experiments in Xenopus oocytes expressing CLH-1 showed that it is activated by decreases in 
extracellular pH and is permeable to HCO3

-, revealing a role of CLH-1 in HCO3
- flux and pH regulation. CLH-1 is also 

insensitive to the common chloride channel blockers DIDS (1 mM), NPPB (1mM), and niflumic acid (1 mM).  This is in 
agreement with our earlier observation that these compounds do not inhibit HCO3- uptake in the amphid sheath glia.  When 
examining behavioral responses of clh-1 animals, we found that they are are defective in the response to nose touch.  We are 
now performing clh-1 rescue experiments in the amphid sheath glia to determine if the nose touch response does in fact 
require CLH-1 activity in glia. Our work identifies a novel molecular mechanism in glia for pH buffering mediated by an 
anion channel rather than a transporter and suggests that glial pH regulation plays a key role in the function of associated 
sensory neurons. . 

175. Nano-electrode recordings in intact C. elegans reveal phenotypes for neurological disease models. Daniel Gonzales1,2, 
Krishna Badhiwala3, Ben Avants2, Jacob Robinson1,2,3,4. 1) Applied Physics, Rice University, Houston, TX; 2) Electrical and 
Computer Engineering, Rice University, Houston, TX; 3) Bioengineering, Rice University, Houston, TX; 4) Neuroscience, 
Baylor College of Medicine, Houston, TX. 
   The small size, fast generation time and genetic tractability of C. elegans in combination with its use as a model organism 
for human diseases have allowed researchers to perform a variety of high-throughput (HT) assays to study human diseases 
and reveal potential drug treatments. Well-established protocols for anatomical imaging, protein expression, and behavioral 
profiling exist and are widely used for phenotyping worms in HT experiments. However, when modeling neurological 
diseases such as Parkinson’s disease (PD) and Amyotrophic Lateral Sclerosis (ALS), researchers need a reliable measure of 
neural activity in order to accurately phenotype the disease state of worms. Typical electrophysiology techniques require 
laborious dissections followed by micropipette patch-clamp measurements. This methodology alters the in vivo concentration 
of signaling molecules and most notably is low-throughput, limiting researchers to only a handful of experiments per day. As 
a result, C. elegans studies rarely reveal information about the physiological effects of neuroprotective drugs or how the 
genetic pathways involved in diseases modulate the electrical activity of the nervous system. A HT method to record 
electrophysiology would open the door to powerful new phenotyping methods that capture subtle differences in neural 
activity as affected by diseases. To circumvent the difficulty of conventional methods and to create a scalable platform for 
electrophysiology, we invented a microfabricated device based on suspended nano-electrodes (SNEs) integrated onto a 
microfluidic platform. Using microfluidics for manipulation, we discovered that when worms are tightly immobilized against 
SNEs, we record electrophysiological activity at the body wall neuromuscular junction with animals remaining intact and 
viable for at least several hours. Importantly, this platform allows for phenotyping based on action potential waveforms, spike 
statistics and power spectral densities. Using these metrics, we have made the first phenotypic profiles of PD and ALS 
models based on electrophysiology and shown a partial rescue of normal activity in PD models after pharmacological 



treatment. These results along with the scalability of SNE technology represent a new paradigm in the use of C. elegans for 
the study of neurological diseases in which behavioral, anatomical and electrophysiological data can all be combined for 
high-dimensional phenotyping in HT drug and genetic screening experiments. 

176. Glycolytic enzymes localize to synapses under energy stress to support synaptic function. SoRi Jang1, Jessica C. 
Nelson1, Eric G. Bend2, Lucelenie Rodríguez-Laureano1, Felipe G. Tueros3, Luis Cartagenova1, Katherine Underwood1, Erik 
M. Jorgensen2, Daniel A. Colón-Ramos1,4. 1) Program in Cellular Neuroscience, Neurodegeneration and Repair, Department 
of Cell Biology, Yale University School of Medicine, New Haven, CT; 2) Howard Hughes Medical Institute, Department of 
Biology, University of Utah, Salt Lake City, UT; 3) Laboratorio de Microbiología, Facultad de Ciencias Biológicas, 
Universidad Ricardo Palma, Lima, Peru; 4) Instituto de Neurobiología, Universidad de Puerto Rico, San Juan, Puerto Rico. 
   Energy is important for maintaining the function of synapses and for fueling changes in synaptic activity. Such synaptic 
plasticity requires local energy production. The mechanism by which metabolic pathways are regulated to locally respond to 
the changing energy demands at synapses is not well understood. Through a forward genetic screen, we identified a 
metabolic enzyme, phosphofructokinase-1/pfk-1.1, as important for maintaining synaptic vesicle clustering under energy 
stress (e.g. hypoxia and neuronal stimulation). Through genetic analysis and fluorescence recovery after photobleaching 
(FRAP), the disruption of synaptic vesicle clustering was found to be due to disrupted synaptic vesicle cycling. This 
phenotype was observed in all the neurons examined: C. elegans motor neurons, interneuron AIY, and the serotonergic NSM 
neuron. We demonstrate that pfk-1.1, a rate-limiting enzyme in the glycolysis pathway, acts cell autonomously and that other 
glycolytic mutants also are required for maintaining synaptic vesicle cycling under energy stress. In addition, we observe that 
glycolytic enzymes cluster perisynaptically in response to energy stress, suggesting that a transient glycolysis compartment, 
or ‘glycolytic metabolon’, forms in order to generate energy locally. We also observe that the formation of the glycolytic 
metabolon is dependent on the central metabolic regulator, AMP-kinase. Finally, we demonstrate that pfk-1.1 mutant animals 
have impaired synaptic recovery and locomotion under energy stress. Our studies indicate that energy demands in neurons 
are met locally through the assembly of a glycolytic metabolon to sustain synaptic function and behavior. 

177. Safeguarding cell fates by the FACT histone chaperone network. Ena Kolundzic, Martina Hajduskova, Baris Tursun. 
Berlin Institute for Medical Systems Biology (BIMSB) at Max Delbrueck Center (MDC), Berlin, Germany. 
   Direct conversion or transdifferentiation of specific cell types to a new, distinct cell identity has implications in basic 
biology as well as biomedicine. However, transcription factors (TFs) required for induction of specific cell differentiation 
programs during development are often inefficient in imposing such programs on other differentiated cells. It has recently 
been shown that inhibitory mechanisms could be involved in preventing these TFs from driving their differentiation programs 
in other cell types (Tursun et al. 2011, Patel et al. 2012). Such inhibition may be due to safeguarding mechanisms that protect 
and maintain cell identity. In order to identify factors contributing to safeguarding cells against ectopic fates we performed 
RNAi screens. We used transgenic animals expressing CHE-1, the ASE neuron fate-inducing TF, under the heat shock 
promoter. Transgenic animals also contain the ASE neuron-specific reporter gcy-5::gfp, expressed in only one ASE neuron 
under non-heat-shocked conditions. After inducing ubiquitous che-1 mis-expression, gcy-5::gfp is visible in a few other head 
neurons but no broad induction in other tissues is detectable. However, upon depletion of members of the histone chaperone 
complex FACT: hmg-3, hmg-4 and F55A3.3, a homolog of human SUPT16H which we name spt-16, gcy-5::gfp can be 
induced in various tissues such as gut and germline. Likewise, depletion of FACT network members such as transcription 
elongation factors emb-5 and spt-5, and the chromatin remodeling factor isw-1 phenocopy FACT RNAi. Removal of hmg-3 
or isw-1 by RNAi permits CHE-1 to convert germ cells directly into ASE neuron-like cells. Moreover, we identified that 
mutants of a previously uncharacterized shorter variant of spt-16, F55A3.7 which we term sspt-16 (short spt-16), allow direct 
germ cell conversion into neuron-like cells. This suggests a hitherto unknown role in maintaining and protecting germ cell 
identity. Notably, depletion of FACT subunits leads to a loss of expression of several intestinal fate markers suggesting that 
FACT complex plays an important role in maintaining cell fate identity of gut cells. Furthermore, we revealed a new role for 
FACT complex as a gatekeeper of specific histone modifications such as H3Ser10ph in order to maintain a refractory 
epigenetic signature toward induction of ectopic cell fates. This is additionally supported by ubiquitous drug-induced 
modulation of the phosphorylation level in the cells.  
Our study suggests that the histone chaperone complex FACT plays a crucial role in maintaining cell identity and protecting 
germ cells from being directly converted into neuron-like cells. 

178. Dimerization-driven degradation of C. elegans and human E proteins in C. elegans gonadogenesis. Maria Sallee1, Iva 
Greenwald1,2. 1) Dept. of Genetics and Development, Columbia University, New York, NY; 2) Dept. of Biochemistry and 
Mol. Biophysics, Columbia University, New York, NY. 
   Precise regulation of basic Helix-Loop-Helix (bHLH) gene activity is crucial for normal development.  Aberrant activity 
and expression of bHLH genes has been implicated in many diseases, emphasizing the importance of understanding the 
mechanisms regulating bHLH genes.  Previous work revealed that HLH-2, the ortholog of mammalian E2A, is regulated 
post-transcriptionally during C. elegans ventral uterine development (Karp and Greenwald 2003).  Here we investigate this 



finding further and identify a novel mechanism for regulating bHLH genes: dimerization-driven protein degradation. In the 
somatic gonad, hlh-2 has distinct, sequential roles in the specification and function of the anchor cell (AC).  The AC is the 
specialized cell in the ventral uterus that serves as a signaling nexus for uterine and vulval patterning.  Four cells initially 
have the potential to be the AC; only one becomes the AC, and the other three become ventral uterine precursor cells 
(VUs).  hlh-2 plays multiple and sequential roles in AC specification and differentiation:  hlh-2 endows prospective uterine 
cells with the potential to be the AC; resolves which cell becomes the AC in a cell-cell interaction mediated by LIN-
12/Notch; and promotes differentiation and function of the AC by directly activating transcription of target genes that 
organize uterine and vulval development.HLH-2 is an obligate dimer, and can homodimerize or heterodimerize with other 
bHLH proteins.  We found that HLH-2 homodimers carry out each of these three functions in the AC.  To determine what 
features of the HLH-2 homodimer mediate its differential stability in the AC and VUs, we first identified an element from 
the hlh-2 5' flanking region, “hlh-2prox,” that drives expression in the four ventral uterine cells.  We then expressed GFP-
tagged mutant forms of HLH-2 and assayed the effect on GFP-HLH-2 stability and function.  Our analysis revealed that a 
functional dimerization domain of HLH-2 is necessary and sufficient for downregulation in VUs.  By ectopically expressing 
other bHLH proteins in uterine cells, we also found that dimerization-driven downregulation can recognize and target other 
bHLH dimers as well.  Remarkably, we also found that mammalian E2A isoforms can functionally substitute for C. 
elegans HLH-2 in regulating AC development, and furthermore, that E2A isoforms also display dimerization-dependent 
degradation in VUs.  Our results suggest that dimerization-driven regulation of bHLH protein stability may be a conserved 
mechanism for differential regulation of these ancient proteins in specific cell contexts. 

179. Centrosome-associated degradation limits SYS-1/β-catenin inheritance after asymmetric cell division. Setu Vora, Bryan 
Phillips. Biology, University of Iowa, Iowa City, IA. 
   Cells of the C. elegans embryo navigate through invariant lineages in serial asymmetric cell divisions (ACDs), many of 
which are controlled by a modified Wnt/β-catenin signaling strategy.  Daughter cells derived from a Wnt-dependent ACD 
exhibit nuclear asymmetry of the transcriptional coactivator SYS-1/β-catenin, resulting in differential activation of Wnt-
responsive target genes and distinct cell fates.  We investigated how dynamic localization of SYS-1 to mitotic centrosomes 
influenced SYS-1 inheritance and cell fate outcomes in daughter cells after division of the endomesodermal (EMS) 
blastomere.  Through yeast two-hybrid screening, we identified the centrosomal protein RSA-2 as a SYS-1 binding partner 
and showed that localization of SYS-1 to mitotic centrosomes was dependent on RSA-2.  Uncoupling SYS-1 from the 
centrosome by RSA-2 depletion increased SYS-1 inheritance after ACD and promoted Wnt-dependent cell 
fate.  Photobleaching experiments revealed that the entire fraction of centrosome-bound SYS-1 turns over rapidly during 
mitosis.  Interestingly, disruption of the proteasome led to an increased accumulation of SYS-1 at the centrosome but 
decreased the mobile fraction and turnover rate.  We conclude that centrosomal targeting of SYS-1 promotes its degradation 
during asymmetric cell division.  We propose a model whereby centrosome-associated SYS-1 degradation couples negative 
regulation with cell division timing to facilitate SYS-1 clearance from the mother cell at the time of asymmetric 
division.  These results suggest that proper spatial organization of signaling effectors such as SYS-1/β-catenin is necessary 
for permitting their efficient regulation during dynamic processes such as ACD.  . 

180. Terminal Selector Transcription Factors Orchestrate Cell Fate Restriction in Addition to Specification. Tulsi Patel, 
Oliver Hobert. Columbia University, New York, NY. 
   The plasticity of cells in a multicellular organism is progressively lost during differentiation. This is reflected in studies 
involving the ectopic misexpression of transcription factors (TFs) — certain master regulator or terminal selector TFs that 
can efficiently activate target genes early in development, lose this ability as cells differentiate. While this phenomenon of 
cell fate restriction is widely observed, the mechanisms orchestrating it are poorly understood. In C. elegans, we have used 
the ubiquitous over expression of Zn-finger TF CHE-1, the terminal selector for ASE chemosensory neurons, as an assay to 
understand these mechanisms. When CHE-1 is ubiquitously expressed in embryonic stages, it activates ASE gene expression 
in many cell types, while in adults it can only act in a few neurons and the pharynx. To uncover factors that inhibit plasticity 
of all other cells, we used a candidate approach to look for mutants in which CHE-1 can continue to act in adults. We 
hypothesized that terminal selector TFs themselves, in addition to specifying cellular identity by controlling large gene sets, 
may also act to inhibit plasticity. To this end, we first tested the activity of CHE-1 in mutants of COE TF unc-3, the terminal 
selector for a subset of cholinergic motor neurons (MNs). We find that contrary to the case in wildtype worms, affected unc-3 
mutant MNs remain plastic, and CHE-1 is indeed able to induce expression of ASE genes even in adults. A similar effect is 
not observed in mutants of mab-9 and unc-55, two TFs that do not act as terminal selectors but control small subsets of 
identity genes in cholinergic MNs. Overall, in 5 of 7 terminal selector mutants tested, CHE-1 can induce expression of ASE 
genes in the affected cells of adult mutant worms significantly more than in wildtype, raising the exciting possibility that this 
a a common function among selector TFs. To further understand this phenomenon we asked if terminal selector TFs affect 
histone modifications at specific loci. Using the LacI/LacO system to tag the promoter of one CHE-1 target, gcy-5, we 
performed immunostaining for repressive histone marks H3K27me3 and H3K9me3. Our data indicate no significant 
difference in the presence of these marks at the gcy-5 promoter in wt and unc-3, suggesting that at least these marks are not 



affected by TFs. Taken together, our results provide evidence that the restriction of a cell fate requires the activity of terminal 
selector-like TFs. These factors may orchestrate the restriction of cell fates by directly interacting with chromatin complexes 
or by maintaining transcription of genes that either organize the chromatin or otherwise create an inhibitory environment at 
non-transcribed genes. 

181. Hedgehog and PTCHD genes couple reactivation of quiescent neural progenitors to the dietary environment. 
Masamitsu Fukuyama, Masahiko Kume, Kenji Kontani, Toshiaki Katada. Graduate School of Pharmaceutical Sciences, 
University of Tokyo, Bunkyo, Tokyo. 
   Several types of stem and progenitor cells in animals switch between the quiescent and activated states in response to shifts 
in dietary conditions. Although defects in this coordination have been proposed to contribute to diseases, much of its 
mechanism remains unknown. Under the nutritionally poor conditions, stem and progenitor cells in newly hatched C. elegans 
L1 larvae can maintain quiescence over a week, and can be reproducibly reactivated by feeding food. We have previously 
shown that upregulation of miR-235 maintains the quiescence in neural progenitors, P cells under nutritionally deprived 
conditions, and the insulin/IGF signaling (IIS) pathway downregulates the microRNA to reactivate these cells upon feeding 
(Nature 2013). Since both the IIS pathway and miR-235 act in the hypodermis outside P cells, we hypothesized that the 
miRNA suppresses an intercellular signaling pathway that links these two lineages.Among predicted miR-235 targets, a 
hedgehog-related gene grl-7 showed ectopic upregulation in starved mir-235 null mutants. Furthermore, overexpression of 
grl-7 in starved, wild type L1 larvae can reactivate quiescent P cells. Studies using reporter genes suggest that grl-7 is a bona 
fide miR-235 target. We also identified a patched related (PTR)/patched-domain containing (PTCHD) gene that is expressed 
in P cells and required for maintaining their quiescence. Although human PTCHD1 has been shown to be related to autism, 
little is known about its physiological roles. Thus, our findings suggest a novel role of the hedgehog- PTCHD signaling in 
coupling reactivation of quescent neural progenitors to the dietary environment. 

182. The conserved kinases MPK-1, GSK-3, CDK-4 and CDK-2 promote LIN-45/Braf protein turnover in a dynamic spatial 
and temporal pattern. Claire de la Cova, Iva Greenwald. HHMI and Dept Biochem, Columbia Univ, New York, NY. 
   The highly conserved kinase LIN-45, ortholog of human Braf, acts in the EGFR-Ras-Raf-MAPK signaling pathway and is 
essential for vulval induction in C. elegans. As Braf is frequently activated in human cancers, identification of conserved 
regulators that modulate LIN-45/Braf activity may provide insight into cancer biology. In our previous work, we found that 
LIN-45 protein is unstable in P6.p, the Vulval Precursor Cell (VPC) where EGFR signaling is highest. LIN-45 turnover is 
mediated by a cis-acting conserved Cdc4-phosphodegron (CPD) and requires the E3 ligase SEL-10/Fbw7, which targets 
phosphorylated CPD substrates for ubiquitination. LIN-45 turnover also requires MPK-1, the ERK ortholog downstream of 
LIN-45 in vulval induction, revealing a negative feedback loop in the Ras-Raf-MAPK cascade. MPK-1 likely acts to 
phosphorylate one moiety in the LIN-45 CPD; however, kinases responsible for additional sites are unknown. Because loss 
of sel-10 enhances LIN-45 activity in several cellular and genetic contexts, we expect that kinases required for LIN-45 
turnover will similarly modulate Ras-Raf-MAPK activity.                  To discover kinases that phosphorylate the LIN-45 CPD 
or otherwise regulate SEL-10 or Ras-Raf-MAPK activity, we created a visible GFP sensor for SEL-10/MPK-1-mediated 
LIN-45 degradation, and conducted an RNAi screen to identify kinases needed for its turnover. We will present new data 
indicating that LIN-45 protein turnover requires the conserved kinases GSK-3, CDK-4, and CDK-2, and that these kinases 
act cell-autonomously in VPCs. Furthermore, we find that loss of gsk-3, cdk-4, or cdk-2 enhances the Multivulva phenotype 
caused by a hyperactive form of LIN-45, confirming that these kinases negatively regulate Ras-Raf-MAPK activity. Since 
CDK-4 and CDK-2 are critical regulators of G1 and G1/S cell-cycle phase progression, we have examined how LIN-45 
turnover is coordinated with cell cycle control. In wild-type, LIN-45 is expressed in all VPCs during L2 when these cells are 
quiescent. Upon entry to L3, when CDKs become active and VPCs resume cell cycle progression, LIN-45 is rapidly 
downregulated in P6.p. We find that precocious activation of CDK activity causes LIN-45 downregulation to occur 
prematurely in L2, suggesting that CDK activity normally restricts LIN-45 turnover to the L3 stage. Based on these results, 
we propose that the dynamic developmental pattern of LIN-45 protein stability in VPCs is a result of at least two inputs: 1) 
spatial information provided by MPK-1 activity in P6.p, and 2) temporal information mediated by the reactivation of CDK 
activity in the L3 stage. 

183. Making the gonad to be mirror-symmetric by Wnt signaling. Shuhei So, Hitoshi Sawa. Multicellular Organization 
Laboratory, National Institute of Genetics, Mishima, Japan. 
   The gonad of C. elegans has a mirror-symmetric structure. This is because two distal tip cells (DTCs) migrate to the 
opposite direction. However, the mechanism regulating initial DTC migration is not known. In addition to DTC migration, 
polarity of two somatic gonadal precursors (SGPs; Z1 and Z4) that produce each DTC is known to be mirror-symmetric in 
terms of asymmetric localization of Wnt signaling components regulating asymmetry of the SGP divisions. Although we 
previously showed that Wnts are not essential for SGP polarity, since quintuple Wnt mutant has normal polarity, we recently 
found that SGP polarity is controlled by redundant functions of Wnts and lin-17/Frizzled. in-17 cwn-1/Wnt egl-20/Wnt cwn-
2/Wnt quadruple mutant shows strong loss of SGP polarity, resulting in the no-DTC phenotype. In lin-17 egl-20 cwn-2 triple 



mutant, polarity of Z1 is reversed, so that it has the same polarity orientation with Z4.  In this background, migration of Z1-
derived DTC is also reversed, resulting in posterior-directed migration of both DTCs. Furthermore, in this triple mutant, we 
found perfect correlation between polarity orientation of the DTC mother (a daughter of Z1) and the migratory direction of 
DTC produced from it. Therefore, mirror-symmetric polarity of SGPs and their daughters determines initial migratory 
directions of DTCs to produce the mirror-symmetric structure of the gonad. Our results show a novel mechanism of cell 
migration regulated by polarity of asymmetric division. 

184. LET-502/ ROCK acting independently of myosin-II promotes junctional protein transport or trafficking in parallel to 
microtubules. Sophie Quintin1, Christelle Gally1, Shaohe Wang2, Karen Oegema2, Michel Labouesse1. 1) IGBMC/ CERBM, 
1 rue Laurent Fries, BP 10142, 67404 Illkirch, France; 2) Ludwig Institute for Cancer Research, Department of Cellular and 
Molecular Medicine, University of California, San Diego, La Jolla CA 92037. 
   During C. elegans morphogenesis, the embryo elongates through epidermal cell shape changes. Two processes are required 
for elongation: actomyosin contractility controlled by LET-502/ROCK activity, and muscle contractions, which trigger a 
mechanotransduction pathway in the epidermis through hemidesmosomes (HDs). In addition, microtubules (MTs) play a 
poorly understood role (Priess and Hirsh, 1986). To define how MTs contribute to elongation, we first examined their 
organization and dynamics in elongating embryos. We find that two minus-end MT regulators, γ-tubulin and NOCA-1, 
localize to adherens junctions and along HDs. To disrupt MTs, we specifically expressed the MT-severing protein SPASTIN 
in the epidermis. This does not strongly affect morphogenesis, unless LET-502/ROCK activity or HDs are partially 
compromised. Cellular and kinetic data suggest that MTs mainly act by promoting the transport of E-cadherin to adherens 
junctions and myotactin/LET-805 to HDs, which are critical for elongation. Importantly, let-502/ROCK activity potentiates 
MT transport, independently of myosin-dependent tension. To look for genes involved in MT-mediated transport and 
elongation, we performed two independent RNAi screens. The first screen targeted genes whose depletion phenocopied the 
hypo-elongated phenotype of spastin expression in let-502(lf) animals. Tubulin folding and centrosome biogenesis genes 
were identified, confirming that MT levels are critical when let-502 is lowered. Among traffic candidate genes, the syntaxin 
SYX-5 stood out as a key player acting with LET-502. Our data suggest that syx-5 could act by promoting vesicle fusion 
events close to adherens junctions or HDs. In the second screen, we looked for genes acting in parallel to git-1, the earliest 
acting factor in the mechanotransduction pathway. We identified genes of the minus-end directed MT motor dynein/dynactin, 
including a novel component of the complex, FARL-11. Several members of the dynein complex, including farl-11 and dlc-
1, were found to localize along HDs. Interestingly, dlc-1 localization pattern depends on a critical serine residue, which needs 
to be unphosphorylated. Altogether, our data suggest that HDs act as a platform where MTs could be nucleated and trapped, 
to allow the delivery of proteins essential for elongation. Our finding that LET-502/ROCK reinforces this process 
independently of its role as a myosin II activator implies that it acts through a target controlling trafficking. 

185. EGF/Ras signaling and the AFF-1 fusogen control seamless tube auto-fusion and shaping in the C. elegans excretory 
system. F. Soulavie, M. Sundaram. Department of Genetics, University of Pennsylvania, Philadelphia, PA. 
   Unicellular tubes with an intracellular lumen are found in the mammalian microvasculature and in some invertebrate 
organs, including the C. elegans excretory (renal-like) system. Many unicellular tubes are seamless –they lack autocellular 
junctions along their length – and they adopt elongated or branched shapes. How cells become seamless tubes with such 
complex shapes is poorly understood. We’ve shown that the C. elegans excretory duct forms a seamless tube by cell 
wrapping to form an autocellular junction, followed by membrane fusion to remove that junction and become a seamless 
toroid. The duct tube subsequently elongates more than five-fold and adopts an unusual asymmetric shape. Seamlessness and 
tube shape depend on the EGF-Ras-ERK signaling cascade. Surprisingly, we found that signaling promotes both 
seamlessness and elongated tube shape via a single downstream target, the plasma membrane fusogen AFF-1.Using 
transcriptional reporters for aff-1, we demonstrated that EGF-Ras-ERK signaling promotes aff-1 expression in the duct cell 
through a combination of relief of LIN-1/Ets-dependent repression and stimulation of LIN-1/Ets + EOR-1/BTB-Zn finger-
dependent activation. Although duct auto-fusion occurs at the 1.5-fold stage of embryogenesis, aff-1 expression in the duct 
persists throughout much of larval development. In the absence of aff-1, the duct retains an autocellular junction and has a 
dramatically shortened morphology, with the lumen only ~a third of its normal length. Furthermore, lumen markers 
accumulate in a diffuse pattern adjacent to the main lumen, suggesting possible accumulation of a vesicular intermediate. 
Continuous expression of aff-1 cDNA in the duct cell rescues auto-fusion and tube morphogenesis, while late expression can 
rescue a part of the duct shape and lumen phenotypes independently of auto-fusion. Our results suggest a continuous role for 
AFF-1 in seamless tube morphogenesis, and reveal an unexpected link between fusogen activity and intracellular lumen 
elongation. 

186. FBN-1, a fibrillin-related protein, promotes resistance of the epidermis to mechanical deformation during 
embryogenesis. Melissa Kelley1, John Yochem1, Michael Krieg2, Andrea Calixto3,4, Maxwell Heiman5, Aleksandra 
Kuzmanov1, Vijaykumar Meli7, Martin Chalfie3, Miriam Goodman2, Shai Shaham6, Alison Frand7, David Fay1. 1) 
University of Wyoming, Laramie, WY; 2) Stanford University, Stanford, CA; 3) Columbia University, New York, NY; 4) 



Universidad Mayor, Santiago, Chile; 5) Harvard Medical School, Boston, MA; 6) Rockefeller University, New York, NY; 7) 
David Geffen School of Medicine, UCLA, Los Angeles, CA. 
   The apical extracellular matrix (aECM) that overlies epithelial cells performs essential protective, structural, and 
physiological functions. Additionally, the aECM has recently been shown to be an important mediator of morphogenesis and 
development. We find that the aECM protein, FBN-1, is required to prevent the deformation of epidermal cells by several 
intrinsic biomechanical forces that arise during development. These forces include the actomyosin-based circumferential 
constriction that elongates the embryo and a previously uncharacterized force that pulls the anterior epidermis inwards. Using 
genetic analysis together with a FRET-based tension sensor, we demonstrate that resistance of the embryonic pharynx to 
elongation or stretch produces this inward pulling force, which depends on attachment of the pharynx to the anterior 
epidermis. FBN-1 is a zona pellucida domain protein that shares a number of structural features with vertebrate fibrillins, 
which have been implicated in several human diseases including Marfan syndrome. FBN-1 is both required and expressed in 
the embryonic epidermis and is secreted to the apical surface of epidermal cells where it functions as a putative component of 
the embryonic sheath. Correct processing of fbn-1 mRNA isoforms requires the conserved alternative splicing factor MEC-
8/RBPMS. Loss of mec-8 leads to a pronounced change in the profile of fbn-1 mRNA isoforms, reduced FBN-1 activity, and 
a low penetrance of anterior morphogenesis defects. A parallel pathway that is likely to control aECM protein trafficking and 
secretion also promotes resistance of the epidermis to biomechanical forces. This pathway includes the conserved proteins 
SYM-3/FAM102A and SYM-4/WDR44, which likely function with the RAB-11 GTPase to promote the secretion of aECM 
components. Correspondingly, mutations in sym-3, sym-4, and rab-11 enhance mutations in mec-8 and fbn-1, and the 
compound mutants display severe morphological defects that result from deformation of the epidermis by mechanical forces. 
Our studies underscore the importance of the aECM in promoting normal morphogenesis and identify a network of genes 
required for the correct processing and localization of aECM components. 

187. A Rho-specific GAP functions in response to axonal guidance signals to modulate the actin cytoskeleton during 
embryonic morphogenesis. Andre Wallace, Martha Soto. Rutgers-RWJMS, Piscataway, NJ. 
   Embryonic morphogenesis involves properly coordinated cell migrations, which are dependent on rearrangement of the 
actin cytoskeleton. In C. elegans, actin dynamics are modulated by axonal guidance signals functioning through the 
WAVE/SCAR complex, which is regulated by the CED-10 GTPase. Previous work in our lab, identified UNC-40/DCC, 
SAX-3/Robo, and VAB-1/Eph as axonal guidance signals regulating the actin cytoskeleton through CED-10 and the 
WAVE/SCAR complex. Exactly how these axonal guidance proteins function to regulate WAVE is still unclear. To gain 
insight into the mechanisms that govern the regulation of WAVE/SCAR, we performed an RNAi screen to identify genes that 
enhance unc-40 embryonic lethality. From this screen we identified HUM-7, the C. elegans homolog of vertebrate Myosin IX 
gene. Loss of HUM-7 alone, resulted in a low percentage of dead embryos, some with phenotypes similar to that observed in 
wve-1 mutants. Loss of HUM-7 enhanced the lethality of unc-40, but suppressed sax-3 lethality, suggesting that HUM-7 
likely functions in a pathway parallel to UNC-40 and similar to SAX-3. Similar to vertebrate Myosin IX, HUM-7 has a 
myosin domain in its head and a RhoGAP domain in its C-terminus. Based on the presence of the GAP domain and the wve-
1-like embryonic phenotypes, we predicted that HUM-7 likely functions as a GAP for the CED-10 GTPase in the 
WAVE/SCAR pathway. To test our prediction, we examined genetic and RNAi doubles of hum-7 and hypomorphic alleles of 
three C. elegans GTPases, RHO-1, CDC-42 and CED-10 or their regulators. Based on our genetic observations, HUM-7 
appears to function as a GAP for RHO-1 and CDC-42 but not CED-10 during embryogenesis. Protein-protein interaction 
assays supported these findings since the GAP domain of HUM-7 bound to GTP-loaded RHO-1 and CDC-42, but not CED-
10. To test if HUM-7 truly functions to regulate RHO-1 we compared it to RGA-2, a GAP known to function with RHO-1 
during elongation. Loss of RGA-2 leads to elongation phenotypes similar to what we observe in a subset of hum-7 embryos. 
Like rga-2, loss of HUM-7 enhances loss of MEL-11/myosin phosphatase and rescues let-502/rho-1 kinase, suggesting that 
HUM-7 is a negative regulator of RHO-1 activity. Based on live imaging analyses, loss of HUM-7 results in increased F-
actin levels in the C. elegans embryo, and increased actin dynamics at the leading edge of the migrating cells. These results 
support a role for HUM-7 in two key events occurring during morphogenesis, the initiation of cell migrations and elongation. 
Taken together, our results suggest that tight regulation of RHO-1 activity is necessary for modulating correct F-actin levels 
and dynamics during two key steps of embryonic development. 

188. A conserved RNA binding protein collaborates with specific miRNAs to regulate C. elegans development. Rebecca 
Zabinsky1, Brett Weum1, Ben Weaver1, Yi Weaver1, Min Han1,2. 1) MCDB, CU Boulder, Boulder, CO; 2) Howard Hughes 
Medical Institute. 
        miRNAs play critical roles in development and other cellular processes in C. elegans even though most individual 
miRNAs are not essential for development or viability (Miska et al. PLos Genetics 2007).  Extensive studies in the field have 
suggested that most miRNA functions are executed through complex miRNA-target interaction networks that function with 
other regulatory systems to shape gene expression dynamics for proper physiological functions. Hypothesizing that miRNAs 
collaborate with other gene regulation mechanisms to maintain C. elegans developmental robustness, we carried out a 
genome wide RNAi screen for genes that interact with the miRNA induced silencing complex (miRISC).  We found that 



when the miRISC is compromised by knocking out either ain-1 or ain-2, two partially redundant GW182 proteins, many 
genes become essential for development (Weaver, Zabinsky et al. eLIFE 2014).  One such gene is a conserved RNA binding 
protein that has not been studied in C. elegans.  In an ain-2(lf) background, RNAi of the RNA binding protein causes 90% L1 
larval lethality, whereas the lethality is not associated with either ain-2(lf) or RNAi alone. By using the CRISPR/Cas9 system 
to knock out this gene, we observed that 10% of progeny failed to develop past the L1 larval stage.  However, in combination 
with ain-2(lf), the newly generated knock out exhibited nearly 100% L1 larval lethality, suggesting these two genes function 
redundantly to regulate post-embryonic development.      We hypothesize that this RNA binding protein may function with 
miRNAs to repress some of the same target mRNAs to regulate development.  To identify specific miRNAs involved in this 
interaction, we carried out another screen and identified five miRNAs that exhibit a partial synthetic lethal phenotype with 
the RNA binding protein.  These results revealed previously unknown functions of these miRNAs in post-embryonic 
development and developmental robustness.  We hypothesized that the predicted targets of these miRNAs that function in the 
intestinal miRISC may also be regulated by the RNA binding protein since expression of ain-2 in the intestine partially 
suppresses the double mutant phenotype. We compared the predicted miRNA targets to previous data from our lab 
identifying intestinal mRNAs associated with the miRISC (Kudlow et al. Molecular Cell 2011) to find 54 likely miRNA 
targets.  Further qRT-PCR analysis will determine how many of these candidates are common targets repressed by the newly 
identified RNA binding protein and specific miRNAs.  Our results may shed light on the mechanism of how miRNAs work 
with RNA binding proteins to regulate gene expression for robust development. 

189. Regulation of embryonic genome activation by endoRNAi. Christina Fassnacht, Cristina Tocchini, Jorge Merlet, 
Michael Stadler, Rafal Ciosk. Epigenetics, Friedrich Miescher Institute, Basel. 
   In order to give rise to a new organism, cells in the early embryo must be developmentally flexible. This developmental 
plasticity, or pluripotency, is acquired during the so-called oocyte-to-embryo transition, when a terminally differentiated 
oocyte is reprogrammed into an undifferentiated embryo. The precise regulation of reprogramming is critical, since germ 
cells that precociously acquire pluripotency can develop into germ cell tumors, called teratomas. To understand the 
mechanisms controlling oocyte reprogramming we performed a genetic screen, looking for mutants in which embryonic 
genome activation (EGA), a marker for pluripotency, occurs precociously in germ cells. One regulator of pluripotency 
identified in this screen is the TRIM-NHL protein LIN-41, which prevents a premature onset of embryonic-like 
differentiation in developing oocytes (Tocchini et al., 2014). In addition to lin-41, our screen identified a distinct class of 
mutants, in which the developing oocytes prematurely induce embryonic genome activation but do not differentiate further 
into teratomas. Additionally, in these mutants, EGA occurs without reactivating the cell cycle, which accompanies EGA in 
lin-41 mutants, suggesting that the corresponding genes may be controlling transcriptional reprogramming more directly. We 
mapped the mutants to core components of the RNA-dependent RNA polymerase (RdRP) complex, which synthesizes 
secondary siRNAs, called 22G RNAs. The two major endoRNAi pathways are the WAGO (worm-specific Argonaute) and 
the CSR-1 (chromosome-segregation and RNAi-deficient-1) pathway. Further analysis revealed that it is the CSR-1 pathway 
that inhibits EGA in developing oocytes, since mutants in the CSR-1 pathway show EGA, whereas in the WAGO pathway 
they do not. We suggest that this function of CSR-1 is 22G RNA-dependent, as for example, interfering with 22G RNA 
levels by depleting CDE-1 (cosuppression defective-1) similarly leads to precious EGA. So far, the CSR-1 pathway has been 
only shown to promote germline gene expression, whereas our findings suggest a new and intriguing inhibitory role for this 
pathway in reprogramming transcription during the oocyte-to-embryo transition. 

190. Vulval development: a model for tube morphogenesis. Alex Hajnal. University of Zurich, Switzerland. 
    

191. Epidermal wounding induces mitochondrial ROS production that promotes wound repair in C. elegans. Suhong Xu, 
Andrew D Chisholm. Division of Biological Sciences, University of California, San Diego, La Jolla, CA. 
   All organisms have evolved stress response pathways that allow them to switch into an alerted state and protect them from 
environmental challenges. Skin wounds are acute stresses that can be fatal unless tissue homeostasis is efficiently restored. 
Wounding of barrier epithelia such as the epidermis causes loss of bodily fluids and can result in opportunistic infection at 
the wound site. C. elegans is able to tolerate needle wounds such as those inflicted during microinjections, yet the 
mechanisms that detect and respond epidermal damage have only recently become apparent. Wounding of the worm 
epidermis by microinjection needle or laser triggers a p38 MAPK dependent innate immune response that defends against 
opportunistic infection at wounds . In addition to this innate immune response, we previously reported that wounding triggers 
a cytosolic Ca2+ response which is required for actin polymerization dependent epidermal wound closure. Here we describe 
an intracellular cytoprotective role for mitochondrial reactive oxygen species (mtROS) in response to wounding in C. elegans 
epidermis. We show that epidermal mitochondria become fragmented and generate ROS superoxide locally after injury. 
Reducing mtROS levels by treatment with mitochondrial targeted antioxidants inhibits wound closure. Conversely, genetic or 
pharmacological elevation of mtROS accelerates wound closure in the wild type, and can rescue the wound closure defects of 
mutants such as TRPM/gtl-2. mtROS act downstream of wound-triggered Ca2+ influx. We find that the Mitochondrial 



Calcium Uniporter MCU-1 is essential for rapid mitochondrial Ca2+ uptake and mtROS production after wounding. mtROS 
can promote actin-based wound closure by local inhibition of Rho GTPase activity via a redox-sensitive motif. Our findings 
identify mtROS as an important second messenger signal in restoring tissue homeostasis after injury. 

192. Regulation of mitochondrial fusion in physical exertion and lifespan extension. Snehal N. Chaudhari, Edward T. 
Kipreos. Cellular Biology Dept., University of Georgia, Athens, GA. 
   Mitochondrial dynamics are required for the proper regulation of ATP production, mitochondrial survival, and cell 
function.  Alterations of mitochondrial morphology are facilitated by highly conserved fusion and fission proteins.  Despite 
its importance in maintaining cellular function and integrity, the pathways that regulate mitochondrial dynamics have not 
been fully explored.  We have identified a novel pathway for the regulation of mitochondrial fusion.  This pathway involves 
the action of a cullin RING ubiquitin ligase (CRL), that contains the substrate receptor LIN-23.  The CRL SCFLIN-23 and its 
exchange factor CAND-1 promote the activation of the AKT-1 kinase, which inactivates the FOXO transcription factor 
DAF-16.  DAF-16 represses the expression of the mitochondrial proteases SPG-7 and PPGN-1, which inhibit the 
mitochondrial fusion protein EAT-3.  We observed that altering components of this pathway to increase mitochondrial fusion 
is associated with increased lifespan.  We analyzed the mitochondrial morphologies of mutants that exhibit longevity from 
three distinct mechanisms: daf-2 and age-1, which have extended lifespan from loss of insulin/IGF-like signaling; eat-1 and 
eat-6, linked to caloric restriction; and glp-1, with lifespan extension resulting from loss of the germline.  We discovered that 
all these diverse long-lived mutants have increased mitochondrial fusion.  Further, we observed that mitochondrial fusion 
contributes to the longevity of these mutants.  This indicates that mitochondrial morphology is functionally linked to lifespan 
extension.  Mitochondria adjust their morphology to coordinate between the cellular demand for energy and the availability 
of resources.  Fused mitochondrial morphology is associated with increased efficiency of ATP production and a reduction in 
the generation of reactive oxygen species.  Conversely, a fragmented morphology is linked to reduced ATP production and 
mitochondrial uncoupling.  Mitochondrial fusion is known to occur in response to physical exertion-induced stress in 
mice.  We show that the same phenomenon occurs in C. elegans and that DAF-16 is required for mitochondrial fusion in 
response to physical exertion.  In daf-16(mu86) mutants, the failure to induce mitochondrial fusion in response to physical 
exertion is associated with the activation of AMP-activated protein kinase, reflecting a cellular deficit of ATP.  Our research 
has revealed a new pathway for the regulation of mitochondrial fusion, and demonstrated the significance of mitochondrial 
fusion in physical exertion and longevity. . 

193. Noxious Stimuli Induce Spitting by C. elegans via Spatially-Restricted Calcium Increases in Pharyngeal Muscle. Steve 
Sando, Nikhil Bhatla, Bob Horvitz. HHMI, Biology, MIT, Cambridge, MA. 
   How neuromuscular systems encode flexible, context-appropriate behaviors is an area of active inquiry in neuroscience. 
One simple system for the study of this problem is the feeding organ of C. elegans, the pharynx, which contracts 
rhythmically (i.e., pumps) to ingest bacterial food. Recent work in our laboratory showed that this feeding rhythm is 
interrupted by noxious stimuli, such as hydrogen peroxide (H2O2) and short-wavelength light (Bhatla and Horvitz, Neuron 
85, 804, 2015). This interruption depends on the gustatory receptor ortholog gur-3 and the paired I2 pharyngeal neurons.We 
have discovered that after briefly inhibiting pumping, ultraviolet (UV) light and H2O2 subsequently stimulate pumping and 
these pumps induce robust spitting of food. While ordinary feeding pumps draw bacteria progressively further into the 
pharyngeal lumen, UV light or H2O2 reverse particle flow in the anterior pharynx, ejecting food into the environment.Laser 
ablations indicate that the M1 pharyngeal neuron is required for spitting behavior and stimulates pumping in response to UV 
light. M1 calcium levels increase during UV exposure. The gustatory receptor orthologs lite-1 and gur-3 are required both for 
spitting and M1 calcium influx. lite-1 is expressed in M1 and is required for 99% of M1 calcium influx. The remaining lite-1-
independent calcium response in M1 depends on gur-3 and, surprisingly, is sufficient to drive spitting. Cell-specific 
rescue indicates that gur-3 acts in the I2 neurons, previously shown to inhibit feeding, to activate M1 and induce spitting.We 
identified a mechanism for spitting: whereas during feeding pumps the anterior-most region of pharyngeal muscle 3 (pm3) 
relaxes before the rest of the procorpus, closing the anterior end of the pharynx and trapping food (Fang-Yen et al., PNAS 
106, 20093, 2009), during spitting pumps the anterior-most region of pm3 remains contracted. This contraction holds the 
anterior end of the pharynx open, preventing food-catching and permitting spitting when the corpus relaxes. We identified a 
likely physiological mechanism underlying this local pharyngeal contraction: during UV exposure, calcium increases in a 
restricted sub-compartment of pharyngeal muscle that corresponds spatially with the site of altered muscle contraction. Our 
work identifies a novel C. elegans behavior, spitting, a neuron, M1, that controls this behavior, and indicates that spatially-
restricted increases in muscle calcium convert feeding motions into spitting motions. We suggest that spatially-restricted 
calcium influx might be a general mechanism for encoding multiple, contextual behaviors in a muscle or muscle group. 

Plenary Session - CRISPR-based Strategies for Genome Engineering - the "CRISPR Revolution" 



Cloning-free genome editing using Cas9-guide RNA ribonucleoprotein complexes. Alexandre PAIX, Andrew Folkmann, 
Dominique Rasoloson, Jarrett Smith, Geraldine Seydoux. HHMI and Dept of Molecular Biology and Genetics, Johns 
Hopkins University School of Medicine, Baltimore, MD. 
   CRISPR/Cas9 has become the method of choice for genome editing in C. elegans (Waaijers and Boxem 2014). Previously, 
we documented that linear DNAs with short homology arms (~35 bases) can be used to introduce base and gene-size edits 
near Cas9-induced cuts by homology-dependent repair (Paix et al., 2014). Here we report that direct injection of Cas9-guide 
RNA ribonucleoprotein (RNP) complexes significantly increases the frequency of homology-directed edits.In our previous 
experiments, we expressed Cas9 and the guide RNAs from plasmids co-injected with the repair template (Dickinson et al., 
2013). We obtained edits in ~0.1-10% of F1s, with most edits derived from a minority of injected mothers (“jackpot broods”; 
Paix et al., 2014). We have now found that direct injection of in vitro synthesized Cas9/tracer RNA/crRNA complexes (Cho 
et al., 2013) raises edit frequency by ~2-5 fold. Building on the co-CRISPR method of Arribere et al., 2014, we have 
optimized a protocol that generates jackpot broods reliably from small cohorts of injected mothers (<20). Edit frequencies in 
the jackpot broods range from 20 to 90%. The new protocol does not require cloning or selection/linked markers, and can be 
applied to wild-type as well as previously edited strains. 

Dramatic enhancement of genome editing by CRISPR/Cas9 through improved guide RNA design. Behnom Farboud, 
Barbara Meyer. HHMI and Dept. of MCB, UC, Berkeley, Berkeley, CA. 
         Site-specific nucleases with programmable target specificity have transformed the art of genome editing and thereby 
revolutionized the dissection and manipulation of genome function. Most widely used is the CRISPR-associated nuclease 
Cas9, whose RNA-programmed DNA cleaving activities create DNA double-strand breaks (DSBs). These DSBs can be 
repaired imprecisely by non-homologous end joining (NHEJ) to generate random insertions and deletions or repaired 
precisely by homology-directed repair (HDR) templated from exogenous DNA to generate custom-designed insertions, 
deletions, or substitutions. Success with genome editing by Cas9 has been limited in C. elegans by the inability to predict 
effective guide RNAs and DNA target sites. Not all guide RNAs have been successful, and even those that were varied 
widely in their efficacy. We will discuss a strategy that reliably achieves a high frequency of genome editing for all targets 
tested in vivo. The key innovation was to design guide RNAs with a GG motif at the 3' end of their target-specific sequences. 
All guides designed using this simple principle induced a high frequency of targeted mutagenesis via NHEJ and a high 
frequency of precise DNA integration from exogenous DNA templates via HDR. Related guide RNAs having the GG motif 
shifted by only three nucleotides showed severely reduced or no genome editing. We also combined the 3' GG guide 
improvement with the co-CRISPR / co-conversion methodology of others for increasing mutant recovery. By this co-
conversion approach, animals were only screened for genome editing at designated targets if they exhibited a dominant 
phenotype caused by Cas9-dependent editing of an unrelated target. Combining the two strategies further enhanced the ease 
of mutant recovery, thereby providing a powerful means to obtain desired genetic changes in an otherwise unaltered 
genome. Ongoing experiments address if Cas9 binding to different DNA target strands affects insertion frequency.      While 
Cas9 mediates custom-designed mutations with high efficiency, rare unexpected mutations arise as well. When targeting two 
sites for HDR simultaneously, as with co-conversion, we obtained mutations in one locus that were repaired with the 
exogenously supplied repair template for the non-homologous locus. Also, we recovered mutations that result when DSB 
repair bypasses the supplied repair template and uses DNA sequences in cis to the DSB, a few kilobases away, to repair the 
lesion. While these classes of events are infrequent, they are alarming outcomes that highlight the possibility of unexpected, 
deleterious genome modifications. These illegitimate events may provide insight into the mechanism of Cas9-mediated DSB 
repair. 

Improvements and challenges with pha-1(ts) co-conversion. Jordan Ward1, Liangyu Zhang2, Abby Dernburg2. 1) UCSF, 
San Francisco, CA; 2) UC Berkeley, Berkeley, CA. 
   CRISPR-Cas9 genome editing has emerged as a transformative technology in C. elegans, allowing targeted manipulation of 
the genome. One challenge, particularly with knocking sequences into the genome, has been to identify rare knock-in events 
in a pool of non-edited animals. Solutions have involved selectable-marker use (Dickinson et al., 2013; Chen et al. 2013; 
Tzur et al., 2013), improved sgRNA target choice (Farboud and Meyer, 2015), streamlined screening (Paix et al., 2014), and 
co-CRISPR/co-conversion approaches locations (Kim et al., 2014; Arribere et al., 2014), in which selection for a mutation 
that produces a visible phenotype enriches for edits at other genomic loci. An alternate co-conversion approach is to use 
oligo-mediated repair of a temperature sensitive lethal mutation in the pha-1 gene as a co-conversion marker (Ward, 2015). 
This stringent approach allows efficient, multiplexed knock-in of oligo-encoded epitopes of up to 84 bp. Knock-in 
homozygotes can be obtained in 8-9 days without need for outcrossing. Disabling non-homologous end-joining by RNAi 
inactivation of the cku-80 gene significantly improved knock-in efficiency, homology arms of 35-80 basepairs permit 
efficient editing, and double-strand breaks up to 54 bp away from the insertion site produced knock-ins. One challenge with 
many CRISPR/Cas9 editing platforms is that almost half of all guide RNAs fail. Using recently described 3’GG sgRNAs 
(Farboud et al., 2015) allowed extremely efficient knock-in (~50% of pha-1(ts) rescued F1) in a locus refractory to previous 
editing attempts. With these more efficient 3’GG sgRNAs, the effect of NHEJ inactivation was not significant. pha-1(ts) co-



conversion is compatible with the PCR-derived cassettes bearing 35-60 bp homology arms, described by Paix et al. (2014); 
we were able to introduce 246 bp cassettes encoding an auxin-inducible degron (AID) and a 3xFLAG epitope into the 3’ ends 
of the nhr-23 and nhr-25 loci. In strains expressing the TIR1 F-box protein from Arabidopsis, AID-tagged NHR-23 and 
NHR-25 were rapidly depleted following addition of auxin, allowing precise temporal control of protein levels. Surprisingly, 
attempts to introduce AID-GFP-3xFLAG cassettes into the same sites in nhr-23 and nhr-25 have repeatedly failed, implying 
that co-conversion may not enrich effectively for knock-in of large insertions. Recent efforts to introduce GFP-sized knock-
ins will be discussed. 

Streamlined CRISPR-based genome engineering with a self-excising drug selection cassette. Daniel J. Dickinson1,2, Ariel 
M. Pani1,2, Jennifer K. Heppert1, Christopher D. Higgins1, Bob Goldstein1,2. 1) Department of Biology, University of North 
Carolina at Chapel Hill, Chapel Hill, NC; 2) Lineberger Comprehensive Cancer Center, University of North Carolina at 
Chapel Hill, Chapel Hill, NC. 
   A central goal in the development of genome engineering technology is to reduce the time and labor required to produce 
custom genome modifications.  We describe a new selection strategy for CRISPR/Cas9-triggered homologous recombination 
that has been designed to minimize hands-on labor at every step of the procedure.  With our approach, one can generate 
knock-in alleles in any genetic background, with no PCR screening required and without the need for a second injection step 
to remove the selectable marker.  Moreover, this strategy makes it possible to produce a fluorescent protein (FP) fusion, a 
transcriptional reporter and a strong loss-of-function allele for any gene of interest in a single injection step.  Central to our 
approach is a novel selectable marker that we refer to as a Self-Excising Cassette (SEC).  SEC consists of three parts: a 
Hygromycin resistance gene; a visible phenotypic marker; and an inducible Cre recombinase. SEC is flanked by LoxP sites 
and placed within a synthetic intron of an FP tag, resulting in an FP::SEC module that can be inserted into any C. elegans 
gene.  To facilitate the use of SEC for homologous recombination, we developed a cloning strategy that greatly simplifies 
cloning of homology arms into an FP::SEC vector. Our workflow for SEC-based homologous recombination is as 
follows:  After injection of an FP::SEC construct and appropriate Cas9-sgRNA plasmid into the germline, successful 
integrants are readily identified by selection on Hygromycin.  The phenotypic marker makes it easy to homozygose the new 
allele and to follow it in crosses.  Finally, upon activation of Cre recombinase, the marker excises itself from the genome, 
leaving behind only the FP tag and a LoxP site.  Because the residual LoxP site is located within a synthetic intron of the FP 
tag, FP insertion is essentially scar-free.  Injection is by far the most labor-intensive step in the procedure; each of the other 
steps takes only a few minutes. Although we have focused thus far on FP tagging applications, we expect that our SEC-based 
strategy will also facilitate the construction of other kinds of designer mutants.  . 

Activation of endogenous gene transcription using Cas-9 in C. elegans. Joseph Zullo1, Noah Davidsohn2, Alejandro 
Chavez2, Monica Colaiacovo1, George Church1,2, Bruce Yankner1. 1) Genetics, Harvard Medical School, Boston, MA; 2) 
Wyss Institute, Harvard University, Cambridge, MA. 
   Gain of function experiments, in which a gene’s products are overexpressed beyond physiological levels, often yield 
important insights into the function of the gene.  However, traditional methods for eliciting high levels of a given transcript 
have numerous limitations.   Often the gene must be cloned from cDNA, a process which removes important regulatory 
information such as alternative splice sites.  Additionally, the cloning and microinjection process limit the number of genes 
that can be simultaneously overexpressed, a frustrating constraint when addressing function of multi-protein complexes with 
many obligate subunits.  In mammalian systems, these experimental limitations have been overcome by utilizing a nuclease-
dead CRISPR-CAS9, fused to a variety of transcriptional activators.  This system allows one to activate an endogenous gene 
via sgRNA mediated targeting of CAS-9 to the promoter, with subsequent recruitment of transcriptional machinery by the 
attached activator.  We have generated C. elegans lines with stably integrated Cas-9 activators, and demonstrate that they can 
be used to induce transcription from both integrated reporter loci, as well as endogenous genes.  This activation produces 
novel phenotypic consequences compared with transgene arrays.  Intriguingly, there appear to be limits to the ability of this 
system to combat developmental silencing, and alternative activator designs will be discussed.  The successful development 
of this technology will enable previously impractical and infeasible assays of complex systems and functions by allowing for 
the simultaneous activation of multiple genes in a complex or pathway. 

CRISPR/Cas9-mediated gene knock-out and knock-in applications in C. elegans. Zhiping Wang1, Yishi Jin1,2. 1) 
Department of Biological Sciences, University of California, San Diego, La Jolla, CA; 2) Howard Hughes Medical Institute. 
   The CRISPR/Cas9 system has been widely used for genome editing in various organisms. Here we report a few 
applications of CRISPR/Cas9-mediated knock-out and knock-in in C. elegans. First, we have been able to consistently and 
efficiently generate large deletion alleles of different genes using simultaneous injection of two or more sgRNA constructs. 
This method enables easy identification of Cas9-edited mutant progeny by PCR. Second, we have constructed several Cas9-
mediated single-copy insertion (CasSCI) vectors based on the mosSCI vectors1. These vectors allow fast and efficient single-
copy insertion of transgenes into wild type or any mutant animals. Third, using these vectors, we have developed a new 
method for spatial and temporal control of gene expression in C. elegans.Inducible gene expression in a spatial and temporal 



manner is critical for studying the function of genes during various physiological processes. Heat shock-induced or tissue-
specific expression of Cre and FLP recombinases has been previously used to control gene expression in C. elegans2, 3. 
However, an efficient method for inducible ON and OFF control of gene expression in specific cell types remains lacking. 
Here we have successfully used a drug-stabilizable FLPce recombinase to regulate gene expression in specific tissues. An 
enhanced FLP recombinase optimized for C. elegans expression (FLPce) was fused to a destabilizing domain (DD), which 
can be stabilized by a high-affinity ligand4, 5. The fusion product FLPce-DD driven by various tissue-specific promoters was 
then integrated into the C. elegans genome by Cas9-mediated single copy insertion (CasSCI), which helps minimize 
undesired side effects caused by overexpression of exogenous recombinases.  We demonstrate that ligand treatment can 
stabilize FLPce-DD expressed in neurons and switch on the neuronal expression of mCherry after excising the FRT sites-
flanked STOP cassette. This system also allows inactivation of endogenous or exogenous genes which contain FRT sites 
inserted by Cas9/CRISPR-mediated genome editing.1. Frøkjær-Jensen et al. Nat. Genet. (2008). 2. Voutev and Hubbard. 
Genetics. (2008). 3. Flavell et al. Cell (2013). 4. Sando et al. Nature (2013). 5. Cho et al. Plos One (2013). 

 194A. Genetic and Biochemical Approaches to Determine the Role of APL-1, an Ortholog of human APP. Adanna G 
Alexander1,2, Chris Li1. 1) Biology, City College New York CUNY, New York, NY; 2) Biology, The Graduate Center 
CUNY, New York, NY. 
   Mutations in the amyloid precursor protein (APP) are implicated in Alzheimer’s disease (AD).  Postmortem observations 
reveal that one cleavage product of APP, Aβ, aggregates to form senile plaques in the brains of AD patients.  While APP is a 
contributing factor in the pathogenesis of AD, it is also required for normal brain development and viability.  Similarly, when 
apl-1 is absent in C. elegans, as in apl-1(yn10) homozygous mutants, larval lethality is observed: C. elegans become trapped 
in their cuticle as they transition from L1 to L2 and consequently, die.Interestingly, apl-1(yn5) mutants, which express only 
the extracellular fragment of APL-1, are viable.  Furthermore, pan-neuronal expression of APL-1 is sufficient for 
viability.  When apl-1 expression is knocked-down by RNAi feeding in wild-type animals, no phenotypes are seen, 
presumably because there is residual apl-1 activity.  By contrast, when apl-1 is knocked down in apl-1(yn5) mutants, the F1 
apl-1(yn5) progeny are unable to survive.  We mutagenized apl-1(yn5) animals with EMS and screened for viable F2 
progeny on apl-1 RNAi bacteria.  We screened 60,000 haploid genomes and isolated 7 mutants.  We are currently mapping 
these mutants and conducting assays to determine their phenotypes in a wild-type background.Our preliminary data suggest 
that APL-1 is targeted to mitochondria.  We will verify this by driving APL-1 expression under its endogenous promoter and 
labeling APL-1 with a florescent tag.  We will be labeling neuronal mitochondria with a complementary tag and looking for 
colocalization, as well as changes in mitochondrial dynamics.   Collectively, these approaches are aimed at determining the 
role of the extracellular domain of APL-1 and its interacting partners. These experiments will provide insights into the role of 
APP in normal human development and the pathogenesis of AD. . 

195B. Guarana (Paullinia cupana Mart) extends lifespan and modulates some gene expression levels in Caenorhabditis 
elegans. Leticia Arantes1,2, Marina Machado2, Daniele Zamberlan2, Felix Soares2, Michael Aschner1. 1) Molecular 
Pharmacology Dept, Albert Einstein College of Medicine, Bronx, NY, USA; 2) Biochemistry and Molecular Biology Dept, 
Federal University of Santa Maria, Santa Maria, RS, Brazil. 
   Extensive research has focused on aging processes and compounds that can promote lifespan extension and delay age-
associated diseases. Guarana (Paullinia cupana) is a Brazilian fruit traditionally consumed by Amazon indigenous 
communities and it is also an ingredient in many energy drinks. Although Guarana has some beneficial effects described, no 
studies could be identified on its aging-related effects. Thus, we designed a study using C. elegans to investigate the effects 
of Guarana in lifespan as well as some genetic mechanisms underlying its effects. Guarana ethanolic extract (GEE) powder 
was dissolved in water and spread on NGM plates with E. coli at 100, 500 and 1000 µg/ml final concentrations. 
Synchronized wild type L1 larvae were transferred to treatment plates at 20°C. Adults were transferred to fresh plates with 
GEE every other day and scored until death. Real-time qPCR was performed and pre-designed TaqMan primer sets were 
used to measure C. elegans sod-3, gst-4, gcs-1, daf-2, sir-2.1, hsf-1, hsp-16.2 and skn-1 expression in 1 and 10 days-old-
adults. Median lifespan of treated worms was lengthened by 18% at 100 µg/ml and 36% at 500 and 1000 µg/ml. Maximal 
lifespan was increased by an average of 28% in the three concentrations of GEE. GEE significantly down regulated RNAm 
levels of daf-2, sir-2.1 and hsp-16.2 in 1 and 10-days-old-adults, gst-4 and hsf-1 only in 1 day-old-adults and skn-1 only in 
10-days-old-adults. Expression of sod-3 and gcs-1 were not altered in both ages. Our study shows that GEE extends median 
and maximum lifespan of C. elegans and it is accompanied with a  gene modulation related to antioxidant and aging 
pathways dependent on age. Despite additional and more systematic genetic analysis are necessary to establish the precise 
molecular pathways involved in these beneficial effects, our results contribute to the study of natural products’ effects in 
vivo and also increases the knowledge of lifespan modulation process. . 

196C. Investigating the role of progeric gene inactivations in synaptic maintenance of DA9 neurons in C.elegans. Maria 
Armakola, Gary Ruvkun. Molecular Biology, MGH, Boston, MA. 
   The most potent regulator of lifespan is the daf-2 insulin signaling pathway, which can dramatically increase the lifespan of 



an animal. The daf-2 gene encodes the worm homologue of the insulin/IGF-I receptor and couples to various kinases, to 
repress daf-16, a forkhead transcription factor orthologous to human FOXO. To discover genes that delay the onset of aging 
previously Samuelson and colleagues performed a functional genomic study to look for genes necessary for the extended 
lifespan of daf-2 mutants. Using RNA interference they identified 103 genes with the potential to delay aging. The 
mechanism of how progeric genes might affect aging is still unknown. To investigate how progeric gene inactivations might 
regulate neural processes in C.elegans we tested the effect of gene inactivations in the formation of synapses in DA9 motor 
neurons in C.elegans. We used confocal microscopy to test the localization of synaptic vesicle associated protein RAB-3 
(GFP::RAB-3) in DA9 neurons in daf-2 (e1368), daf-16(mu86) and daf-2(e1368);daf-16(mu86) mutant animals in an age 
dependent manner. Here we test the localization of the synaptic vesicle associated protein RAB-3 (GFP::RAB-3) in DA9 
neurons in 5d and 8d old adult animals. We observed ectopic dendritic expression of RAB-3 in 13% of daf-16(mu86) animals 
that are 5 days old.  We also analyzed the effect of gene inactivations in the localization of RAB-3 puncta in the ventral and 
dorsal side of DA9 neurons. A set of progeric inactivations caused the formation of ectopic dendritic puncta and changed the 
localization of RAB-3::GFP puncta in the dorsal side. 

197A. Involvement of daf-16, skn-1 and trxr-1 genes in the stress resistance produced by 4-phenylseleno-7-chloroquinoline 
exposure in Caenorhabditis elegans. Daiana Avila1, Willian Salgueiro1, Diego Alves2, Maurício Xavier2. 1) Universidade 
Federal do Pampa- UNIPAMPA, Uruguaiana, RS, Brazil; 2) Universidade Federal de Pelotas, UFPel, Pelotas, RS, Brazil. 
   Alternative in vivo models such as Caenorhabditis elegans have been demonstrated to be a useful tool in Pharmacology, 
especially for the screening of new drugs. In this context, organoselenium compounds have being extensively studied because 
of their pharmacological properties. This study aimed to evaluate the mechanisms of the stress resistance provided by 4-
phenylseleno-7-chloroquinoline in C. elegans against paraquat, a well known prooxidant. The N2 (wild type) worms were 
exposed to concentrations that ranged of 1 to 1000µM (DL50) and 10µM (nonlethal concentration). To inflict cellular 
damage, paraquat was used at 500µM.l The treatments were made in liquid medium for 30min, followed by washes to 
remove the remaining treatment. We have accessed the lethal dose 50% (DL50) and the survival post treatments by counting 
the alive worms 24h after the treatments. Knockdown strains (daf-16, skn-1, sod-2;3, gcs-1 and trxr-1) were used in the same 
mode. The compound reverted the mortality induced by paraquat about 20%. This effect was completely lost in the absence 
of the homologues to the human FOXO and NRF2 transcription factors: DAF-16 and SKN-1. These transcription factors can 
induce the transcription of protective genes as superoxide dismutase (SOD-2 and SOD-3) and the precursor of glutathione, y-
glutamyl cysteine synthetase (GCS-1). In according with this, the same loss of effect was observed in the absence of sod-2,3 
and gcs-1. The compound had no effect also in the mutant for thioredoxin reductase 1 (TRXR-1). The observed DL50 were 
560µM for N2, whereas the skn-1, sod-2,3 and trxr-1 mutants showed significantly higher sensitivity to the compound (DL50 : 
110µM, 35µM and 130µM, respectively). The daf-16 and gcs-1 mutants showed no significantly different toxicity profile 
(DL50: 620µM and 530µM, respectively. The quinoline ring can generate superoxide radical, what could explain the higher 
toxicity observed in the sod-2,3 mutant. Quinoline, in mammals, is metabolized by oxy-reductases that can be expressed over 
induction by NRF2, explaining the role of skn-1 in the compound toxicity. TRXR-1 can reduce disulfide bonds, including 
organic selenium. Reduced selenium are more toxic that oxidized form, what could explain the role of trxr-1 in the toxicity of 
the compound, but their pharmacologic role in our study remains as a font of research. The selenoquinoline is capable to 
revert oxidative damage in a daf-16, skn-1 and trxr-1 dependent way. sod-2,3, skn-1 and trxr-1 also play role in the 
detoxification of this compound in C. elegans. 

198B. Modulation of stress resistance and longevity by the transthyretin-like gene ttr-1. Dena Block1, Dustin Cox1, Kwame 
Twumasi-Boateng2, Michael Shapira1. 1) Department of Integrative Biology, University of California at Berkeley, Berkeley, 
CA, USA; 2) BC Cancer Agency, Victoria, British Columbia, Canada. 
   The theory of Antagonistic Pleiotropy proposes that traits that are beneficial in pre-reproductive life stages can be 
positively selected, even if they are detrimental in later life stages. However, our understanding of this principle at the 
mechanistic level is hindered by the paucity of molecular examples. We have previously identified what we think to be such 
an example, in the function of the stress-activated JNK homolog KGB-1. While protective against protein folding stress and 
heavy metals in developing animals, the onset of reproduction switches kgb-1’s contribution to detrimental, decreasing 
resistance to several stressors and shortening lifespan. Microarray analysis defined the KGB-1 regulon and revealed 
enrichment for the transthyretin-like (ttr) genes, a family of 59 mostly uncharacterized genes. The sole vertebrate homolog 
functions as a carrier of the hormone thyroxine, but is also associated with pathology due to its age-dependent tendency to 
misfold and build plaques in the heart or brain. We hypothesize that C. elegans ttr genes could have similar roles as in 
vertebrates. RNAi screens for lifespan and DAF-16 modulation showed that knock down of several ttrs can increase DAF-16 
levels and extend lifespan. Focusing on one, we found that ttr-1 disruption increased DAF-16 protein levels and sod-3 RNA 
levels and extended lifespan in a daf-16-dependent manner. In contrast, ttr-1 overexpression reduced lifespan. Furthermore, 
ttr-1 mutants did not show the detrimental effects of KGB-1 activation in adults on infection resistance, suggesting that ttr-1 
may mediate some of KGB-1’s detrimental effects. A ttr-1::gfp translational reporter was found to localize to the 
spermatheca, intestine, and vulva, and experimental evidence suggests that it is secreted into the pseudocoelom, consistent 



with ttr-1’s predicted N-terminal signal peptide. Several lines of evidence suggest that ttr-1 is not involved in detrimental 
protein aggregation in adults, and is not involved with hormonal signaling through the gonad-secreted dafachronic acids. 
Furthermore, its ability to modulate DAF-16 and lifespan is independent of insulin signaling. How ttr-1 regulates DAF-16 
and what role this regulation plays in the worm remains to be elucidated. 

199C. What are they Choosing? Linking Food Preference to Life-History Outcomes. Ben Blue, Stephen Banse, Patrick 
Phillips. Institute of Ecology and Evolution, University of Oregon, Eugene, OR. 
   C. elegans is a bacteriovore capable of consuming a variety of bacterial species. When presented a choice between bacterial 
foods C. elegans exhibits dietary preferences that generally correlate with the ability to support fast developmental rates. 
These preferred foods have therefore been described as “good quality” foods. However, it is not clear how well these foods 
mimic the worms’ natural diet, nor whether these models are relevant to human diets for health research. Common lab 
practices skew experimental conditions even further to extremes by exposing worms to a vast excess of food which can have 
unaddressed consequences on their metabolism. Our goal is to use different bacterial strains of variable quality to link C. 
elegans food preference with observed physiological outcomes. This dietary profile allows a better understanding on the 
internal calculus of resource acquisition behaviors and dietary choice as well as how resources become internally allocated. 
In order to create this profile we use an array of novel and traditional physiological assays that allow for fine resolution of 
life-history traits such as longevity, health, and reproduction.Through the integration of the Lifespan machine system 
developed by Stroustrup et al. and microfluidic technology we investigate the internal calculus that mediates the preferences 
shown by C. elegans. With Lifespan machines we automate the measurement of longevity from thousands of worms grown 
on foods of differing quality. By also integrating the Lifespan system with a microfluidic device that allows worms to 
experience and choose between different bacterial strains in a controlled environment, we have achieved a high-throughput 
method of food preference determination that eliminates the majority of extraneous signals. In addition, we use a series of 
physiological and behavioral recordings to look at how internal resources are allocated when individuals are provided 
different foods as adults. Physiological health is determined from the maximal pump rate of the pharynx as recorded by a 
microfluidic chip that measures the electrical activity given off by pharyngeal muscles. The nutritional effects on 
reproduction are determined via rates of egg-laying. In summation, we present the physiological profile of C. elegans grown 
on different bacterial diets as well as the technology used to collect such data.. 

200A. Nuclear DNA damage signaling by ATL-1 and CSB-1 modulates longevity in the C. elegans Mit mutants. Milena 
Girotti1, Shylesh Bhaskaran3, Jeffery Butler1,2, Sandra Becerra1,2, Megan Borror1,2, Shane Rea1,2. 1) Physiology, University 
of Texas Health Science Center at San Antonio, San Antonio, TX; 2) The Barshop Institute for Longevity and Aging Studies, 
San Antonio, TX; 3) Oklahoma Medical Research Foundation. 
   The C. elegans Mit mutants represent a collection of genetic- and RNAi-defined mutants that have reduced mitochondrial 
electron transport chain (ETC) function, yet live up to three times longer than normal. In this study we have explored the 
mechanisms responsible for this life extension. Recently, we showed that the checkpoint protein p53/cep-1 modulates the 
longevity response in several Mit mutants. Nuclear checkpoint signaling is a mechanism activated in response to actual or 
imminent DNA damage. Using several genetic and biochemical assays we observed neither an increase in nuclear mutation 
frequency or gross nuclear DNA breaks in atp-3 Mit mutants. We show, nonetheless, that two additional checkpoint proteins, 
ATL-1 (orthologous to human ATR (ataxia telangiectasia mutated (ATM)- and Rad-3 related), and CSB-1 (orthologous to 
human ERCC6, mutated in Cockayne syndrome), but not ATM or HUS-1, also act to modulate the longevity response in Mit 
mutants. Inhibitor of cell death-1 (ICD-1), a protein previously implicated in apotosis in C. elegans, and a component of the 
ribosomal-associated b-NAC complex, appears to be a central target of ATR/atl-1 activity. We propose that transcriptional 
stalling activates a DNA damage response in Mit mutants that ultimately impinges on ribosomal activity to control 
mitochondrial functionality and longevity in the Mit mutants. 

201B. Roles of sphingolipid signaling in life history traits, aging, and healthsapn in C. elegans. Jaylene Brown, Abby Nolan, 
Dustin Servello, Brandon Hark, Trisha Staab, Jason Chan. Biology, Juniata College, Huntingdon, PA. 
               Sphingolipids are bioactive lipid molecules involved in cell proliferation, growth, survival, and death. In particular, 
the sphingolipids ceramide and sphingosine are thought to mediate cell death signaling whereas their phosphorylated 
counterparts, ceramide-1-phosphate (C1P) and sphingosine-1-phosphate (S1P), are thought to mediate cell survival signaling. 
Regulation of these molecules is mediated by the lipid enzymes ceramide kinase and sphingosine kinase, respectively. 
Misregulation of the enzymes can alter the balance between the lipids, and impact cell survival and animal health. Indeed, 
aging tissues contain increased sphingosine and ceramide but decreased levels of S1P. To examine the mechanisms by which 
sphingolipids mediate aging, we examined life history, aging and healthspan traits of C. elegans mutants for sphingolipid 
enzymes. We focused on the response of aging animals to oxidative and heat stress. We found that sphingosine kinase (sphk-
1) mutants, which cannot produce S1P, have shorter lifespan, brood size, and body size compared to wild type animals. In 
addition, we show that aged sphk-1 mutants were more susceptible to death due to poor heat stress response than aged wild 
type animals. This suggests that limiting sphingosine-1-phosphate production, specifically in aged animals, decreases their 



ability to survive exposure to stress. The putative ceramide kinase, T10B11.2, did not have life history trait phenotypes but 
did show locomotion phenotypes, suggesting it may be involved in neuronal function. Furthermore, we describe RNA 
sequencing experiments that examine gene expression changing during aging, specifically due to loss of sphk-1. Finally, we 
describe ongoing experiments examining the roles of other sphingolipids in aging may help identify new signaling pathways 
that mediate healthspan. 

202C. Specific RNA interference in Caenorhabditis elegans by ingested dsRNA expressed in Bacillus subtilis. Yelena 
Budovskaya, Marco Lezzerini, Koen van de Ven, Martijn Veerman, Stanley Brul. University of Amsterdam, SILS, 
Amsterdam, Netherlands. 
   Historically, C. elegans has been grown on the E. coli OP50 strain, which is a uracil auxotroph derivative of E. coli. 
Although this strain has been widely used by C. elegans researchers since the 1970s, it remains poorly characterized. OP50 is 
considered to be non-pathogenic, however there is evidence of OP50 colonization and blockage of the worm intestine during 
old age which consequently triggers disruption of the intestinal lumen and eventually the entry of bacteria into adjacent 
tissues. Therefore, we argue that E. coli might not be the best food source for C. elegans, especially in aging studies. A key 
question herein is: how closely does a laboratory diet of E. coli resemble the natural diet of nematodes.  
In nature, C. elegans lives predominantly on decomposing plant material where it encounters a wide variety of different 
microbes, such as Bacilli (B. subtilis and related bacteria), Staphylococci, Streptomyces, Micrococcus luteus,  Comamonas 
and many Pseudomonas species. Interestingly, Ausubel and colleagues have found that the C. elegans lifespan is strongly 
affected by bacterial pathogens; worms live almost 50% longer when they are grown on a more “natural” food sources, such 
as B. subtilis, than when grown on E. coli. However, it is not known whether this survival difference between B. subtilis 
grown C. elegans and E. coli fed worms is related to a difference in pathogenicity of the two types of bacteria in C. elegans. 
It is also unknown whether pathogenicity in general is a part of the natural aging process, as it is not known if its magnitude 
changes over time as the organism ages. It could be that bacteria secrete pathogenic toxins in young adults and that 
pathogenic damage occurring early on in life limits total lifespan or produces a mild hormesis effect that extends longevity. 
In this case, bacterial pathogenicity could play a role in limiting or extending lifespan, but it would not be part of the aging 
process per se. With this line of reasoning the following critical question arises: How do we distinguish the genetic mutations 
that extend the lifespan through up-regulation of the immune response, conferring to the organism an advantage against 
pathogens, from those that regulate longevity by other means unrelated to pathogenicity and the immune response?  
We made a first attempt to answer this question by developing a new tool that allows us to use B. subtilis as a food source 
and as a shuttle organism to express dsRNA for use in RNAi experiments. Here, we demonstrate that this system works as 
robustly as E. coli mediated RNAi, and could be easily adapted for genome-wide applications. 

203A. Neuronal CRTC-1 governs systemic mitochondrial metabolism and lifespan via a catecholamine signal. Kristopher 
Burkewitz1, Ianessa Morantte1, Heather Weir1, Robin Yeo1, Yue Zhang1, Frank Huynh2, Olga Ilkayeva2, Matthew Hirschey2, 
Ana Grant3, William Mair1. 1) Genetics and Complex Diseases, Harvard T.H. Chan School of Public Health, Boston, MA; 2) 
Duke Molecular Physiology Institute, Duke University Medical Center, Durham, NC, USA; 3) Department of Computational 
Medicine and Bioinformatics, University of Michigan Medical School, Ann Arbor, MI, USA. 
   Low energy status delays aging in multiple species, yet the mechanisms coordinating energetics and longevity remain 
poorly defined. One established and highly conserved link to both energetics and aging is AMP-activated protein kinase 
(AMPK). AMPK mediates metabolic adaptation to low energy both at the cellular and organismal levels, and mutations 
conferring constitutive activation to AMPK extend lifespan in multiple animal models. Previously, we established that 
AMPK and the phosphatase calcineurin antagonistically regulate CREB-regulated transcriptional coactivator (CRTC)-1 to 
modulate longevity in C. elegans. We now show that AMPK- and calcineurin-mediated effects on lifespan can be uncoupled 
from associated pleiotropic side effects through CRTC-1, and exploit this observation to demonstrate that the mechanisms 
specific to AMPK longevity involve reprogramming of mitochondrial and metabolic function. Strikingly, this pro-longevity 
metabolic state is regulated cell-nonautonomously by CRTC-1 and its partner transcription factor CREB in the nervous 
system. Neuronal CRTC-1 drives mitochondrial fragmentation in distal tissues and suppresses the effect of AMPK on 
systemic mitochondrial metabolism and longevity via a cell-nonautonomous catecholamine signal. These results demonstrate 
that transcriptional control of neuronal signals can override enzymatic regulation of metabolism across the organism. 
Neuronal perception of energetic state therefore represents a target to promote healthy aging. 

204B. The progranulin cleavage products, granulins, exacerbate toxicity in a C. elegans model of TDP-43 neurodegeneration. 
Dominique Salazar, Victoria Butler, Andrea Argouarch, Tsung-Yuan Hsu, Nakamura Ayumi, Seeley William, Bruce Miller, 
Aimee Kao. Neurology, University of California San Francisco, San Francisco, CA. 
   Mutations in the human progranulin gene resulting in protein haploinsufficiency cause frontotemporal lobar degeneration 
with TDP-43 inclusions (FLTD-TDP). While progress has been made in understanding the normal functions of progranulin 
and TDP-43, the molecular interactions between these proteins remain unclear.  Progranulin is proteolytically processed into 
granulins, but the role of granulins in the pathogenesis of neurodegenerative disease is unknown.  We utilized a 



Caenorhabditis elegans model of neuronal TDP-43 proteinopathy to specifically interrogate the contribution of granulins to 
the neurodegenerative process. Complete loss of the progranulin gene did not worsen TDP-43 toxicity while progranulin 
heterozygosity did.  Interestingly, expression of individual granulins alone had little effect on the behaviors measured.  In 
contrast, when granulins were individually co-expressed with TDP-43, they exacerbated its toxicity in a variety of behaviors 
including motor coordination, development, lifespan, progeny production, and egg laying. These same granulins increased 
TDP-43 levels via a post-translational mechanism. We further found that in human neurodegenerative disease subjects, 
cleaved progranulin fragments accumulated specifically in diseased regions of the brain.  To our knowledge, this is the first 
demonstration of a toxic role for granulin fragments in a neurodegenerative disease model. Furthermore, this toxicity 
appeared to be circuit-specific, preferentially affecting circuits involving cholinergic neurons. These studies suggest that 
presence of cleaved granulins, rather than or in addition to loss of full-length progranulin, may contribute to disease in TDP-
43 proteinopathies. 

205C. Progranulin and its cleavage products, the granulins, are reciprocal regulators of lysosome function and organismal 
stress response. Victoria Butler, Meredith Judy, Tsung-Yuan Hsu, Dominique Salazar, Aimee Kao. Neurology, University 
of California San Francisco, San Francisco, CA. 
   Progranulin is a highly conserved, cysteine-rich, secreted protein. Elevated progranulin production is associated with cancer 
growth and metastases while progranulin insufficiency is implicated in neurodegenerative and lysosomal storage diseases. 
Therefore, proper regulation of progranulin levels appears to be critical to healthy homeostasis. Previously, we showed that 
C. elegans mutants lacking the progranulin (pgrn-1) gene exhibit resistance to environmental stressors (Judy PLoS Genet 
2013) and accelerated engulfment of apoptotic cells (Kao PNAS 2011). Full-length progranulin can be cleaved into granulin 
fragments, yet little is known about granulin production and function. We are utilizing C. elegans to investigate the 
potentially reciprocal relationship between the progranulin pro-protein and its cleavage products.To understand regulation of 
progranulin production and cleavage, we performed stress assays at different ages. We showed that full-length progranulin 
increases with age and heat stress. Interestingly, progranulin cleavage into granulins also increased with age and stress.  We 
next assessed the effects of individual granulins on stress response. Transgenic expression of individual granulins impaired 
stress response. In contrast, over-expression of full-length human progranulin promoted stress resistance. How do granulin 
fragments achieve their toxic effect? To investigate the molecular function of granulins we performed co-
immunoprecipitation experiments with C. elegans granulin 3 and pulled down two intriguing lysosome-associated proteins: 
an aspartate protease, ASP-3, and a cytoplasmic subunit of the V-ATPase proton pump, VHA-12. Confocal imaging 
demonstrated that granulin expression disrupted lysosome morphology and altered expression of lysosomal-associated 
membrane protein 1 (LAMP-1). Thus, progranulin and granulins likely regulate stress response via signals emanating from 
the endo-lysosomal system.Our data suggest a model in which progranulin haploinsufficiency leads to neuronal injury and 
neurodegeneration via a relative imbalance in the protective effects of intact progranulin and the toxic effects of cleaved 
granulins. Likewise, tumors may utilize uncleaved progranulin to promote their own growth and survival. If so, then 
progranulin proteases may represent new therapeutic targets in both diseases. In future studies, we will identify these 
proteases and further delineate the timing and mechanism of progranulin and granulin function. 

206A. Regulation of Stress Physiology and Longevity by the eIF3 Translation Initiation Complex in C. elegans. Douglas 
Cattie, Claire E. Richardson, Kirthi C. Reddy, Dennis H. Kim. MIT, Department of Biology, Cambridge, MA. 
               The translation initiation factor EIF-3 is a 13-subunit protein complex that plays a critical role in coordinating the 
assembly of the 43S pre-initiation complex. Prior studies have defined a core complex of subunits required for translation 
initiation in vitro for both yeast and mammalian cells, though still more subunits are required for viability in vivo. We have 
probed the requirement for these subunits in an organismal context using C. elegans and identified two subunits that are 
entirely dispensable for normal development, EIF-3.K and EIF-3.L. Animals lacking either of these highly conserved 
subunits exhibit wild-type growth rates and harbor no measurable defect in bulk protein translation. Furthermore, each of 
these mutant strains extend lifespan 40% beyond that of wild-type animals. Lifespan extension caused by EIF-3.K deletion is 
dependent on the FOXO transcription factor DAF-16. In addition, mutations in eif-3.K and eif-3.L confer enhanced resistance 
to endoplasmic reticulum (ER) stress, independent of DAF-16 and XBP-1. While many studies have established a reciprocal 
relationship between metabolism and lifespan, these mutants represent a perturbation to the core translational machinery that 
affects organismal physiology without a concomitant decrease in bulk translation. Given the role of EIF-3 in translation 
initiation, it is possible that these subunits regulate the efficiency by which certain transcripts are translated over others, and 
that in their absence the ribosome is tuned towards translation of proteins that promote detoxification or cellular maintenance. 
We are conducting ribosomal profiling and genetic studies aimed at defining EIF-3.K site of action in modulating longevity 
and stress physiology. 

207B. Spatial and temporal analysis of autophagy in organismal aging. Jessica T Chang1, Joseph H Davis2, Malene Hansen1. 
1) Development and Aging, Sanford-Burnham Medical Research Institute, La Jolla, CA; 2) Department of Integrative 
Structural and Computational Biology, The Scripps Research Institute, La Jolla, CA. 



   Autophagy is a conserved multi-step cellular degradation system that is crucial for many biological processes, including 
aging. While autophagy is required for lifespan extension in several organisms, the cellular and molecular mechanisms by 
which autophagy may contribute to longevity remains largely unknown.In the nematode, C. elegans, multiple conserved 
longevity paradigms, including daf-2/insulin-signaling and germline-less glp-1/Notch mutants require autophagy genes for 
lifespan extension and display an increased number of autophagosomes in hypodermal cells during development compared to 
wild-type animals. However, it remains to be addressed whether autophagy is critical for longevity in a temporal- and/or 
spatial manner.To address this important question, we have developed two new techniques to investigate tissue-specific 
autophagic flux in C. elegans with age, i.e., (1) a ubiquitously expressed tandem (mCherry::GFP) LGG-1/LC3 reporter to 
monitor different steps of the autophagy process, and (2) an injection protocol of the chemical Bafilomycin A to rapidly 
impose an autophagy block in adult animals. Our ongoing systematic analysis of autophagy flux in the major tissues of the 
animal has uncovered age-dependent changes in wild-type animals, and highlighted both differences and similarities between 
daf-2 and glp-1 animals. Notably, while we observe several tissue-specific differences in our reporter analyses, we find a key 
role for autophagy in the intestine of these two longevity paradigms.Collectively, these in-depth analyses along with 
additional assay development to monitor autophagic flux in C. elegans are providing novel insights into the underlying 
mechanisms by which autophagy is important for longevity. Such knowledge of the site-of-action of autophagy will be 
critical for targeting autophagy in higher organisms. . 

208C. Mitochondrial sirtuins and oxidative stress response in C. elegans. Sarah Chang, Wendy Hanna-Rose. Pennsylvania 
State University, University Park, PA. 
   Oxidative stress, the toxic accumulation of reactive oxygen species (ROS), causes mitochondrial dysfunction, contributing 
to many age-related diseases such as Alzheimer’s, cancer, and diabetes. Mitochondrial sirtuins are conserved proteins 
involved in mitochondrial function, yet, their specific roles in oxidative stress response are not fully elucidated. It is 
hypothesized that mitochondrial sirtuins repress ROS by inhibiting key metabolic enzymes from metabolizing nutrients and 
replenishing the TCA cycle. Preliminary results confirm previous studies showing that sir-2.3 mutants have a shorter 
lifespan than that of wild-type during oxidative stress, suggesting that mitochondrial sirtuins function during oxidative 
stress. Additionally, a mutant C. elegans animal missing both its mitochondrial sirtuins, SIR-2.2 and SIR-2.3, is being 
generating using the CRISPR/Cas9 system. With the double mutant, changes in life span and TCA metabolite levels will be 
measured. This work helps to understand the function of mitochondrial sirtuins and may lead to novel therapies that combat 
age-related diseases and oxidative stress-dependent pathologies. . 

209A. RIL-1 influences life span through suppression of mitochondrial electron transport chain in C. elegans. Chieh Chen, 
Ao-Lin Hsu. National Yang-Ming University, Institute of Biochemistry and Molecular Biology, Taipei, TAIWAN. 
    It has been well documented that suppression of mitochondrial electron transport chain (ETC) during development extends 
life span of C. elegans. ril-1 was first identified as a longevity gene from the previous systematic genome-wide RNAi 
screen.  Inhibition of ril-1 by RNAi can prolong life span in N2 by up to 72%. However, there was no known mammalian 
homolog or predicted function for this gene.  Therefore, the mechanism by which RIL-1 influences lifespan remains 
unknown.  Here, we aimed to further characterize this novel longevity gene. Our results suggest that the longevity effect of 
ril-1 knockdown works only when the inhibition initiated at the larva stage, similar to what has been observed in ETC gene 
mutants. Furthermore, inhibition of ril-1 by RNAi significantly lowers the O2 consumption.  Finally, ril-1 knockdown 
animals exhibits several phenotypes that are also observed in ETC mutants, such as small body size, reduced reproduction, 
and delayed larval growth.  Together, our findings strongly suggest that ril-1 may extend lifespan by suppressing ETC 
functions. 

210B. Transcriptional and Post-transcriptional Analyses of the Synergistically Extended Lifespan by Mutations in daf-2 and 
rsks-1 in C. elegans. Jianfeng Lan1, Jarod Rollins2, Di Wu1, Xuan Zhang1, Fen Chen1, Pankaj Kapahi3, Aric Rogers2, Di 
Chen1. 1) MOE Key Laboratory of Model Animal for Disease Study, Model Animal Research Center, Nanjing Biomedical 
Research Institute, Nanjing University, Nanjing, Jiangsu, 210061, China; 2) MDI Biological Laboratory, 159 Old Bar Harbor 
Rd, Salisbury Cove, ME 04672, USA; 3) Buck Institute for Research on Aging, 8001 Redwood Blvd, Novato, CA 94945, 
USA. 
   Inhibition of DAF-2 (IGF-1 receptor) or RSKS-1 (ribosomal S6 kinase), key molecules from the insulin/IGF-1 signaling 
(IIS) and target of rapamycin (TOR) pathways, extends lifespan in C. elegans. Previously, we demonstrated that double 
mutations in daf-2 and rsks-1 produce a nearly 5-fold, synergistic increase in longevity. This synergistic lifespan extension 
requires positive feedback regulation of DAF-16 (FOXO) via the AMP-activated protein kinase (AMPK) complex, and the 
germ line tissue plays an important role in this process. To better understand the molecular mechanisms of the super 
longevity produced by the daf-2 rsks-1 double mutant, we have performed functional genomics studies to identify and 
analyze genes regulated at the transcriptional and translational levels by the daf-2 rsks-1 double mutant. Microarray studies 
indicated that genes specifically upregulated in daf-2 rsks-1 animals are enriched with protein kinases and phosphatases 
encoding genes. A combination of polysomal profiling and RNA-Seq helped to identify translationally regulated genes in the 



daf-2 rsks-1 double mutant, which are over-represented by ribosomal subunits genes. Taken together, our data suggest that 
daf-2 and rsks-1 are likely to modulate aging via regulating downstream signaling components and ribosomal biogenesis. 

211C. Neuronal protein with tau-like repeats (PTL-1) regulates intestinal SKN-1 nuclear accumulation in response to 
oxidative stress. Yee Lian Chew1, Jürgen Götz2, Hannah Nicholas1. 1) School of Molecular Bioscience, University of 
Sydney, Sydney; 2) Clem Jones Centre for Ageing Dementia Research (CJCADR) at the Queensland Brain Institute (QBI), 
University of Queensland, Brisbane, Australia. 
   Oxidative stress is a central pathomechanism in Alzheimer’s disease and other diseases with tau pathology. In response to 
oxidative stress, the Nrf2 transcription factor induces the expression of detoxification enzymes, and recent data indicate that 
Nrf2 activity improves tau pathology and tau-mediated neurotoxicity (Jo et al., 2014, Nature Communications; Stack et al., 
2014, Human Molecular Genetics). The homolog of Nrf2 in the model organism Caenorhabditis elegans, called SKN-1, 
regulates a conserved stress response by mediating the expression of detoxification enzymes in stress conditions. In response 
to stressors, intestinal SKN-1 localises to the nucleus to modulate gene expression. We previously showed that the sole 
homolog of tau/MAP2 in C. elegans, Protein with Tau-like repeats (PTL-1), regulates neuronal ageing and lifespan. Here, we 
tested for the involvement of PTL-1 in stress tolerance. Our findings indicate that ptl-1 mutant animals are hypersensitive to 
oxidative stress and are defective in nuclear accumulation of SKN-1 in stress conditions. This defect can be rescued by PTL-
1 re-expression under the control of the endogenous promoter. Given the close relationship between ageing and stress 
tolerance, we next tested lifespan in ptl-1 and skn-1 mutant animals and found that ptl-1;skn-1 double mutants are not 
significantly shorter- or longer-lived than single mutants, suggesting that that both genes regulate longevity via similar 
processes. We also tested for intestinal SKN-1 nuclear accumulation in a transgenic line re-expressing PTL-1 in the nervous 
system. Data from these experiments indicate that SKN-1 in the intestine is modulated by PTL-1 in neurons. Together, this 
demonstrates that PTL-1 functions via neurons to modulate intestinal SKN-1, clarifying the role of PTL-1 in the stress 
response and longevity. 

212A. Activation of the innate immune response protects against neurodegeneration in C. elegans. Madhusudana Chikka, 
Kyle Dombeck, Veena Prahlad. Department of Biology, Aging Mind and Brain Initiative, University of Iowa, Iowa City, IA. 
   Whether activation of the innate immune response is protective or destructive in neurodegenerative diseases remains 
unclear.  Using a C. elegans model of rotenone-induced dopaminergic neurodegeneration, we show that activation of the 
innate immune response through p38 MAPK and the CREB/ATF-2 like transcription factor ATF-7 can protect animals from 
dopaminergic neuron degeneration.  Rotenone treatment triggers the phosphorylation of p38 MAPK and upregulation of 
ATF-7 target genes.  Downregulating p38 MAPK or ATF-7 exacerbates rotenone-induced neurodegeneration.  In contrast, 
overexpressing active, but not dead p38 MAPK kinase in peripheral tissue, or ATF-7 in intestinal tissue, protects animals 
from rotenone-induced neurodegeneration.  ATF-7-mediated innate immune response protects against rotenone-induced 
neurodegeneration by stimulating autophagy and modulating the levels of the ATG8/MAP-LC3 orthologue LGG-
1.  Preliminary data suggests that knockdown of ATF-7 increases the accumulation of fragmented mitochondria consistent 
with defective mitophagy.  We propose that the activation of the p38 MAPK dependent innate immune response, that can be 
initiated by disruption of mitochondrial complex I which accompanies rotenone treatment, is part of a mitochondrial 
surveillance mechanism, whereby disruption of mitochondrial complex I triggers the clearance of dysfunctional mitochondria 
by mobilizing autophagy, thereby maintaining homeostasis. 

213B. The ASI paradox. Peter Chisnell, Cynthia Kenyon. Biochem & Biophysics, Univ. of CA, San Francisco, San 
Francisco, CA. 
   The gustatory neuron pair ASI has been shown to play a role in regulating the lifespan of C. elegans. Termination of ASI 
signaling by laser ablation in the L1 larval stage causes an increase in lifespan which is dependent on the function of the 
transcription factor daf-16/FOXO.In order to investigate this phenomenon further, we created a transgenic line (ASI::Tetx) 
that prevents ASI synaptic transmission through the expression of tetanus toxin rather than by destruction of the cell. We 
found that ASI::Tetx animals have a lifespan increase similar to that of ASI-ablated animals. Because the ASIs are the 
primary site of daf-7/TGFβ production, and because TGFβ-pathway mutants show increased lifespan dependent on daf-
16/FOXO, we next tested if the SMAD transcription factor daf-3, which is downstream of daf-7, was required for ASI::Tetx 
lifespan extension. We found that daf-3 was required for the lifespan extension, but surprisingly daf-16/FOXO was not. This 
data shows that ASI::Tetx is extending lifespan through the TGFβ-pathway but by utilizing a mechanism different from both 
previously reported ASI and TGFβ-related longevity effects. We are currently working to unravel this mystery of how two 
methods of terminating ASI signaling can extend lifespan through separate pathways. . 

214C. Worm life balance – H3K27 methylation and lifespan extension. Karolina Chocian1, Julien Vandamme2, Lisa 
Salcini2, Jane Mellor1, Alison Woollard1. 1) Department of Biochemistry, University of Oxford, Oxford; 2) Biotech Research 
and Innovation Centre (BRIC), University of Copenhagen, Copenhagen, Denmark, Centre for Epigenetics, University of 



Copenhagen, Copenhagen, Denmark. 
   We used an RNAi library of chromatin factors to screen for lifespan extension in C. elegans. This identified two factors 
mes-2 and jmjd-3.2, both affecting methylation at lysine 27 of histone 3 (H3K27). Intriguingly, mes-2 encodes a histone 
methyltransferase while jmjd-3.2 was identified as a demethylase, thus these two proteins display opposing enzymatic 
activities yet knockdown of either results in lifespan extension.  
Heterozygous mutation of another jmjd-3.2 family member, utx-1, has also been reported to prolong lifespan by increasing 
H3K27 methylation on daf-2 (Jin et al, 2011). Homozygous utx-1 mutants display severe developmental defects, however the 
role of utx-1 in development is independent of its enzymatic activity, as demethylase dead (DD) utx-1 still rescues the 
developmental phenotypes (Vandamme et al, 2012).  
In contrast, we show that utx-1 enzymatic activity is required for the lifespan increase in utx-1 mutants as the DD mutant fails 
to rescue the lifespan extension phenotype. Furthermore, overexpression of wild-type utx-1, but not DD utx-1, causes a 
dramatic increase in lifespan in both utx-1 mutant and wild-type backgrounds. Analysis of the tissue specificity of this effect 
has revealed that intestinal and neuronal expression, but not muscle or hypodermal expression, results in lifespan extension. 
Overexpression of either mes-2 or jmjd-3.2 also increases lifespan, although in the case of jmjd-3.2 this is not dependent on 
its enzymatic function, suggesting a different mode of action from utx-1. 
Overall, these results suggest that disturbing the balance of H3K27 methylation has important consequences for lifespan 
regulation in C. elegans. We are currently identifying critical targets of H3K27 methylation modifiers involved in this 
lifespan regulation. Jin C., Li J., Green C.D., Yu X., Tang X., Han D., Xian B., Wang D., Huang X.,  Cao X., Yan Z., Hou L., 
Liu J., Shukeir N., Khaitovich P., Chen C.D., Zhang H., Jenuwein T., Han J-D.J. (2011) Cell Metabolism 14(2). 
Vandamme J., Lettier G., Sidoli S., Schiavi E.D., Jensen O.N., Salcini A.E. (2012) PLOS Genetics 8(5). . 

215A. Analysis of quiescence during aging in insulin/insulin-like signaling mutants using a microfabricated WorMotel multi-
well device. Matthew Churgin, Christopher Fang-Yen. Bioengineering, University of Pennsylvania, Philadelphia, PA. 
   Standard methods for lifespan measurements in C. elegans are tedious and dependent on manual observation.  In addition, 
they are largely performed as population assays and do not have access to the potentially rich information contained in 
individual behavioral trajectories.  To address these limitations, we developed the WorMotel, a PDMS device cast from a 3D-
printed mold, which consists of an array of 240 wells, each optimized for culturing and imaging a single worm on agar 
media.  We use this system to continuously monitor many worms throughout their lifespans. We use machine vision 
algorithms to quantify movement in each well, and thereby reconstruct longitudinal behavior and lifespan curves in an 
automated manner.  Machine vision identification of time of death agrees within about 1 day with manual observations of the 
same worm.  The WorMotel is based on standard microplate dimensions, making it compatible with automation tools 
including the COPAS Biosort worm sorter and plate handling robots.  We used the WorMotel system to study behavior 
during aging in wild-type worms and mutants in the insulin/insulin-like signaling (IIS) pathway, an important regulator of 
lifespan in nematodes, flies, and mammals.  Some groups have noticed a quiescent behavior in adult daf-2 mutants, which 
harbor a reduction in the IIS pathway, but this behavior has not been well-studied.  Using the WorMotel, we were able to 
more fully characterize the adult quiescence in IIS mutants.  In Class II daf-2(e1370) mutants, quiescence is accompanied by 
posture changes and elevated sensory arousal threshold, two characteristic properties of sleep.  The DAF-16 transcription 
factor is completely required for this behavior, as daf-16(mu86) and daf-16;daf-2 worms exhibit no quiescence prior to end 
stages of life.  N2 worms exhibit a moderate degree of behavioral quiescence during intermediate stages of life, suggesting 
that quiescence may be actively regulated by daf-16.  We find that for both N2 and daf-2 animals, the fraction of lifespan 
spent in a quiescent state is correlated with lifespan, suggesting that behavioral quiescence may be protective against 
aging.  We hypothesize that behavioral quiescence may be mediated by DAF-16 translocation to the nucleus, and current 
experiments aim to correlate behavior state in wild type and daf-2 worms with DAF-16 nuclear localization using a daf-
16::gfp translational fusion strain.  In addition, we are testing candidate pathways mediating other forms of quiescence as 
observed between molts or after stress, such as the cGMP, EGF, PKA, and neuropeptide signaling pathways, to identify the 
mechanisms underlying aging quiescence. 

216B. The germ cell DNA damage response actively curtails C. elegans lifespan. Evan Lister-Shimauchi, Veronica Gomez-
Godinez, Michael Berns, Olivier Cinquin. UC Irvine, Irvine, CA. 
   Lifespan control by the reproductive system has been demonstrated in the roundworm C. elegans, in the fruit fly D. 
melanogaster, in mouse, and has even been suggested to apply to humans. Although a number of molecular intermediaries in 
this control have been identified, upstream signals are largely unknown; the reasons behind this control thus remain unclear. 
Here we show that the DNA Damage Response (DDR) in cycling C. elegans germ cells plays an active role in curtailing 
lifespan. We quantify germline DDR and find a rapid increase with age. Partial suppression of the germline DDR increases 
lifespan — with no fecundity trade-off — while an increase in the DDR of cycling germ cells, effected by targeted irradiation 
or genetic manipulation, shortens lifespan. The Rad9-Rad1-Hus1 (9-1-1) checkpoint complex, the checkpoint proteins ATM 
and ATR, and insulin signaling play a central role in this lifespan effect. By contrast, somatic suppression of DDR decreases 
lifespan and somatic activation of DDR by irradiation increases lifespan. Our results tease out opposing effects of DDR on 



lifespan that confounded earlier studies, suggest active regulation of the aging process that is not reducible to a simple 
lifespan-fecundity trade-off, and provide a possible evolutionary explanation for control of worm lifespan by germ cells. 

217C. The effect of FUdR on fatty acid composition and aging in C. elegans. Raven Conyers, Xun Shi, Jennifer. Watts. 
School of Molecular Biosciences, Washington State University, Pullman, WA. 
   5-Fluoro-2'-deoxyuridine, more commonly known as FUdR, is often used in C. elegans aging research. FUdR is a 
widespread chemotherapy drug that acts by inhibiting cell division. This feature has made it a popular drug used in aging 
experiments for C. elegans, because progeny of the experimental nematodes fail to develop, eliminating the need for daily 
transferring of worms. We observed that certain C. elegans mutants with altered fatty acid composition have shortened 
lifespans when grown without FUdR, however, in assays including FUdR, the lifespan is wild type. We used gas 
chromatography/mass spectrometry to determine the fatty acid composition changes in OP50 E. coli and C. elegans in the 
presence and absence of FUdR.  Our experiments show that FUdR alters the fatty acid composition of the dietary E. coli, as 
well as the fatty acid composition of the nematodes feeding on them.  Bacteria and C. elegans grown in the presence of FUdR 
have increased relative amounts of monounsaturated fatty acids and decreased cyclopropane fatty acids.  We propose that 
altered fatty acid composition of the dietary E. coli cause by FUdR has beneficial effects on C. elegans mutants with altered 
fatty acid composition. 

218A. Screening for interactions among multiple stressors using response to light as a survival metric. Tim Crombie, David 
Julian. University of Florida, Gainesville, FL. 
   The effects of single environmental stressors (e.g., heat, osmotic, or copper stress) on survival have been characterized in 
many organisms, but the effects of simultaneous exposure to multiple environmental stressors are largely unknown. Exposure 
to multiple stressors can result in complex interactions that are difficult to predict based on the effects of the stressors alone. 
We screened for interactions among effects of heat, hyperosmotic and copper stress on the survival of C. elegans. As a 
survival metric we assessed whether each worm showed movement in response to blue light. We first determined that worms 
lacking a response to touch (a common method of quantifying survival) also lacked a response to blue light (30 s exposure to 
470 ± 20 nm light), whereas healthy worms responded vigorously to either stimulus with increased motility (body 
bends/min). We then exposed age-synchronized L4 worms for 4 h to fully factorial combinations of temperature (20, 30, 35 
°C), osmolarity (51, 100, 200, 300 mM NaCl), and copper (0, 0.25, 0.5, 1, 2 mM Cu). Control conditions were 20 °C, 51 mM 
NaCl, and 0 mM Cu. Although exposure to the highest level of each stressor alone caused no more than 15% mortality, 
combinations of stressors caused much higher mortality. For example, the combination of heat (35 °C) and osmotic stress 
(300 mM NaCl) caused 69% mortality, and the combination of heat (35 °C) and copper stress (2 mM Cu) caused 78% 
mortality. Both of these effects were at least 50% greater than would be expected for an additive model, suggesting 
synergistic interactions. Therefore, C. elegans exposed to otherwise tolerable levels of hyperosmotic or copper stress show 
greatly increased mortality upon the addition of heat stress. Such synergistic interactions are likely to be important for 
animals exposed to heat stress in the natural environment, but the underlying mechanisms remain undetermined. . 

219B. Spatial and temporal microfluidics study of the neuronal regulation and modes of activation of the heat shock stress 
response. Erin Dahlstrom, Erel Levine. Harvard University, Cambridge, MA. 
   The heat shock stress response is an organism’s organized molecular response to external and internal stressors that disrupt 
proteostasis such as heat shock, pH changes, and aging. While the pathways involved in this response have been well studied 
and described in yeast and bacteria, it is less well understood how the response is regulated in a multi-cellular organism. 
Since the proteome can vary greatly from cell to cell, the regulatory network of a multicellular organism must be able to both 
coordinate a response across the organism and also allow for different modes of activation within individual cells and tissues. 
Previous research suggests the involvement of the AFD neuron and AIY interneuron, both implicated in thermosensing, in 
the regulation of the heat shock stress response in C. elegans. We are probing the interplay of the neuronal, tissue, and cell 
level responses by studying the spatial and temporal response patterns of proteins implicated in the heat shock stress 
response, including hsf-1, hsp-70, and hsp-16.2, under varying heat shock conditions and neuronal input. By housing our 
worms in WormSpa, an in-lab developed microfluidics device and imaging platform, we are able to longitudinally image the 
spatial and temporal expression patterns of worms before, during, and after a heat shock at high temporal resolution. Our 
results suggest temperature-dependent activation dynamics that reflect local and non-local modes of control. This suggests a 
distributed regulatory network that we are in the process of modeling. 

220C. Identification of Pathways Responsible for Reduced Protein Synthesis-induced Lifespan. Hans Dalton1,2, Chia-An 
Yen1,2, Sean Curran1,2,3. 1) Davis School of Gerontology, University of Southern California, Los Angeles, CA; 2) Dornsife 
College of Letters, Arts, and Sciences, University of Southern California, Los Angeles, CA; 3) Keck School of Medicine, 
University of Southern California, Los Angeles, CA. 
   Protein synthesis is an essential process in every domain of life. Understanding its function over whole lifespans is 



important to discovering how this process can temporally change and have effects on the health of an organism. The global 
reduction of protein synthesis increases lifespan in post-developmental C. elegans worms, but causes developmental arrest 
when inactivated during development - a classical example of an antagonistically pleiotropic response. We have investigated 
the underlying mechanisms regulating developmental arrest and lifespan extension. The physiological response to reduced 
protein synthesis (i.e. arrest or longevity) was screened using three exceptionally well-conserved components of protein 
synthesis machinery: a small ribosomal subunit and two translation initiation factors involved in ribosome formation and 
mRNA binding. Intriguingly, each of these perturbations does not result in an equivalent developmental response; targeting 
early ribosome assembly components results in arrest at larval stage 2 while assembly of pre-initiation complexes leads to 
arrest at larval stage 4. We postulate that this developmental arrest is not sickness, but rather a biological program that is 
initiated in response to a sensed reduction in biosynthetic capacity. As such, we hypothesized that we could dissect the 
genetic pathways underlying this response. We profiled the transcriptional response of worms exposed to reduced protein 
synthesis during development and early adulthood and identified responsive genes in both states. Finally, we have identified 
transcriptional regulators required for the arrest and longevity phenotypes associated with reduced protein synthesis; these 
genes are important for the proper development of the worm neuroendocrine system as well as maintenance of histone 
methylation states. Determination of the key tissues and underlying mechanisms for sensing and responding to changes in 
biosynthetic capacity, potentially through epigenetic changes brought on by a “non-ideal” environment, could bring to light 
how the worm responds to reduced protein synthesis throughout its lifespan – from developmental arrest, to adult longevity. 

221A. The homeodomain protein kinase, HPK-1 influences aging and is a central component of the heat shock response . 
Ritika Das1, Richard Kim1, Elliot Schwartz3, Andrew Samuelson2. 1) Department of Biology, University of Rochester, 
Rochester NY; 2) Department of Biomedical Genetics, University of Rochester Medical Center, Rochester NY; 3) Program 
for Neuroscience, University of California, Los Angeles, Los Angeles CA. 
   The homeodomain protein kinase, HPK-1 influences aging and is a central component of the heat shock 
response  Ritika Das1,2, Richard Kim2, Elliot Schwartz3, and Andrew V. Samuelson21.Department of Biology, University of 
Rochester, Rochester NY2.Department of Biomedical Genetics, University of Rochester Medical Center, Rochester 
NY3.Program for Neuroscience, University of California, Los Angeles, Los Angeles CAAging, stress resistance, and the 
maintenance of protein homeostasis are dependent on the activity of the heat shock transcription factor HSF-1, which in turn 
regulates the expression of cellular chaperones. Yet the underlying signaling mechanisms that activate HSF-1 remain poorly 
understood. We find that the homeodomain protein kinase, HPK-1, is both necessary and sufficient to alter aging in 
Caenorhabditis elegans, as measured by changes in lifespan and protein homeostasis. Interestingly, we provide genetic, 
molecular, and cellular evidence that HPK-1 and HSF-1 function in a common genetic pathway. Furthermore, HPK-1 is 
induced by thermal stress, implying that HPK-1 is a bona fide heat shock response gene. Consistent with this notion hpk-1 
null mutant animals have compromised thermotolerance, which is accompanied with reduced induction of heat shock 
responsive chaperones hsp-16.2 and hsp-70 after thermal stress. Additionally, hpk-1 mutants fail to the obtain the hormetic 
benefit conferred by a transient heat stress, which in wild-type animals manifests as increased lifespan, implying that the 
roles of HPK-1 in the heat shock response, proteostasis, and aging are intimately connected. Collectively, we propose that 
HPK-1 is an essential component of the heat shock response whose function ultimately influences both protein homeostasis 
and aging. 

222B. Identification of microRNA-239 target genes and their role in promoting longevity in C. elegans. Manasa 
Basavaraju, Alexandre de Lencastre. Dept. of Biological Sciences, Quinnipiac University, Hamden, CT. 
   MicroRNAs (miRNAs) are small, endogenous, non-coding RNAs that post-transcriptionally regulate genes controlling 
diverse cellular and metabolic pathways. Recently, researchers have identified several miRNAs that function in aging 
processes in C. elegans. One such miRNA is microRNA-239 (miR-239), which is expressed in intestine and neurons of C. 
elegans and negatively regulates life span through insulin/IGF-1. However, little is known about the target genes of miR-239. 
We aim to identify and comprehensively study the target genes of miR-239 and their function in C. elegans. To identify 
potential target genes of miR-239, we performed RNA-seq using mir-239 mutant strains that either abrogate or overexpress 
miR-239 expression and wild-type (N2) C. elegans strains during aging and identified top miR-239 candidates on the basis of 
lifespan phenotypes, conservation and presence of miR-239 binding sites. From RNA-seq results, we identified several top 
candidate target genes of miR-239 and validated their altered expression via qRT-PCR. These candidate genes are life span 
variants, regulated by Insulin/IGF-1 pathway and have human homologs. Our results suggest that these target genes are pro-
longevity and are under negative regulation by miR-239. Since our candidate genes have human homologs, the results of our 
study have the potential to be extended to humans. 

223C. MicroRNA Functions in C. elegans Models of Neurodegenerative Diseases. Kaushik Muralidharan, Alexandre de 
Lencastre. Dept. of Biological Sciences, Quinnipiac University, Hamden, CT. 
   MicroRNAs (miRNAs) are endogenous, non-coding RNAs which function as gene regulatory elements in eukaryotes. 
Previous research has shown that miR-71 significantly affects the longevity and stress resistance in C. elegans and that it 



functions through conserved pathways (1-6). In our current research we are extending these results by considering potential 
functions of miR-71 in nematode models of aging-associated neurodegenerative diseases such as Alzheimer’s and 
Huntington’s disease. Our findings show that miR-71 delays progressive paralysis in worms that express the human form of 
the Aβ1-42 amyloid, suggesting that miR-71 partially rescues worms from proteo-toxicity. We are currently examining the 
molecular mechanisms underlying miR-71’s protective effect on proteo-toxicity. Since miR-71 functions, at least partially, 
through the IIS pathway, which mediates aging and stress resistance, we are examining if miR-71’s function on proteo-toxic 
response is also mediated by the IIS pathway and to identify the molecular identity of the genes that respond to miR-71. 
Further, we have genetic evidence that links miR-71’s role in proteotoxic response to the TGF-β pathway. We are currently 
identifying the molecular identity of the genes that respond to miR-71. Since these pathways are highly conserved in nature it 
is hoped that insights uncovered by this research will help our understanding of disease of aging in humans.1.   A. de 
Lencastre et al., MicroRNAs both promote and antagonize longevity in C. elegans. Curr. Biol. 20, 2159–2168 (2010).2.   X. 
Zhang, R. Zabinsky, Y. Teng, M. Cui, M. Han, microRNAs play critical roles in the survival and recovery of Caenorhabditis 
elegans from starvation-induced L1 diapause. Proc. Natl. Acad. Sci. U.S.A. 108, 17997–18002 (2011).3.   K. Boulias, H. R. 
Horvitz, The C. elegans MicroRNA mir-71 Acts in Neurons to Promote Germline-Mediated Longevity through Regulation of 
DAF-16/FOXO. Cell Metabolism 15, 439–450 (2012).4.   M. Lucanic et al., Age-related micro-RNA abundance in individual 
C. elegans. Aging (Albany NY) 5, 394–411 (2013).5.   T. Smith-Vikos et al., MicroRNAs Mediate Dietary-Restriction-
Induced Longevity through PHA-4/FOXA and SKN-1/Nrf Transcription Factors. Curr. Biol. 24, 2238–2246 (2014).6.   C. 
Nehammer, A. Podolska, S. D. Mackowiak, K. Kagias, R. Pocock, Specific microRNAs Regulate Heat Stress Responses in 
Caenorhabditis elegans. Sci Rep 5, 8866 (2015). 

224A. Biofilm proficiency enhances gut colonization and lifespan in Caenorhabditis elegans. Verónica Donato, Roberto 
Grau. National University of Rosario, School of Biochemistry. Microbiology Lab. Rosario. Argentina. 
   Biofilm proficiency has a great impact in bacteria-host interactions. Caenorhabditis elegans and the spore- and biofilm-
forming bacteria, Bacillus subtilis are both common soil inhabitants which are used together as model of basic studies of 
lifespan. However, the role of in vivo biofilm development during gut colonization and its effects on animal lifespan are 
poorly documented. We investigated the ability of B. subtilis to form a biofilm and to produce nitric oxide in the C. elegans 
gut and its effects on gut colonization and the lifespan of the nematode. We evaluated the capacity of B. subtilis spores to 
germinate, grow, colonize and persist in the C. elegans gut. These properties were studied in the undomesticated Marburg-
related NCIB3610 strain and its domesticated laboratory derivate, the strain JH642. The ability to colonize the nematode gut 
and form a biofilm and generate nitric oxide by these strains, and isogenic mutants affected in the synthesis of the 
extracellular matrix of the biofilm, and/or in nitric oxide synthase (NOS) was evaluated by rescue of viable colony units 
(vegetative cells and spores) from the nematode gut and in situ fluorescence microscopy of FICT-labelled B. subtilis cells. 
The results showed that the NCIB3610 strain was able to colonize and persist in the gut of C. elegans more efficiently than 
the JH642 strain. The ability to make a biofilm was essential for the observed behavior because NCIB3610-derived biofilm-
mutant cells lost the capacity to persist and colonize the nematode gut. In situ beta-galactosidase expression, driven from the 
promoter of surfactin harbored by B. subtilis engineered cells and used to feed the worm confirm the higher ability of 
NCIB3610, instead of JH642 cells, to colonize the gut of C. elegans. The ability to make a robust and persistant biofilm in 
the C. elegans gut correlated well with a lifespan effect of the bacterium on the nematode. We verify that nos mutants reduce 
C. elegans lifespan and mutants in both, nos genes and genes involved in biofilm formation, reduce the worm lifespan, too. 
We found that feeding worms with B. subtilis NCIB3610 cells dramatically increased lifespan, while worms fed with 
biofilm-deficient cells (JH642 cells and NCIB3610-derived biofilm-matrix mutant strains) lived shorter. Our work shows that 
B. subtilis spores are able to germinate, growth, make a biofilm, re-sporulate and persist in the intestine of C. elegans. 
Moreover, we show that the increase in worm lifespan is because these biochemical pathways interact among them. In 
addition, we provide evidences that the intestinal life cycle of B. subtilis making a biofilm is beneficial for the lifespan of C. 
elegans. 

225B. A role for neuropeptide signaling in regulating C. elegans response to anoxia. Shachee Doshi1, John J. Flibotte2, 
Robert G. Kalb1,2. 1) University of Pennsylvania, Philadelphia, PA; 2) Children's Hospital of Philadelphia, Philadelphia, PA. 
   The nematode C. elegans generally prefers 8-12% environmental oxygen, but frequently encounters much lower oxygen 
microenvironments as it dwells in soil and rotting fruit. Although the genetic regulation of the hypoxic response has been 
well characterized in the worm, less is known about the response to anoxic environments. Our previous work suggests that 
loss of function mutants in the proprotein convertase EGL-3 (egl-3(gk238) and egl-3(ok979)), involved in  neuropeptide 
maturation, have a significant survival advantage after 48hr anoxia compared to N2 animals. Loss of function in the calcium-
dependent activator protein for secretion UNC-31 (unc-31(e169)), required for dense-core vesicle secretion, similarly have 
significantly greater survival after anoxia. Previous work also confirms reports in the literature that loss of insulin signaling 
(daf-2(e1370)) is protective against anoxia, and that this occurs in a daf-16 dependent manner. Here, we confirm our results 
with neuropeptide pathway mutants and show that egl-3(ok979);daf-16(mgDf50) as well as unc-31(e169);daf-16(mgDf50) 
double mutants resist anoxic insults at levels similar to neuropeptide signaling mutants alone. These results suggest that 



neuropeptide signaling confers vulnerability to worms experiencing anoxic stress, and that this effect is at least partially 
independent of the daf-2/daf-16 insulin-like signaling pathway. Future work aims to define the relevant neuropeptide(s) and 
associated signaling mechanisms, as well as the cell-types elaborating the neuropeptides responsible for neuropeptide-
mediated death under anoxia. . 

226C. O-GlcNAc cycling plays a crucial role in germline plasticity and acts in coordination with fatty acid β-oxidation to 
regulate ARD entry in C. elegans. Moriah Eustice, John Hanover. NIDDK, NIH, Bethesda, MD. 
   Adult reproductive diapause (ARD), or the oogenic germline starvation response, is triggered when C. elegans are starved 
at the mid-L4 stage of development. ARD is characterized by extended lifespan and reproductive potential as well as 
germline plasticity, wherein the germline shrinks back to approximately 35 germ cell nuclei per gonad arm during starvation 
but regenerates following refeeding. Previous studies found that the fatty acid β-oxidation protein NHR-49 plays a key role in 
the establishment of ARD. However, questions remain about the way in which changes in metabolism are sensed and trigger 
the plasticity observed with adult diapause.To address these questions, we aimed to examine the complex relationships 
between ARD and metabolism, specifically focusing on the modification O-N-acetyl-glucosamine (O-GlcNAc). O-GlcNAc 
is a dynamic monosaccharide post-translational modification that integrates signals from several metabolic pathways, 
including glucose and fat metabolism. Key enzymes in the cycling of O-GlcNAc are O-GlcNAc transferase (OGT), which is 
responsible for the addition of O-GlcNAc, and O-GlcNAcase (OGA), which removes the modification. Due to the fact that 
the substrate of OGT, UDP-GlcNAc, is produced as the final step of the hexosamine biosynthetic pathway, the regulation of 
O-GlcNAc cycling is uniquely situated to link metabolic signaling with growth, development, and longevity. Using mutants 
of OGT and OGA we discovered that O-GlcNAc cycling plays a prominent role in both ARD entry and exit. Furhter, we 
found that the role of O-GlcNAc in the establishment of ARD is genetically linked to NHR-49 function, such that impairment 
of O-GlcNAc cycling suppresses the NHR-49 entry defect.These findings suggest that perturbation of nutrient-sensitive O-
GlcNAc is crucial to the developmental dynamics observed in ARD and acts in concert with NHR-49 to regulate entry into 
reproductive diapause. Understanding ARD dynamics is important as it provides a unique model in which to explore the 
relationship between nutrient status and the regulation of reproduction and aging. . 

227A. Regulation of protein homeostasis by microRNAs in Caenorhabditis elegans. Fabian Finger, Thorsten Hoppe. 
Institute for Genetics and Cologne Cluster of Excellence Cellular Stress Responses in Aging-Associated Diseases (CECAD), 
University of Cologne, Joseph-Stelzmann-Str. 26, 50931 Cologne, Germany. 
   Maintenance of a functional set of proteins (proteome) is a highly dynamic process and crucial for any organism in terms of 
longevity and viability. A sophisticated machinery fulfills these demands in order to establish protein homeostasis 
(proteostasis) but its functionality declines with age. This machinery involves transcription, translation, protein folding, and 
degradation pathways, such as autophagy and the ubiquitin proteasome system (UPS). In this context, microRNAs, a class of 
short non-coding RNAs, might represent an elegant mechanism to control proteostasis. microRNAs are implicated in diverse 
biological processes including longevity; however, their influence on proteostasis mechanisms is not sufficiently 
investigated.Therefore, we started RNAi experiments inhibiting the biogenesis of microRNAs via knockdown of the essential 
factor PASH-1 and the argonaute proteins ALG-1 and ALG-2, respectively. Strikingly, downregulation of microRNA 
biogenesis results in a functional impairment of various proteostasis mechanisms, as indicated by reporter strains. Here, we 
especially made use of a ubiquitin fusion degradation (UFD) substrate, which is represented by a noncleavable Ubiquitin-
GFP fusion protein. Accumulation of this substrate is easily detectable and strongly implicates malfunction of the UPS. In 
addition, ER-associated degradation (ERAD) and the unfolded protein response in the ER (UPRER) are also negatively 
affected upon downregulation of microRNA biogenesis. In order to identify microRNAs important for functional 
proteostasis, as well as facilitating downstream factors, we used a comparative approach that includes microRNA sequencing, 
microarray analysis, and microRNA target prediction algorithms. The comparison between unstressed and proteotoxic stress 
conditions allowed us to discover microRNAs involved in proteostasis mechanisms. Moreover, we are able to distinguish 
microRNAs with a broad influence from those affecting only specific pathways of the proteostasis machinery. Taken into 
account that regulatory processes can occur either cell-autonomously or cell-nonautonomously, we also tested tissue-
specificity with particular attention to respective expression profiles.Our current observations suggest that we are able to 
identify microRNA families, as well as individual microRNAs that regulate diverse proteostasis mechanisms which might be 
the underlying cause of a functional impaired proteome influencing protein aggregation diseases and aging. 

228B. The DAF-7/TGF-β pathway is required for lifespan extension mediated by dietary restriction in C. elegans. Marissa 
Fletcher, Dennis Kim. Biology, MIT, Cambridge, MA. 
   The neuromodulator DAF-7/TGF-β is a key regulator of animal physiology and behavior.  DAF-7 is expressed in the 
chemosensory neurons and expression levels have been shown to respond to levels of food availability.  Signaling through 
DAF-7 regulates dauer formation and fat metabolism, as well as feeding, egg laying, and avoidance behaviors (Ren et al. 
1996; Greer et al. 2008; Meisel et al. 2014).  Additionally, daf-7 mutations have been observed to extend lifespan in a DAF-
16 dependent manner(Shaw et al. 2007). Here, we show that lifespan extension by dietary restriction is dependent on DAF-



7.  We also observe dynamic DAF-7 expression throughout the aging process, and we are characterizing how DAF-7 
signaling regulates the organismal response to changing food levels that promotes longevity under conditions of dietary 
restriction.  Understanding how limited nutritional resources elicit a response in this neuroendocrine pathway to confer 
lifespan benefits may allow us to gain insight into how DR may be acting to delay the aging process in evolutionarily diverse 
species. 

229C. Modulation of aging characteristics with an anti-aging compound. Nicola Fox, EJC Mellor. Department of 
Biochemistry, University of Oxford, Oxford. 
   Aging and age-related disorders pose huge social and economic challenges to our society as the world’s population ages. 
Investigating the cellular processes anti-aging compounds interact with can identify genes and pathways involved in the 
general aging process. Chronos Therapeutics compound RDC5 extends lifespan in yeast and C. elegans, and ameliorates 
osteoporosis, neurodegeneration and age-related weight gain in rodents. The anti-aging mechanism of RDC5 is unknown, 
although it is known to bind members of the FKBP (FK506-binding protein) family.As the general mechanisms of aging are 
well conserved between C. elegans and mammals, drug-sensitive C. elegans strains have been used to understand how RDC5 
acts on aging. RDC5 treatment was shown to not inhibit E. coli OP50 growth or bus-5(br19) and bus-8 pharyngeal pumping 
at days 3 and 6 of adulthood, indicating RDC5 does not extend C. elegans lifespan by inducing dietary restriction. Instead, 
RDC5-treated bus-5(br19) had an increased rate of pharyngeal pumping at day 3 of adulthood, suggesting an extension of 
healthspan and not just lifespan. Differential transcriptome analysis of RDC5-treated and vehicle-treated bus-8 has been used 
to suggest potential targets of RDC5 for RNAi knock-down to identify the genes required for RDC5 anti-aging action in C. 
elegans. 

230A. Molecular Jekyll and Hyde: The Opposing Roles of TCER-1/TCERG1 in Regulating Lifespan and Stress Resilience. 
Francis RG Amrit1, Laura Steenberge1, Brooke McClendon2, Judith Yanowitz2, Arjumand Ghazi1. 1) Department of 
Pediatrics, School of Medicine, University of Pittsburgh, Pittsburgh, PA; 2) Magee Women’s Research Institute, Department 
of Obstetrics, Gynecology and Reproductive Sciences, University of Pittsburgh. 
   Longevity and stress resistance are intimately linked. In worms, and in many other species, animals that exhibit increased 
lifespan almost inevitably also display enhanced resistance to various stressors. In most cases, genes that promote longevity 
also contribute to improved stress resilience. For instance, glp-1 mutants that are long-lived due to elimination of the 
proliferating germine-stem cells (GSCs) are also highly stress-resistant, and both the long life and stress-resilience of these 
animals is dependent on the longevity determinant, DAF-16/FOXO. Previously, we identified a conserved transcription 
elongation and splicing factor, TCER-1/TCERG1, that cooperates with DAF-16/FOXO to selectively augment the longevity 
of germline-depleted animals.Here, we demonstrate that, unlike DAF-16/FOXO, TCER-1 does not contribute to stress-
resistance, instead it represses the animals’ ability to combat adversity. tcer-1 reduction-of-function confers resistance to a 
multitude of biotic and abiotic stressors, both in fertile animals as well as sterile mutants. Using site of action studies and 
molecular genetic analysis, we have explored the basis of this phenotypic uncoupling. Our experiments reveal a unique role 
for TCER-1/TCERG1 in balancing length of life, reproductive health and stress resistance during adult life. These data will 
be discussed. 

231B. Glucose Induces Sensitivity to Oxygen Deprivation & is Modulated via Insulin Signaling and Lipid Biosynthesis in 
C.elegans. Anastacia M Garcia, Mary L Ladage, Rajeev K Azad, Pamela A Padilla. Department of Biological Sciences, 
University of North Texas, Denton, TX. 
   Diet represents an exogenous influence that often yields colossal effects on an individual’s phenotype, physiology and 
long-term health. The overconsumption of dietary sugars for example, has contributed to significant increases in obesity and 
type-2 diabetes; health issues that are costly both economically and in terms of human life. Individuals who are obese or are 
type 2 diabetic often have compromised oxygen delivery and an increased vulnerability to oxygen-deprivation related 
complications, such as ischemic stroke, macrovascular disease and myocardial infarction. Thus, it is of interest to identify the 
molecular changes glucose supplementation or hyperglycemia can induce, which ultimately compromise oxygen deprivation 
responses. C. elegans is anoxia tolerant unless fed a glucose-supplemented diet. Glucose-supplementation also alters lipid 
accumulation and increases sensitivity to paraquat-induced oxidative stress, suggesting that glucose is an obesity mimetic 
and compromises stress resistance. We determined that daf-2(e1370) animals are resistant to glucose-induced anoxia 
sensitivity, and this resistance is dependent upon activity of transcription factor DAF-16. The daf-2(e1370) resistance is 
modulated via multiple pathways including fatty acid (fat genes) and ceramide biosynthesis (hyl-2) as well as antioxidant 
activity (sod-2;sod-3). We hypothesize that a central aspect of glucose-induced anoxia sensitivity is mitochondrial 
dysfunction via disruption of lipid and ceramide homeostasis and changes in reactive oxygen species. To further test this 
hypothesis and determine how glucose supplementation impacts C. elegans we used RNA-sequencing to compare the gene 
expression profiles of animals fed either a standard or a glucose-supplemented diet. Glucose supplementation significantly 
impacts the expression of genes involved with multiple cellular processes including lipid and carbohydrate metabolism, stress 
responses, cell division and extracellular functions.  We are using RNAi to identify gene expression changes that have a role 



in glucose-induced anoxia sensitivity. Furthermore, several of the genes differentially regulated in glucose supplemented C. 
elegans are also differentially regulated in humans with obesity or type-2 diabetes, indicating a degree of conserved gene 
expression changes between glucose-supplemented C. elegans and those observed in diabetic and/or obese human 
individuals. Together these data demonstrate that C. elegans can be used to further elucidate the molecular mechanisms 
regulating dietary-induced metabolic diseases and their associated complications. 

232C. Identification of trinucleotide-repeat RNA toxicity pathways in C. elegans. S. Garcia1,2, Y. Tabach1,2, G. Lourenço1,2, 
M. Armakola1,2, G. Ruvkun1,2. 1) Dept Molec Biol, Massachusetts Gen Hosp, Boston, MA; 2) Dept. of Genetics, Harvard 
Medical School, Boston, MA, USA. 
   Myotonic dystrophy disorders are caused by expanded CUG repeats in noncoding regions. We used Caenorhabditis 
elegans expressing CUG repeats to identify genes that modulate the toxicity of such repeats. We identified 15 conserved 
genes that function as suppressors or enhancers of CUG repeat-induced toxicity and that modulate formation of nuclear foci 
by CUG-repeat RNA. These genes regulate CUG repeat-induced toxicity through distinct mechanisms including RNA export 
and clearance, thus supporting a more complex regulation of RNA toxicity than previously thought where multiple pathways 
mediate CUG-repeat toxicity. A subset of the genes identified is also involved in other degenerative disorders.We find that 
the nonsense-mediated mRNA decay (NMD) pathway has a conserved role in regulating CUG-repeat-RNA transcript levels 
and toxicity. In addition, NMD recognition of toxic RNAs depends on the 3'-untranslated-region GC-nucleotide content. Our 
studies suggest a broader surveillance role for NMD in which variations in this pathway influence multiple degenerative 
diseases. 

233A. Autophagy in the Intestine Acts to Influence Healthspan and Longevity During Dietary Restriction. Sara Gelino, 
Jessica Chang, Malene Hansen. Developement and Aging, Sanford-Burnham Medical Research Institute, La Jolla, CA. 
   Autophagy is a cellular recycling process with key roles in development and aging. Work from several organisms including 
C. elegans has found that autophagy plays a beneficial role in several longevity models, including dietary restriction (DR). 
However, it remains unknown how autophagy may prolong organismal lifespan in response to DR at the cellular and 
molecular level.Autophagy is a multi-step process during which double-membrane vesicles called autophagosomes recruit 
cytosolic material that subsequently undergoes degradation when the autophagosomes fuse with lysosomes. To address the 
cellular role of autophagy in DR, we monitored autophagy reporters in multiple tissues of wild-type animals and dietary-
restricted eat-2 mutants with age. Noticeably, of the tissues investigated, the intestine showed the most significant changes in 
autophagosome numbers in eat-2 mutants compared to wild type. Noticeably, additional assays indicated that this induction 
in the intestine of eat-2 mutants occurs mainly by enhanced lysosomal turnover. This analysis is the first to assess the relative 
contribution of the different steps of the autophagy process in adult C. elegans.To complement these studies, we also 
analyzed the functional role of autophagy in the intestine. Consistent with an important role for autophagy in this tissue, we 
found that knock-down of autophagy genes specifically in the intestine of eat-2 mutants is sufficient to shorten their lifespan. 
We next investigated the role of autophagy in intestinal barrier function to learn more about how autophagy is utilized in the 
intestine. We observed that intestinal integrity, assessed by feeding the animals blue food dye, is improved in eat-2 mutants 
compared to wild type. Interestingly, we observed that intestinal-specific inhibition of autophagy greatly impairs intestinal 
barrier function in eat-2 animals, suggesting that autophagy plays a critical role in maintaining intestinal integrity, which 
likely contributes to overall health of the organism.Collectively, our study indicates that DR causes changes in autophagy in 
multiple tissues of C. elegans, and highlights a key role for autophagy in the intestine of dietary-restricted C. elegans to 
ensure improved healthspan and lifespan. These cellular insights will likely be critical for targeting autophagy to improve 
healthspan in higher organisms. 

234B. Transcription Factors that Coordinate Lipid Synthesis and Breakdown to Ensure Metabolic Homeostasis and 
Longevity. Francis RG Amrit1, Elizabeth Steenkiste1, Ramesh Ratnappan1, Shaw-Wen Chen2, T Brooke McClendon3, 
Carissa P Olsen2, Judith L Yanowitz3. 1) Department of Pediatrics, Rangos Research Center, University of Pittsburgh School 
of Medicine, Pittsburgh, PA 15217, USA; 2) Fred Hutchison Cancer Research Center, Seattle, WA 98109, USA; 3) Magee 
Women’s Research Institute, Department of Obstetrics, Gynecology and Reproductive Sciences, University of Pittsburgh 
School of Medicine, Pittsburgh, PA 15213, USA. 
   The coordination of lipid production and degradation is essential for animals’ health - lipid imbalances are characteristic of 
obesity and a feature of many reproductive pathologies and age-related diseases. But how these processes are balanced in 
multicellular organisms is poorly understood. In C. elegans, removing the germline, using mutations in genes such as glp-1, 
extends lifespan. Germline loss is a major metabolic challenge that compels the animal to stop fat deposition into eggs and 
remodel its lipid reserves. This phenomenon provides a unique platform to understand how complex metazoans retain 
metabolic homeostasis when challenged with alterations in fertility and age. Recent studies, including ours, have shown that 
germline loss activates conserved transcription factors such as DAF-16/FOXO and TCER-1/TCERG1 in the intestine, the 
worms’ main fat depot. We recently demonstrated that the nuclear hormone receptor, NHR-49/PPARα, under partial 
regulation by DAF-16/FOXO and TCER-1/TCERG1, promotes glp-1 mutants’ longevity by elevating fatty-acid β-oxidation 



and desaturation- pathways involved in fat buildup and breakdown, respectively. We have now discovered that both lipid 
synthesis and degradation are widely and concurrently enhanced in response to germline loss. Using transcriptomics, 
molecular-genetic analyses and biochemical approaches, we demonstrate that these transcription factors activate multiple 
lipid anabolic (de novo lipid synthesis, fatty-acid desaturation and elongation and triglyceride production) and catabolic 
(triglyceride hydrolysis, fatty-acid oxidation) pathways in glp-1 mutants. Our data suggest that the coordinated enhancement 
of lipid synthesis and breakdown, by NHR-49, DAF-16 and TCER-1, facilitates the adaptation to germline loss by ensuring 
lipid homeostasis, and mediates longevity. 

235C. Measuring Caenorhabditis elegans food intake and the absorption of dietary amino acids in 96-well microtiter plates. 
Rafael Gomez-Amaro1,2,3, Elizabeth Valentine4, Maria Carretero1,2,3, Sarah LeBoeuf1, Sunitha Rangaraju1,2,3, Caroline 
Broaddus1,2,3, Gregory Solis1,2,3, James Williamson4, Michael Petrascheck1,2,3. 1) Department of Chemical Physiology, The 
Scripps Research Institute, La Jolla, CA; 2) Department of Molecular and Experimental Medicine, The Scripps Research 
Institute, La Jolla, CA; 3) Department of Molecular and Cellular Neuroscience, The Scripps Research Institute, La Jolla, CA; 
4) Department of Integrative Structural and Computational Biology, The Scripps Research Institute, La Jolla, CA. 
   Caenorhabditis elegans has emerged as a powerful model to study the genetics of feeding, food-related behaviors, and 
metabolism. Despite the many advantages of C. elegans as a model organism, direct measurement of its bacterial food intake 
remains challenging.  Here, we describe two complementary methods that measure the food intake of C. elegans. The first 
method is a microtiter plate-based bacterial clearing assay that measures food intake by quantifying the change in the optical 
density of bacteria over time. The second method, termed pulse-feeding, measures the absorption of food by tracking de novo 
protein synthesis using a novel metabolic pulse-labeling strategy. Using the bacterial clearance assay, we compare the 
bacterial food intake of various C. elegans strains and show that long-lived eat mutants eat substantially more than previous 
estimates. To demonstrate the applicability of the pulse-feeding assay, we compare the assimilation of food for two C. 
elegans strains in response to serotonin. We show that serotonin-increased feeding leads to increased protein synthesis in a 
SER-7 dependent manner, including proteins known to promote aging. Protein content in the food has recently emerged as 
critical factor in determining how food composition affects aging and health. The pulse-feeding assay, by measuring de novo 
protein synthesis, represents an ideal method to unequivocally establish how the composition of food dictates protein 
synthesis. In combination, these two assays provide new and powerful tools for C. elegans research to investigate feeding, 
how food intake affects the proteome, and thus the physiology and health of an organism. . 

236A. Chemically induced oxidative stress affects ASH neuronal function and C. elegans behavior. Eleni Gourgou1, Nikos 
Chronis1,2. 1) Mechanical Engineering, University of Michigan, Ann Arbor, MI; 2) Biomedical Engineering, University of 
Michigan, Ann Arbor, MI. 
   Oxidative stress (OS) is one of the most significant types of stress an organism is exposed to throughout its life. The effect 
of OS on the nervous system specifically is of great interest, since it has been associated with neurodegenerative diseases. 
There is also evidence that exposure to herbicides, such as paraquat (PQ), induces OS. However, the effect of OS on the 
functionality and performance of sensory neurons remains obscure. In vivo about function of OS-exposed animals' sensory 
neurons. Here, we present our results from experiments in which we exposed wild type C. elegans worms to chemically (PQ) 
induced OS throughout their life. First, we aim to investigate the effect of OS-exposure on ASH sensory neuron function. To 
this end, we use a microfluidic device developed in our lab to immobilize worms and deliver the stimulus to their nose, in a 
highly controlled manner of minimum interference with the nervous system. After delivering the stimulus (glycerol), we 
record calcium transients from ASH neuron. Our results show that previously OS exposed worms display elevated neuronal 
excitability compared to non-treated animals, a phenomenon which is abolished when the worms are simultaneously treated 
with the well-established antioxidant vitamin C. Next, to connect the changes on ASH physiology to a behavior dependent on 
ASH function, we run the octanol avoidance test, in which worms (untreated, treated, and treated with the antioxidant) are 
tested regarding their reaction time when exposed to the repellent octanol, a behavior mediated by ASH. Our results show 
that worms exposed to OS react more slowly than the untreated ones, implying that ASH altered excitability observed with 
calcium imaging results in a modified behavioral response. In order to further address behavioral changes, we target the 
locomotion parameters. By using an automated worm tracking system, we analyze locomotion of untreated, treated, and 
worms to which we had administered the oxidative factor along with the antioxidant. Based on body posture and locomotive 
parameters measurements, we demonstrate that OS exposed worms, during the first days of their adult life do not display 
significant differences compared with untreated animals, with the partial exception of day5. The difference observed in the 
two behavioral expressions, locomotion and octanol avoidance, the first being essentially unaffected by exposure to paraquat 
whereas the second, directly mediated by ASH, is affected, may reveal a differential impact of oxidative stress on cell 
specific physiology and subsequent functions of an organism. 

237B. Genetic dissection of mechanisms that contribute to extrusion of neurotoxic aggregates from neurons. Ryan Guasp, 
Ilija Melentijevic, Meghan Arnold, Girish Harinath, Monica Driscoll. Rutgers, The State University of New Jersey, New 
Brunswick, NJ. 



        The central challenges that face aging neurons are protein aggregates and dysfunctional mitochondria.  We have found 
that specific neurons have the capacity to sort and extrude aggregates and mitochondria.  We speculate that the mechanism 
involved is a conserved process that plays a critical role in adult neuronal proteostasis. Here we address the molecular basis 
of this directed extrusion.     Extracellular vesicles have been shown to be important in processes as diverse as inflammatory 
signalling, angiogenesis, and cancer invasion. We discovered a novel extracellular vesicle jettisoned by C. elegans neurons 
that is distinct from exosomes and microvesicles in both morphology and cargo.  We term this vesicle the “exopher.” 
Exophers bud outwardly from the soma and can remain attached via a thin filament. Exophers can contain whole organelles 
(mitochondria and lysosomes) and protein aggregates, and their frequency of generation is increased by proteotoxic or 
mitochondrial stress.     What is the cellular machinery that directs selection of compromised cell components, localizes them, 
and extrudes them inside vesicles? We examined roughly 300 candidate genes that could potentially contribute to the process 
of exopher-genesis. We selected genes that are involved in vesicular trafficking and docking, as well as genes that encode 
motor proteins, polarity proteins, and cytoskeletal proteins. Out of the original screen, we found 12 RNAi interventions that 
were consistent suppressors of exopher-genesis and 2 RNAi interventions that were consistent enhancers. Three actin 
isoforms proved to be among the strongest suppressors along with mec-12, a mechanosensory neuron-specific tubulin 
isoform. Knockdown of two kinesin-like protein genes, klp-6 and klp-18, also reduce exopher release. Two nematode-specific 
small GTPases with no known mutant phenotype, rab-Y2 and rab-Y3, may also contribute to exopher formation. The gene 
knockdowns that had no significant effects, are also likely to be informative.   For example, only two genes among all 
encoding components of the four ESCRT complexes seem to have a role.     Overall, our data define novel functions 
for  cytoskeletal proteins and motors in the process of exopher-genesis.  We will present our working model for the molecular 
extrusion process that may correspond to the mechanism by which mammalian neurons eliminate toxic aggregates and 
dysfunctional mitochondria. 

238C. Sensory Neuronal Signaling Protects from Proteotoxic Stress to Promote Longevity. Gabriel Guerrero1,2, Martin 
Denzel1. 1) Max Planck Institute for Biology of Ageing, Cologne, Germany; 2) Graduate School for Biological Sciences, 
University of Cologne, Cologne, Germany. 
   Proteinopathies are a hallmark of many age related neurological diseases. Many of these pathologies have been shown to 
have visible misfolded protein aggregates. Protein folding in the endoplasmic reticulum (ER) is the most error prone process 
in gene expression. The accumulation of misfolded/unfolded proteins in the lumen of the ER causes a condition called ER 
stress. Using ethyl methanesulfonate (EMS) we performed a forward genetic screen on Caenorhabditis elegans and 
subsequently selected for tunicamycin (TM) resistant mutants. TM is a potent ER stressor that inhibits N-linked 
glycosylation. We discovered that TM selection strongly enriches for long-lived mutants. Our results suggest that animals 
bearing mutations that inhibit the function of their sensory cilia can better cope with TM stress. These findings implicate the 
importance of ER protein quality control mechanisms in the neuronal regulation of aging. Our studies aim to uncover how 
these EMS induced mutations promote healthy aging. We propose that chemosensory neurons abrogate TM-induced 
proteotoxicity by bulking up inherent cytosolic and ER protein quality control machinery in distal tissues through 
neuroendocrine signaling. 

239A. Caenorhabditis Intervention Testing Program: Gateway to the Fountain of Youth. Patrick Phillips1, Monica Driscoll2, 
Gordon Lithgow3, Max Guo4, Jailynn Harke1. 1) University of Oregon, Eugene, OR; 2) Rutgers University, Piscataway, NJ; 
3) Buck Institute for Research on Aging, Novato, CA; 4) National Institute on Aging, Bethesda, MD. 
   The Caenorhabditis Intervention Testing Program (CITP) is a multi-institution effort, sponsored by the National Institute of 
Aging, designed to screen bioactive compounds for their ability to extend lifespan and enhance health using nematodes as a 
model system for the potential effects of background genetic variation. The Intervention Testing Program (ITP), began 
assaying pharmacological interventions for lifespan extension in mice in the early 2000s [1]. However, with a median 
lifespan over two years, this project has decreased capacity to test multiple compounds in a robust manner [2]. The CITP 
capitalizes on the short lifespan of hermaphroditic C. elegans, C. briggsae and C. tropicalis. Selected natural isolates 
represent a biologically and geographically diverse population, yielding a total of 22 test strains. A compound effective 
across a diverse worm panel increases the likelihood of potency across other species, including heterogeneous human 
populations.Reproducibility marks a key goal of the CITP; the collaborative group generated detailed standardized protocols 
to minimize among and within lab variability. A data center facilitates near-instantaneous and global access to all CITP data. 
Compound candidates are selected based on the scientific community’s recommendations and advice from the project’s 
steering committee.A subset of strains has already undergone initial testing of four compound interventions: (R) alpha-lipoic 
acid, Aspirin, Quercetin, and NP1. Resveratrol, propyl gallate, and Thioflavine T are to be tested shortly. In addition to 
manual lifespan experiments, each lab built over 20 automated lifespan machines which use flatbed scanner technology [3], 
allowing for high throughput and precise longevity measurements. Mid- and late-age health assays are also underway.Initial 
results indicate significant differences in among-isolate variation in longevity within species (e.g., C. elegans low variation, 
C. briggsae high variation), as well as strain- and species-specific differences in longevity responses to compound 



treatments.1. Warner et al (2000) Mech Ageing Dev 115:199-2072. Miller et al (2007) Aging Cell 6:565–5753. Stroustrup et 
al (2013) Nature Methods, 10:665–670. 

240B. A C. elegans model to elucidate the role of mitochondrial DNA mutation in disease. Suraiya Haroon1, Tali 
Gidalevitz2, Marc Vermulst1. 1) Dept of Pathology and Medicine, Children's Hospital of Philadelphia, Philadelphia, PA; 2) 
Biology Department, Drexel University, Philadelphia, PA. 
   Mutations in the mitochondrial genome (mtDNA) play an important role in human aging and disease.  As we age, mtDNA 
mutations accumulate and disrupt mitochondrial function, which impacts the health of high-energy consuming cells such as 
neurons and muscle fibers.  As a result, mtDNA mutations contribute to the pathology of various age-related diseases such as 
sarcopenia and dementia.  While the detrimental effects of mtDNA mutations are understood, there are no known treatments 
for diseases resulting from mtDNA mutations.  Thus, deeper insight into the pathways involved in mitochondrial 
pathogenesis could provide new opportunities for treatment.  To investigate these pathogenic pathways, we have created a 
strain of C. elegans that carries an error prone version of polg-1, the enzyme that replicates the mitochondrial genome.  We 
will use these mutator worms to identify genetic pathways that are involved in the progression of diseases caused by mtDNA 
mutations. . 

241C. Quantitative Behavioral Measurements of Individual Aging Worms Reveal Lifespan-Altering Insulin Pathway 
Mutants Do Not Affect Healthspan. Stephen Helms1, Esther Lohrmann1,2, Jana Koers1,2, Marco Lezzerini2, Greg Stephens3,4, 
Tom Shimizu1, Yelena Budovskaya2. 1) Systems Biology Group, FOM Institute AMOLF, Amsterdam, The Netherlands; 2) 
Swammerdam Institute for Life Sciences, University of Amsterdam, Amsterdam, The Netherlands; 3) Dept. of Physics & 
Astronomy, Vrije Universiteit, Amsterdam, The Netherlands; 4) Okinawa Institute of Science and Technology, Onna-son, 
Okinawa, Japan. 
   Animals exhibit complex behaviors that emerge from the coordinated function across multiple scales of an organism: from 
genetics to neurons and physiology. Therefore, quantitative behavioral measurements can provide insight into the overall 
‘health’ of an organism. We have developed a high-throughput imaging experiment to measure the motility and posture of 
individual worms on agar with food over their entire adult life. These data allow for a rich statistical characterization of the 
behavior of individual worms and how such behavior changes over time. We used this new imaging experiment to compare 
behavioral changes during aging in wild-type and the classic lifespan-affecting insulin pathway mutations: daf-2 (CF1580, 
twice as long), daf-16 (CF1874, slightly shorter), and daf-2/daf-16 (CF1588, slightly shorter). Each mutation was 
backcrossed into the sod-3::GFP reporter strain (CF1553) to ensure no spurious mutations had accumulated. For each strain, 
we performed two independent experiments assaying 24 worms for an hour 16 times over 31 days. In related work, we 
developed a parameterized model of motility. Using this model, we found that aging was associated with a decrease in 
exploratory motility and a progressive slowing of behavior. While we did observe the expected changes in lifespan, all of the 
strains showed a similar and reproducible decline in behavior as the worms aged. A number of recent studies have 
underscored the view that changes in lifespan are not necessarily associated with changes in aging-related functional decline 
(‘healthspan’). Our result confirms that the increased lifespan in daf-2 is not accompanied by an increase in healthspan, and 
provides a detailed view of how behavior changes with age. Furthermore, this work demonstrates the power of our 
experimental system and automated analysis for rapid behavioral phenotyping. 

242A. Insulin-like signaling and other aging regulators mediate effects of dietary restriction on progeny size and 
environmental anticipation. Jon Hibshman, Anthony Hung, L. Ryan Baugh. Biology Department, Duke University, 
Durham, NC. 
   Dietary restriction delays development, reduces fecundity, and increases lifespan. Here we provide evidence that maternal 
nutritional status influences provisioning of progeny. In C. elegans, dietary restriction increases progeny size (Harvey and 
Orbidans, PLOS ONE 2011). We show that progeny of mothers raised under dietary restriction are also buffered against 
growth-retarding effects of extended L1 arrest (see abstract of J. Jordan et. al.). This suggests that progeny of mothers who 
experienced limited food are better able to cope with extended starvation. The response to nutrient availability is plastic such 
that exposure to dietary restriction in late larvae and young adults but not young larvae influences progeny size. Insulin-like 
signaling plays an important role in regulating embryo size. Disruption of the insulin-like receptor daf-2 in the soma results in 
larger embryos. Furthermore, mutations in daf-2/InsR and daf-16/FOXO abolish progeny size plasticity in liquid culture-
based dietary restriction, with daf-16 epistatic to daf-2. This suggests that insulin-like signaling mediates the effects of 
dietary restriction on progeny size. We find that skn-1 and pha-4, two canonical regulators of lifespan extension associated 
with dietary restriction, are also essential for embryo size increase in an eat-2 genetic model of dietary restriction on solid 
media. These findings reveal that while fecundity is decreased in conditions of limited nutrients, the size and starvation 
resistance of progeny are increased, suggesting that adults anticipate environmental conditions in progeny provisioning. 
Furthermore, regulation of progeny size requires some of the same genes and pathways controlling lifespan in response to 
dietary restriction, implying a common response regulates both aging and progeny provisioning. 



243B. A protective role of sensory perception through amine neurotransmitters in C. elegans. H. Hoshikawa, M. Uno, H. 
Yoshimura, S. Honjoh, E. Nishida. Department of Cell and Developmental Biology, Graduate School of Biostudies, Kyoto 
University. 
   Animals adapt to the surrounding environment through sensory perception. Food availability is among crucial 
environmental factors for their survival. It has been shown that dietary restriction extends life-span in many species. We have 
previously developed an intermittent fasting (IF) regimen (an every two days fasting) that extends life-span by more than 
60% in C. elegans. Because several mutants with defective sensory perception have been reported to show extended life-
span, we examined the effect of the IF regimen on these long-lived mutants and found that the mutation-induced longevity 
and the IF-induced longevity were not additive. Then, we asked whether amine neurotransmitters are involved in the 
regulation of IF-induced longevity. We used a number of mutants defective in neurotransmitter-synthesizing enzymes or 
neurotransmitter receptors in IF experiments, and found that the mutation-induced longevity and the IF-induced one were not 
additive in several of these mutants. These results suggest that dietary perception mediated by amine neurotransmitters 
contributes to the IF-induced longevity. Then, we focused on one of the amine neurotransmitters, octopamine (OA) which is 
released in the absence of food. Although OA administration did not significantly extend life-span, it did increase organismal 
resistance to oxidative stress. This increased resistance was suppressed in two OA receptor mutants. Moreover, we found that 
OA administration promoted nuclear translocation of DAF-16, the key transcription factor for stress response, and that the 
OA-induced increase in stress resistance required DAF-16. Taken together, our results suggest that OA signaling, which is 
triggered by the absence of food, shifts the organismal state to more protective one to prepare for environmental stresses. 

244C. Neural Activity and CaMKII Protect Neuronal Mitochondria from Age-Dependent Fragmentation in C. elegans. Hao-
Ching Jiang1, Jiun-Min Hsu1, Chien-Ping Yen1, Chi-Chao Chao3, Ruey-Hwa Chen1,2, Chun-Liang Pan1. 1) Institute of 
Molecular Medicine, Nation Taiwan University, Taipei, Taiwan; 2) Institute of Biological Chemistry, Academia Sinica, 
Taipei, Taiwan; 3) Department of Neurology, National Taiwan University Hospital, Taipei, Taiwan. 
   Mitochondria are both the target of aging process and a contributor to the progression of cellular aging. Progressive 
mitochondrial fragmentation is a common manifestation of the aging cells in diverse species. In this study, we reported 
genetic mechanisms that linked neural activity to the maintenance of mitochondrial morphology in the aging C. elegans touch 
receptor neurons. Mitochondria underwent progressive fragmentation in multiple classes of C. elegans neurons and body wall 
muscles, with increased oxidation and recruitment to the lysosomes for degradation. These age-dependent mitochondrial 
defects were influenced by mutations that shortened or extended life span. We found that mutations in mec-
4/Degenerin/ENaC and egl-19/L-type voltage-gated channel resulted in excessive mitochondrial fragmentation. Mutations in 
the Ca/calmodulin kinase II, unc-43, caused similar phenotypes, and constitutive UNC-43 activation rescued mitochondrial 
defects of the mec-4 mutant, suggesting that a MEC-4/EGL-19/UNC-43 pathway maintains mitochondrial morphology in 
aging. We further demonstrated that UNC-43 inhibited DRP-1, the major mitochondrial fission factor, through 
phosphorylation of a conserved threonine residue. Consistent with this, drp-1 mutations suppressed excessive mitochondrial 
fragmentation in the mec-4 mutant. These findings identify activity-dependent DRP-1 phosphorylation by CaMKII as a key 
mechanism in neuronal mitochondrial maintenance during aging. (supported by National Health Research Institutes, NHRI-
EX101-10119NC). 

245A. New longevity genes revealed by integrative analysis of isoform-specific DAF-16/FoxO mutants. Albert Chen1, 
Chunfang Guo1, Omar Itani1, Breane Budaitis1, Travis Williams1, Christopher Hopkins2, Richard McEachin3, Manjusha 
Pande3, Ana Grant3, Sawako Yoshina4, Shohei Mitani4, Patrick Hu1. 1) Institute of Gerontology, University of Michigan 
Medical School, Ann Arbor, MI; 2) Knudra Transgenics, Murray, UT; 3) Department of Computational Medicine and 
Bioinformatics, University of Michigan Medical School, Ann Arbor, MI; 4) Department of Physiology, Tokyo Women's 
Medical University School of Medicine, Japan. 
   FoxO transcription factors promote longevity across taxa. How they do so is poorly understood. In C. elegans, the A- and 
F-isoforms of the FoxO transcription factor DAF-16 extend life span in the context of reduced DAF-2 insulin-like signaling. 
To elucidate the mechanistic basis for DAF-16/FoxO-dependent life span extension, we performed an integrative analysis of 
isoform-specific daf-16/FoxO mutants. Mutant phenotypes and whole transcriptome profiling revealed a dominant role for 
DAF-16A over DAF-16F in both life span control and target gene regulation. Integration of these data sets enabled the 
prioritization of a subset of 92 DAF-16/FoxO target genes for functional interrogation. Among 29 target genes tested, three 
significantly influenced longevity, indicating that individual DAF-16/FoxO target genes can have disproportionately large 
effects on life span. Our approach provides a general framework for identifying specific downstream gene regulatory events 
that contribute substantially to transcription factor functions. 

246B. New longevity genes revealed by integrative analysis of daf-2 and glp-1 mutants. Albert Chen1, Joseph Kruempel1, 
Ian Waters2, Chunfang Guo1, Manjusha Pande3, Ana Grant3, Richard McEachin3, Patrick Hu1. 1) Institute of Gerontology, 
University of Michigan Medical School, Ann Arbor, MI; 2) Johns Hopkins University School of Medicine, Baltimore, MD; 
3) Department of Computational Medicine and Bioinformatics, University of Michigan Medical School, Ann Arbor, MI. 



   FoxO transcription factors promote longevity across taxa. How they do so remains poorly understood. In C. elegans, the 
FoxO transcription factor DAF-16 extends life span in the contexts of reduced DAF-2 insulin-like signaling and germline 
ablation. To prioritize a subset of DAF-16/FoxO target genes for phenotypic analysis, we performed whole transcriptome 
profiling on two distinct daf-2 mutants and glp-1(e2141) mutants lacking a germline in the context of wild-type daf-16 and 
two daf-16 mutations that fully suppress life span extension. Integration of phenotypic data with transcriptome profiles 
defined a set of 46 DAF-16/FoxO target genes, the differential expression of which is associated with longevity (dal genes). 
daf-2 RNAi life span assays on loss-of-function mutants corresponding to nineteen dal genes revealed that mutation of five 
dal genes significantly reduces life span extension induced by daf-2 RNAi. One of these genes encodes an 
acetylcholinesterase homolog of unknown function. Our results underscore the efficacy of integrative analysis in defining 
tractable sets of DAF-16/FoxO target genes for detailed interrogation. 

247C. BRAP-2 regulates SKN-1/ELT-3 in response to oxidative stress through the ERK/MAPK pathway. Queenie Hu1, 
Lesley T. MacNeil2,3, Dayana R. D’Amora1, Marian Walhout2, Terrance J. Kubiseski1. 1) Department of Biology, York 
University, Toronto, Ontario, Canada; 2) Program in Gene Function and Expression, University of Massachusetts Medical 
School, Worcester, MA; 3) Department of Biochemistry and Biomedical Sciences, Farncombe Family Digestive Health 
Research Institute, McMaster University, Hamilton, Ontario, Canada. 
   Cellular damage caused by reactive oxygen species (ROS) is believed to be a major contributor to the onset of detrimental 
diseases associated with aging. Among eukaryotes, the Nrf2 family transcription factors are conserved and act as the master 
regulators of the antioxidant response for protection against stress. SKN-1, a C. elegans ortholog of Nrf2, plays a crucial role 
in various aspects of organismal development, longevity and stress resistance. However, the molecular mechanisms of SKN-
1 and its upstream regulation are poorly understood. Our lab previously introduced the C. elegans BRCA1 associated binding 
protein 2, BRAP-2, and discovered that brap-2 mutant worms arrest at L1 larval stage when exposed to oxidative stress. We 
have used both genetics and biochemical approaches to determine how BRAP-2 regulates SKN-1 and its target stress genes. 
Here we show that the brap-2(ok1492) mutation enhances the expression of skn-1 dependent gene gst-4 in the intestine and 
hypodermis, indicating that the presence of BRAP-2 may act as a potential inhibitor of SKN-1. Furthermore, the loss of 
BRAP-2 increases p-MAPK protein levels, and BRAP-2 physically interacts with LET-60/Ras and KSR-1/2. These results 
suggest that the ERK/MAPK pathway is involved in BRAP-2/SKN-1 regulation.To better define the BRAP-2/SKN-1 
signaling cascade, we used reverse genetics to identify twenty novel transcription factors or co-activators of SKN-1 that 
elevate gst-4 expression in the brap-2(ok1492) mutant. The screen identified elt-3 as a potential candidate, and our results 
show that ELT-3/GATA is required for enhanced gst-4 expression in the brap-2(ok1492) mutant, through binding to SKN-1. 
Further analysis revealed that the activation of gst-4 by SKN-1 requires ELT-3, indicating that they may dimerize to increase 
gst-4 transcriptional activity. Lastly, we have observed that extended lifespan in overexpressing SKN-1 is dependent on 
functional ELT-3. Together, this suggests a new role for BRAP-2 in the regulation of the SKN-1/ELT-3 complex in response 
to oxidative stress through the ERK/MAPK pathway. 

248A. The RNA binding protein TIAR-1 is important to protect germ cells from stress. Gabriela Huelgas-Morales1, Carlos 
G. Silva-García1, Laura S. Salinas-Velázquez1, David Greenstein2, Rosa E. Navarro1. 1) Instituto de Fisiología Celular, 
UNAM, Circuito Exterior s/n, Ciudad Universitaria, México D.F. 04510; 2) Department of Genetics, Cell Biology, and 
Development, University of Minnesota, Minneapolis MN. 
   We are interested in how the germline is protected during stressful conditions.  We have found that when animals are 
subjected to stress 1) translational rates slow down, 2) more germ cells undergo apoptosis, and 3) germ granules are formed 
in the gonad.  TIAR-1, one of the three homologs of the TIA-1/TIAR-1 family of RNA binding proteins in C. elegans, is 
required to induce germ cell apoptosis downstream from CED-9.  In mammalian cells these proteins are required for Fas –
induced apoptosis, and are important for stress granules formation.  Our aim is to investigate TIAR-1 fuction in normal and 
stressful conditions in the germline.Two main classes of ribonucleoprotein complexes are formed in the gonad during stress: 
one in the core of the gonad and another in the oocytes.  Upon starvation in the presence of cycloheximide, the gonad core 
granules did not form, but the oocyte granules did.  This supports the hypothesis that RNP complexes found in the C. elegans 
gonad have different nature and perhaps functions. A TIAR-1::GFP transgene (produced by CRISPR-Cas9) had its highest 
expression in the animals’ germ line, in which was mostly localized in the cytoplasm and associated to P granules.  When 
animals were exposed to stress, the TIAR-1::GFP  aggregated in both gonad core and oocye granules.  In animals that lack 
tiar-1, we observed that gonad core granules did not form but oocyte granules were still present after starvation, heat shock, 
and prolonged meiotic arrest. tiar-1(-) animals had small brood size and embryonic lethality; both phenotypes were stronger 
at higher temperature.  A high incidence of males in tiar-1(-) was also observed.  We further explored if tiar-1(-) animals’ 
germline defects are accentuated during stress.  Thus animals were exposed to heat shock and starvation and their progeny 
was analyzed for embryonic lethality, and sterility.  tiar-1(-) animals had increased embryonic lethality in the progeny that 
had been fertilized before, during, and immediately after stress, but not in the progeny that was produced long after stress. 
tiar-1(-)  animals that survive heat shock are often sterile.  We found that starvation has little to no effect on embryonic 
survival or fertility, neither in wild type nor in tiar-1(-) strains.  These results suggest that TIAR-1 has a role in protecting the 



oocytes during and shortly after heat shock, nevertheless nematodes seem to have other protective mechanisms against 
starvation. 

249B. The role of cholesterol in DAF-16 nuclear localization and fasting-induced longevity in C. elegans. Akiko Ihara, 
Masaharu Uno, Koichi Miyatake, Sakiko Honjoh, Eisuke Nishida. Department of Cell and Developmental Biology, Graduate 
School of Biostudies, Kyoto University. 
   Dietary restriction extends lifespan in many species and delays the onset of age-related diseases. We have previously 
established an intermittent fasting (IF) regimen in C. elegans, which increases resistance to heat and oxidative stress and 
effectively extends the lifespan. We have also shown that the IF-induced stress resistance and longevity require DAF-16, the 
effector of the insulin/IGF-1 signaling pathway and that DAF-16 is translocated to the nucleus by the fasting stimulus. Here 
we show that cholesterol regulates IF-induced longevity through the regulation of DAF-16 nuclear localization. Cholesterol 
deprivation suppresses IF-induced longevity. We also find that cholesterol is required for the fasting-induced upregulation of 
transcriptional target genes of DAF-16, and that cholesterol deprivation suppresses the long lifespan of the insulin/IGF-1 
receptor daf-2 mutant. Remarkably, we find that cholesterol plays an important role in the fasting-induced nuclear 
accumulation of DAF-16. Moreover, knockdown of a cholesterol-binding protein NAP-1, which has been shown to bind to 
DAF-16 in a cholesterol-dependent manner, suppresses fasting-induced longevity and DAF-16 nuclear accumulation. These 
suppressions are not additive to the cholesterol deprivation-induced suppressions, suggesting that cholesterol and NAP-1 
share the same mechanism on the regulation of fasting-induced longevity and DAF-16 nuclear accumulation. Collectively, 
our findings identify a novel role of cholesterol in the regulation of dietary restriction-induced longevity. 

250C. Investigation of TORC1-inhibition dependent SKN-1/Nrf activity and its effect on longevity . Meltem Isik1,3, Keith T 
Blackwell1,2,3. 1) Joslin Diabetes Center, Boston, MA 02215, USA; 2) Harvard Stem Cell Institute, Boston, MA 02215, USA; 
3) Department of Genetics, Harvard Medical School, Boston, MA 02215, USA. 
   The target of rapamycin (TOR) signaling is one of the pathways that regulate cell growth and metabolism in response to 
food availability and it has been broadly implicated in aging. Rapamycin, a TOR inhibitor, is the only drug studied so far that 
has unambiguously been shown to slow mammalian aging. However, in addition to its beneficial effects, it comes with 
harmful secondary effects, such as diabetic symptoms and suppression of immune system. It is therefore critical to identify 
specific mechanisms downstream of rapamycin that affect aging. The findings of our lab suggest that SKN-1/Nrf 
transcription factor is required for lifespan extensions associated with genetic inhibition of either TORC1 or TORC2, or 
rapamycin treatment indicating that it plays a central role in the influence of TOR pathways on aging. Interference with TOR 
signaling results in increased SKN-1/Nrf induced transcription, which seems to be critical for its effects on aging and stress 
resistance. Therefore, novel findings about the TORC1-SKN-1/Nrf-longevity axis might be useful for development of agents 
that promote particular SKN-1/Nrf activities, and would specifically reinforce beneficial effects of TOR inhibition by 
avoiding unwanted effects related to immunity, insulin sensitivity or inhibition of critical TOR functions. Here, we used high-
throughput RNAi screens to determine the genes that have an effect on SKN-1 activity and also interacts with TOR signaling 
pathway. The tested 1451 clones consisted of genes that are available in TOR phosphoproteome data from six previous 
studies done  in mammalian and yeast cells and the related genes in associated pathways. Each of these clones were tested for 
their effect on expression of a SKN-1/Nrf target gene reporter, Pgst-4::gfp, in WT, raga-1(ok386) (a TORC1 inhibition 
background) and skn-1(lax188) gain of function worms. This analysis has revealed already known as well as previously 
unidentified activators and repressors of SKN-1/Nrf activity, which also phenotypically interacted with TOR signaling 
pathway. Highly represented pathways included lin-35/Rb, chromatin factors, ubiquitin-proteosome, RNA 
processing/spliceosome, and endocytosis pathways. Therefore, these identified pathways can be responsible for TOR 
inhibition dependent SKN-1/Nrf activity and related genes will be analyzed further for their effect on lifespan and stress 
resistance of C. elegans. The findings of this research study may lead to development of agents that specifically reinforce 
beneficial effects of TOR inhibition by avoiding unwanted effects. 

251A. GLP-1/Notch longevity is not equivalent to germline laser ablation mediated longevity. Philipp S Jaeger1, Oezlem 
Karalay1,4, Shuhei Nakamura1,4, Kayo Nakamura1, Christian Latza1, Adam Antebi1,2,3. 1) Max Planck Institute for Biology of 
Ageing, Joseph Stelzmann Strasse 9b, D-50931 Cologne, Germany; 2) Department of Molecular and Cellular Biology, 
Huffington Center on Aging, Baylor College of Medicine, Houston, Texas 77030, USA; 3) Cologne Excellence Cluster on 
Cellular Stress Responses in Aging-Associated Diseases (CECAD), University of Cologne, D-50674 Cologne, Germany; 4) 
equally contributed. 
   Removal of C. elegans germline precursor cells by laser ablation (GLA) or specific mutations in the glp-1 locus lead to a 2-
fold lifespan extension. The majority of studies investigating gonadal longevity favors the use of glp-1 mutants over GLA as 
it is less labor-intensive and does not require additional equipment or special training. In an RNAi-based suppressor screen 
we identified several mediators of lifespan extension specific to glp-1 mutants (unpublished data). We identified a group of 
closely related transcription factors (mml-1, mxl-2, mdl-1 and mxl-1) to be suppressors of GLP-1/Notch longevity. These 
factors also suppressed the GLA mediated lifespan extension. Furthermore, we found that nhr-91 is also required for GLP-



1/Notch longevity, but not for the longevity of GLA worms. These results indicate that GLP-1/Notch and GLA mediated 
longevity share common mediators, but GLP-1/Notch mutations may extend lifespan by additional pathways. Future studies 
aim to uncover these pathways by which GLP-1/Notch mutations contribute to longevity in C. elegans. 

252B. Hyperoxia effects on development and reproduction. Gholamali Jafari, Jason Pitt, Zhongyu Li, Daniela Ayon, Matt 
Kaeberlein. University of Washington Department of Pathology Box 357470 Health Science Building D-514. 
   While hyperoxia is toxic to most organisms, C. elegans is resistant to long-term exposure to 100% (90 kPa). Oxygen 
toxicity results from the formation of Reactive Oxygen Species (ROS) within the mitochondria as superoxide anion and then 
hydrogen peroxide, which damages lipids, proteins, and nucleic acids. Superoxide dismutase and catalase protect the cells 
against normal levels of ROS. We sought to find other pathways that are involved in C. elegans hyperoxia tolerance. As 
previously shown, the superoxide dismutase pathway was involved in the defense against hyperoxia. We found that the 
previously described hyperoxia chemosensory circuit (npr-1, gcy-35, and gcy-36) did not affect survival or development in 
hyperoxia. Surprisingly, we found that the hypoxia (low oxygen) response pathway was required for hyperoxia tolerance 
through the egl-9 and hif-1 axis. hif-1 mutants could not reproduce in hyperoxia and showed a deformed pale body and a 
severe movement defect. Curiously, egl-9 mutants (that have elevated HIF-1 levels) have an even more severe phenotype, 
arresting during early larval development in hyperoxia. We conclude that in addition to its role in hypoxia, the HIF-1 
pathway functions during hyperoxia to maintain the proper redox balance in the worm. 

253C. Extended starvation during L1 arrest appears to reduce fitness in the exposed animals but cause potentially adaptive 
effects in their descendants. James M. Jordan1, Meghan A. Jobson2, Jon D. Hibshman1, Moses A. Sandrof1, L. Ryan 
Baugh1. 1) Department of Biology, Duke University, Durham, NC; 2) University of North Carolina School of Medicine, 
Chapel Hill, North Carolina. 
   Embryos hatched in the absence of food arrest development in the first larval stage. Larvae can survive this so-called "L1 
arrest" for weeks and resume grossly normal development upon feeding. L1 arrest provides a model for nutritional control of 
development, and it is routinely used to synchronize cultures and freeze strains. However, the long-term phenotypic 
consequences of L1 arrest, including epigenetic or pathological effects, have not been described. We characterized the effects 
of extended L1 arrest on a variety of life-history traits in the exposed animals and their descendants. Larvae recovered from 1 
week of arrest grow slowly, taking longer to become reproductive, and are smaller as adults. They also display reduced 
reproductive potential, with the smallest individuals most severely affected. Pharyngeal pumping and grinding are reduced, 
perhaps contributing to slow growth and reduced fertility. Adults tend to hold their eggs, and many of them die as a bag of 
worms, but this appears to be due to physiological regulation as opposed to defective development. However, protruding and 
exploded vulvae are observed, though relatively rare. The progeny of starved animals are also affected: abnormally shaped 
embryos with reduced hatching efficiency are common, F1 larvae are smaller upon hatching and after 48 hr growth, the 
smallest individuals have decreased fertility and there is an increased incidence of males. Larvae that were starved for 1 week 
are no more resistant to heat or starvation. In fact, larvae recovered from starvation are more sensitive to starvation when 
exposed later in development, arguing against a "thrifty" phenotype in the narrow sense of the exposed generation. However, 
the progeny and grandprogeny of starved larvae are more resistant to starvation as L1 larvae. In addition, the progeny, 
grandprogeny and great-grandprogeny (F3) are more resistant to heat, suggesting epigenetic inheritance of acquired stress 
resistance. Taken together, our results suggest that extended starvation during early larval development has a variety of 
ecologically-relevant phenotypic effects. The results are inconsistent with a relatively simple fitness trade-off in the exposed 
animals but instead suggest a combination of potentially maladaptive and adaptive effects that play out over generations. 

254A. A decrease in movement at a defined moment in life predicts death. Katharina Jovic, Rosanne Bartels, Rita J. M. 
Volkers, Mark G. Sterken, L. Basten Snoek, Jan E. Kammenga. Laboratory of Nematology, Wageningen University, 
Wageningen, The Netherlands. 
   The short-lived nematode C. elegans is a powerful model organism for studying the causes of aging. Behavioural research 
revealed that decline in C. elegans body movement was strongly associated with senescence. We propose to use the theory of 
catastrophic regime shifts to predict the dramatic change in the worm leading to a certain lifespan. In this framework, we 
tested if the decline in C. elegans movement could be viewed as a tipping point to death.We studied the decline in movement 
and lifespan, by filming Bristol N2 during 0.5-16 hours periods every two to three days over its entire lifespan. Many 
parameters were recorded, but we focussed on the quantification of two parameters of movement: the average speed and 
roaming behaviour. Next to movement, also the lifespan of the individual animals was measured. Since individual worms age 
at different rates and show a considerable variation in lifespan, the age of each worm was measured relative to their total 
lifespan.We observed a large variation in active movement of individual worms throughout the course of a day. Therefore, as 
to make more general statements, every recording session was set to 7 hours. This revealed  a common pattern of decline 
associated with  physiological age. Independent of the chronological age in days of the worms, their movement was highly 
active for the first 50-60% of their individual lifespan. The general ability to move decreased within the next 20% of their 
life, and it almost completely ceased before death. Average speed and roaming behaviour decreased at different rates. While 



the average speed declined gradually, the tendency to roam through the available space deteriorated more rapidly.Our data 
presents a  shift in movement at a defined moment during a physiological age. This shift shows the potential of observing 
movement for its use in life span predictions according to the theory of catastrophic regime shifts.  . 

255B. 20-hydroxyecdysone modulates energy metabolism and extends healthspan in C. elegans. Shaunak Kamat1, Brittany 
Graf2, Slavko Komarnytsky3, James Aramini1, Monica Driscoll1. 1) Molecular Biol & Biochem, Rutgers Univ, Piscataway, 
NJ; 2) Plant Biol and Pathology, Rutgers Univ, New Brunswick, NJ; 3) Plants for Human Health Institute, North Carolina 
State Univ, Kannapolis, NC. 
   Plant species are a rich source of bioactive compounds that have beneficial effects on metabolism and extend health and 
longevity. Here we describe the effects of 20-hydroxyecdysone (20HE), a polyhydroxylated sterol found in many plant 
species, on C. elegans metabolism. 20HE treatment increased locomotory vigor, decreased AGE pigment accumulation and 
extended median lifespan of wild type C. elegans. This benefit was dependent on the C. elegans nuclear hormone receptor 
nhr-49 but also partially dependent on the insulin signaling and dietary restriction pathways. 20HE treatment decreased fat 
accumulation and increased aerobic respiration in C. elegans. HeLa cells treated with 20HE showed an upregulation of the 
nuclear hormone receptor PPARα, and 1H-NMR showed direct interaction between 20HE and PPARα, suggesting that the 
mechanism of 20HE action is conserved across species. We propose that 20HE upregulates fat metabolism in C. elegans and 
mammalian species and may confer longevity via an adaptive stress response. . 

256C. MML-1/Mondo regulates lysosome-to-nucleus signaling in gonadal longevity. Oezlem Karalay1, Shuhei Nakamura1, 
Makoto Horikawa1, Kayo Nakamura1, Christian Latza1, Rebecca Tharyan1, Adam Antebi1,2,3. 1) Max Planck Institute for 
Biology of Ageing, Joseph-Stelzmann-Strasse 9b, D-50931, Cologne, Germany; 2) Cologne Excellence Cluster on Cellular 
Stress Responses in Aging-Associated Diseases (CECAD),University of Cologne, D-50674, Cologne, Germany; 3) 
Department of Molecular and Cellular Biology, Huffington Center on Aging, Baylor College of Medicine, Houston, Texas 
77030, USA. 
   In C. elegans, removal of the germline stem cells during early development results in lifespan extension in presence of 
somatic gonad. This longevity depends on autophagy and fat metabolism mediated by several transcription factors such as 
HLH-30/TFEB, NHR-80/HNF-4 and NHR-49/PPARa. However, little is known about the molecular links connecting these 
different pathways involved in gonadal longevity. Through RNAi-based genetic screening using glp-1 mutants, we have 
identified that Mondo-like transcription factor MML-1 and its heterodimer partner MXL-2 are both required for gonadal 
longevity. Subsequent analysis implicated that MML-1/MXL-2 affect HLH-30 nuclear localization, its target gene expression 
and downstream processes such as autophagy are impaired in germline deficient mml-1 and mxl-2 mutants. This phenotype is 
partially caused by the hyperactivation of TOR, since downregulation of TOR pathway rescued HLH-30 nuclear localization 
phenotype and its downstream target gene expression. A recent study by Folick et al., 2015 showed that oleoylethanolamide 
(OEA), produced by LIPL-4 and carried to nucleus by LBP-8, binds to NHR-80 resulting in the activation of NHR-80 and 
NHR-49 nuclear hormone receptors and thus longevity. Interestingly, we found that lipl-4 and lbp-8 transcript levels are 
decreased in germline deficient mml-1 and mxl-2 mutants, resulting in low levels of OEA as well as NHR-49 and NHR-80 
target gene expression. These observations suggested that MML-1/MXL-2 regulate both TOR/HLH-30 axis and LIPL-
4/OEA/NHR-80/NHR-49 axis. Our ongoing analysis will reveal the interconnectivity between these two axes through MML-
1/MXL-2. 

257A. Evaluation of insuin molecules using a primary culture of the C. elegans TJ356 strain. Tsuyoshi Kawano, Takumi 
Fujimori, Maki Komatsu, Takashi Iwasaki. Dept Agriculture, Tottori Univ, Tottori, Tottori-ken. 
   Insulin-like molecules of C. elegans regulate the laraval diapause, lifespan, and other phenomena through the DAF-2 
receptor. The DAF-16, a transcription factor downstreem of the DAF-2 translocates between a nulucei and a cytoplasm in a 
response to the insulin signaling. To evaluate "insulin activity" , we utilize a plimary culture of the TJ356 strain, which 
constitutively express DAF-16::GFP. We prepared INS-6, one of the C. elegans insulin-like molecules, using a procaryotic 
expression system, and proved translocation of the DAF-16::GFP from the nucleus to cytoplasm in the primary culture by 
addition of the INS-6. A fused protein MBP::INS-6, maltose bindng protein fused to INS-6 at the N-terminus, also 
translocated the DAF-16::GFP from the nucleus to cytoplasm. This system may be useful for evaluation of the insulin 
activity. . 

258B. S-allyl-L-cysteine increases resistance to environmental stressors, but has no effect on lifespan in Caenorhabditis 
elegans. Junsung Kim, Sang-Kyu Park. Soonchunhyang University, Asan. 
   The free radical theory of aging suggests that age-related accumulation of oxidative damages caused by free radicals is the 
major causal factor of aging. Previous studies show that nutritional interventions with anti-oxidants can modulate many age-
related physiological changes in various model organisms. Here, we examined the effect of S-allyl-L-cysteine (SAC) on 
resistance to environmental stressors and aging using C. elegans as a model system. SAC is a modified amino acid that is 



known to have a strong antioxidant activity. The survival of worms under oxidative-stress conditions induced by hydrogen 
peroxide was significantly increased by supplementation of SAC. We also measured response to other environmental 
stressors. Pre-treatment of SAC significantly increased resistance to both heat stress and UV irradiation. To investigate the 
effect on aging, we examined the change in lifespan in C. elegans by SAC. Lifespan was not affected by SAC treatment. We 
also examined the effect of SAC on motility of C. elegans and found that SAC can retard age-related decline of locomotion. 
Change in fertility and expression of age-related gene, hsp-16.2 and sod-3, were also investigated. Taken together, our study 
suggests that dietary supplementation of SAC can confer increased resistance to environmental stressors and modulate 
several age-related alterations without longevity phenotype in C. elegans. 

259C. Ceramide Biosynthesis Impacts Stress Responses in C.elegans- A Model for Mitochondrial Dysfunction. Skylar 
King, Daniel Quan, Rajeev Azad, Pamela Padilla. Biological Sciences, University of North Texas, Denton, TX. 
   Mitochondrial function is essential for regulating many processes such as metabolism and responses to stress. An excess of 
ROS can damage macromolecules, alter signaling-pathways, and promote mitochondrial dysfunction. Inducers 
of ROS include external toxins, environmental stressors, metabolic stress and genetic mutations. The biosynthesis of 
ceramide lipids is known to impact ROS levels, metabolism, apoptosis, and is implicated in disease processes such as 
diabetes. However, the mechanistic role ceramide metabolism has on mitochondrial function is not completely 
understood. Our objective is to use C. elegans to determine how disruption of ceramide biosynthesis impacts stress 
responses and mitochondrial function in a whole animal system. Others have shown that a mutation in hyl-2, which codes for 
a ceramide biosynthetic enzyme, induces anoxia sensitivity and alters the pool of ceramide species. To investigate how the 
modulation of ceramide impacts stress responses we conducted phenotype analysis on the hyl-2(tm2031) mutant, conduced a 
forward genetic suppressor screen in hyl-2(tm2031) animals and used RNA-sequencing analysis to identify gene expression 
in the hyl-2(tm2031) mutant relative to wild-type. We found that the hyl-2(tm2031) mutant shows some resistance to the ROS 
generator paraquat yet is sensitive to anoxia. Further phenotype analysis of the hyl-2 mutant indicates that developmental 
stage and sex influences the role ceramide biosynthesis has on anoxia sensitivity. The forward genetic 
screening approach identified ten suppressors of the hyl-2(tm2031) anoxia sensitivity phenotype (hans). The hans mutants are 
also resistant to long-term anoxia. This genetic approach will likely reveal novel signaling pathways that interact with 
ceramide biosynthesis to respond to the stress of oxygen deprivation. Genetic mapping and whole genome sequencing is 
being used to identify the mutation responsible for the hans phenotype. To identify genes that are differentially expressed in 
the hyl-2(tm2031) mutant, relative to wild-type, we used RNA-sequencing. We will present the gene classes identified by the 
RNA-sequencing analysis and propose biological functions that are impacted by the abnormal regulation of ceramides. By 
using a genetic approach we are identifying processes that are vital for surviving severe oxygen deprivation. 
This work could reveal how ceramide species impact mitochondrial dysfunction, stress responses and anoxia survival.   . 

260A. Transgenerational inheritance of hormetic effects in C. elegans. S. Kishimoto, M. Uno, E. Nishida. Graduate School 
of Biostudies, Kyoto University. 
   Organisms are constantly exposed to various stressors, and they adapt themselves to the environmental conditions by 
activating intrinsic protective mechanisms. Hormesis, which is defined as a biologically beneficial response to low-dose 
exposure to stressors, is an aspect of such defensive responses to environmental stressors. In Caenorhabditis elegans, it has 
been reported that exposure of adult worms to mild stresses can induce hormetic effects and prolong survival. Here, we 
investigated whether exposure to stresses only during larval stages could increase stress resistance and viability, and also 
examined whether the acquired stress-induced hormetic effect could be passed on to the next generation. We first exposed 
larvae to several kinds of stresses at various doses, and measured stress resistance of the adult worms to a fatal oxidizing 
reagent. Our measurements showed that exposure to 1 mM arsenite (heavy metal stress), 150 mM NaCl (osmotic stress) 
during larval stages, and 1 day starvation at L4 stage (fasting stress) increased stress resistance. Interestingly, the self-
fertilized offspring also showed improved viability, even though they were not exposed to any stresses. Furthermore, we 
observed an increase of stress resistance in the offspring whose male parents were exposed to stresses. These results suggest 
that hormetic effects are inherited to the next generation through changes in the chromatin state. Then, we focused on histone 
H3 lysine 4 trimethylation (H3K4me3) complex, and found that knockdown or deletion of several components of this 
complex led to suppression of the increase of stress resistance in the offspring. Our findings thus suggest that environmental 
stress-induced beneficial effects are passed on to the next generation, and that this transgenerational inheritance is mediated 
through epigenetic changes in the chromatin state. . 

261B. Captopril extends lifespan, reduces body fat and improves response to stress in Caenorhabditis elegans. S. 
Kucuktepe1, S. Tegegne1, Y. Liu3, D. Benheim1, B. Xian3, J-D. Han3, A. Mechler2, W. Grant1, M. Jois1. 1) School of Life 
Sciences, La Trobe University, Bundoora, Victoria, Australia; 2) School of Molecular Sciences,La Trobe University, 
Bundoora, Victoria, Australia; 3) CAS-MPG Institute for Computational Biology, Shanghai Institutes of Biological Sciences, 
Chinese Academy of Sciences. 320 Yueyang Road, Shanghai, 200031, P.R. China. 
   Our group has previously shown that captopril, a well-known inhibitor of the angiotensin-converting enzyme (ACE), 



reduces blood pressure, body fat, improves insulin-sensitivity, and exhibits anti-inflammatory properties in rodents. The 
mechanism of action of captopril with respect to these aforementioned effects is not fully understood. Inhibition of ACE by 
captopril is due to its binding to the Zn2+-containing active site of the enzyme. A homolog of ACE (ACN-1) is expressed in 
Caenorhabditis elegans but lacks the Zn2+-containing active site. Here we show that treatment of C. elegans with captopril 
extends lifespan, reduces body fat and improves stress response.Standard nematode growth medium was mixed with three 
levels of captopril (0.02%, 0.05% and 0.1%), gentamycin (and FuDR for lifespan analyses), and seeded with 10% (w/v) OP50 
Escherichia coli. For lifespan analyses, 100-150 worms were manually transferred on to control and captopril-treatment 
plates containing FuDR. Worms were scored for death every other day. Body fat composition was assessed by upright 
microscope on Fixative Oil-Red-O-stained worms. For analysis of animal motility, worms were recorded at 10-fold 
magnification using a stereo microscope.  Image and video analysis was conducted using ImageJ (1.48v) with the wrMTrck 
plugin for motility analyses.Our results show treatment of L4 and young adult stage C. elegans (excluding L1-L3) extends 
the average lifespan by up to 33%. Extension of lifespan was also observed when the period of exposure to captopril was 
restricted to L4 stage only. The average survivability of worms to both heat shock and paraquat stressors under 0.1% 
captopril increased 17% and 45% respectively. Oil-Red-O microscopy showed a reduction of body fat by up to 30% in 
captopril-treated worms relative to controls. Video analysis of worms crawling on treatment plates revealed decreases in 
mobility (in relation to body-lengths-per second), where a decline of 77% and 63% was observed in average and maximum 
speeds respectively.In conclusion, captopril extends lifespan, decreases overall body fat, and improves stress responses of C. 
elegans. 

262C. am117 delays somatic and reproductive aging in Caenorhabditis elegans by a mechanism that resembles caloric 
restriction. Sandeep Kumar, Zuzana Kocsisova, Asa Earnest, Daniel L. Schneider, Kerry Kornfeld. Development Biology, 
Washington University School of Medicine, St. Louis, MO USA. 
   A critical goal of aging research is the identification of genes and pathways that modulate somatic and reproductive aging. 
This information is important for understanding biological principles and may establish a foundation for interventions that 
can delay human aging. To analyze animal aging, we used C. elegans because it is a complex animal that is relevant to 
mammals, age-related degenerative changes in reproductive and somatic function are well established, and powerful genetic 
techniques are available.A forward genetic screen was used to identify mutants with delayed reproductive aging. The 
mutation am117 causes significant extensions of mated reproductive span and life span.  Genetic mapping experiments were 
used to position the am117 mutation to an interval of chromosome I.We used whole genome sequencing to identify the 
am117 molecular lesion, a premature stop codon that affects one of several predicted transcripts from the locus. am117 
affects a previously uncharacterized gene that encodes a protein that is homologous to human scaffold attachment factor B 
(SAFB1). am117 mutant animals displayed a 35-70% extension of somatic functions such as lifespan and >50% extension of 
reproductive span at multiple temperatures. Mutant animals also displayed robust delays of age-related degenerative changes 
and strong resistance to heat stress. To characterize the relationship with previously identified pathways that influence aging, 
we analyzed double mutant animals. Mutations that extend lifespan by affecting mitochondria, Insulin/IGF signaling and 
metabolic transcription factors were additive with am117, suggesting they function through independent mechanisms. By 
contrast, am117 was not additive with an eat-2(lf) mutation, a genetic model of caloric restriction caused by reduced 
pharyngeal pumping rates. am117 mutant animals displayed normal pharyngeal pumping rates but abnormal pharyngeal 
grinder morphology, raising the possibility that bacterial food may be ingested but not effectively absorbed. Consistent with a 
possible caloric restriction mechanism, we showed that pha-4/FOXOA and skn-1/NRF transcription factors are necessary for 
extension of lifespan caused by am117. The analysis of am117 may shed new light on caloric restriction, an important and 
conserved mechanism of lifespan extension. 

263A. The interplay between autophagy and the heat shock response in C. elegans. Caroline Kumsta, Jessica Schmalz, Sara 
Gelino, Jessica Chang, Malene Hansen. Development and Aging, Sanford-Burnham Medical Research Institute, La Jolla, 
CA. 
   C. elegans has proven a significant model organism to investigate the role of cell-protective mechanisms in longevity 
insurance; stress resistance and the cellular recycling process of autophagy being prime examples. Indeed, most long-lived C. 
elegans mutants display increased stress resistance and require induced autophagy for their longevity. Notably, both of these 
cellular processes are under transcriptional control, yet it is unclear to which degree autophagy and stress resistance are 
jointly regulated and if common transcriptional regulators could cooperatively regulate these homeostatic systems in C. 
elegans.In a C. elegans screen to discover novel regulators of autophagy, we have identified HSF-1, the universally 
conserved transcriptional regulator of the heat-shock response. Using several autophagy reporters and quantitative RT-PCR, 
we have found HSF-1 to be a new regulator of autophagy in C. elegans. Consistently, we find that autophagy genes are 
required for the increased stress resistance and longevity observed in several C. elegans models, including in animals 
overexpressing HSF-1. Interestingly, we observe autophagy to be systemically induced in response to a mild heat shock but 
this induction does not depend on the thermo-sensory circuit required for the systemic heat-shock response, suggesting that 
autophagy is regulated in a different manner from the heat shock response. Collectively, our observations indicate a 



previously unrecognized interplay between the heat-shock response and autophagy, which is at least in part coordinated by 
HSF-1.Since mammalian HSF-1 is maintaining and restoring proteostasis, our discovery of HSF-1 as a novel regulator of 
autophagy in C. elegans is particularly exciting as it highlights HSF-1 as a promising therapeutic approach to combat 
autophagy-related diseases such as neurodegenerative disorders. 

264B. Adiponectin receptors couple protein homeostasis and cellular metabolism to modulate ageing in C. elegans. 
Emmanouil Kyriakakis1, Nektarios Tavernarakis1,2. 1) Institute of Molecular Biology and Biotechnology; Foundation for 
Research and Technology-Hellas; 2) Department of Basic Sciences; Faculty of Medicine; University of Crete, Greece. 
   The metabolic and endocrine functions of adipose tissue as well as the ability of organisms to cope with cellular stress have 
a direct impact on physiological ageing and the etiology of various diseases such as obesity-related pathologies, 
neurodegenerative conditions and cancer. The endocrine effects of adipose tissue are mediated by secreted adipose-derived 
hormones, known as adipokines (e.g. adiponectin), which modulate metabolic processes and influence related maladies. It is 
postulated that tissue and organ communication may alter organismal longevity via endocrine pathways, by coupling 
physiological pathways which regulate ageing. Additionally, age-related pathologies ensue when an organism loses the 
capacity to adapt to stress during ageing. Although a large number of molecules and signaling pathways associate ageing 
with proteotoxic stress and cellular metabolism, how these pathways interact to coordinate organismal physiology is not well-
understood. We exploit the experimental versatility of C. elegans to dissect the mechanisms linking adipose-tissue hormone-
mediated pathways and endoplasmic reticulum (ER) stress responses that individually or synergistically affect longevity.  We 
find that lesion in the three adiponectin receptor homologues (PAQR-1, PAQR-2 and PAQR-3), cause opposing effects on 
ER stress resistance. Notably, PAQR-1 deficient animals strongly respond to ER stress, by rapidly activating the canonical 
ER unfolded protein response (UPRER) pathway. These mutants exhibit enhanced adaptation to stress, and as a result, their 
survival improves under precarious conditions. Furthermore, we observed reduced accumulation of lipids during ageing and 
under ER stress conditions in these animals. This effect is directly related to stress resistance conferred by the adiponectin 
receptor deficiency. Our findings, for the first time, couple proteotoxic stress and fat homeostasis mechanisms to influence 
the ageing process. Further elucidation of the molecular specifics that control and link such mechanisms may facilitate the 
development of specific pharmacological strategies for the treatment of multiple age-associated conditions. 

265C. Analysis of the Genetic and Cellular Impact of Glucose Supplementation and Oxygen Deprivation in C. elegans. ML 
Ladage, AM Garcia, PA Padilla. University of North Texas, Denton, TX. 
   Individuals with type 2 diabetes experience greater morbidity and mortality when challenged with an oxygen deprivation 
event; however, the mechanisms through which this sensitivity occurs are poorly understood. It is known that certain lipid 
states (e.g. elevated free fatty acids) are associated with insulin resistance, where others (e.g. an increased ratio of unsaturated 
to saturated triacylglycerols) are associated with a decreased risk of developing type 2 diabetes. Further, certain lipid classes 
are key players in the pathology of type 2 diabetes (e.g. the role of ceramides in lipotoxic beta-cell apoptosis). Additionally, 
analyses using mammalian and invertebrate models of oxygen deprivation have implicated ceramides in the mediation of 
programmed cell death of damaged tissues and have demonstrated that specific ceramide species have differing impacts on 
the response to oxygen deprivation. These data highlight the importance of lipid homeostasis in this disease state, though the 
mechanisms through which particular lipids mediate an effect are not understood. We are using C. elegans to investigate the 
combinatory stress of glucose-supplementation and oxygen deprivation. Our lab has determined that a glucose-supplemented 
diet leads to oxygen deprivation sensitivity and that the daf-2(e1370) animal is resistant to this combinatory stress. This 
resistance is dependent on daf-16, fatty acid biosynthetic enzymes (fat genes) and a ceramide synthase (hyl-2). To further 
understand the roles of ceramide synthase and lipid biosynthesis in mitigating the stress of oxygen deprivation in animals fed 
a glucose diet, we took a two-fold omics approach. First, we conducted RNA-sequencing analysis of wild-type and hyl-
2(tm2031) animals fed both a normal diet and a glucose-supplemented diet. We determined that both glucose and the hyl-2 
mutation alters the gene expression profile and that gene expression changes overlap but are not identical in hyl-2(tm2031) 
and wild-type animals fed a glucose diet. We identified 38 lipid biosynthesis genes that are regulated by intake of excess 
glucose in both wild-type and hyl-2 mutants. A targeted RNAi screen of genes differentially regulated by a glucose 
supplementation is being used to identify gene expression changes that contribute to glucose-induced anoxia sensitivity. In 
addition to the transcriptomic approach we are using mass spectrometry to analyze the lipid profiles of animals fed a glucose-
supplemented diet relative to controls. Together, these analyses will provide a better understanding of the differing 
physiological states present in glucose-fed animals that are sensitive or resistant to oxygen deprivation. 

266A. An in vivo sensor of mitochondrial function in C. elegans for toxicity screening and repositioning of drugs. Cristina 
Lagido, Debbie McLaggan, L. Anne Glover. School of Medical sciences, University of Aberdeen, Aberdeen, Scotland. 
   Mitochondrial dysfunction is a feature of various diseases such as neurodegenerative disorders, heart disease and 
myopathies and also of ageing. The modulation of mitochondrial function as a therapeutic target is therefore attracting 
considerable interest. An attractive proposition is the repositioning of drugs already approved for other conditions. We have 
developed a means to quantify in vivo ATP levels in C. elegans in real-time based on the transgenic expression of firefly 



luciferase1-3 and propose it as a two–in-one screen for novel drugs that (i) reverse mitochondrial dysfunction as a therapeutic 
objective and (ii) detect drugs that cause unwanted mitochondrial toxicity. The phenotypic screen developed can be extended 
to other genetic backgrounds and also to test effects of environmental conditions. We have carried out a screen of an existing 
library of 1040 compounds that have obtained, or are under consideration for, FDA approval. Twenty three drugs had a 
significant effect on relative ATP levels. Three types of responses were found: concentration dependent decrease in 
bioluminescence; enhanced response at lower concentrations, followed by detrimental effects at higher concentrations; and 
more rarely enhanced response only.  A number of drugs with previously known mitochondrial toxicity were identified in the 
screen validating our approach.The use of a whole live multicellular animal confers physiological relevance to compound 
screening when compared to cultured cells lines. Like humans, C. elegans is dependent on oxidative phosphorylation to 
develop into adulthood, and human and worm mitochondria share many functional and structural similarities. Therefore, C. 
elegans is suitable for detection of hit compounds to be further tested in higher organisms. We envisage that the scalable 
assay described may contribute to accelerate the discovery of modulators of mitochondrial function, and to reduce higher 
animal testing and late phase failure of drug candidates.     1BMC Physiology (2008), 8:7. doi:10.1186/1472-6793-8-7; 
2Toxicological Sciences (2009) 109(1), 88–95.; 3PLoS ONE (2012) 7 (10). 

267B. Novel regulators of oxidative stress in C. elegans. Regina Lai1,2, Grace Goh2,3, Stefan Taubert2,4. 1) Undergraduate 
Program in Biochemistry and Molecular Biology, University of British Columbia, Vancouver, BC, Canada; 2) Centre for 
Molecular Medicine and Therapeutics, Child and Family Research Institute, Vancouver, BC, Canada; 3) Graduate Program 
in Cell and Developmental Biology, University of British Columbia, Vancouver, BC, Canada; 4) Department of Medical 
Genetics, University of British Columbia, Vancouver, BC, Canada. 
   Reactive oxygen species (ROS) are byproducts of oxidative metabolism that are important for cell signaling and 
homeostasis; however, the accumulation of ROS can cause damage to macromolecules (DNA, protein, and lipids) due to the 
high reactivity of ROS. Thus, eukaryotes have evolved sophisticated defense mechanisms that protect against excess ROS, 
including transcriptional induction cascades. However, the transcription factors that regulate ROS protection are not 
completely understood. In Caenorhabditis elegans, the cytoprotective transcription factor SKN-1 and a subunit of the 
Mediator complex, MDT-15, physically interact and are required for the oxidative stress response evoked by arsenite. Our 
previous study also showed that MDT-15 is essential for survival on the oxidative stressor tert-butyl-hydroperoxide 
(tBOOH), yet the transcriptional response to tBOOH is mostly SKN-1-independent. Here, we studied a transcriptional GFP 
reporter of fmo-2, a gene that is highly up-regulated in response to tBOOH in a SKN-1-independent manner. An RNAi screen 
targeting 22 transcription factors known to physically interact with MDT-15 confirmed our published qPCR data that 
induction of fmo-2p::gfp is MDT-15-dependent but SKN-1-independent, and that it is not a general effect of altered lipid 
metabolism as shown by its independence of SBP-1 and NHR-64. It also revealed that NHR-49 is strongly required for the 
up-regulation of fmo-2p::gfp by tBOOH, whereas NHR-114 is a repressor of fmo-2 expression in non-oxidative stress 
conditions. Using real-time quantitative PCR, our results show that nhr-49(nr2041) null mutants on tBOOH generally fail to 
upregulate tBOOH responsive oxidative stress response genes. In conclusion, this study gives insight on the role of the 
Mediator complex and its associated transcription factors in the oxidative stress response. 

268C. Inhibition of DDL-1 selectively regulates a subset of HSF-1 targets. Yi-Chun Lai, Ao-Lin Hsu. Institute of 
Biochemistry and Molecular Biology, National Yang-Ming University, Taipei, TAIWAN. 
   Previous studies have shown that stress response plays an important role in organismal maintenance and survival. In C. 
elegans, the activation of heat shock factor 1 (HSF-1), the master regulator of heat shock response, is known to increase heat 
stress resistance and promote lifespan extension. We have previously demonstrated that the activation of HSF-1 is required 
for daf-2 mutation to promote longevity. The insulin/IGF-like signaling (IIS) may activate HSF-1 via modulating the 
formation of a HSF-1 inhibitory protein complex DHIC, containing DDL-1/2 and HSB-1. Interestingly, while the formation 
of DHIC is regulated by IIS through phosphorylation, it is not affected by acute heat shock. Moreover, activation of HSF-1 
by heat stress increase hsp-70, a molecular chaperon target of HSF-1, expression up to 1000-fold, whereas IIS-induced HSF-
1 activation elevates hsp-70 less than 10 fold. These imply that activating HSF-1 under different condition may differentially 
regulate its target genes.To test this idea, we used different ways to activate HSF-1 in worms, and conducted an RNA Seq. 
experiment to analyze the transcriptional profile. We discovered several genes, whose expressions were significantly altered 
under chronic HSF-1 activation by IIS, but not significant changed in heat-shocked worms. We then examined the role of 
these genes in lifespan regulation in C. elegans. 

269A. Benefits of physical exercise to healthy aging in C. elegans. Ricardo Laranjeiro1, Mizanur Rahman2, Daniel Burke1, 
Mary Anne Royal1, Christina Chang1, Tianyi Yu1, Siva A. Vanapalli2, Monica Driscoll1. 1) Nelson Biological Laboratories, 
Department of Molecular Biology and Biochemistry, Rutgers, The State University of New Jersey, Piscataway, NJ, USA; 2) 
Department of Chemical Engineering, Texas Tech University, Lubbock, Texas, USA. 
   Physical exercise is the most efficient and accessible intervention that can promote healthy aging in humans. In fact, 
exercise has been reported to prevent, or improve consequences of, a wide range of conditions, such as diabetes, cancer, 



sarcopenia, cardiovascular disease, and neurodegenerative diseases. However, the molecular mechanisms by which exercise 
can confer systemic health benefits remain largely unknown.We developed novel exercise training protocols for both juvenile 
and adult C. elegans based on regular swimming regimens. Exercise-trained animals exhibit a swim performance 
improvement. Furthermore, we developed a microfluidic device with deformable micro-pillars that can directly measure the 
force an animal is able to exert (‘Nemaflex’), and have made considerable progress on automation of data analysis. Our 
Nemaflex quantitation reveals that exercise-trained animals can exert significantly higher forces than their untrained 
counterparts. This direct readout of muscle performance shows that our protocols lead to relevant physiological changes in C. 
elegans. Animals that just sit in the pool such as those temporarily paralyzed by levamisole do not exhibit training 
adaptations in strength. Thus, animals must swim to get stronger and the simple exposure to liquid does not confer strength 
adaptations. We find that two central mediators of exercise signaling in mammals – AMP-activated protein kinase (AMPK) 
and p38 mitogen-activated protein kinase (p38 MAPK) – are also essential for the muscle exercise benefits observed in C. 
elegans (aak-2 and pmk-1, respectively). Moreover, mutation of a repressor of mitochondrial function (NCoR1/gei-8) in C. 
elegans leads to an increased muscle performance even without exercise training (‘natural athlete’). These results show that 
the major exercise signaling mechanisms are conserved from nematodes to humans, making C. elegans an ideal model to 
dissect the genetic regulation of exercise systemic health benefits. Other than muscle improvement, our swimming protocols 
in C. elegans promote physiological changes in other tissues (e.g., neurons and pharynx) throughout the aging process. 
Careful characterization of these systemic benefits of exercise in C. elegans may provide novel insight into critical 
mechanisms for functional maintenance late into life. 

270B. Elucidating a dual role of Wnt signalling pathway in age-regulation in Caenorhabditis elegans. Marco Lezzerini, 
Yelena Budovskaya. SILS, University of Amsterdam, Amsterdam. 
   Aging is a universal biological process that afflicts every creature on this planet. To date, we have a very poor 
understanding of what actually causes this degeneration. A commonly held view is that aging is the result of damage 
accumulation over a lifetime. However, research has shown that aging is not only the result of wear and tear in the organism, 
but also of genetic programs involved in organismal development that go awry as selective pressure is released. Wnt 
signaling is one of the major and highly conserved developmental pathways that guide many important events during 
embryonic and larval development. In adulthood, misregulation of Wnt signaling has been implicated in tumorigenesis and 
various age-related diseases. Although the role of Wnt signaling pathway during development is well studied, very little is 
known about its possible actions in natural aging.Our study focuses on Wnt signalling pathway and discusses how this 
genetic program orchestrates changes in the organism that could cause aging. For the first time, we are using Caenorhabditis 
elegans as a model system to determine the role of Wnt ligands in aging. C. elegans has 5 Wnt proteins, mom-2, egl-20, lin-
44, cwn-1, and cwn-2. We show that all five Wnt ligands are expressed and active past the development stages, and general 
Wnt activity increases, as worms grow old. The ligand mom-2/Wnt plays a major detrimental role in longevity, whereas the 
function of lin-44/Wnt is beneficial for long life. Interestingly, no evidence was found for Wnt signaling being involved in 
cellular or oxidative stress responses during aging, thereby suggesting that Wnt signaling regulates aging-intrinsic genetic 
pathways, opening a new research direction on the role of Wnt signaling in aging and age-related diseases.We are using a 
system biology approach to reveal the molecular basis for the role of Wnt signaling pathway in aging in nematodes C. 
elegans by characterizing gene expression differences between young and old animals in a variety of Wnt signaling mutants. 
This analysis revealed that Wnt signaling switches its function form regulating organismal growth and development, to 
mainly regulating cellular metabolism. In particular, blocking Wnt signaling alters the expression of fatty acid metabolism 
and oxidative phosphorylation pathways. We are validating these findings using untargeted metabolomics analysis of these 
mutants. . 

271C. Functional regulation of the DAF-16/FoxO transcription factor by acetylation in response to stress. Chung-Yi Liang1, 
Xiaokun Yu2, Wei-Chung Chiang3, Yi-Chun Lai1, David B. Lombard4, Ao-Lin Hsu1,2,3. 1) Institute of Biochemistry and 
Molecular Biology, National Yang-Ming University, Taipei, TAIWAN; 2) Department of Internal Medicine, Division of 
Geriatric and Palliative Medicine, University of Michigan, Ann Arbor, USA; 3) Department of Molecular and Integrative 
Physiology, University of Michigan, Ann Arbor, USA; 4) Department of Pathology, University of Michigan, Ann Arbor, 
USA. 
   All living organisms face a challenge to sense and respond appropriately to the environmental cues. In C. elegans, the 
FoxO transcription factor DAF-16 translocates into nucleus upon stress to regulate gene expression for organismal survival. 
The subcellular localization and activity of DAF-16 are tightly controlled by its post-translational modifications, including 
phosphorylation, acetylation, ubiquitination, methylation and glycosylation. In our previous study, we found that sirtuin 
family protein SIR-2.4, a homolog of mammalian SIRT6 and SIRT7, promotes DAF-16 nuclear translocation and DAF-16-
dependent transcription under stress conditions. SIR-2.4 acts antagonistically with the acetyltransferase CBP-1 to negatively 
regulate DAF-16 acetylation. However, this modulation does not require the catalytic activity of SIR-2.4. We further 
identified four CBP-1-mediated acetylation sites on DAF-16 by mass spectrometry analysis. Mutations on some of these 
acetylation sites alter the kinetics of DAF-16 translocation upon stress, indicating a new nuclear localization signal of DAF-



16. Together, our studies identify acetylations modulated by SIR-2.4 play a critical role in regulating DAF-16 functions in 
response to stress. 

272A. Functions of CLIC proteins in heat stress in C. elegans. Jun Liang1, Cathy Savage-Dunn2, Lizette Flores1, Keresser 
Leo1, Shani Schreiber2. 1) Science Department, BMCC / CUNY, 199 Chambers street, New York, NY 10007; 2) Biology 
Department, Queens College / CUNY, 65-30, Kissena Blvd, Flushing, NY 11367. 
   Chloride intracellular channel proteins (CLIC) are multifunctional proteins that are homologous to the glutathione S-
transferase family. Mammalian CLIC family, which has seven members, varies in subcellular localization and cellular 
functions. It has been reported that CLIC4 regulates cellular stress, autophagy, apoptosis, carcinogenesis, angiogenesis, and 
macrophage innate response. Cellular stress molecules such as DNA damaging agents, transcription inhibitors, translation 
inhibitors, and TNF-a, induce endogenous CLIC4 to translocate from the cytoplasm into the nucleus. Mammalian Schnurri-2 
is required for CLIC4 nuclear translocation in response to Transforming Growth Factor – b (TGF-b), but not required for 
CLIC4 nuclear function. Schnurri-2 is a transcription cofactor in the BMP pathway. However, the physiological functions of 
CLIC in whole animals level are not well understood, in particular how the genes regulate thermotolerance is largely 
unknown.  To address these issues, we took advantage of viable CLIC mutants in C. elegans and characterized its functions 
in heat stress and aging. Schnurri-2 is homologous to C. elegans SMA-9 which functions in the DBL-1/TGF-b pathway. 
There are two CLIC homologs in C. elegans: EXL-1 and EXC-4. exc-4 mutants develop cysts in the excretory canal, while 
abnormal phenotypes of  exl-1 mutants have not been identified. Other functions of EXC-4 and EXL-1 have not been 
discovered. We analyzed integrated EXL-1::GFP lines in wild type background and observed strong fluorescence in intestinal 
cells, which is consistent with previous study. EXL-1::GFP indeed is translocated into the nucleus under various heat shock 
conditions. However, we did not observe any nuclear translocation of EXC-4 upon heat shock. Supporting functional 
importance of this, exl-1 loss-of-function mutants are thermo-sensitive, in compare with wild type animals. We also 
performed sequence alignment of all human and nematode CLICs, the data show that nematode CLICs are more closely 
related to human CLIC3. Meanwhile, we found that EXL-1, not EXC-4, bears a non-classic Nuclear Localization Signal 
(NLS). This may explain why exl-1 translocates into the nucleus upon heat stress, while exc-4 still remains in the cytoplasm. 
Whether SMA-9 and other DBL-1/TGF-b pathway components regulate EXL-1 nuclear translocation remains unknown. In 
the future, we will focus on the genetic interactions between exl-1 and the DBL-1 pathway. 

273B. Mitochondrial Ca2+ uniporter (mcu-1) regulates autophagy and mitochondrial UPR in Caenorhabditis elegans.. Yun-
Ki Lim1, Choon Kee Min1, Dongwook Kim1, Moon Kyung Kang2, Yeon-Soo Kim2, Soo Hyun Eom1, Joohong Ahnn3, Sun-
Kyung Lee3, Do Han Kim1. 1) School of Life Sciences, GIST, Gwangju,Korea; 2) Indang Institute of Molecular Biology, 
INJE University, Seoul, Korea; 3) Department of Life Sciences, School of Natural Science, Hanyang University, Seoul, 
Korea. 
   Mitochondrial Ca2+ uptake mediated by mitochondrial calcium uniporter (MCU) is fundamentally important in energy 
metabolism, cell signaling and survival. However, the role of MCU at the organismal level has not been fully explored. We 
have functionally characterized the newly identified CeMCU-1 encoding Caenorhabditis elegans ortholog of MCU by 
genetic manipulation and mitochondrial Ca2+ imaging. Overexpression of CeMCU-1 fully rescued mitochondrial Ca2+ flux in 
MCU-silenced HeLa cells, indicating that CeMCU-1 is a functional Ca2+ channel. Worms lacking mcu-1 showed reduced 
oxygen consumption, ATP and ROS levels. In addition, biochemical evidence indicated that the phosphorylation of AMP-
activated protein kinase (AMPK) was significantly enhanced in the mcu-1 deficient condition. Furthermore, the mcu-1 
deleted animals increased autophagy and mitochondrial UPR (UPRmt). Collectively, our findings suggest that mitochondrial 
Ca2+ homeostasis mediated by mcu-1 is closely associated with aging process involving pleiotropic effects of autophagy and 
UPRmt. This work was supported by the Bio & Medical Technology Development Program (NRF-2013M3A9A7046297) in 
the Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by Korean Ministry 
of Science, ICT & Future Planning and 2014 GIST-Infrastructure Establishment grant. 

274C. The mitochondrial protein import machinery as a determinant of longevity in C. elegans. Eirini Lionaki1, Ilias 
Gkikas1, Nektarios Tavernarakis1,2. 1) Institute of Molecular Biology and Biotechnology; Foundation for Research and 
Technology-Hellas; 2) Department of Basic Sciences; Faculty of Medicine; University of Crete, Greece. 
   Mitochondrial dysfunction is a key modulator of the ageing process. Abnormal mitochondria accumulate during ageing and 
their efficient elimination enhances lifespan and stress response in Caenorhabditis elegans. The actual mechanism through 
which mitochondrial biogenesis and function affects lifespan is currently under intensive investigation. Mitochondrial 
biogenesis is coordinated at distinct points; a) the transcriptional level, through the action of specific transcription factors, b) 
the organellar level, where conserved mitochondrial protein import translocases assist targeting of nuclear encoded 
mitochondrial proteins to their final destination within the organelle, and c) the quality control level, where the mitochondrial 
pool is maintained through fusion/fission events and autophagic elimination of damaged mitochondria. We are investigating 
the cause-and-effect relationships between mitochondrial protein import machineries and lifespan in the nematode. 
Specifically, we targeted translocase complex core subunits that transport preproteins to the mitochondrial matrix, inner and 



outer mitochondrial membrane, namely timm-23 (F15D3.7), timm-22 (C47G2.3) and gop-3 (C34E10.1) respectively, as well 
as the general import pore channel-forming subunit, tomm-40 (C18E9.6). We find that depletion of TOMM-40 and TIMM-23 
induces a marked UPRmt response and promotes longevity by almost 30%. The UPRmt-linked transcription factor ATFS-1 is 
required for lifespan extension upon tomm-40 and timm-23 knockdown. We find that these effects are linked to fat 
metabolism regulation via the nuclear hormone receptor nhr-49. 

275A. Investigating the conservation of cellular buffering of mild heat stress. Jaime Lisack1,2, Lisa Petrella2, Te-Wen Lo1. 1) 
Department of Biology, Ithaca College, Ithaca, NY 14850; 2) Department of Biological Sciences, Marquette University, 
Milwaukee, WI 53201. 
   Proper development requires precise regulation and coordination of a vast number of proteins. At higher temperatures, 
proteins are more labile and therefore, more likely to misfold. Misfolded proteins can disrupt necessary protein-protein 
interactions, resulting in aberrant cellular activity. In order to cope with thermal stress, many organisms (including C. 
elegans) have heat shock proteins (HSPs), highly conserved molecular chaperones that can rescue misfolded proteins. 
Situations where a large number of genes are up-regulated ectopically, such as in synMuvB mutants, create an even greater 
stress on the cell machinery.  Interestingly, synMuvB mutants have a high temperature arrest phenotype (HTA) such that they 
are able to grow to the adult stage at 20°C, but arrest as L1 larvae when grown at 26°C (Petrella, et al., 2011). In order to 
understand the effect of mild thermal stress (26°C) we are investigating the potential intersection of the synMuvB and HSP 
pathways. To determine if HSPs play a role in the synMuvB HTA phenotype, we are taking a two-pronged approach. First, 
we determined whether HSPs are expressed during mild thermal stress.  Using transgenes expressing GFP under various 
HSPs promoters we determined that in wild type C. elegans, all HSPs that have low or no expression at 20°C, but are 
expressed at 26°C. Next, we will determine if HSP expression is increased appropriately in synMuvB mutants using qPCR. 
Our second approach, seeks to determine if the HTA phenotype is due to an excess of misfolded proteins. If the HTA 
phenotype is due to misfolded proteins, we hypothesized that an increase in HSP expression could rescue the lethality by 
refolding the misfolded proteins. These experiments are currently underway.We are also investigating if evolution of the 
synMuvB genes has played a role in the different thermal tolerances observed in different species.  Comparisons between C. 
elegans and C. briggsae have revealed that C. briggsae has a higher range of temperature tolerance (14°C-29°C) than C. 
elegans (11°C-26°C) (Begasse et al., 2015). Therefore, it is of interest to determine if genes, such as the synMuvB genes 
involved in the mild thermal stress response in C. elegans, are conserved between the two species. We will use genome-
editing techniques (TALENs, CRISPR/Cas9) to facilitate these studies. Taken together, these data will further our 
understanding of the mechanisms that organisms utilized to cope with everyday environmental thermal stress. 

276B. Role of RPL-11.2 in the Metabolic Response to Starvation Stress. Analyn Lizaso, Chun-Lan Huang, Ying-Hue Lee. 
Institute of Molecular Biology, Academia Sinica, Taipei City. 
   In general, as the evolutionary theory ”survival of the fittest” implies, the viability of an organism, such as human, is highly 
dependent on its ability to adapt to constant environmental and metabolic stresses such as drought and famine and its ability 
to reproduce. With the use of adult male Caenorhabditis elegans, we have observed that exposure to short-term starvation 
stress improves viability coupled with an enhanced oxidative and thermal stress response and improved reproductive fitness. 
To enable an organism to support life, and ensure its survival and subsequent recovery from stress, it is imaginable that 
molecular regulation of transcription and translation is tightly controlled. Previously, our laboratory have reported the 
increase in protein biosynthesis and ribosome biogenesis as well as their rapid turnover during the initial phase of starvation 
in C. elegans [1].  We hypothesize that this starvation-induced ribosome biogeny is part of the reprogramming during 
starvation to equip the ribosomes with particular ribosomal proteins (RP). To screen for the candidate RP gene, we did RNAi 
knockdown of several RP genes and observed their survival after starvation stress. Interestingly, we found a member of the 
large subunit RP gene, rpl-11.2, and not its corresponding duplicated RP gene, rpl-11.1, to be involved in the starvation-
induced improvement in viability. Moreover, starvation-induced increase in global protein biosynthesis was also abolished in 
rpl-11.2 knockdown worms. These preliminary data provide clues that RP genes, particularly RPL-11.2 is likely involved in 
mediating metabolic response during starvation stress.References:1. Tan, K.T., et al., Insulin/IGF-1 receptor signaling 
enhances biosynthetic activity and fat mobilization in the initial phase of starvation in adult male C. elegans. Cell Metab, 
2011. 14(3): p. 390-402. 

277C. New roles of WDR-23 regulation in oxidative stress response. Jacqueline Lo1,2, Sean Curran1,2,3. 1) Dornsife College 
of Letters, Arts, and Sciences Department of Molecular and Computational Biology, University of Southern California, Los 
Angeles, CA; 2) Davis School of Gerontology, University of Southern California, Los Angeles, CA; 3) Keck School of 
Medicine - Department of Biochemistry and Molecular Biology, University of Southern California, Los Angeles, CA. 
   All organisms are exposed to endogenous and exogenous sources of stress. To restore homeostasis and achieve survival, 
there exists at the cellular level a well-regulated and diverse set of specific pathways. SKN-1/Nrf2 (NF-E2 related factor) is a 
transcription factor that is central to the oxidative stress response and also shares roles in metabolic regulation. This oxidative 
stress pathway is exceptionally well conserved, emphasizing the importance and essentiality of this transcription factor. In C. 



elegans, SKN-1 translocates to the nucleus in response to electrophiles in order to turn on genes to mount an appropriate 
oxidative stress response. In homeostasis, SKN-1 is kept inactive by WDR-23. Nrf2 is the mammalian equivalent of SKN-1, 
and the underlying molecular mechanisms that regulate its activity and abundance are similar to SKN-1, but utilize a different 
protein, Keap1. Despite sharing a conserved biological function, Keap1 and WDR-23 are structurally dissimilar. Intriguingly, 
mammals also have a protein homologous to worm WDR-23. Although mammals have evolved the Keap1 mechanism for 
Nrf2 regulation, Wdr23 has nonetheless been retained in the genome over evolutionary time, indicating an essential reason 
for Wdr23’s role. We have uncovered two important functions of Wdr23: (1) its role in the Nrf2 oxidative stress response, 
and (2) its involvement in other cytoprotective pathways in C. elegans that maintain genomic integrity.  We have strong 
evidence that the loss of Wdr23 in cell culture turns on Nrf2 target genes, indicating it has a role as a negative regulator of 
Nrf2. Importantly, we believe that this regulation has a greater impact when cells are in the presence of oxidative stress. 
These present a new axis of Nrf2 regulation and further define the essential roles for WDR-23. 

278A. A metabolomic perspective of the impact of mitochondrial prohibitin on C. elegans longevity. Artur B. Lourenço1, 
Celia Muñoz Jiménez1, David Cabrerizo Granados1, Mónica Venegas Calerón2, Mary Doherty3, Phillip Whitfield3, Marta 
Artal-Sanz1. 1) Andalusian Centre for Developmental Biology (CABD), Sevilla; 2) Instituto de la Grasa, Sevilla; 3) 
Department of Diabetes and Cardiovascular Science, University of the Highlands and Islands. 
   The mitochondrial prohibitin complex is a context-dependent modulator of longevity. Specifically, prohibitin deficiency 
shortens the lifespan of otherwise wild type worms, while it dramatically extends lifespan under compromised metabolic 
conditions, as in the case of the diapause daf-2(e1370) mutant. This extremely intriguingly phenotype has been linked to 
alterations in mitochondrial function and in fat metabolism. Nevertheless, the true function of the mitochondrial prohibitin 
complex remains elusive. With the ultimate goal of understanding how mitochondrial prohibitin complex affects longevity, 
we have employed several metabolomic approaches to characterize the changes elicited upon  prohibitin depletion by RNAi 
on the metabolome of wild type and daf-2 mutant worms.Metabolic analysis by gas chromatography coupled to a flame 
ionization detector and 1H-NMR spectroscopy reveals that prohibitin depletion leads to an alteration in the overall fatty acid 
composition of the worm, as well as in carbohydrate and amino acid metabolism. To enlarge the coverage of the metabolome, 
we employed a lipidomic mass spectrometry-based approach. We identify that prohibitin has a differential effect in the 
content of various species of triglycerides and phospholipids in wild type and in daf-2 mutant animals. In particular, we find 
that prohibitin affects not only the amount but also the composition of fat storage lipids. Overall, prohibitin depletion has a 
more pronounced effect on the metabolic profiles of wild type worms than of daf-2 mutants indicating that daf-2 mutants are 
more robust to the changes elicited upon prohibitin depletion. We are currently exploring the relevance of identified 
metabolites in the context of the effect of prohibitin on the C. elegans longevity. 

279B. Comparing regulation and function of DAF-16/FOXO in different longevity pathways in C. elegans. Hildegard 
Mack1, James Moresco2, John R. Yates2, Cynthia Kenyon1. 1) Department of Biochemistry and Biophysics, University of 
California, San Francisco, San Francisco, CA; 2) Department of Chemical Physiology, The Scripps Research Institute, La 
Jolla, CA, USA. 
   The FOXO transcription factor is required for longevity in response to reduced insulin-like signaling in many organisms. In 
the nematode Caenorhabditis elegans, the FOXO ortholog, DAF-16, is also required for the lifespan increase that occurs 
when germline stem cells are ablated while the somatic gonad remains intact. Interestingly, previous work from our group 
has found that removing the germline precursor cells from long-lived insulin-receptor (daf-2) mutant worms extends their 
lifespan even further, giving rise to the hypothesis that DAF-16 regulation and function differs between the Insulin signaling- 
and the germline longevity pathway. To address this issue and to elucidate how DAF-16 is activated and extends lifespan in 
the absence of germline stem cells, we used mass spectrometry to identify and compare the sets of proteins that interact with 
DAF-16 in the intestine (the tissue in which DAF-16 activity is required to extend lifespan upon germline removal) of wild 
type and long-lived daf-2 and glp-1 (germline-deficient) mutant animals. In agreement with a previous DAF-16 co-
immunoprecipitation study, we find that the majority of proteins bind to DAF-16 in its activated state (i.e. in the daf-2 and/or 
the glp-1 background). However, our preliminary data indicates that daf-2 and glp-1 mutants share only about 50 % of their 
DAF-16 interactomes while substantial fractions are specific to either condition, thus supporting our hypothesis for different 
modes of DAF-16 regulation and function in the two longevity pathways. We are currently in the process of further 
validating our mass spectrometry results and of examining the role for selected glp-1 specific DAF-16 candidate interactors 
in lifespan extension of germline deficient animals. 

280C. Chronic proteasome dysfunction in C. elegans activates a compensatory response involving skn-1, elt-2, and lysosome 
activity. Sarah K. Maddux1,2, Scott A. Keith3, Yayu Zhong1,2, Annabel A. Ferguson3, Arjumand Ghazi4, Alfred L. Fisher1,2,5. 
1) Center for Healthy Aging, Barshop Institute for Longevity and Aging Studies, UTHSCSA, San Antonio, TX; 2) Division 
of Geriatrics, Gerontology, and Palliative Medicine, Department of Medicine, UTHSCSA, San Antonio, TX; 3) Division of 
Geriatric Medicine, Department of Medicine, University of Pittsburgh, Pittsburgh, PA; 4) Department of Pediatrics, 
University of Pittsburgh, Pittsburgh, PA; 5) San Antonio GRECC, South Texas VA Healthcare System, San Antonio, TX. 



               The maintenance of cellular proteins in a biologically active and structurally stable state is a vital endeavor 
involving multiple cellular pathways. One pathway is the ubiquitin-proteasome system, which represents a major route of 
protein degradation, and reductions in this pathway usually have adverse effects on the health of cells and tissues. An age-
related decrease in proteasome function has been linked to a variety of aging diseases in both vertebrates and invertebrates. C. 
elegans worms lacking the RPN-10 subunit of the 19S cap of the proteasome show strong evidence of persistent proteasome 
dysfunction. However, the worms develop normally and unexpectedly show increased resistance to multiple threats to the 
proteome, including heat, oxidative stress, and the expression of aggregation prone proteins. The rpn-10 mutant animals 
survive through the activation of compensatory mechanisms regulated by the skn-1 cap’n’collar transcription factor, which is 
required for the upregulation of proteasome and oxidative stress gene expression, and the elt-2 GATA transcription factor. 
We found that lysosome activity is vital in the development of rpn-10 mutants, and the elt-2 gene plays a novel and vital role 
in both wild-type and rpn-10 mutant worms by controlling the production of functional lysosomes in the intestine. The rpn-
10 mutant worms are particularly sensitive to the inhibition of lysosome activity via the use of vha-15 RNAi or treatment 
with NH4Cl, which both neutralize lysosome pH and inhibit the acid dependent proteases in the lysosome. The rpn-10 mutant 
shows enhanced expression of the autophagy genes atg-16.2, lgg-1, and bec-1 and depletes cellular lysosome pools, possibly 
through elevated autophagy. Together our findings point to a coordinated response to proteasome dysfunction in worms that 
involves the production of additional proteasome subunits, the activation of oxidative stress responses, and active cross-talk 
with the autophagy-lysosome pathway to promote proteostasis in the worm. 

281A. C. elegans high-content screen to identify interventions acting on mitochondria to extend lifespan through neuronal 
hormesis. Silvia Maglioni1, Alfonso Schiavi1, Anjumara Shaik1, Natascia Ventura1,2. 1) IUF - Leibniz Research Institute for 
Environmenta, Düsseldorf, Germany; 2) Institute for Clinical Chemistry and Laboratory Diagnostic, Medical Faculty of the 
Heinrich Heine University, Duesseldorf, Germany. 
   Progressive neuronal deterioration accompanied by sensory function decline is typically observed during aging. On the 
other hand, structural or functional alterations of specific sensory neurons extend lifespan in the nematode Caenorhabditis 
elegans. Hormesis is a phenomenon by which the body benefits from moderate stress of various kinds which at high doses 
are harmful. Several studies indicate that different stressors can hormetically extend lifespan in C. elegans.  Mitochondria 
play a central role in the aging process and hormetic-like bimodal dose-response effects on C. elegans lifespan have been 
observed following different levels of silencing of genes regulating mitochondrial respiration. Different lifespan outcomes 
are also associated with distinct phenotypic animal’s changes in size, fertility and genes expression. Investigating the 
molecular mechanisms underlying the transition in animal phenotypes (from mild to severe mitochondrial stress), and in 
particular the characterization of the adaptive beneficial pathways extending lifespan in response to mild mitochondrial 
stress, may lead to the identification of genes likely relevant for the prevention or delay of neurodegenerative or age-related 
diseases associated with progressive mitochondrial deterioration. To this end, we assessed neuronal structure and functions 
during animal aging and investigated the involvement of specific neuronal genes in lifespan specification, upon mild 
mitochondrial stress. We demonstrated that a moderate mitochondrial alteration extends animal’s lifespan through neuronal 
hormesis.Furthermore, with the aim of identifying compounds targeting mitochondria to extend lifespan we developed a new 
high-content screening strategy exploiting the phenotypic readouts described in C. elegans upon different degrees of 
mitochondrial alteration. Taking advantage of the distinct, reproducible and quantifiable phenotypes observed in response to 
different doses of genetic or pharmacological inhibitors of the mitochondrial respiratory chain, we optimized an automated 
microscopy workflow using the Cellomics ArrayScan VTI HCS Reader platform that can now be utilized to identify potential 
candidate interventions to slow down aging and age-associated (neuronal) diseases in humans. 

282B. Oxidative quality control regulates response to ER stress through translation control. Latika Matai1, Shuvadeep 
Maity1, Asher Rajkumar1, Shantanu Sengupta1, Arnab Mukhpadhyay2, Kausik Chakraborty1. 1) Stress and Proteostasis Lab, 
CSIR-IGIB, New Delhi; 2) Molecular Aging Lab, National Institute of Immunology, New Delhi. 
   The Unfolded protein response is a signalling network that is triggered by the accumulation of misfolded proteins within 
the ER lumen, a condition termed as ER stress.  Importantly, with progressing age, the ability of an organism to mount an 
effective response to ER stress declines significantly (Taylor and Dillin, 2013), the reason if resolved completely could have 
tremendous implications in aging research. In a comprehensive genetic screen to identify modulators of reductive stress-
induced UPRER in S. cerevisiae, we found that oxidative quality control (OQC) genes modulate the cellular response to 
chronic reductive stress. Further studies in Caenorhabditis elegans revealed that ROS accumulation through pharmacological 
or genetic interventions results in non-canonical translation attenuation, blocking UPRER. Interestingly we find ROS accrual 
to be a potent reason for age related decline in iUPRER. We also show evidence that, ironically, the evolution of Perk-
dependent translation attenuation system allows higher eukaryotes to bypass ROS-dependent non-canonical mode of 
translation attenuation by decreasing protein load in the ER.Keywords: ROS: Reactive oxygen species, iUPRER: induced 
UPRER. 



283C. Dopamine Signaling Regulates Protein Homeostasis Through The Ubiquitin Proteasome Systems. Kishore Joshi1,2, 
Tarmie Matlack1,2, Christopher Rongo1,2. 1) Rutgers University, New Brunswick, NJ; 2) Waksman Institute of 
Microbiology, 190 Frelinghuysen Road, Piscataway, NJ. 
   Protein homeostasis is a key facet of longevity, and failure in protein quality control is linked to both age-associated decline 
and neurodegenerative disorders. One key regulator of protein homeostasis is the Ubiquitin-Proteasome System (UPS), which 
acts globally to degrade damaged and oxidized proteins.  Multiple hormonal and growth factor signaling pathways are 
implicated in regulating longevity, but the precise interaction between these signaling pathways, global UPS activity, protein 
homeostasis, and aging is not well understood. We recently demonstrated that components of the Ubiquitin Fusion 
Degradation (UFD) pathway promote longevity in C. elegans by mediating the polyubiquitination and degradation of 
damaged and unfolded proteins.  We also showed that growth factor signaling modulates the level of global UPS activity at 
different points during adult maturation and aging, thereby promoting longevity and health.  Using an in vivo reporter for 
UPS activity, we have now performed an RNAi screen (followed by validation with true genetic mutants) for additional 
regulators of global UPS and identified a dopamine (DA) receptor as a regulator of UPS activity in maturing adults. Here we 
analyze the detailed molecular interactions between DA signaling and UPS activation in maturing adults by targeting genes 
involved in DA synthesis, release, reception, and signal transduction. We find that DA is used as an extracellular 
neurohormone to adjust UPS activity in specific tissues and at specific points in development and aging. Moreover, our 
recent data shows that specific set of dopamine receptors attribute to this UPS activity regulation in distal tissues and 
contributes in organismal aging.   Molecules involved in this DA-mediated regulation of the UPS are thus potential 
therapeutic targets for minimizing age-associated decline and neurological disorders. 

284A. Analysis of intergenerational effects of starvation. Shinya Matsumoto1, Haruka Saito1, Midori Ogai1, Mayu 
Morishita1, Megumi Sei1, Sawako Okada1, Ayano Nishida1, Akari Sawanaga1, Midori Sakagami1, Kosuke Kato2, Yasuki 
Matsumura2. 1) Department of Food and Nutrition, Kyoto Women's University, Kyoto, Japan; 2) Graduate School of 
Agriculture, Kyoto University, Kyoto, Japan. 
   According to the DOHaD (Developmental Origins of Health and Disease) concept, poor nutritional environment during 
early life (including conception, embryogenesis, infancy and early childhood) induces changes in development that increase 
the disease risk in adult stage. The DOHaD is attracting many attention because not only it could change our view toward 
health and diseases, but also it causes concern about the health of our future generation. Generally, the three molecular 
events, DNA methylation, histone modifications, and non-coding RNAs are considered to be involved in DOHaD process in 
vertebrates, but the precise mechanism is not well defined. To gain information concerning the molecular mechanism of 
DOHaD, starvation was introduced to the parent worms, and the offsprings were analyzed for their fecundity, life span, 
mobility and fat accumulation. There were no difference observed in fecundity, life span and mobility between the offsprings 
derived from starvation-experienced and fed-parent worms. However, Nile Red staining showed that fat content was 
significantly increased in the offsprings derived from starvation-experienced worms compared with that of control offsprings. 
Fat accumulation was further indicated by gas chromatography analysis. DNA microarray is now being conducted to analyse 
the gene expression pattern.The data is in line with DOHaD concept, which may indicate that C.elegans can be used in 
DOHaD model animal. 

285B. TRX-1 as a potential redox regulator of the major C. elegans oxidative stress transcription factor, SKN-1. Katie 
McCallum1, Bin Liu2, Juan Carlos Fierro-González3, Peter Swoboda3, Swathi Arur2, Antonio Miranda-Vizuete4, Danielle 
Garsin1. 1) Microbiology and Molecular Genetics, University of Texas Health Science Center-Houston, Houston, TX; 2) 
Department of Genes and Development, MD Anderson Cancer Center, Houston, TX; 3) Karolinska Institute; 4) Hospital 
Universitario Virgen del Rocío; CSIC; Universidad de Sevilla. 
   The ability of an organism to maintain oxidative homeostasis is critical for its survival. At the cellular level, exposure to 
oxidative insult can irreversibly damage DNA, proteins, and lipids, all of which can lead to cell apoptosis or necrosis. At the 
organismal level, unresolved oxidative stress can lead to several life-threatening diseases, including Alzheimer’s, Parkinson’s 
disease, and atherosclerosis. Our lab uses the model organism C. elegans to study the regulation of the major oxidative stress 
transcription factor, SKN-1, which is a functional homolog of the major mammalian oxidative stress transcription factor, 
Nrf2. Recently, we identified a thioredoxin as a novel regulator of SKN-1. Thioredoxins are small redox reactive proteins 
that have been shown to play a prominent role in redox signaling. In light of this, we hypothesized that thioredoxins are the 
‘first responders’ to oxidative stress and may serve as the link between stress sensing and stress signaling that has yet to be 
fully elucidated in many organisms. In support of this hypothesis, we have shown that the loss of trx-1 promotes intestinal 
nuclear localization of SKN-1, even in the absence of stress, indicating that TRX-1 regulates SKN-1 localization. 
Interestingly, TRX-1-dependent regulation of intestinal SKN-1 nuclear localization is specific, occurs cell non-
autonomously, and is dependent on the p38 MAPK pathway. However, while TRX-1 is able to regulate SKN-1 localization, 
we do not see increased activation of this transcription factor. Interestingly, loss of trx-1 elicited a general, organismal down-
regulation of several classes of genes, with collagens and lipid transport and localization  proteins being most prevalent. 



However, one prominent lipase-related gene, lips-6, was highly up regulated upon loss of trx-1. Furthermore, this up 
regulation was dependent on skn-1. 

286C. Mechanisms of animal-to-animal and cell-to-cell variation in gene expression in adult hermaphrodites. Alexander 
Mendenhall1, Bryan Sands1, Patricia Tedesco2, Thomas Johnson2,3,4, Roger Brent1. 1) Basic Sciences, Fred Hutchinson 
Cancer Research Center, Seattle, WA; 2) Institute for Behavioral Genetics, University of Colorado, Boulder, CO; 3) 
Department of Integrative Physiology, University of Colorado, Boulder, CO; 4) Biofrontiers Institute, University of 
Colorado, Boulder, CO. 
   In isogenic populations of C. elegans cultured under homogeneous conditions, differences in the amount of GFP produced 
under control of the hsp-16.2 promoter predict differences in lifespan. Animals with high expression enjoy longer lifespan, 
longer healthspan and higher thermotolerance.  How do animals end up in this privileged physiological state?  We showed 
previously that variation (here, the coefficient of variation or CV) in hsp-16.2 reporter gene expression was constant among 
different strains bearing reporter constructs with differences in locus of integration, different copy numbers, and different 
fluorescent proteins.  Here we sought to understand the origins of the variation in expression that results in high expression 
animals.  We used a genetic and cell biological approach to study the origins of variable expression in individual animals and 
individual cells.  Our preliminary results show that, at the level of the whole animal two distinct systems affect variation in 
gene expression, one of which increases, and the other of which decreases (canalizes) interindividual differences.  At the cell 
level there is not much "intrinsic noise" in reporter expression (that is, fluorescent signal from two different differently 
colored reporter proteins driven by two different instances of the same promoter is highly correlated).  In contrast to some 
studies in single cell organisms, we find that, when we measure the same cells in different animals, the ratio of fluorescent 
signal from two different fluorescent proteins driven by two different promoters is almost the same.  It is possible that this 
limitation of variation in gene expression may reflect a need to tightly coordinate expression of different genes during 
metazoan development and adult life. 

287A. Toward the identification of genetic pathways involved in muscle aging in Caenorahbditis elegans. Adeline Mergoud 
dit Lamarche, Laurent Molin, Kathrin Gieseler, Jean-Louis Bessereau, Florence Solari. UMR5534, CGphiMC, 
Villeurbanne. 
   Aging is accompanied by a progressive loss of muscle mass and function, associated with a loss of muscle quality, termed 
sarcopenia. In human, sarcopenia is responsible for a decrease in mobility leading to a reduction in the quality of life. 
Epidemiological studies further suggest that skeletal muscle aging is also a risk factor for the development of several age-
related diseases such as diabetes, cancer, Alzheimer’s disease, and Parkinson’s disease.Several mechanisms have been 
proposed to be involved in muscle aging including mitochondria default [1], apoptosis [2] and alteration of muscle protein 
turnover [3]. However the physiological importance of these events in the etiology of sarcopenia remains to be 
investigated.We are using C. elegans to identify genetic pathways involved in muscle aging. For this purpose we first aimed 
to identify and characterize biomarkers of muscle aging. Previous studies have shown that worms exhibit loss of mobility [4], 
myosin filament disorganization and change in muscle nuclei shape with age [5]. More recently, the Xu laboratory reported a 
functional decline of motor neurons that precedes alteration of muscle contraction [6]. However those studies have not 
allowed identifying genuine muscle biomarker of sarcopenia.We have defined a time course of events that take place during 
muscle aging starting from a decrease in the expression of some but not all, muscle genes expression, followed by a change 
in mitochondria morphology and an impairment of muscular proteostasis.Based on these biomarkers, we have generated 
transgenic lines, thanks to the CRISPR technics, which express fluorescent reporter that mirror the levels of endogenous 
muscle gene expression. We are now using those strains to perform a screen in order to identify genes that modulate muscle 
aging in an extensive manner.[1] Romanello V, et al. EMBO J (2010), 29:1774–1785. [2] Marzetti, E., et al. Gerontology, 
(2012) , 58:99–106 [3] Masiero E, et al. Autophagy ; (2010) 6:307-9. [4] Huang, C., et al. Proc. Natl. Acad. Sci., 
(2004).  101, 8084–8089. [5] Herndon, et al. Nature, (2002).  419, 808–814 [6] Liu J, et al. Cell Metab (2013) 18(3):392–
402. 

288B. Dietary restriction involves NAD+-dependent mechanisms and a shift towards oxidative metabolism. Natalie 
Moroz1,2, Juan Carmona3,5, Edward Anderson4, Anne Hart4, David Sinclair5,6, Keith Blackwell2. 1) Department of Biology 
and Chemistry, Fitchburg State University, Fitchburg, MA; 2) Joslin Diabetes Center, Department of Genetics, Harvard 
Medical School, Boston, MA; 3) Department of Environmental Health, Harvard School of Public Health, Boston, MA; 4) 
Department of Neuroscience, Brown University, Providence, RI; 5) Department of Genetics and Paul F. Glenn Labs for the 
Biological Mechanism of Aging, Harvard Medical School, Boston, MA; 6) Department of Pharmacology, School of Medical 
Sciences, The University of New South Wales, Sydney, Australia. 
   Interventions that slow aging and prevent chronic disease may come from an understanding of how dietary restriction (DR) 
increases lifespan.  Mechanisms proposed to mediate DR longevity include reduced mTOR signaling, activation of the 
NAD+-dependent deacylases known as sirtuins, and increases in NAD+ that derive from higher levels of respiration.  Here we 
explored these hypotheses in Caenorhabditis elegans using a new liquid feeding protocol.  DR lifespan extension depended 



upon a group of regulators that are involved in stress responses and mTOR signaling, and have been implicated in DR by 
some other regimens (DAF-16 (FOXO), SKN-1 (Nrf1/2/3), PHA-4 (FOXA), AAK-2 (AMPK)).  Complete DR lifespan 
extension required the sirtuin SIR-2.1 (SIRT1), the involvement of which in DR has been debated.  The nicotinamidase PNC-
1, a key NAD+ salvage pathway component, was largely required for DR to increase lifespan but not two healthspan 
indicators: movement and stress resistance.  Independently of pnc-1, DR increased the proportion of respiration that is 
coupled to ATP production but, surprisingly, reduced overall oxygen consumption.  We conclude that stress response and 
NAD+-dependent mechanisms are each critical for DR lifespan extension, although some healthspan benefits do not require 
NAD+ salvage.  Under DR conditions, NAD+-dependent processes may be supported by a DR-induced shift towards 
oxidative metabolism rather than an increase in total respiration. JC and EA contributed equally. AH, DS, and KB are co-
corresponding authors. 

289C. Comparative Analysis of Human Alzheimer’s Risk Factor Genes from GWAS and Linkage Analyses.. Behrad Vahdati 
Nia, Deborah Lee, Phong Ta, Steven Munassi, Shin Murakami. Dept of Basic Sciences, Touro University California, 
Vallejo, CA. 
   Alzheimer’s disease (AD) is the major cause of dementia. The vast majority of AD patients have late onset AD (LOAD) 
that has been becoming more problematic as people continue to age and the average lifespan of the population 
increases.  Genome-wide association studies (GWAS) and linkage analyses have identified genes with possible risk 
susceptibility to LOAD and other neurological diseases. How these genes are involved in the molecular mechanism of 
Alzheimer’s disease is still not well understood.  Using meta-analysis, a new list of genes was created by comparing with 
multiple databases of human and C.elegnas ortholog genes. Matching registry test was performed on these genes to find their 
ortholog counterparts. Using meta-analysis, we narrowed down human genes associated with Alzheimer’s disease to 320 
(referred to as AD genes).  Of them, 93 genes were found to have ortholog counterparts in C. elegans.  Interestingly, each 
ontology search program has some fructuations fo the gene number identified. In addition, there were databases with no 
update, which were excluded from the study. Of the genes identified, 94% were identified in one ontology database, 85% 
were identified in two databases, 75% were identified in three databases, and 55% were matched by all four search 
engines.  Importantly,  the human counterparts share risk susceptibility with other neurological disorders, including 
Parkinson’s disease, and Amyotrophic lateral sclerosis. The genes identified with high confidence levels should provide 
reasonable insights to those neurological conditions.. 

290A. Novel effect and mechanism for prolongevity induced by Lactobacillus gasseri SBT2055 in Caenorhabditis elegans.. 
Hisako Nakagawa, Tadaaki Miyazaki. Department of Probiotics Immunology, Institute for, Hokkaido University, Sapporo, 
Hokkaido. 
   Probiotics, live microorganisms that when administered in adequate amounts provide many beneficial effects on the human 
health, have been attracting growing interest for their health-promoting effects, and have often been administered in 
fermented milk (FM) products. In particular, lactic acid bacteria (LAB) are known to conferre physiologic benefits. We focus 
on Lactobacillus gasseri SBT2055 (LG2055) to have several beneficial effects on human health; improvement of the 
intestinal environment, preventive effects against influenza A virus, and lowering of the serum cholesterol 
concentration.Therefore, we investigated whether LG2055 has the effect of extending life span by monitoring the survival 
and motility rates of C. elegans by feeding with LG2055 or Escherichia coli (OP50) as a control. LG2055 feeding extended 
the mean life span of the worm by 37%. Lifespan extension by LG2055 feeding was independent of insulin-like signaling. 
LG2055 inhibited the accumulation of age-related molecule, lipofuscin in the worm body with age. In addition, we also 
found that LG2055 feeding retarded the aging speed with the enhancement of the ability to move in C.elegans.LG2055 
feeding up-regulated the expression of skn-1 gene and the target genes of SKN-1, encoding the antioxidant proteins to 
enhance anti-oxidant defense responses. According to the result of upregulated gene expression, we determined the influence 
of LG2055 feeding to SOD activity. There was about 80% increase in the SOD activity on day 10 by the feeding of LG2055 
as compared to that of OP50. Since oxidative stress response is elicited by mitochondrial dysfunction in aging, we examined 
the influence of LG2055 feeding on the membrane potential in mitochondria. LG2055 strongly increased the membrane 
potential in the aged worms, compared to in the OP50-fed worms. Interestingly, the amounts of mitochondria were 
significantly increased by LG2055 feeding in comparison with the control. An important function of the mitochondria is to 
produce chemical energy, adenosine triphosphate (ATP). It is widely known that ATP level in the cells decrease gradually 
with aging. However, it was shown that the ATP level was higher in LG2055-fed worms than in OP50-fed worms. LG2055 
feeding also enhanced the function of mitochondria and decreased ROS. These data suggest that LG2055 feeding is effective 
to inhibit the age-dependent impairment of mitochondrial function.In conclusion, LG2055 feeding was effective to extend 
lifespan by strengthening resistance to the oxidative stress through enhancement of skn-1 gene expression and up-regulation 
of the mitochondrial function in C.elegans. 

291B. Exploring the substrate specificity of the C. elegans atypical calpain CLP-1. L. Newman, P. Kuwabara. School of 
Biochemistry, University of Bristol, Bristol, United Kingdom. 



   The global rise in the proportion of aged individuals has led to an increased awareness of age-related degenerative diseases. 
C. elegans has become a popular model for studying the molecular mechanisms of ageing and age-related diseases.Calpains 
are regulatory Ca2+ activated cysteine proteases present in nearly all eukaryotes1. Misregulation of calpain activity resulting 
from dysregulation of Ca2+ homeostasis has been implicated to be a causative agent in age-related pathologies such as 
Alzheimer’s disease and sarcopenia. However, it has been difficult to identify the substrates targeted by age-dependent 
calpain activation, as cleavage specificity is determined by substrate tertiary structure and less so by primary 
sequence2.Calpains consist of a core catalytic domain and other discrete domains. Our present understanding of calpain 
activity is based primarily on studies of  ‘typical’ calpains that contain an EF hand domain; less is understood about the 6 
human genes encoding ‘atypical’ calpains lacking this domain. The C. elegans genome lacks typical calpain genes, yet 
encodes 10 atypical calpain genes (clp-1 to clp-7, F44F1.3, T11A5.6, W05G11.4), which we have shown are differentially 
expressed in hypodermis, muscle and other tissues3. It was found that overexpression of the protein CLP-1 in body wall 
muscle caused muscle degeneration and paralysis in 1.5% of adults. The level of paralysis increased to 23.5% when CLP-1 
was overexpressed in an egl-19(gf) mutant, which has elevated intracellular Ca2+ levels. Muscle degeneration and paralysis 
was not observed when catalytically inactive CLP-1 was overexpressed. It was also found that the paralysis phenotype was 
suppressed when aspartyl protease activity was suppressed by RNAi, suggesting that overactivation of CLP-1 might 
upregulate the necrotic pathway.We speculate that CLP-1 may be proteolysing key structural proteins in the sarcomere. To 
identify potential CLP-1 substrates, we are taking a proteomic approach by screening for CLP-1 binding partners using co-
immunoprecipitation followed by mass spectrometry. To facilitate this study, we have expressed an epitope-tagged 
catalytically inactive CLP-1 in body wall muscle.  We hypothesised that potential CLP-1 substrates would retain the ability to 
be bound by inactive CLP-1 yet fail to be cleaved. Potential CLP-1 substrates identified from this screen will be validated by 
quantitative Western blotting.Refs: 1. Sorimachi et al. 2011, Proc Jpn Acad Ser B Phys Biol Sci. 87(6): 287–327. 2. Cuerrier 
et al. 2005, J Biol Chem. 9;280(49):40632-41. 3. Joyce et al. 2012, PLoS Genet. 8, e1002602. 

292C. Investigating neuronal modulation of stress resistance and aging. K. Obrochta1, J. Garrison1,2,3. 1) Buck Institute for 
Research on Aging, Novato, CA; 2) Department of Cellular and Molecular Pharmacology, UCSF; 3) Davis School of 
Gerontology, University of Southern California. 
   Neurons secrete factors with cell non-autonomous functions to impact metabolism, behavior and aging. Neuropeptides are a 
major class of neuromodulators that neurons use to communicate with each other and with distant organs in the body. There 
are dozens of neuropeptides, but few have been characterized with respect to aging. Although neuropeptides represent a 
plausible mechanism for neurons to control vital metabolic and aging processes, the role of neuropeptide signaling in aging 
has not been explored in a systematic way. One of the basic challenges in studying these signaling molecules is that each 
neuron produces numerous distinct neuropeptides that often have overlapping or antagonistic functions. One way to 
overcome this problem is to measure how the expression levels of all neuropeptides within a single neuron change in young 
versus old animals. This type of cell-specific approach would be impractical to implement in humans or even mice, because 
of the level of complexity in mammalian brains.C. elegans is a powerful model to study aging, and particularly the 
mechanisms by which aging is regulated by the nervous system. It has a short lifespan of approximately 3 weeks, and a mere 
302 neurons that have been mapped and characterized. My project aims to (1) Apply a translational profiling method to 
measure the global change in expression of neuropeptides in targeted neurons during normal aging in C. elegans, (2) Identify 
secreted factors from individual neurons that mediate stress response and aging during two well conserved interventions that 
modulate lifespan; dietary restriction (DR) and mild mitochondrial dysfunction, and (3) Functionally characterize identified 
factors. I hypothesize that individual sensory neurons produce secreted longevity factor(s) that will increase lifespan by cell 
non-autonomous mechanism(s). My goal is to identify and characterize molecular substrates, with a focus on neuropeptides, 
which mediate neuronal regulation of aging in a whole organism. My innovative approach will address previously 
unanswerable questions: What factors do these cells produce that influence longevity and promote healthy aging? How are 
these factors conserved in higher organisms? Can we manipulate these factors to modulate the rate of healthy aging? 

293A. Supplementation of N-acetyl-L-cysteine mimics the effect of dietary restriction on lifespan in Caenorhabditis elegans. 
Seung-Il Oh, Jin-Kook Park, Sang-Kyu Park. Soonchunhyang University, Asan. 
   N-acetyl-L-cysteine (NAC) is a modified sulfur-containing amino acid that acts as a strong cellular antioxidant. We 
compared the survival of worms under oxidative-stress conditions between control and NAC-treated worms in vivo. Effect of 
NAC on response to other environmental stressors, including heat stress and ultraviolet irradiation was also monitored. 
Dietary supplementation of NAC significantly increased resistance to oxidative stress, heat stress, and UV irradiation. To 
investigate the effect on aging, we examined the change in lifespan, fertility, and expression of age-related biomarkers in C. 
elegans by NAC. Mean lifespan was extended up to 30.5% with a 5 mM NAC, and maximum lifespan was increased by 8 
days. NAC also increased the total number of progeny produced and extended the gravid period. The green fluorescent 
protein reporter assay revealed that expression of the stress-responsive genes, sod-3 and hsp-16.2, increased significantly 
following NAC treatment. Nuclear localization of DAF-16 was also induced by NAC. Lifespan assay using long-lived 



mutants showed that NAC can extend lifespan of age-1 and clk-1, but had no effect on lifespan of eat-2. We conclude that 
NAC confers a longevity phenotype in C. elegans, possibly through mimicking the effect of dietary restriction on lifespan. 

294B. Dietary restriction promotes healthspan via a glucagon-like signaling pathway in C. elegans. Brian Onken, Monica 
Driscoll. Rutgers, The State University of New Jersey, Piscataway, NJ. 
   A major goal of aging research is to understand the underlying relationship between nutritional intake, metabolism, and 
healthy aging.  Low-glycemic index diets have been shown to reduce risk of age-related metabolic diseases such as diabetes 
and cardiovascular disease, and reduced caloric intake via dietary restriction (DR) increases healthspan across species.  One 
potential approach for supporting healthy aging is via interventions that engage healthspan-promoting metabolism.Our 
previous work has shown that interventions that block glycolysis result in striking healthspan gains, while increased 
gluconeogenic activity can similarly promote healthy aging.  We have also shown that DR increases healthspan in a manner 
that requires gluconeogenic gene expression.  These results suggest that molecular pathways that engage gluconeogenic 
metabolism and inhibit glycolysis may generally work to improve the quality of aging.  In mammals, the glucagon signaling 
pathway works opposite to the insulin pathway to regulate blood sugar levels: when circulating glucose levels are low, 
glucagon promotes glucose production in the liver by stimulating glycogenolysis and gluconeogenesis while inhibiting 
glycogen synthesis and glycolysis.  We reason that glucagon signaling, like DR (and unlike insulin signaling), may have an 
overall positive impact on healthspan.  To investigate this, we screened for potential glucagon receptors in Caenorhabditis 
elegans, and found one candidate, pdfr-1, which is required for the induction of gluconeogenic gene expression under DR 
and for the long lifespan of dietary-restricted animals.  In the mammalian glucagon signaling pathway, the G protein alpha 
subunit coupled to the glucagon receptor activates adenylate cyclase, which increases cAMP levels to activate protein kinase 
A, which in turn inhibits glycolytic activity and promotes gluconeogenesis.  Similar to pdfr-1, we find that a C. elegans 
adenylate cyclase ortholog, acy-1, is required for increased lifespan under DR.  We also find that disruption of kin-2, which 
encodes the inhibitory subunit of the C. elegans PKA ortholog kin-1, triggers biomarkers for the DR state and results in 
dramatic healthspan increases that mirror those seen under DR.  Our observations reveal a potential C. elegans glucagon 
pathway that is required for DR healthspan benefits, and suggest novel approaches to improving the quality of aging via 
interventions that promote glucagon pathway signaling. 

295C. Uncovering the mechanisms by which the neurosensory release of serotonin modulates the Heat Shock Response in 
Caenorhabditis elegans. Felicia Ooi, Veena Prahlad. University of Iowa, Iowa City, IA. 
   Recent advances in the field have established that the Heat Shock Response (HSR) in the nematode Caenorhabditis elegans 
can be controlled in a cell non-autonomous manner (Prahlad et al, 2008; Prahlad & Morimoto, 2011; Maman et al, 2013; 
Taylor & Dillin, 2013; van Oosten-Hawle et al, 2013; Kumsta et al, 2014). One mechanism of such cell non-autonomous 
control is through AFD thermosensory neuronal stimulation of serotonin (5-HT) release from the ADF serotonergic neurons 
(Tatum et al, 2015).  Of note, optogenetic stimulation of 5-HT release can activate HSF-1 and transiently upregulate hsp70 
mRNA, even in the absence of actual heat stress or protein misfolding. We have identified SER-1, a 5-HT2-like metabotropic 
G-protein coupled receptor, as having a role in the HSR signaling pathway downstream of 5-HT release, as ser-1 mutants 
demonstrate a diminished HSR when subjected to either heat shock or optogenetic stimulation of serotonergic neurons. In 
contrast to actual heat shock, the excitation-coupled release of 5-HT is sufficient to suppress polyglutamine aggregation in C. 
elegans muscle cells. These studies establish that neurosensory perception of stress is linked to repair of cellular damage. In 
addition they suggest that the regulation of HSF-1 by serotonergic signaling may differ from that which occurs during heat 
shock since the commonly accepted model of HSF-1 activation upon heat shock is thought to be through the titration of 
chaperones by protein misfolding. We are currently using genetics and RNAi screens to investigate whether and how HSF-1 
activation by serotonergic signaling is distinct from that induced upon heat shock. 

296A. DNA damage-induced autophagy and necrotic neurodegeneration during ageing. Margarita Elena Papandreou1,2, 
Nektarios Tavernarakis1,2. 1) 1Institute of Molecular Biology and Biotechnology, Foundation for Research and Technology-
Hellas, Heraklion, Crete, Greece; 2) Department of Basic Sciences, Faculty of Medicine, University of Crete, Heraklion, 
Crete, Greece. 
   Accumulation of DNA damage is a key determinant of ageing and has been implicated in neurodegeneration. Although it is 
well known that ultraviolet (UV) radiation induces apoptosis, the contribution of necrotic cell death to DNA damage-related 
pathology remains elusive. To address this question, we developed a nematode model for DNA damage-induced 
neurodegeneration by using UV-C irradiation to trigger DNA damage in C. elegans neurons. Initial observations using this 
model show a marked increase of cytoplasmic calcium concentration upon UV irradiation. To examine whether this acute 
cytoplasmic calcium elevation triggers necrosis in neurons, we exposed DNA repair-defective mutants to UV light. These 
mutant animals are hypersensitive to UV irradiation and exhibit widespread necrotic cell death in somatic tissues upon 
exposure, while neurons are particularly affected. Runaway autophagy has previously been implicated in necrotic 
neurodegeneration. In this context, we investigated the contribution of autophagy in DNA damage-induced cellular pathology 
and nuclear dynamics. Notably, we found that DNA damage induces autophagic flux and alters nuclear dynamics both in 



nematodes and mouse cells. We are currently dissecting the interplay between DNA damage-induced autophagy, nuclear 
membrane alterations and necrotic cell death, aiming to identify evolutionarily conserved molecular mechanisms interfacing 
these processes. 

297B. Deciphering How the Germline Inhibits Longevity. T. Richard Parenteau, Cynthia Kenyon. Biochemisty and 
Biophysics, University of California, San Francisco, San Francisco, CA. 
   In C. elegans, removal of the germline induces multiple large-scale and systemic changes that lead to a ~60% increase in 
lifespan.  Upon germline removal, intestinal DAF-16/FOXO enters the nucleus and mediates its effects on lifespan through 
transcriptional control of genes related to development, stress-resistance, metabolism and innate immunity. The ability of 
DAF-16 to enter the nucleus, specifically in the germline-less state, is fully dependent upon the KRI-1 adaptor protein. 
Though many studies have characterized the downstream mechanisms that increase lifespan in germline-less worms, still 
nothing is known about the upstream mechanisms through which the intact germline normally inhibits longevity. The 
purpose of this study was to uncover the signaling components upstream of DAF-16 in the germline-less longevity 
pathway.In order to discover potential negative regulators of DAF-16 nuclear entry, a whole genome-wide RNAi screen was 
performed, looking for RNAi clones that could trigger intestinal DAF-16 activity in germline-intact animals, thus mimicking 
germline ablation. Complementarily, in order to discover potential positive regulators of DAF-16 nuclear entry, a second 
whole genome-wide RNAi screen was performed, this time looking for RNAi clones that could prevent intestinal DAF-16 
activity in germline-less animals. All hits were validated three times and sequenced. Epistasis analysis was performed on all 
hits, as was GO term and pathway analysis. These hits grouped into several gene classes and signaling paradigms, and are 
currently being explored in further detail. 

298C. Hypoxia and the Mitochondrial Unfolded Protein Response. Salvador Peña1, Teresa Sherman3, Paul Brookes2, Keith 
Nehrke3. 1) Department of Pathology and Laboratory Medicine, URMC, Rochester, NY; 2) Department of Anesthesiology, 
URMC, Rochester, NY; 3) Department of Nephrology, URMC, Rochester, NY. 
   The mitochondrial unfolded protein response (UPRmt) is a surveillance pathway induced by diverse stressors including 
reactive oxygen species, respiratory chain deficits, and mitochondrial DNA damage. Its activation helps to restore 
proteostasis and to protect against stresses caused by statin toxicity and bacterial infection. The transcription factor ATFS-1 is 
required for UPRmt signaling and the balance between ATFS-1 trafficking to the mitochondria and the nucleus regulates its 
signaling output. Consistent with a central role for mitochondria in mammalian ischemia-reperfusion injury, we found that 
either pharmacological or genetic activation of the UPRmt was sufficient to protect worms from anoxic death and cell 
damage. We found that atfs-1 was necessary for this protection and that in the absence of atfs-1, mitochondrial stress 
exacerbated anoxic death. In contrast, a gain-of-function (gf) mutation in atfs-1 was endogenously protected against anoxia. 
We then created a genetic model to study the cell specific effects of atfs-1. Our model utilizes a FLP-FRT-wCherry promoter 
interruption of an atfs-1 single copy MosSCI transgene to restrict the expression of either the wild type or gf allele to specific 
cells. Expression in this model via the native promoter at physiological levels is expected to more closely recapitulate 
endogenous regulatory mechanisms. Since mitochondrial stress has been suggested to result in non-cell autonomous 
signaling, we were motivated to use our model to determine whether the UPRmt could also protect cells from anoxic damage 
through similar mechanisms. We tested whether selective expression of atfs-1 was sufficient to activate the UPRmt in specific 
tissues and whether this elicited global adaptation to anoxia. In addition to allowing us to rigorously define the role of atfs-1 
in regulating anoxic sensitivity, this model will be useful in studying how UPRmt influences other cellular and systems 
outputs. 

  

299A. The G-protein coupled receptor FSHR-1 is required for multiple facets of the innate immune response in C. elegans. 
Elizabeth Miller1,3, Leah Grandi2,3, Joseph Robinson3, Jennifer Giannini3, Jennifer Powell3. 1) Molecular Biology Program, 
University of Gottingen; 2) Temple University School of Medicine; 3) Department of Biology, Gettysburg College, 
Gettysburg, PA. 
   The animal immune system employs multiple defense strategies to protect the host against infection by pathogenic 
microorganisms.  One facet of immunity is to minimize exposure to pathogens:  the epithelium provides a passive barrier to 
infection, and a learned behavioral response allows the host to reduce continued exposure by avoiding a pathogen in the early 
stages of infection.  Another facet of immunity is a direct offensive attack against the pathogen, for example, by either 
constitutively producing or by inducing expression of antimicrobial peptides and reactive oxygen species (ROS).  This anti-
pathogen offensive is not without risk to the host, and so a further facet of immunity is protecting self tissues from harm 
inflicted by ROS and other indiscriminately damaging molecules.   All aspects of immunity contribute to the survival of the 
host, and several responses require the detection of an early stage infection to be activated.  FSHR-1 is a G-Protein Coupled 
Receptor that promotes the survival of infection by diverse intestinal pathogens.  It is required for the induction of a 



collection of infection response genes, many with known antimicrobial activity.  FSHR-1 is also required for the induction of 
the oxidative stress response gene gcs-1 upon infection.  It acts in the intestine to promote survival of infection-independent 
oxidative stress, suggesting the FSHR-1 pathway might respond to oxidative damage of intestinal cells.  Finally, FSHR-1 is 
required for the learned behavioral avoidance of pathogens.  Because FSHR-1 influences multiple facets of immunity, all of 
which depend on sensing an early-stage infection, it is tempting to speculate that the FSHR-1 pathway could be involved in 
sensing the infection and/or coordinating multiple responses that comprise immunity. . 

300B. Specific microRNAs Regulate Heat Stress Responses in Caenorhabditis elegans. Agnieszka Podolska1,3,4, Camilla 
Nehammer1,4, Sebastian D. Mackowiak2, Konstantinos Kagias1, Roger Pocock1,3. 1) Biotech Research and Innovation Centre, 
University of Copenhagen, Ole Maaløes Vej 5, Copenhagen, Denmark; 2) Max-Delbrück-Center for Molecular Medicine, 
Robert-Rössle-Straβe 10, 13125, Berlin; 3) Department of Anatomy and Developmental Biology, Faculty of Biomedical and 
Psychological Sciences, Monash University, Clayton, Victoria, Australia; 4) * These authors contributed equally to this work. 
   In order to properly respond to elevated temperatures, C. elegans exhibits a variety of stress-protective responses. These 
responses are tightly regulated on transcriptional and posttranscriptional level. A number of studies elaborate on the 
transcriptional regulation of heat stress responses, however posttranscriptional regulation by means of microRNAs (miRNAs) 
still remains unclear. In the present study, we analyzed the role of miRNAs in heat stress response in C. elegans and 
identified a number of miRNAs that are thermoregulated. miRNA deletion mutants, when put through thorough phenotypic 
analysis, revealed multiple developmental and post-developmental survival and behavioral functions for specific miRNAs 
during heat stress. We showed that mir-80 and the mir-229 mir-64-66 cluster regulate heat stress response in C. elegans. 
Furthermore, we established additional functions for mir-71 and mir-239, miRNAs already known to be involved in heat 
stress survival responses. Our findings provide additional information enhancing what is known about the regulation of stress 
signaling which is crucial for C.elegans to properly and rapidly respond to the changing environment. . 

301C. Elucidating the mechanisms for purifying selection of mitochondrial DNA. Sagen Peterson1, Sidhartha Goyal3,4, 
Yamila Torres Cleuren2, Joel Rothman1. 1) MCDB, UCSB, Santa Barbara, CA; 2) School of Biological Sciences, University 
of Auckland, New Zealand; 3) Physics, University of Toronto, Ontario; 4) KITP, UCSB, Santa Barbara, CA. 
   The mitochondrial genome (mtDNA) is present in many copies within each cell and follows a maternal pattern of 
inheritance. mtDNA experiences a high mutation rate which leads to heteroplasmy, in which a mixed population of both 
wildtype and altered mtDNA exist within the same cell. While each mtDNA can act as a “selfish DNA” element, purifying 
selection is used to eliminate from the germline mtDNAs that are defective and debilitate mitochondrial function. We are 
investigating the mechanisms used in purifying selection in the germline. One level at which purifying selection might act is 
during the early embryonic divisions that establish the germline (P lineage). We have obtained preliminary evidence that the 
most active mitochondria (those with the highest membrane potential) are enriched in the germline lineage during the early 
embryonic cell divisions. Following this early phase, we found that germline mitochondria are then fully quiescent (no 
detectable membrane potential) until after the initiation of larval development. We have taken advantage of a 3 kb mtDNA 
deletion, uaDf5 [Tsang et al 2002], to investigate further the mechanisms that remove defective mtDNAs. This deletion 
exhibits stable heteroplasmy, raising the suggestion that it is maintained as a result of complementing mutations on the non-
deleted mtDNAs in the strain [Tsang et al 2002]. However, we found that the uaDf5-bearing strain appears to contain fully 
intact, wild-type mtDNA, suggesting that the deletion may be maintained as a result of replicative advantage. Further, we 
found that the uaDf5 strain gives rise to arresting embryos with many cell corpses, reminiscent of cells that have undergone 
programmed cell death. Lines that generate arresting embryos at highest frequency also show extended lifespan in the 
survivors, consistent with a trade-off between mitochondrial function required for survival and lifespan extension. Finally, we 
have obtained preliminary results suggesting that physiological state of worms influences the rate of removal of mtDNAs 
encoding defective proteins. We are investigating the trans-generational dynamics of this apparent purifying selection. 

302A. Modulation of longevity and stress response pathways by SUMOylation in C. elegans. Andrea Princz1,2, Nektarios 
Tavernarakis1,3. 1) Institute of Molecular Biology and Biotechnology; Foundation for Research and Technology-Hellas, 
Heraklion, Crete, Greece; 2) Department of Biology, University of Crete, Heraklion, Crete, Greece; 3) Department of Basic 
Sciences, Faculty of Medicine, University of Crete, Heraklion, Crete, Greece. 
   SUMOylation, the attachment of SUMO (small ubiquitin-related modifier) to a protein, is a posttranslational modification 
implicated in the regulation of diverse cellular processes, including the DNA damage response, sub-cellular protein 
localization and protein-protein interactions, among others. Protein SUMOylation levels increase progressively during 
ageing. However, whether elevated SUMOylation is merely a corollary of the ageing process or it serves a causative, 
regulatory role in senescent decline is not understood. Interestingly, DAF-16/FOXO and SKN-1/NRF2, two key transcription 
factors regulating various stress responses and longevity in the nematode Caenorhabditis elegans, contain putative 
SUMOylation sites. The C. elegans genome contains only one gene encoding SUMO (smo-1), rendering the nematode a 
convenient model in which to genetically dissect the role of SUMOylation in organismal physiology and ageing. Elimination 
of smo-1 causes embryonic lethality. Nevertheless, we find that RNAi knockdown of smo-1 initiated at the L4 stage shortens 



the lifespan of both wild type and long-lived animals. This effect is not dependent on neuron-specific knockdown of smo-1. 
Notably, knockdown of the SUMO protease encoding gene (ulp-1), extents lifespan in long-lived mutants (clk-1, daf-2, ife-
2), but not in wild type animals. In addition, we observed that manipulation of SUMOylation levels by either knockdown of 
smo-1 or ulp-1 influences the activity of DAF-16 and SKN-1, as well as stress resistance and energy metabolism, in a genetic 
background- and age-dependent manner. We are currently investigating the mechanisms by which SUMOylation modulates 
the activity of key, stress response transcription regulators, and how these mechanisms interface with main signalling 
pathways that impinge on longevity. 

303B. Role of SEM-4 in BRAP-2/SKN-1/ROS detoxification pathway. Adilya Rafikova1, Lesley MacNeil2,3, Marian 
Walhout2, Terrance J. Kubiseski1. 1) Department of Biology, York University, Toronto, Ontario, Canada; 2) Program in Gene 
Function and Expression, University of Massachusetts Medical School, Worcester, MA; 3) Department of Biochemistry and 
Biomedical Sciences, Farncombe Family Digestive Health Research Institute, McMaster University, Hamilton, Ontario, 
Canada. 
   Oxidative stress causes damage to cells by creating reactive oxygen species (ROS), which are harmful molecules that 
destroy cellular structure and impair protein function. The overproduction of ROS is detrimental, having been linked to the 
onset of premature ageing and age-related diseases, such as Alzheimer’s and Parkinson’s. Our lab has previously found that a 
partial deletion of brap2 (BRCA-1 associated protein 2) significantly enhances nuclear localization of SKN-1 and increased 
the expression of gst-4, a phase II detoxification enzyme. An RNAi screen for 940 transcription factors on a brap-2;gst-
4::gfp strain resulted in more than 20 candidates that are proposed to alter expression of gst-4 in BRAP-2/SKN-1/ROS 
detoxification pathway. One of those genes, sem-4, was chosen for the further studies. SEM-4 is a zinc-finger transcription 
factor and is important for development of neuronal, mesodermal and vulval lineages in C.elegans. C. elegans with sem-4 
mutation, or overexpressing sem-4 are viable and readily available, which makes it possible to test for the importance of 
dosage effect of SEM-4 in BRAP-2/SKN-1/ROS detoxification pathway. While brap-2 mutant worms demonstrate higher 
levels of gst-4 expression, a significant reduction in gst-4 mRNA levels is observed in sem-4;brap-2 double mutants before 
and after paraquat stress.  Although no physical interaction between SEM-4 and SKN-1 was observed, a luciferase construct 
containing the promoter of gst-4 was activated by co-expression of both SEM-4 and SKN-1 in 293T cells. We also found that 
higher levels of ROS were generated in sem-4 and sem4;brap-2 mutants in comparison to N2 worms, indicating that SEM-4 
is required to prevent overproduction of ROS in vivo. Furthermore, the lifespan of skn-1 overexpressing worms was 
significantly prolonged by overexpression of sem-4 and shortened by deletion of sem-4. Together, these results indicate a 
newly identified role of SEM-4 in regulating expression of phase II detoxification enzymes and preventing the harmful 
effects caused by overproduction of ROS. . 

304C. A microfluidic platform for parallelized aging and healthspan investigations in C. elegans. Mizanur Rahman1, Hunter 
Edwards1, Nikolajs Birze1, Jennifer E. Hewitt1, Rebecca Gabrilska3, Kendra P. Rumbaugh3, Jerzy Blawzdziewicz4, Nathaniel 
Szewczyk5, Monica Driscoll2, Siva A. Vanapalli1. 1) Department of Chemical Engineering, Texas Tech University; 2) 
Department of Molecular Biology and Biochemistry, Rutgers University; 3) Department of Surgery, Texas Tech University 
Health Sciences Center; 4) Department of Mechanical Engineering, Texas Tech University; 5) MRC/Arthritis Research UK 
Centre for Musculoskeletal Ageing Research, University of Nottingham,UK. 
   Caenorhabditis elegans has emerged as a model organism for aging research. Large-scale screens for longevity genes in C. 
elegans use liquid culture combined with drug-induced blocking of progeny, introducing physiological stress on the animals. 
Small-scale pilot screens adopt agar-based methods, which necessitates the tedious task of repetitively picking and 
transferring animals. In both approaches, it is practically impossible to add reagents or remove reagents (e.g., food or drugs) 
at multiple time points during the lifespan precluding detailed aging investigations. Finally, most screens do not score 
animals for multidimensional readouts of healthspan. 
We report a simple and high-throughput microfluidic platform addressing the limitations of current methods. The platform is 
capable of measuring lifespan and healthspan of wild type and mutants in parallel without a requirement for drug blocking of 
progeny production. Numerous trials have shown that we can remove progeny efficiently while retaining the adult animals in 
the device. To reduce physiological stress on the animals, we have optimized device geometry and feeding protocols such 
that the gait, body size, and lifespan are consistent with aging assays on agar. In addition to standard healthspan readouts 
such as locomotory prowess and pharyngeal pumping, the device allows recording of novel measures such as animal muscle 
strength and agility. 
We test the multifunctional capabilities of the device by conducting a pilot screen that includes wild-type, daf-2, daf-16, age-
1 and eat-2 animals. We find that the lifespan curves of the wild-type and genetic mutants are consistent with the literature 
reports. We also show that in a targeted RNAi screen, the lifespan curves obtained were consistent with those of the genetic 
mutants. Analysis of muscle strength, agility, and locomotory prowess as a function of lifespan in the long-lived mutants 
reveal new insights into sarcopenia. In summary, we anticipate that the simplicity of our method, combined with 
unprecedented capacity to temporally manipulate the environment of the animals and record multidimensional healthspan 
measures will enable highly parallelized cross-sectional and longitudinal aging experiments. 



305A. Molecular signatures of reproductive aging in C. elegans. I. Ramanandraitsiory1,2, S. Kumar2, F. Borondics4, M. 
Hackett3, C. Carvalho1, T. Ellis2. 1) Biology, Univ. of Saskatchewan, Saskatoon, Saskatchewan, Canada; 2) Canadian Light 
Source, Saskatoon, Saskatchewan, Canada; 3) Geology, Univ. of Saskatchewan, Saskatoon, Saskatchewan, Canada; 4) 
Synchrotron SOLEIL, Saint-Aubin, France. 
   Decline in reproductive capacity in women is the first sign of aging and a considerable health problem in societies where 
there is an increasing maternal age such as Canada. To understand and prepare for the challenges that arise from such 
demographic changes, it will be necessary to unravel the biology of reproductive aging.  Recently, C. elegans was shown to 
be a tractable system to model the drop in oocyte quality observed in women.  However the use of synchrotron radiation 
imaging to study this process remains unexplored at this time. To fill this gap, we have been using Mid-IR spectroscopy at 
the Canadian Light Source (CLS) to image dissected gonads of C. elegans hermaphrodites in search of changes in the 
molecular fingerprint of aging oocytes. Our preliminary results reveal that the integrated absorbance of the phosphate and 
protein (Amide I) band on mature oocytes from old nematodes decreases to half whereas the lipid band almost doubles 
relative to cells from young nematodes. In oocytes of rme-2 mutants, in which yolk intake is mostly abolished affecting 
progeny viability, the dynamic change in lipid, protein, phosphate content as a function of age is not as pronounce as in the 
wild-type. To further investigate the genetic component driving germ cell aging, we are characterizing the FTIR profiles of 
mature oocytes in long (daf-2, sma-2, rer-1, eat-1) and short (daf-16) reproductive lifespan mutants. The ultimate goal of this 
work is to construct a comprehensive map of the biochemical underpinnings of reproductive cessation in C. elegans in an 
attempt to understand how it relates to oocyte quality, fertility and reproductive span. 

306B. Non-cell-autonomous activation of the oxidative stress response by atypical antidepressants extends lifespan of 
Caenorhabditis elegans. Sunitha Rangaraju1,2,3, Gregory Solis1,2,3, Sofia Andersson1, Rafael Gomez-Amaro1,2,3, Rozina 
Kardakaris1, Caroline Broaddus1, Alexander Niculescu4, Michael Petrascheck1,2,3. 1) Chemical Physiology, The Scripps 
Research Institute, La Jolla, CA; 2) Department of Molecular and Experimental Medicine, The Scripps Research Institute, La 
Jolla, CA, USA; 3) Department of Molecular and Cellular Neuroscience, The Scripps Research Institute, La Jolla, CA, USA; 
4) Department of Psychiatry, Indiana University School of Medicine, Indianapolis, IN, USA. 
   Oxidative stress has long been associated with aging, and has recently been linked to psychiatric disorders, including 
psychosis and depression. We identified multiple antipsychotics and antidepressants that extend C. elegans lifespan 
and protect the animal from oxidative stress. Here, we report that atypical antidepressants activate a neuronal 
mechanism that regulates the response to oxidative stress throughout the animal. While the activation of the oxidative 
stress response by atypical antidepressants depends on synaptic transmission, the activation by reactive oxygen 
species (ROS) does not. We further show that the lifespan extension by atypical antidepressants depends on the 
neuronal oxidative stress response activation mechanism. Neuronal activation of the oxidative stress response is likely 
to have evolved as a survival mechanism to protect the organism from oxidative stress upon detection of adverse or 
dangerous conditions by the nervous system.. 

307C. Investigations on cell- and tissue-specific activity of NER upon UVB irradiation in development and ageing of C. 
elegans. Matthias Rieckher, Vincent Anton, Amanda Lopes, Paul Werthenbach, Björn Schumacher. Institute for Genome 
Stability in Ageing and Disease and Cologne Cluster of Excellence in Cellular Stress Responses in Aging-associated 
Diseases (CECAD), University of Cologne, Cologne, Germany. 
   DNA damage and genome instability are hallmarks of ageing. In humans, congenital defects in DNA repair mechanisms 
such as nucleotide excision repair (NER) lead to increased cancer risk, accelerated ageing including neurodegeneration and 
developmental growth defects. NER activity is highly conserved in C. elegans and NER deficient animals are incapable of 
repairing DNA damage inflicted by UV irradiation, resulting in growth arrest and decreased life span. We investigate the 
tissue-specific and age-dependent activity of NER in maintaining genome stability in C. elegans. To this end, we established 
an in vivo imaging system to monitor NER activity in C. elegans: We generated transgenic animals expressing the central 
NER factors XPA-1::GFP or CSB-1::GFP under control of the respective endogenous promoters. In vivo expression analysis 
reveals a progressive decline of XPA-1::GFP during ageing in all tissues, except the neuronal system. Further, we are 
performing tissue-specific rescue studies of the highly UVB sensitive xpa-1 mutant animals by constitutively driving 
expression of XPA-1::GFP in muscles, intestine, cuticle, and the neuronal system. We apply a UVC laser system for precise 
single-cell DNA damage induction in cuticle tissue, and observe rapid recruitment of XPA-1::GFP to the site of irradiation. 
This system allows investigating cell type-specific dynamics of DNA damage response factors during ageing and in the 
context of a whole organism. To further understand tissue-specific relevance of DNA repair, we created transgenic animals 
that ectopically express the A. thaliana photolyase PHR1, which specifically repairs cyclobutane pyrimidine dimers (CPDs), 
which comprise the main lesion type induced by UV. Ubiquitous and constitutive expression of PHR1::GFP enhances UV 
resistance of wild type and NER deficient animals. Understanding tissue-specific DNA damage responses and genome 
maintenance in C. elegans will lead to a better understanding of the complex human disorders that are caused by DNA repair 
defects and allow the development of intervention strategies to counteract age-related tissue-decline and promote longevity. 



308A. Tissue-specific effects of a solute carrier membrane protein on the regulation of aging. Nina Riehs, Cynthia Kenyon. 
UCSF, San Francisco, CA. 
   Many tissue-specific interventions have been shown to effect organismal aging in a cell non-autonomous manner. How 
aging is coordinated between multiple cells and tissues is still poorly understood. The intestine not only acts as site of food 
digestion and energy storage, but is also a major endocrine tissue in the worm. Several studies have indicated that the 
intestine is important for the regulation of systemic aging and key aging pathways are known to act either in the intestine or 
signal towards it.We identified a transporter protein that displays homology to a large family of evolutionarily conserved 
solute carriers (SLCs). SLCs have been shown to transport a wide variety of substances such as nutrients, hormones and 
drugs across cell membranes. Interestingly, we found that the cellular context is important in the regulation of aging: 
Intestine-specific knock-down of this transporter is sufficient to extend the lifespan of C. elegans, while RNAi in a wild-type 
background has no effect on longevity. We show that this transporter modulates the activity of several genes involved in fat 
metabolism and knock-down via RNAi reduces fat accumulation. We further show that the lifespan extending effect is 
independent of the FOXO transcription factor DAF-16. Surprisingly, we found that this transporter is required for the long-
life of germline-less animals and knock-down of this gene prevents the activation of several key transcription factors. 
However, the activity of this transporter is not generally required for long life, since knocking down this gene does not 
shorten the long life of other longevity mutants.Current and future analysis will focus on the genetic requirements and aim to 
decipher the molecular mechanism of the different lifespan modulating effects of this transporter. In addition metabolomics 
analysis will aid to identify potential target molecules and help to widen our understanding of the role of metabolism in 
aging. More generally, these results demonstrate the importance of the cellular context for the physiological function of 
factors involved in the regulation of aging. . 

309B. The Possible Benefits of Ceratonia siliqua (carob) Fruit Extract in Caenorhabditis elegans. cristiane Rodrigues, Ana 
Thalita Soares, Mariani Vasconcellos, Cristiane Denardin, Daiana Ávila. Universidade Federal do Pampa, Uruguaiana. 
   The carob tree (Ceratonia siliqua L.) has been widely cultivated in Mediterranean countries for years. The carob fruit, a 
brown pod of 10–25 cm in length, contains high amounts of polyphenols. For this reason, the Ceratonia siliqua fruit extract 
has been used in the folk medicine for its putative cholesterol-lowering activities in humans suffering from 
hypercholesterolemia and for its antioxidant properties. However, these properties have not been scientifically proven. 
Therefore, we choose the experimental model C.elegans in order to verify whether the C.siliqua extract could have possible 
antioxidant effects and cause lipid reduction in vivo. We used aqueous extract to using treatment, was performed with 2000 
worms exposed to the extracts (3,1µg, 31,0µg and 62,0µg GAE) for 30 minutes. We used strains N2, GA800 (ctl-
1,2,3::GFP), CF1553 (sod-3::GFP), CL2166 (gst-4::GFP) and RB1600 (tub-1(ok1972)), which were obtained from CGC.  It 
was verified the activities of the antioxidant enzymes SOD (superoxide dismutase), CAT (catalase) and GST (glutathione-S- 
transferase), as well as their respective enzymatic expressions. Furthermore we measured the safety of the extract by 
analyzing survival, longevity and brood size. To measure the lipids levels, we used the Nile Red dye and also measured 
triglycerides in L4 worms. The statistical analyses were performed by one-way or two-way ANOVA.  We observed that both 
expressions of the enzymes were increased and activity of the enzymes was reduced, which may be in accordance to the in 
vitro antioxidant activity of the extract. Furthermore, the extract depicted a reduction in both lipid droplets and triglycerides 
in tub-1 and N2 worms. In addition, we did not observe any toxic effects of the extract. Thus, we can suggest that the effect 
of C.siliqua extract in small short time modulates antioxidant enzymes and this may be associated to the lipid reduction. That 
way, considering that SOD and GST-4 are targeting genes of DAF-16, and that DAF-16 also upregulates lipases as LIPL-4, 
we will further investigate the role of these genes in worms exposed to C.siliqua extract. . 

310C. N-acylethanolamines modulate C. elegans longevity at warm temperatures. Pedro Reis-Rodrigues1, Neale Harrison2, 
Matthew S. Gill1. 1) Department of Metabolism & Aging, The Scripps Research Institute - Scripps Florida, Jupiter, FL; 2) 
Current address: School of Biosciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, United Kingdom. 
   The relationship between environment and longevity is perhaps best illustrated by the effect of temperature on lifespan 
across multiple species. Contrary to previous thought, it has been shown that temperature mediates its effects on lifespan in 
part through highly coordinated genetic pathways (Lee et al. 2009, Xiao et al. 2013). We have recently reported that the N-
acylethanolamine (NAE) system in worms reduces C. elegans lifespan at 25oC but not at 15oC (Harrison et al. 2014), 
phenocopying the effect of ablation of the AFD thermosensory neuron (Lee et al. 2009). Here we show that deletion of faah-
1, an NAE hydrolyzing enzyme, recapitulates the effect of over-expression of the biosynthetic enzyme nape-1. We also find 
that the effect of faah-1 deletion on lifespan is dependent on daf-9 and daf-12, indicating that the NAE signal acts via the 
same mechanism as that described for thermosensory mutants (Lee et al. 2009). In other systems, NAEs act as short-range 
signaling molecules and thus we hypothesized that NAEs directly influence neuronal activity to control lifespan cell non-
autonomously. In accordance with this, we observed that genetic ablation of the ASJ neuron by cell-specific caspase 
expression rescues the effect of faah-1 on lifespan at 25oC.  We are currently evaluating the requirement for thermosensory 
neurons in mediating the effects of faah-1 deletion.We are also interested in determining which specific NAEs are 
responsible for signaling this effect.  NAEs are synthesized from phospholipid precursors and differ in their fatty acid 



moiety.  We have previously reported that eicosapentaenoyl ethanolamine (EPEA), a C20:5n3-containing NAE, influences 
dauer entry and suppresses DR-induced longevity in worms. To test if this molecule could be responsible for the temperature-
dependent effects of NAEs, we crossed nape-1 over-expressers into a fat-1 mutant, which lacks the fatty acid precursor 
needed for EPEA production.  In this background we found that fat-1 is not required for the effects of nape-1 over-expression 
on lifespan, indicating that the effect of the NAE system on temperature-dependent longevity is independent of EPEA. We 
are currently trying to identify the specific NAE(s) responsible for this effect, as well as further defining the mechanism by 
which the NAE system affects lifespan in a temperature dependent manner. 

311A. Regulation of insulin signaling by a truncated isoform of the insulin receptor.. Pedro Reis-Rodrigues1, Prosenjit 
Mondal2, Aditi Gurkar1, Scott T. Baker3, Neale Harrison4, Brock Grill3, Matthew S. Gill1. 1) The Scripps Research Inst, 
Jupiter, FL, Department of Metabolism & Aging, Jupiter, FL; 2) School of Basic Sciences, Indian Institute of Technology - 
Mandi, India; 3) The Scripps Research Institute, Scripps Florida, Department of Neuroscience, Jupiter, FL; 4) Current 
address: School of Biosciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, United Kingdom. 
   In C. elegans, daf-2 encodes the sole ortholog of the insulin /IGF-like receptor and 40 candidate insulin-like ligands have 
been described. We hypothesized that the existence of an insulin binding protein in the worm would provide an attractive 
mechanism for regulating the interaction of different insulin peptides with the receptor. To that end, we noted the existence of 
an alternatively spliced, truncated isoform of daf-2, termed daf-2b, that is predicted to encode the extracellular ligand binding 
domain but lack the transmembrane and intracellular signaling domains. Since this truncated isoform retains the potential to 
bind insulin peptides, but cannot transduce a signal, it could inhibit daf-2 signaling by acting as a decoy receptor or soluble 
binding protein. Immunoprecipitation of FLAG tagged DAF-2B from transgenic worms indicated that the short isoform is 
able to form disulfide-linked dimers, which could allow it to bind insulin peptides with high affinity. Furthermore, we find 
that over-expression of the daf-2b isoform confers phenotypes consistent with reduced insulin signaling, including increased 
dauer entry and reduced recovery, increased thermal stress resistance and daf-16 dependent lifespan extension. Truncated 
isoforms of mammalian insulin receptors, similar to daf-2b, could represent a novel, conserved regulatory mechanism within 
the insulin axis. 

312B. The loss of mma-1 LRPPRC function induces the mitochondrial unfolded protein response. Fabian Koehler, Kathrin 
Mueller-Rischart, Barbara Conradt, Stephane Rolland. Center for Integrated Protein Science, Fakultät für Biologie, Ludwig-
Maximilians-Universität München, 82152 Planegg-Martinsried, Germany. 
   In a genetic screen for Caenorhabditis elegans mutants with abnormal mitochondrial morphology, we identified mma-1 
(mitochondrial morphology abnormal-1), a C. elegans homolog of the French Canadian Leigh Syndrome gene LRPPRC 
(leucine-rich pentatricopeptide repeat containing). Inactivation of mma-1 in C. elegans or LRPPRC in mammalian cells 
results in a decrease in the production of mitochondria-encoded subunits of cytochrome c oxidase (COX) and consequently a 
reduction in COX activity. We have previously shown that in this context, mitochondria form a hyperfused network that 
transiently maintains cellular ATP levels (Rolland et al, 2013). We now demonstrate that the inactivation of mma-1 LRPPRC 
also leads to an imbalance between mitochondria- and nuclear-encoded COX subunits, which triggers a conserved 
mitochondrial unfolded protein response (UPRmt). We also show that the activation of UPRmt leads to the restoration of 
mitochondrial proteostasis. Finally, we present evidence that UPRmt and the mitochondrial hyperfusion response are 
coordinated but mediated by genetically distinct pathways. We propose that in the context of mma-1 LRPPRC knock-down, 
mitochondrial hyperfusion helps to transiently maintain cellular ATP levels enabling UPRmt to restore mitochondrial 
proteostasis.Rolland, S.G., Motori, E., Memar, N., Hench, J., Frank, S., Winklhofer, K.F. , and Conradt, B. (2013). Impaired 
complex IV activity in response to loss of LRPPRC function can be compensated by mitochondrial hyperfusion. PNAS 110, 
E2967-2976.Barbara Conradt and Stephane Rolland are co-corresponding authors. 

313C. Analysis of Nucleotide Excision Repair in vivo. Mariangela Sabatella, Karen Thijssen, Wim Vermeulen, Hannes 
Lans. Genetics, Erasmus MC, Rotterdam, The Netherlands. 
   Nucleotide Excision Repair (NER) is a major genome maintenance mechanism responsible for removing DNA-distorting 
lesions, in particular those formed by UV light. NER is initiated by two distinct damage detection mechanisms: Global 
Genome NER (GG-NER), that detects damage anywhere in the genome, and Transcription Coupled NER (TC-NER), that 
detects damage in the transcribed strand during transcription. Both mechanisms converge in a common pathway that verifies 
the presence of damage, excises it and fills the gap. In humans, NER deficiency affects tissues in various manners and is 
associated with several clinical disorders that are characterized by cancer predisposition, developmental defects and 
accelerated aging. Although, the molecular mechanism of NER is known in detail, mainly from in vitro and cell culture 
experiments, it is not entirely clear how defects in one pathway lead to these various and tissue-specific symptoms. 
We use C. elegans to better understand how NER operates and is regulated in vivo, in different tissues and stages of 
development. Previously we have shown that GG-NER mainly acts in germ cells while TC-NER mainly acts in somatic cells 
to protect against UV-induced DNA damage. Here, we focus on the ERCC-1/XPF-1 complex, a structure-specific 
endonuclease involved in damage excision during NER but which also acts in the repair of interstrand crosslinks and double 



strand breaks. To determine how this endonuclease responds to DNA damage and to identify which mechanisms regulate 
this, we expressed fluorescently tagged XPF-1 in different tissues and in diverse NER genetics backgrounds. By imaging 
living and fixed animals, we analyze the in vivo kinetics of the repair reaction in response to different kinds of DNA damage. 
Preliminary results show that XPF-1 quickly re-localizes in response to DNA damage in different tissues. By performing 
genetic analysis and proteomic screening we hope to uncover the regulatory mechanisms that underlie cell type specific 
responses of NER. 

314A. Investigating the Role of Host Cell Factor 1 and Ribosomal S6 Kinase in Regulation of Longevity. Seth Sagulo, Siu 
Sylvia Lee. Cornell University, Ithaca, NY. 
   The Lee lab has identified Host Cell Factor 1 (HCF-1) as a transcriptional corepressor of DAF-16/FOXO, a major 
downstream effector of the highly conserved insulin/insulin-like (IIS) signaling pathway.  C. elegans that are mutant in hcf-1 
have an extended lifespan that is dependent on daf-16. Host Cell Factor 1 is a nuclear expressed protein that acts as a 
scaffolding protein as it does not have a clear DNA binding domain. Thus it likely plays a role in various protein-protein 
interactions, some of which may be important for regulating lifespan. Since many of the proteins that interact with HCF-1 
have not yet been identified immunoprecipitation-mass spectrometry (IP-MS) was performed in collaboration with the 
Ruvkun lab and Ming Zhu, Meng-Qiu Dong of the Dong lab. This was done using a strain of C. elegans expressing HCF-1 
tagged with GFP. Several chromatin related factors including the histone deacetylase SIN-3 which has been previously 
shown to interact with HCF-1 in addition to many metabolism proteins were found to interact with HCF-1. Surprisingly, the 
downstream kinase of the highly conserved target of rapamycin (TOR) pathway, ribosomal S6 kinase (RSKS-1/S6K1) was 
also identified which suggests it may play a role in the regulation of HCF-1 through phosphorylation. Interestingly, 
previously published data shows that rsks-1 mutants have an extended lifespan that is dependent on daf-16 which is similar to 
hcf-1 mutants. To support the IP-MS data, the genetic relationship of rsks-1 and hcf-1 was tested. The rsks-1;hcf-1 double 
mutant does not show an additive extension of lifespan compared to either of the rsks-1 or hcf-1 single mutants providing 
evidence that HCF-1 and RSKS-1 may be working through the same pathway to regulate longevity in C. elegans. Since 
HCF-1 and RSKS-1 are both highly conserved proteins understanding the novel biochemical and genetic connection between 
them will be relevant to aging in mammals. 

315B. 4-aryl-telluroquinoline improves longevity of stressed Caenorhabditis elegans in a skn-1 dependent manner. Willian 
Salgueiro1,2, Michael Aschner2, Daiana Ávila1. 1) Toxicology and Pharmacology, Universidade Federal do Pampa, 
Uruguaiana, Brazil; 2) Molecular Pharmacology, Albert Einstein Institute of Medicine, Bronx, NY. 
   Aging is a natural process, however it may bring undesirable alterations to the organisms. One of the many mechanisms by 
which age can cause disorders is linked to oxidative stress. Many genetic and pharmacological therapies that improve 
lifespan also can regulate cytoprotective mechanisms. Conversely, cytoprotective pathways may lead to resistance to many 
stressors. In this context, new synthetic compounds that might modulate cytoprotective machinery can be promising 
candidates to pre-clinical tests to treat age-associated diseases. The Nrf2 homologue, skn-1, plays an important cytoprotective 
role under oxidative stress, readily accumulating at the nucleus, increasing the expression of superoxide dismutases and 
glutathione-s-transferases, among others. daf-16, another important cytoprotective gene that plays role in C. 
elegans longevity and stress resistance, which may or may not act concomitantly to skn-1. Our research aimed to elucidate 
the underlying mechanisms by which a new compound, 4-aryl-telluroquinoline, improves lifespan of stressed C. 
elegans. We exposed L1 worms to 1µM of the compound during 30 minutes. The experiment was conducted in liquid and 
free-bacteria media. We induced oxidative stress in our strains (EU31 [zu135], CL2166 [dvIs19], RB1823 [ok2108], GA480 
[gk257]; [tm760], CF1553 [muIs84]) by using paraquat right after compound exposure. We measured fluorescence levels by 
using GFP-tagged strains, and also ROS levels by H2DCF-DA. Repeated measures and One-way ANOVA were applied, and 
a p<0.05 was considered as significant. We verified that the compound was not able to restore paraquat-induced reduced 
lifespan in the absence of skn-1 and gst-4. Lifespan extension caused by the compound treatment persisted in the absence 
of daf-16, sod-2,3, and gcs-1. We also verified that ROS levels were diminished in worms that were post-treated with the 
compound, when compared to paraquat group, whereas the same effect was not observed inskn-1 mutants. SOD-3::GFP and 
GST-4::GFP fluorescence were increased right after the treatment, however their levels did not persist after 48h. We suggest 
that 4-aryl-telluroquinoline may regulate skn-1 downstream pathway by up-regulating GST-4 and SOD-3 levels, thus 
reducing the amount of ROS generated by paraquat. Even playing a possible role in ROS detoxification, sod-2,3, does not 
show itself as a necessary component to lifespan improvement. gst-4 is possibly playing a role in detoxification of 
compromised biomolecules following the oxidative damage induced by paraquat, and this action seems to be necessary to 
lifespan improvement. 

316C. Ubiquitin-and Proteasome-rich Spheres Form in Response to Cellular Stress. Katherine Sampuda. Middle Tennessee 
State University, Atoka, TN. 
   The ubiquitin proteasome system is essential for maintaining nuclear and cytoplasmic protein levels. Currently, the Boyd 
lab is investigating the role that ubiquitin and proteasome play during a cellular stress response.  Our studies have shown that 



cellular stress causes the re-localization of ubiquitin and proteasome into distinct spheres within the nuclei of both oocytes 
and embryos.  Different stressors, such as high salt exposure, oxidative stress, and starvation induce these ubiquitin- and 
proteasome-rich nuclear spheres.  The function of the nuclear spheres is currently unknown. Embryos possessing nuclear 
spheres fail to hatch. This evidence suggests that the presence of nuclear spheres correlates with embryonic 
lethality.   Proteasome inhibitor experiments have shown that without proteasome activity these nuclear spheres do not form 
during cellular stress.  Antibody staining of temperature sensitive uba-1 worm strains have shown that ubiquitination is 
required for nuclear sphere formation.  Live cell imagining of ubiquitin and proteasome has shown that during stress both 
ubiquitin and proteasome co-localize and that ubiquitin arrives before proteasome.  This evidence suggests that a proteolytic 
event is needed to form the nuclear spheres. Recent work in the Boyd lab has been focused on elucidating the pathway 
leading to nuclear sphere formation.  The overall results indicate that both ubiquitin and proteasome play a fundamental role 
in cellular stress, and that this event may be occurring inside the nucleus.   We aim to elucidate the pathway of how ubiquitin 
and the 26 S proteasome affect nuclear sphere formation during stress conditions. . 

317A. Ubiquitin localization changes as C. elegans undergo stress. Jacob Sanders, Lynn Boyd. Middle Tennessee State 
University, Murfreesboro, TN. 
   Muscle tissue is constantly undergoing protein turnover and reacts quickly to stress. Organisms have developed various 
mechanisms to help deal with stresses induced by their environment or other factors. The ubiquitin-proteasome degradation 
pathway has been shown to aid in the removal of misfolded or damaged proteins. Ubiquitination participates in tagging 
unwanted proteins for degradation and in other important signaling pathways such as endocytosis, cell cycle, histone 
modifications, etc. Ubiquitin, a highly conserved 76 amino acid protein, is the focus of our studies. Using confocal 
microscopy, we analyzed the localization of ubiquitin in aging, salt stressed and nutrient deprived muscle cells of 
Caenorhabditis elegans in the hopes of understanding the role ubiquitin has during stress induced conditions. Utilizing a 
GFP::Ub fusion protein and the unc-54 promoter, we have shown that ubiquitin is evenly distributed in unstressed muscle 
nuclei; however, muscle nuclei that undergo stress form nuclear foci. Our research shows that C. elegans exposed to high salt 
and nutrient deprivation induces foci formation within the muscle nuclei. We have shown that foci also form as worms age. 
We are currently in the process of determining potential ubiquitin substrates through the use of mass spectrometry. A better 
understanding of these potential substrates may allow us to determine the makeup of the foci and their particular role in the 
stress response.  . 

318B. A novel γ-secretase independent role for presenilin in mitochondrial function and morphology. Shaarika Sarasija, 
Kenneth Norman. Department of Cell Biology and Cancer Research, Albany Medical College, Albany, NY 12208. 
   Mutations in the presenilin encoding genes (PSEN1 and PSEN2) occur in most early onset familial Alzheimer’s Disease 
(FAD). Despite the identification of the involvement of PSEN in AD about 20 years ago, the underlying role of PSEN in AD 
is not fully understood. To gain insight into the biological function of PSEN, we investigated the role of the PSEN homolog 
SEL-12 in Caenorhabditis elegans. Using genetic, cell biological and pharmacological approaches, we have found that 
mutations in sel-12 result in defects in calcium homeostasis and mitochondrial function. Moreover, we provide evidence that 
SEL-12 has a critical role in mediating endoplasmic reticulum (ER) calcium release. In SEL-12 deficient animals, calcium 
release from the ER leads to fragmentation of the mitochondria and mitochondrial dysfunction. Additionally, we show that 
the role of SEL-12 is independent of its role in Notch signaling and the γ-secretase proteolytic complex. Our results provide 
evidence for a novel role of PSEN in mediating mitochondrial function by regulating calcium release from the ER to the 
mitochondria. 

319C. Stress response pathways are upregulated in long-lived mitochondrial mutants and show differential interaction with 
aging. Claire Schaar1,2, Jeremy Van Raamsdonk2,3,4. 1) Hope College, Holland, MI; 2) Center for Neurodegenerative 
Science, Van Andel Research Institute, Grand Rapids, MI; 3) Department of Genetics, Michigan State University, East 
Lansing, MI; 4) Department of Translational Science and Molecular Medicine, Michigan State University, Grand Rapids, MI. 
   Mutations affecting the function of the mitochondrial electron transport chain result in a long-lived phenotype in 
Caenorhabditis elegans. While it was originally believed that decreasing mitochondrial function increased lifespan through 
decreased production of reactive oxygen species (ROS), recent work has shown that long-lived mitochondrial mutants have 
increased levels of ROS. As it was previously thought that damage caused by high levels of ROS leads to aging, it is 
surprising that these mitochondrial mutants exhibit higher levels of ROS and an increased lifespan. Subsequent studies have 
shown that the higher levels of ROS in the long-lived mitochondrial mutants actually contribute to their increased lifespan. 
While the exact mechanisms through which ROS increase lifespan are unknown, it has been proposed that the upregulation 
of stress response pathways contributes. In this study, we sought to determine how the upregulation of stress response 
pathways contribute to the longevity of three mitochondrial mutants:: clk-1, which encodes  an hydroxylase involved in 
coenzyme Q (ubiquinone) production, isp-1, which encodes a subunit of complex III, and nuo-6, which encodes a subunit of 
complex I. Using fluorescent reporters to visualize the activation of stress response pathways throughout the lifespan of the 
worm, we found that the mitochondrial unfolded protein response (mitoUPR, Phsp-6::GFP reporter), the oxidative stress 



response (Pgst-4::GFP reporter), the antioxidant defense pathway (Psod-3::GFP reporter) and the hypoxia response (Pnhr-
57::GFP reporter) are all upregulated in mitochondrial mutants. Interestingly, while the mitoUPR and oxidative stress 
response decline with age, the antioxidant and hypoxia response are sustained throughout adulthood. Overall, this work has 
provided additional insights into the roles of stress response pathways in mitochondrial mutant longevity. 

320A. Amyloid formation controls worm behavior. Andrea Scharf, Annette Piechulek, Anna von Mikecz. IUF - Leibniz 
Research Institute for Environmental Medicine, Duesseldorf, Germany. 
   The accumulation of amyloid-like structures and protein aggregation are hallmarks of aging and neurodegenerative 
diseases, but the role of impaired protein homeostasis in the aging process and in pathogenesis is still controversial. To 
analyze the role of protein fibrillation we use nanoparticles to induce proteostatic stress in Caenorhabditis elegans. Filter-trap 
assays show that stressed young worms accumulate SDS-insoluble, ubiquitinated proteins that are normally a feature of old 
adult C. elegans. The premature biochemical phenotype concurs with concentrated amyloid in the nucleoli of intestinal cells 
that can be detected after 24h nanoparticle exposition. Single cell imaging and light sheet microscopy reveal that 
nanoparticles enter cells and nuclei of the worm and accumulate in organs such as pharynx, intestine, spermathecae and 
vulva. The nanoparticle exposition results in a premature decline of the respective organ function such as egg laying and 
pharyngeal pumping (Scharf et al., 2013). In addition, nanoparticle-stressed worms show locomotion defects including 
locomotory senescence and reduced ability to reach food compared to untreated worms. We follow the idea that the observed 
changes in worm behavior are the results of nanoparticle-induced protein fibrillation. The affected behavior is driven by well 
described neural circuits which allows for correlation between protein fibrillation and neural function in organismal aging. 
The presented data will address interactions between amyloid formation, altered neural behavior phenotypes and 
neurotoxicity of protein aggregation in premature aging of C. elegans. 

321B. Iron starvation-induced mitophagy mediates lifespan extension upon mitochondrial stress in C. elegans. Alfonso 
Schiavi2,3, S. Maglioni2, A. Shaik1,2, K. Palikaras4, V. Brinkmann1,2, A. Torgovnick2, N. Tavernarakis4,5, N. Ventura1,2,3. 1) 
Institute for Clinical Chemistry and Laboratory Diagnostic, Medical Faculty of the Heinrich Heine University, 40225 
Duesseldorf, Germany; 2) IUF-Leibniz Research Institute for Environmental Medicine, Duesseldorf, Germany; 3) 
Department of Biomedicine and Prevention, University of Rome Tor Vergata, 00133 Rome, Italy; 4) Institute of Molecular 
Biology and Biotechnology, Foundation for Research and Technology - Hellas, Crete, Greece; 5) Department of Basic 
Sciences, Faculty of Medicine, University of Crete, Heraklion 71110, Crete, Greece. 
   Frataxin is a nuclear-encoded mitochondrial protein that regulates the biogenesis of iron-sulfur-cluster containing proteins 
and, as a consequence, the functionality of the mitochondrial respiratory chain (MRC). Complete absence of frataxin is lethal 
in different species including the nematode Caenorhabditis elegans (C. elegans). Similar to other proteins which regulate 
mitochondrial respiration, severe frataxin deficiency leads to pathology in humans - Friedreich’s ataxia, a life-threatening 
neurodegenerative disorder - and to developmental arrest in C. elegans. Interestingly, partial frataxin depletion extends C. 
elegans lifespan, and a similar anti-aging effect is prompted by reduced expression of other mitochondrial regulatory proteins 
from yeast to mammals. The beneficial adaptive responses to mild mitochondrial stress are still largely unknown and, if 
characterized, may suggest novel potential targets for the treatment of human mitochondria-associated, age-related disorders. 
Here we provide evidence that in C. elegans a hypoxia-like iron starvation response is causally involved in the lifespan-
extending effect elicited by frataxin suppression and identify mitochondrial autophagy (mitophagy) as part of this beneficial 
response. Futhermore we identify that mitophagy is induced in an evolutionarily conserved manner upon frataxin silencing 
and show for the first time that, similar to mammals, it is activated in response to mitochondrial stress in a Parkin/pdr-1 
Pink/pink-1 and Bnip3/dct-1 dependent manner in C. elegans. Our findings provide further insight into molecular 
mechanisms of mitochondrial stress control of longevity and point to mitophagy as a novel potential therapeutic target for 
FRDA and possibly other mitochondrial associated diseases. 

322C. Sphingolipid and Diet Manipulations in the Aging Gut of Caenorhabditis elegans. Dustin Servello, Luke Gangi-
Wellman, Abby Nolan, Regina Lamendella, Trisha Staab, Jason Chan. Biology, Juniata College, Huntingdon, PA. 
   Gut microbiota impact the development and aging of host organisms. In the intestine, the interface between the bacteria and 
host is a cellular membrane composed of a variety of bioactive molecules that mediate host-bacteria communication. One of 
these molecule classes is sphingolipids, which compose up to twenty percent of the membrane and can impact host 
physiology. In particular, decreased levels of one sphingolipid, sphingosine-1-phosphate (S1P), are observed in aging tissues 
and are associated with cell death processes; however, it is not known how changes in S1P can affect microbiota, and how 
this relates to aging processes. To study this, we examined the roles of gut bacteria on wild type (N2) and sphk-1(ok1097) 
mutants, which lack the S1P producing enzyme sphingosine kinase. First, we used metagemomics techniques to examine the 
bacterial communities found in wild type and sphk-1 mutants grown in soil. Sequencing the 16s rRNA of bacteria showed 
that sphk-1 mutants had increased species richness in the gut compare to wild type animals. We found Pseudomonas and 
Bacillus genera were enriched in both wild type and sphk-1 animals grown in soil. Using this, we examined how these 
bacteria alter life history and aging traits of the animals compared to the normal Escherichia coli lab diets. We discuss how 



alteration of S1P metabolism, age, and lab diet impacts an animal’s performance in heat stress assays and locomotor 
thrashing assays. Our analyses show that sphingolipids may be important mediators of host-bacteria communication during 
development and aging. . 

323A. Applying a Spatial-Temporal Controlled Gene Expression System to Aging Research. Xingyu She, Malene Hansen. 
Sanford-Burnham Medical Research Institute, 10901 North Torrey Pines Road, La Jolla, CA. 
       C. elegans has been an effective model organism for identifying genes with important physiological functions, including 
in aging. However, to fully dissect gene function an effective spatial-temporal controlled gene expression system is needed. 
In C. elegans, several protocols have been put forward for this purpose, including driving temporal gene expression using 
heat shock inducible promoters (Bacaj et al. 2007), and achieving tissue-specific gene expression using site-specific 
recombination methods (Cre-loxP, FLP-FRT). However, none of these systems have been used for simultaneous temporal- 
and spatial control and it is uncertain how applicable they would be for aging studies (see Xu & Kim, 2011).  
    While several chemicals (e.g., tetracycline, RU486) are utilized to induce gene expression in other systems, such protocols 
are not available in C. elegans. However, the Shen lab recently adapted the Q system to C. elegans, a system in which 
inducible gene expression is obtained by the chemical quinic acid (Wei et al. 2013). This binary system, originally 
discovered in the fungus Neurospora crassa, is comprised of the transcription factor QF and its repressor QS. In the presence 
of quinic acid, the QS repressor is released from binding with QF, allowing QF to activate the expression of transgenes. 
Temporal control is achieved through the timing of quinic acid supplementation, and spatial control by use of tissue-specific 
promoters that drive the expression of QS and QF (Wei et al. 2013). 
    We are interested in applying the Q system for our research on genes with roles in aging. Towards this goal, we are 
focusing on three main aspects. First, we have tested the effects of quinic acid and the Q system on C. elegans lifespan and 
stress resistance and detected no apparent alterations on longevity or fitness, suggesting that the Q system is suitable for 
aging studies. Second, we are driving the elements of the Q system with tissue-specific promoters to test inducibility in major 
tissue types of adult animals. Preliminary results indicate that the Q system can be used to induce expression in selected 
tissues, including neurons and muscle. Third, we are creating a library of Gateway-compatible plasmids that contain the 
various elements of the Q system and tissue-specific promoters to expedite the generation of Q system transgenic strains for 
future gene-specific projects. 
    We will present our current progress towards applying the Q system as a powerful tool for spatial- and temporal analysis of 
gene function in adult C. elegans. This work will also be discussed at the “Spatial and temporal analysis of gene function in 
C. elegans” workshop. 

324B. The Role of Neuropeptide Neuromedin U Signaling in the Sensory Influence on C. elegans Physiology via Food-Type 
Recognition. Deniz Sifoglu1, Shashwat Mishra1, Roxani Gatsi2, Anca Neagu2, Wolfgang Maier2, Joy Alcedo1,2. 1) Biological 
Sciences, Wayne State University, Detroit, MI; 2) Friedrich Miescher Institute for Biomedical Research, Basel, Switzerland. 
   Sensory perception of various environmental cues can affect physiology. For example, olfactory and gustatory sensory 
systems can either have lengthening or shortening effects on the lifespan of C. elegans. The sensory influence on lifespan via 
food-type recognition can be mediated by nmur-1, which is the C. elegans homolog of mammalian neuromedin U receptors. 
Indeed, nmur-1 has been shown to inhibit longevity in a food type-dependent manner. nmur-1 also affects the feeding and 
developmental rates of C. elegans on different food types, although these nmur-1 effects are independent from the nmur-1 
effect on longevity.  Currently, we are conducting cell-specific rescues of the nmur-1 mutation to delineate a food-sensing 
circuit through which NMUR-1 regulates longevity in response to different food-derived cues. 

325C. A link between the effects of 4-hydroxynonenal (4-HNE) on fat accumulation and aging. Kevin McElhanon3, Kira 
Bennet1,2, Sharda Singh1,2. 1) Dept Pharm Tox, Univ Arkansas Med Sci, Little Rock, AR; 2) Central Arkansas Veterans 
Healthcare System, Little Rock, Arkansas; 3) Dept. Physiology & Cell Biology, Ohio State Univ. Wexner Med. Center. 
   Central obesity is one of the factors that establishes the diagnosis of metabolic syndrome, a condition linked to increased 
morbidity and mortality. While definitions of central obesity vary, it is clear that not all situations in which fat accumulates 
qualify for this designation. Increased fat accumulation in response to elevated 4-HNE concentrations is a phylogenetically 
conserved phenomenon and we have found such accumulation to occur in a strain of mGsta4 null mice that develop elevated 
4-HNE levels. We have also demonstrated increased fat accumulation in C. elegans with both genetic manipulations to 
increase 4-HNE concentrations and exogenous delivery of chemically synthesized 4-HNE, further reinforcing a causal 
relationship. To address the question is fat accumulation triggered by elevated 4-HNE detrimental for longevity, we utilized a 
number of transgenic strains and mutants generated in our laboratory for the purpose of manipulating 4-HNE levels. In each 
strain, total fat content and median life span relative to the appropriate control were quantified. A positive correlation of these 
two parameters would suggest stored fat promotes longevity, whereas a negative correlation would be compatible with a 
detrimental state analogous to metabolic syndrome. If all strains are included in the analysis, the trend suggests a negative 
correlation, but fails to reach statistical significance. A lack of correlation could be explained by stochastic lipotoxicity due to 
ectopic fat stores, however, the strain expressing human GSTA4-4, an enzyme highly efficient in metabolizing 4-HNE, 



consistently and significantly produces a phenotype with reduced median life span. This strain may experience loss of 
homeostasis caused by excessive depletion of 4-HNE, perhaps resulting in disruption of 4-HNE-mediated signaling. If this 
strain is eliminated from analysis, we find a statistically significant negative correlation between fat accumulation and 
longevity. This suggests that elevated levels of 4-HNE triggers a tissue-inappropriate storage of fat that is linked to a 
reduction of life span and 4-HNE acts as a chemical messenger essential for homeostasis. While further work is necessary to 
confirm this hypothesis, at present, our results are consistent with at least two distinct functions of 4-HNE that have parallel 
effects on life span. Supported by NIH grant AG032643.. 

326A. Antiretroviral drugs cause immediate mitochondrial dysfunction, likely prompting mitohormesis, which can be 
attenuated by antioxidants. Reuben Smith, Stanley Brul, Hans van der Spek. University of Amsterdam, SILS, Amsterdam, 
NL. 
   Objective: Medication induced toxicity is a major limitation in current anti-HIV-1 therapy. Prolonged and life-long therapy 
has clearly been found to cause mitochondrial dysfunction leading to severe adverse events such as lipodystrophy, myopathy, 
and neuropathy; yet short-term toxicity, and its influence on long-term adverse events, is rarely addressed. To investigate 
short-term antiretroviral drug-induced mitochondrial dysfunction and its influence on long-term drug toxicity, 
Caenorhabditis elegans was applied as a model organism.Methods: Mitochondrial DNA (mtDNA) copy number and 
selective gene transcription analysis were measured using quantitative Real Time PCR. Oxygen consumption rates were 
measured using the Bioscience XF96 Seahorse. In vivo reactive oxygen species (ROS) production was quantified in a self-
developed novel GST-4::GFP strain and ATP levels were assessed in the PE255 (feIs5) strain using a Biotek Synergy Mx 
plate reader.Results: We show a rapid increase in GST-4 expression and an immediate decline in oxygen consumption and 
ATP levels upon exposure to antiretrovirals. mtDNA copy number is also quickly altered after exposure and the above 
mentioned changes all differ per drug. Long-term drug exposure causes mitochondrial toxicity with decreased fecundity, 
body length and fitness, and extended lifespan. These results imply the onset of drug-induced mitohormesis. QPCR showed 
differential regulation of genes involved in redox balance and ROS damage repair, the unfolded protein response, and the 
ubiquitin proteasome system. Short-term decrease of ATP levels and instabilities in mtDNA copy number, and long-term 
reductions in fitness can be normalized by antioxidants, indicating ROS as a pivotal agent.Conclusion: Mitochondrial 
toxicity of anti-HIV-1 drugs is immediate. Short-term mitochondrial dysfunction probably induces mitohormesis that results 
in a reduction in fitness and an increase in lifespan. Supplementation of antioxidants rescues immediate toxicity and 
attenuates long-term dysfunction, indicating ROS as a major determinant in antiretroviral induced toxicity. We propose that 
anti-HIV-1 therapy induces immediate mitochondrial dysfunction and induction of mitohormesis that likely affects the 
outcome of long-term side effects. 

327B. Ilex paraguariensis reduced fat storage in Caenorhabditis elegans. Marina Machado, Leticia Arantes, Daniele 
Zamberlan, Tassia da Silveira, Ingrid da Silva, Félix Soares'. Universidade Federal de Santa Maria, Centro de Ciências 
Naturais e Exatas, Departamento de Bioquímica e biologia Molecular, Programa de Pós-graduação em Ciências Biológicas: 
Bioquímica Toxicológica, Camobi, Cep 97105-900, Santa Maria, RS, Brazil. 
   Obesity is characterized by an excess of adipose tissue, and is associated with several disorders like health risks and 
increased mortality. Ilex paraguariensis (yerba mate) is a native tree species in South America, its aqueous extract is widely 
consumed every day by billions of people, and it is characterized for its high caffeine concentration, which is known for its 
thermogenic and stimulating proprieties in vitro. Thus, we decided to investigate the effect of chronic consumption of I. 
paraguariensis in vivo, using the nematode Caenorhabditis elegans (C. elegans) as a model. We treated L1 wild-type worms 
with 1 mg/mL of yerba mate until adulthood. First, we evaluated lipid accumulation using BODIPY labeling and behavioral 
changes. Ilex paraguariensis indeed decreased the fluorescence of BODIPY labeling in 63.36% compared to control. 
Subsequently, yerba mate did not change behaviors related to energetic balance, such as pharynx pumping, egg production, 
defecation cycles or movement. At least, we measure total body energy expenditure through oxygen consumption, and we 
found that yerba mate increases oxygen consumption in 70.16% compared to control. Our results suggest that I. 
paraguariensis induced fat store reduction in C. elegans. . 

328C. C09F5.1, the BRICHOS containing protein functions in stress resistance. Myung Chul Song1, Sung Hee Kim1,2, 
Kyung Hee Song1,3, Ching Tack Han1. 1) Department of Life Science, Sogang University, Seoul, South Korea; 2) 
2Department of Emergency Medicine, Biomedical Research Institute, Seoul National University Hospital, Seoul, South 
Korea; 3) LG Household & Health Care, Daejeon, South Korea. 
   C09F5.1, one of several genes expressed differentially in heat sensitive C. elegans mutants was isolated. To confirm 
whether C09F5.1 is involved in heat stress response, the expression pattern of C09F5.1 in heat stress condition was analyzed, 
showing the induction of expression of mRNA and protein by 33°C heat treatment in wild type N2. The induction of C09F5.1 
protein by heat treatment delayed in heat shock transcription factor-1(HSF-1) mutants (sy441) compared to N2 implying that 
the HSF regulates the transcription of C09F5.1 as HSPs. C09F5.1 RNAi-treated worms became more sensitive to heat stress 
than control worms. These results indicate that C09F5.1 transcribed by HSF-1 may function in heat stress response. To find 



the putative functional domain of C09F5.1, the computational analysis of C09F5.1 protein was done. The results showed that 
C09F5.1 consists of an N-terminal region, a type II transmembrane domain and a BRICHOS domain. The various BRICHOS 
proteins are known related with familial dementia (BRI2), chondrosarcoma (Chondromodulin-1) and interstitial lung disease 
(SP-C). BRICHOS domain containing proteins function as molecular chaperone(Sánchez-Pulido, Devos et al. 2002). 
Furthermore recent studies revealed that BRICHOS domain directly interacts with Aβ42 peptide and delays amyloid-beta 
fibril formation(Willander, Presto et al. 2012, Hermansson, Schultz et al. 2014). When the C09F5.1 was expressed in animal 
cells (293T), the C09F5.1 protein directly interacted with Aβ42. In order to identify the chaperone activity of C09F5.1 on 
abnormal protein aggregation, we generated transgenic worms expressing each of the C09F5.1 protein with full length, 
BRICHOS deletion and N-terminus deletion in Aβ42 expressing worm. The transgenic worms expressing the BRICHOS 
domain deleted mutant showed the increased survival rate compared to worms expressing Aβ42 solely. These results suggest 
C09F5.1 BRICHOS containing protein has chaperonin functions under stress but not through the BRICHOS domain only. 
Currently we are studying the mechanism of protection from amyloid toxicity by the N-terminus of C09F5.1. 

329A. Olfactory Regulation of C. elegans Reproductive Aging. Jessica Sowa1,2, Ayse Sena Mutlu3, Meng Wang1,2,3. 1) 
Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, TX; 2) Huffington Center on Aging, 
Baylor College of Medicine, Houston TX; 3) Program in Developmental Biology, Baylor College of Medicine, Houston TX. 
   As women age, they experience both a decline in fertility and an increased risk of miscarriage and birth defects. In addition 
to purely genetic contributions, reproductive aging is thought to be regulated by the complex interactions of genetic signaling 
pathways and environmental conditions. However, the molecular mechanisms integrating environmental and genetic signals 
to regulate reproductive aging remain unknown. Caenorhabditis elegans experience their diet of bacteria as a source of both 
metabolic and sensory input. We took advantage of this relationship as a convenient method of introducing environmental 
variation by raising C. elegans on different bacterial diets to investigate the effect of environment on reproductive aging. We 
found that C. elegans exposed to different bacterial environments show significant differences in the duration of their 
reproductive span. To further dissect the molecular mechanisms underlying these reproductive span differences we chose to 
focus on two strains of Escherichia coli (OP50 and HB101) that gave drastically different effects on C. elegans reproduction. 
We found that worms raised on OP50 reproduce longer and maintain their fertility later than worms raised on HB101. This 
effect is mediated by a pair of olfactory neurons which perceive a volatile odorant signal from the HB101 E.coli. The 
presence or absence of this environmental cue affects germline proliferation and maintenance in C. elegans, ultimately 
contributing to the timing of reproductive senescence. We have identified a pair of olfactory neurons, the AWB neurons,that 
are specifically required for this olfaction-mediated reproductive adaptation as well as for chemotaxis of C. elegans to the 
smell of the HB101 bacterial diet. Optogenetic activation of the AWB neurons confirmed that AWB activation was sufficient 
to induce reproductive span shortening in the absence of HB101. Finally, we identified neuropeptide release as the 
mechanism of AWB neurotransmission in response to the HB101 odorant. Together, our results reveal a novel pathway for 
the regulation of reproductive aging in C. elegans, and suggest the relevance of environment-sensitive signaling mechanisms 
in regulating the onset and progression of reproductive aging. 

330B. The Effects of Wrapping NGM Culture Plates with Parafilm M® on the Growth and Development of Caenorhabditis 
elegans. Patrick Spica, Emra Klempic, Sara Scanga, Jessica Shinn-Thomas. Department of Biology, Utica College, Utica, 
NY. 
   Parafilm M® is a thin thermoplastic used to seal a variety of containers in scientific laboratories.  It is commonly used to 
seal Nematode Growth Media (NGM) culture plates to prevent microbial contamination and media dehydration.  However, 
the effects on C. elegans of wrapping culture plates with Parafilm M® during experiments are unknown.  Parafilm M® may 
limit gas exchange between the external and culture environment, potentially affecting the biology and life history of C. 
elegans, including its larval growth rate, viability, fecundity, lifespan, and behavior.  In particular, wrapping culture plates 
with Parafilm M® may produce a hypoxic (low oxygen) environment compared to plates with no Parafilm M® 
(normoxic).  Anoxic (no oxygen) and hypoxic conditions have been shown to change the metabolism, development, and 
longevity of C. elegans.Our research aims to determine the effects of wrapping NGM culture plates with Parafilm M® on C. 
elegans. We hypothesized that worms cultured on plates wrapped in Parafilm M® would exhibit a slower rate of larval 
growth and increased mortality compared to worms grown in normoxic conditions.  Synchronized L1 worms were 
individually transferred to culture plates and incubated within an anoxic environment, hypoxic environment, normoxic 
environment, or wrapped one time with Parafilm M®.  BD GasPaks™ were used to create anoxic and hypoxic environments, 
and normoxic culture conditions consisted of unsealed plates.  Larval growth rate and mortality were measured 5 times over 
48 hours. We found no significant difference in the growth rate between worms cultured in normoxic conditions and on 
plates wrapped with Parafilm M®.  However, the growth rate between worms cultured on plates wrapped with Parafilm M® 

and worms in anoxic and hypoxic conditions was significantly higher.  Mortality was significantly higher in worms cultured 
in anoxic conditions, but was not significantly different among the other three environmental conditions.  Our data suggest 
that wrapping C. elegans culture plates one time with Parafilm M® does not affect the larval growth rate or viability.  Future 



studies will focus on additional biological and life history metrics, such as fecundity and lifespan, to verify that wrapping 
with Parafilm M® has no unexpected effects on the outcomes of C. elegans studies. 

331C. Stress tolerance and lifespan in C. elegans are modulated by natural allelic variation in cmk-1 . Mark G. Sterken1, L. 
Basten Snoek1, Roel P.J. Bevers1, Rita J.M. Volkers1, Arjen Van 't Hof2, Rachel Brenchley2, Ben Lehner3, Andrew Cossins2, 
Jan E. Kammenga1. 1) Laboratory of Nematology, Wageningen University, Wageningen, The Netherlands; 2) Centre for 
Genome research, Institute of Integrative Biology, University of Liverpool, United Kingdom; 3) EMBL-CRG Systems 
Biology Unit, Centre for Genomic Regulation (CRG), Barcelona, Spain. 
   The genetic control of aging has primarily been studied using laboratory-derived mutants of Bristol N2.These mutants often 
display extreme lifespan accompanied by increased stress resistance. Yet, the identification of genes that underlie variation in 
lifespan and stress tolerance in natural populations remains a major challenge. We investigated gene expression architecture 
and longevity and found that that stress tolerance and lifespan in C. elegans are modulated by natural allelic variation in cmk-
1.                Variation in gene expression levels was linked to genomic loci (eQTL) using fully sequenced recombinant inbred 
populations derived from wild types Bristol N2 and CB4856. These strains were grown at 20oC for the entire experiment, or 
exposed to a 35oC heat-shock. This allowed us to identify regulatory loci affecting multiple transcript levels under heat-stress 
conditions. These loci were verified using introgression lines and the causal regulator was identified by screening knock-out 
mutants of candidate genes. Moreover, lifespan was measured under control conditions (grown at 20oC) and in strains that 
received a heat shock treatment.                We identified a major stress-related regulatory locus on the top left arm of 
chromosome IV. The locus affects expression variation in more than 100 genes and one of the causal genes underlying the 
variation was found to be cmk-1. The effects of this variation include modulation of insulin-like signaling targets supporting a 
model in which allelic variation in cmk-1 regulates a subset of daf-16 targets under stress conditions, leading to increased 
stress resistance and prolonged lifespan.We conclude that genes affecting lifespan variation in nature may not be those 
identified as having large effects when mutated in Bristol N2. Taken together our data eliminate the standing view that death 
is genetically programmed and suggests that older age is a correlated trait of combined stress tolerance effects. 

332A. Slowing Down: Diverse interventions extend C. elegans lifespan through temporal scaling. Nicholas Stroustrup, 
Winston Anthony, Javier Apfeld, Walter Fontana. Systems Biology, Harvard Medical School, Boston, MA. 
   Many interventions alter C. elegans lifespan: changes in diet, temperature, exposure to xenobiotics, and the disruption of 
many genes.  Yet, individuals vary enormously in their lifespan even within isogenic populations in controlled 
environments.  To probe this stochastic component of aging, we used the Lifespan Machine, our automated system for 
capturing lifespan data, to collect multiple replicates of high-resolution survival curves across different classes of 
interventions.  We find that most but not all interventions alter lifespan distributions through what appears to be a perfect 
temporal scaling: the simple stretching of survival curves along the time axis.This temporal scaling provides a strong hint as 
to the physiological consequences of the interventions studied.  Quantitatively, a “stretching” of survival curves seems to 
require that a “stretching” occurs in each individual’s physiology, that every physiologic process’s contribution to lifespan is 
altered in unison. Indeed, we observe that exposure to moderate increases in temperature during just the first three days of 
adulthood shortens lifespan to the extent expected if animals were uniformly “sped-up” during exposure.  The magnitude of 
this youthful, transient, apparent acceleration in aging corresponds closely to that predicted by the temporal scaling of 
survival curves across temperatures.Previous work has demonstrated that the rates of decline in feeding behaviors, stress 
resistance, fertility, and other “healthspan” phenotypes are decoupled by lifespan-extending perturbations.  Yet, our results 
suggest that the specific subset of aging processes causal to death must in fact be altered to exactly the same extent, in young 
and old animals alike, across a broad class of interventions including changes in diet, temperature, oxidative stress, and 
disruption of daf-2, daf-16, hsf-1, and hif-1. 

333B. Identifying the metabolic pathways involved in phosphine resistance in alh-6(wr3) mutant . Nisa Suraj Nath, Paul R 
Ebert. The University of Queensland, Brisbane. 
   Pest insects of stored grain have developed high level resistance to the fumigant phosphine, which threatens the grain 
industry. Since there are no suitable alternative fumigants to replace phosphine it is essential to understand the mechanisms 
of phosphine resistance to increase the effectiveness of resistance management. We have created phosphine resistance 
mutations in C. elegans that identify two genes, one of which is alh-6. The alh-6 gene encodes delta-1-pyrroline-5-
carboxylate dehydrogenase (P5CDH) that is involved in proline catabolism. In humans, alh-6 mutation causes a condition 
called hyperprolinemia II (HP II) that is associated with an increase in free amino acid proline. In our alh-6(wr3) mutant the 
amount of free proline is nearly six times that in the wild type strain (N2). As proline is a stress protectant we have also tested 
the ability of the strain to withstand osmotic stress and UV radiation, but we find that its resistance toward NaCl and UV 
radiation does not differ significantly from the N2 control. To determine whether proline accumulation is responsible for 
phosphine resistance, the effect of epigenetic suppression of proline oxidase on phosphine toxicity will be tested. We will 
also investigate the level of proline accumulation in response to phosphine exposure as well as the effect of P5C on 



phosphine resistance. While the alh-6(wr3) mutation causes an increase in lifespan under well-fed conditions, it did not 
influence survival under starvation. 

334C. Inhibition of HSB-1 induces an altered HSF-1 transactivation profile to promote longevity. Surojit Sural1, Carol 
Mousigian2, Ao-Lin Hsu1,2. 1) Department of Molecular & Integrative Physiology, University of Michigan Medical School, 
Ann Arbor, MI; 2) Department of Internal Medicine, Division of Geriatric and Palliative Medicine, University of Michigan 
Medical School, Ann Arbor, MI. 
   Genes that are involved in stress response mechanisms have been often implicated in regulation of organismal longevity. 
Increased activity of the transcriptional regulator heat shock factor 1 (HSF-1) and some of its target genes have been shown 
to extend lifespan in C. elegans. This longevity-promoting role of HSF-1 in non-stressed conditions remains largely 
unexplored. Inhibition of an evolutionarily conserved negative regulator of HSF-1, termed as heat shock factor binding 
protein 1 (HSB-1), results in a robust hsf-1-dependent lifespan extension in worms. These worms are longer lived than almost 
all known hsf-1 overexpression models. We report that in the absence of HSB-1 regulation, HSF-1 acquires increased DNA 
binding activity to an endogenous heat shock element (HSE) and this binding is comparable to that observed in transient heat 
stress conditions. Interestingly, this induces only a small transcriptional upregulation of heat-shock proteins (hsps) in the hsb-
1 mutant. The lifespan extension and elevated DNA binding activity of HSF-1 in hsb-1 mutant worms can be rescued by 
inhibition of a suppressor identified in a genome-wide RNAi screen. However, the increased expression of hsps was found to 
be genetically separable from the longevity phenotype of the hsb-1 mutant. Using RNA-Seq comparison, we found that more 
than 60% of the transcripts that are differentially expressed in the hsb-1 mutant do not have an altered expression in worms 
with constitutive hsf-1 overexpression. We postulate that the increased longevity of hsb-1 mutant is due to a specific 
alteration in the HSF-1-regulated transcriptome, which is distinct from that obtained via non-specific activation of HSF-1 
transcriptional activity. 

335A. Role of aggregation-prone proteins in age-related disease. Pooja Suri1, Meenakshisundaram Balasubramaniam2,3, 
Ramani Alla4, Robert Shmookler Reis2,4,5, Srinivas Ayyadevara2,4. 1) Central High School, Little Rock, AR; 2) Department 
of Geriatrics, University of Arkansas for Medical Sciences, Little Rock, AR 72205, USA; 3) BioInformatics Program, 
University of Arkansas for Medical Sciences and University of Arkansas at Little Rock, Little Rock, AR 72205, USA; 4) 
McClellan Veterans Medical Center, Central Arkansas Veterans Healthcare Service, Little Rock, AR 72205, USA; 5) 
Department of Biochemistry & Molecular Biology, University of Arkansas for Medical Sciences, Little Rock, AR 72205, 
USA. 
   Protein aggregation is caused by a multitude of factors; there could be specific environmental causes like oxidative stress, 
or a genetic predisposition to aggregation. Protein aggregation increases with aging, as the ability to rectify or clear misfolded 
proteins is reduced. This is partly due to age-dependent deterioration in the ubiquitin/proteasomal system or other unfolded 
protein response systems.  Aggregation will be enhanced when a misfolded, dysfunctional protein does not undergo 
degradation via normal pathways like autophagy/lysosome or ubiquitin proteasome-mediated degradation pathways. By mass 
spectrometry, we identified several proteins in the aggregates of a C. elegans model of Huntington’s Disease. The effects on 
protein aggregation, of RNAi-mediated knockdown of some of these proteins, were tested.  Some of the gene knock downs 
by RNAi altered the extent of aggregation in C. elegans, suggesting that these could act as seed proteins and enhance the 
progression of aggregates.  These can be useful targets to disrupt the aggregates and could be exploited for therapeutic 
interventions in neurological diseases. 

336B. Ionizing radiation and oxidative stress suppress locomotion and pharyngeal pumping motion in Caenorhabditis 
elegans. M. Suzuki, T. Sakashita, Y. Hattori, Y. Kobayashi. Radiation Biology Research Division, Japan Atomic Energy 
Agency, Takasaki. 
   Using Caenorhabditis elegans, we recently investigated the effects of ionizing radiation on locomotion (crawling) and 
found that whole body irradiation reduced locomotion, though the mechanisms are not clear [1]. It is well known that free 
radicals such as OH• and H• are produced following exposure of ionizing radiation. The reactions of free radicals cause the 
production of oxidative stress including hydrogen peroxide (H2O2). In C. elegans, it has been reported that exposure to H2O2 
induces a decrease in the tap response [2]. Oxidative stress are known as important factors of aging, and may relate to the 
decrease of motility observed in the aging process. We therefore explored the potential effectiveness of H2O2 in the 
suppression of C. elegans's locomotion. Young adult wild-type animals were exposed to S basal buffer containing graded 
doses of H2O2 and immediately after exposure the ’body bends’, which is defined as the number of bends in the anterior body 
region at 20-sec intervals, was counted. The value of body bends was significantly decreased in H2O2-exposed animals, in 
which the dose response was similar to that in the irradiated animals [1]. To investigate the radiation effects and the 
involvement of oxidative stress on other types of movement, we subsequently focused on the pumping motion (chewing and 
swallowing) which is a rapid periodic motion using the pharyngeal muscles. In this assay, continuous shots of the pharyngeal 
pumping motion were obtained using a high-speed camera and the frequency of the pumping strokes per 1 sec duration was 
counted. As a result, the proportion of the pumping-motion arrest significantly increased after whole body irradiation and the 



pumping-motion arrest was restored within several hours. Furthermore, the response in H2O2-exposed animals was similar to 
that in the irradiated animals. These results support the possibility that radiation-induced suppression of both locomotion and 
pumping motion in C. elegans was caused by radiation-produced H2O2. In this presentation, we will give an outline of the 
radiation effects on C. elegans and discuss the involvement of the radiation-induced oxidative stress in the phenomena.[1] 
Suzuki, M. et al. (2009) Effects of ionizing radiation on locomotory behavior and mechanosensation in Caenorhabditis 
elegans. J. Radiat. Res. 50:119-125.[2] Larsen, P.L. et al. (1993) Aging and resistance to oxidative damage in Caenorhabditis 
elegans. Proc. Natl. Acad. Sci. U. S. A. 90: 8905–8909. 

337C. Oxidative stress response of a transcription factor MXL-3 in the nematode C. elegans. Kodai Takahashi1, Kayo 
Yasuda2, Takamasa Ishii1, Noboru Sasagawa3, Phil Hartman4, Naoaki Ishii1. 1) Department of Molecular Life Science, Tokai 
University School of Medicine, Isehara, 259-1193, Japan; 2) Support Center for Medical Research and Education, Tokai 
University, Isehara, 259-1193, Japan; 3) Department of Biochemistry, Faculty of Engineering, Tokai University, Hiratsuka, 
259-1292, Japan; 4) Department of Biology, Texas Christian University, Fort Worth, Texas 76129, USA. 
      It has been reported that a basic helix-loop-helix transcription factor MXL-3 (Max-like 3) represses the expression of the 
lysosomal lipases in the presence of nutrients. On the other hand, under starvation conditions, MXL-3 is down-regulated and 
the expression of the lysosomal lipases are induced. Consequently, fats are broken down by inducing lipophagy. Moreover, it 
has been reported that the transcription factor SKN-1, a homolog of mammalian Nrf proteins, binds to MXL-3 which is 
involved in oxidative stress response. These studies suggest that MXL-3 may be involved oxidative stress response. We have 
previously shown that X-ray irradiation extends lifespan and up-regulates the expression of mxl-3 at a dauer larval stage of 
the nematode Caenorhabditis elegans. It is well known that the radiation generates reactive oxygen species in response to 
water in vivo.   To investigate the role of MXL-3 in oxidative stress response, we examined, 1) mxl-3 expression levels in 
wild-type animals exposed to paraquat, 2) the lifespan of a mxl-3 (ok1947) mutant under high oxygen levels, 3) paraquat 
sensitivity of the mxl-3 mutant. Our results showed that mxl-3 mRNA levels was up-regulated in wild type worms exposed to 
30mM paraquat for 4 hours and longer. The mxl-3 mutant was hypersensitive to paraquat. Moreover, under 90% oxygen, the 
mean lifespan of the mxl-3 mutant was relatively more decreased in comparison to wild type.   It has been reported that mxl-3 
mutant is long lived in abundant food conditions. On the other hand, we observed mxl-3 mutant is short lived under high 
oxidative stress. In addition, mxl-3 was up-regulated in wild type animals. Our result raise the possibility that MXL-3 is not 
involved in response to low oxidative stress such as normoxia s but in response to hyperoxia. 

338A. Disruption of a specific cuticle structure activates cellular detoxification and osmotic stress response genes implicating 
the presence of an environmental stress sensor in the extracellular barrier. Lanlan Tang, Will Dodd, Keith Choe. Department 
of Biology, University of Florida, Gainesville, FL. 
   Extracellular matrix barriers are the first line of defense against environmental chemical insults.  The SKN-1/Nrf family of 
inducible transcription factors are master regulators of detoxification responses and are the second line of defense.  Although 
considerable progress has been made in understanding how SKN-1/Nrf mediate responses to chemical stress within cells, 
very little is known about how they interact with extracellular matrices.  Here, we conducted Gene Set Enrichment Analysis 
for 24 previously published gene sets regulated by a variety of stress and longevity pathways and surprisingly found a strong 
overlap between genes upregulated in a collagen mutant, dpy-10(e128), and upregulated by SKN-1.  Fluorescent reporter 
analysis demonstrates skn-1-dependent induction of gst-4 in epidermal cells of dpy-10(e128), which is distinct from the well-
characterized response to oxidants in the intestine.  Mutation in dpy-10 and a few other cuticle collagen genes is known to 
activate hyperosmotic stress responses.  Hyperosmotic stress also activates Pgst-4::GFP in epidermal cells in a skn-1 
dependent manner suggesting that osmotic stress activates SKN-1 in epidermal cells via an osmosensor associated with the 
cuticle.  We then used RNAi to screen 40 genes required for diverse aspects of cuticle or epidermal integrity for induction of 
the core SKN-1 and osmotic response gene reporters Pgst-4::GFP and Pgpdh-1::GFP, respectively.  Although silencing of 
25 of these genes caused obvious morphology or cuticle phenotypes, only silencing of four activated Pgst-4::GFP and 
Pgpdh-1::GFP (dpy-2, 3, 7, and 10).  Interestingly, dpy-2, 3, 7, and 10 were previously found to be required for formation of 
furrows, circumferential bands of collagen in the cortical cuticle layer, a finding we confirmed with a collagen-protein::GFP 
reporter.  Therefore, detoxification and osmotic responses are associated with a specific feature of the cuticle, not generally 
with body width, body length, or disruption of cuticle or epidermal integrity.  Furthermore, heat shock (hsp-16.2), 
endoplasmic reticulum unfolded protein (hsp-4), mitochondrial unfolded protein (hsp-6), and heavy metal (numr-1) stress 
responses were not consistently activated by disruption of any cuticle structure demonstrating specificity in the cellular 
responses regulated.  Assays with chemical oxidants and paralyzing agents suggest that SKN-1 activation functions to 
partially compensate for increased cuticle permeability in dpy-7 and 10 mutants.  Taken together, these results are consistent 
with the presence of a furrow-associated sensor that detects osmotic or chemical disruption to extracellular barrier functions 
and regulates cellular osmotic and chemical defense responses. 

339B. Long live the queen: Apis royalactin extends life and improves health in C. elegans. Giel Detienne, Wouter De Haes, 
Ulrich R. Ernst, Liliane Schoofs, Liesbet Temmerman. Functional Genomics and Proteomics, KU Leuven, Naamsestraat 



59, 3000 Leuven, Belgium. 
   Royalactin is a glycoprotein essential for the development of long-lived queen honeybees. Of the genetically identical 
larvae, only those fed with royal jelly - containing royalactin - develop into queens. Royalactin plays a central role in this 
process by switching on the epidermal growth factor (EGF) receptor signaling pathway which ultimately leads to epigenetic 
changes and a long-lived queen phenotype. Recently it was shown that royalactin by itself also extends lifespan in 
Drosophila melanogaster. Yet, the mechanism by which royalactin promotes longevity remains largely unknown.We 
characterized the effects of royalactin on C. elegans lifespan and demonstrate that it requires both EGF (LIN-3) and its 
receptor (LET-23) to do so. Royalactin also enhances stress tolerance and locomotion in adult nematodes, suggesting a 
positive effect on healthspan as well. Further details on the signaling mechanisms involved in this process now emanate from 
our differential proteomics studies, comparing proteomes of royalactin-fed and control wild type animals. These experiments 
summarize the very first insights into the longevity-promoting actions of royalactin in a non-insect species. 

340C. PRDX-2 mediates lifespan extension by metformin. Wouter De Haes1, Geert Depuydt1, Lotte Frooninckx1, Roel Van 
Assche1, Arne Smolders2, Johan Billen3, Bart P. Braeckman2, Liliane Schoofs1, Liesbet Temmerman1. 1) Functional 
Genomics and Proteomics, KU Leuven, Naamsestraat 59, 3000 Leuven, Belgium; 2) Aging Physiology and Molecular 
Evolution, Department of Biology, Ghent University, 9000 Ghent, Belgium; 3) Socioecology and Social Evolution, 
Department of Biology, KU Leuven, 3000 Leuven, Belgium. 
   Metformin, the most powerful anti-diabetic drug on the market today, is thought to possess general health-promoting 
properties. Via an integrative approach using proteomic, bioinformatic, biochemical and phenotypic techniques and the 
model organism Caenorhabditis elegans, we gained molecular understanding of the physiological changes elicited by 
metformin exposure, including changes in branched-chain amino acid catabolism and cuticle maintenance.We could show 
that metformin extends lifespan through the process of mitohormesis and propose a signaling cascade in which metformin-
induced production of reactive oxygen species (ROS) eventually increases overall life expectancy. We were further able to 
show that the peroxiredoxin PRDX-2 translates the ROS signal into a beneficial signal of the mitohormetic pathway and 
propose that this mechanism might underlie a general principle of pro-longevity signaling. 

341A. Mitochondrial Regulation in C. elegans Adult Reproductive Diapause. R. Tharyan1,2, B. Gerisch1,2, A. Antebi1,2. 1) 
Prof. Dr. Adam Antebi, MPI for Biology of Ageing, Cologne, NRW, Germany; 2) CECAD, The Cologne Cluster of 
Excellence in Cellular Stress Responses in Aging- associated Diseases, Cologne, NRW, Germany. 
   Mitochondria are central integrators of pathways regulating respiration, metabolism, energy homeostasis and longevity, yet 
the underlying relationship between nutrient sensing and mitochondrial function is unclear. In mammals several factors are 
known for mitochondrial biogenesis and regulation. However, systematic screens for such factors in a whole animal model 
have not been performed. C. elegans can enter an adult reproductive diapause (ARD), during which they undergo metabolic 
remodelling. When reintroduced to food, worms exit ARD and recover.  Notably we found several mitochondrial markers, 
mitochondrial number, morphology and respiration rate to be regulated upon ARD entry and exit. Using ARD as a tool, we 
carried out an RNAi screen >2200 clones by monitoring expression of a mitochondrial marker during ARD recovery and we 
found 38 factors. To unravel the underlying mechanisms we further characterized candidates for their effects on transcription 
level of mitochondrial genes, mitochondrial content, respiration rate and lifespan of WT and the long-lived mitochondrial 
mutant isp-1. These novel factors will help us understand the molecular mechanisms, pathways, and networks linking 
nutrient sensing, longevity and mitochondrial regulation. 

342B. Genetic Analysis of Endoplasmic Reticulum Homeostasis and Tolerance to Infection in C. elegans. Erik Tillman, 
Douglas Cattie, Claire Richardson, Kirthi Reddy, Dennis Kim. Department of Biology, Massachusetts Institute of 
Technology, Cambridge, MA. 
   We have previously identified an essential role for the conserved XBP-1 transcription factor in the maintenance of 
endoplasmic reticulum (ER) homeostasis during infection of Caenorhabditis elegans with pathogenic bacteria (Richardson, 
CE et al., Nature 2010). We conducted a genetic screen for mutations that suppress the lethality of xbp-1 loss during infection 
with Pseudomonas aeruginosa. We are currently carrying out the molecular characterization of suppressors that point to 
novel mechanisms that promote ER homeostasis independent of previously described pathways including the unfolded 
protein response (UPR). 

343C. C. elegans PERK ortholog, pek-1, is responsible for the rapid phosphorylating eIF2α upon heat shock. Robert Todd, 
Veena Prahlad. Biology, University of Iowa, Iowa City, IA. 
   Exposure of organisms to heat, as well as other stressors, triggers the integrated stress response (ISR).  This well conserved 
cellular response results in the transient attenuation of translation through phosphorylation of eukaryotic initiation factor two 
alpha (eIF2α), and is thought to protect the organism from the increased burden of nascent polypeptide misfolding. Using C. 
elegans to investigate translational control under heat stress, we have found that surprisingly, the ER associated kinase PEK-



1 is responsible for eIF2α phosphorylation and not the other C. elegans eIF2α kinase ortholog GCN-2.  Exposing animals to 
increased temperatures for as short of a time period as 10 minutes results in a transient attenuation of total newly synthesized 
proteins, as measured using the SUNSet assay, coinciding with the transient and reversible phosphorylation of 
eIF2α.  Deletion of the pek-1 gene, but not gcn-2, prevents the rapid phosphorylation of eIF2α seen in wild type animals upon 
heat shock. We are currently in the process of understanding how PEK-1-dependent translational attenuation is coupled to 
HSF-1 dependent hsp70 induction that both occur upon heat shock. 

344A. Novel gene interactions that modulate morphological aging of neurons in C. elegans. Marton Toth, Ivana Ganihong, 
Kelli Gaul, Khushboo Patel, Ryan Guasp, Girish Harinath, Wenying Zhang, Jian Xue, Monica Driscoll. Department of 
Molecular Biology & Biochemistry, Rutgers, The State University of New Jersey, Piscataway, NJ. 
   Aging neurons in C. elegans and humans can experience dramatic morphological restructuring. In a recent screen for genes 
encoding proteins that maintain adult neuronal integrity we discovered a group of relatively poorly characterized EGF-like 
motif proteins. Systemic RNAi knockdown of these predicted calcium binding protein genes limited age-associated dendritic 
branching in touch neurons as much as 4 fold. Interestingly, for some genes, cell autonomous inactivation exacerbated 
morphological neuronal aging. Furthermore, we found some genes with cell non-autonomous actions on touch neuron 
maintenance. We found that systemic inactivation of certain EGF-like motif genes increase life- and healthspan, via a 
mechanism distinct from dietary restriction. These genes have conserved functions in cell adhesion and can thus serve as 
models with which to investigate crosstalk between the regulation of aging and tissue integrity, potentially assigning an 
entirely new function to this protein family. 

345B. How does the Hexosamine Pathway regulate Protein Quality Control and Longevity? Sarah I. Tremmel, Adam 
Antebi. Max-Planck-Institute for Biology of Ageing, Joseph-Stelzmann-Str. 9b, 50931 Cologne, Germany. 
   The metabolic hexosamine pathway (HP) uses the glycolysis intermediate fructose 6-phosphate to produce UDP-N-
acetylglucosamine (UDP-GlcNAc). This aminosugar is an essential building block for protein N-glycosylation, which assists 
protein folding and secretion and protein O-glycosylation with diverse functions in protein homeostasis, protein stability and 
regulation of protein function. In Caenorhabditis elegans, UDP-GlcNAc levels can be increased by overexpression (OE) or 
gain-of-function (gof) mutations in the HP’s rate-limiting enzyme glutamine fructose-6-phosphate aminotransferase (gfat-1) 
as well as by supplementation of UDP-GlcNAc precursor N-acetylglucosamine (GlcNAc) in the food. This results in 
resistance to tunicamycin, a drug that inhibits protein N-glycosylation, improved protein quality control (PQC) and extended 
lifespan.We are aiming to understand (I) how these beneficial changes are evoked by an increase in the endogenous 
metabolite UDP-GlcNAc. Global approaches like SILAC labeling of worms and consecutive MS analysis will reveal gfat-1 
gof induced changes in the proteome, and a genetic yeast screen will be deployed to identify mediators of HP activation.(II) 
We are testing the hypothesis that gfat-1 activation might be part of the endogenous stress response. For that purpose, 
expression levels and expression pattern of GFAT-1 after exposure to diverse stressors are analyzed and stress resistance of 
gfat-1 gof mutants will be assessed.(III) The HP pathway is essential for an organism´s survival, yet some indications point to 
an additional tissue-specific function in regulation of PQC and lifespan. To challenge this idea we are generating tissue-
specific gfat-1 overexpressing lines and examine them with regard to PQC mechanisms and longevity. Here, preliminary data 
suggest that neuronal overexpression of gfat-1 is sufficient to increase tunicamycin resistance compared to wildtype 
controls.Together, this project aims to understand how the HP links aminosugar production with enhanced PQC and extended 
health- and lifespan. 

346C. The SKN-1/Nrf2 transcription factor protects against oxidative damage and promotes longevity in C. elegans by 
distinct mechanisms. Jennifer Tullet1, Catherine Au2, Emily Clarke2, Adelaide Young2, David Gems2. 1) School of 
Biosciences, University of Kent, Canterbu1School of Biosciences, University of Kent, Canterbury, Kent, CT1 7NZ, U.K; 2) 
2Institute of Healthy Ageing, and G.E.E., University College London, Gower Street, London WC1E 6BT, U.K. 
   In C. elegans the skn-1 gene encodes a transcription factor that resembles mammalian Nrf2 and activates the detoxification 
response. skn-1 promotes resistance to oxidative stress and also protects against ageing, and it has been suggested that the 
former causes that latter - consistent with the theory that oxidative damage causes ageing. While long-lived strains are often 
stress resistant, they are not always. Moreover, a number of studies suggest that molecular damage may not in fact be the 
cause of ageing, particularly in C. elegans. Here we present work suggesting that effects of SKN-1 on stress resistance and 
longevity can be dissociated. We focus on the role of SKN-1 downstream of DAF-16/FoxO, another key transcription factor 
that controls growth, metabolism and ageing. Over-expression of DAF-16 promotes stress resistance and can increase 
longevity. Recent analysis of transcript and chromatin profiling implies that DAF-16 regulates relatively few genes directly, 
many of which encode other regulatory proteins. We show that one of these targets is skn-1 and that this transcription factor 
is required for the stress resistance caused by over-expressing DAF-16. However skn-1 is not required for DAF-16-mediated 
lifespan extension. Moreover, knock-down of skn-1 expression can increase molecular damage levels without decreasing 
lifespan. These findings suggest that SKN-1 mediates lifespan extension by a means other than protection against damage, 



and elucidate the gene-regulatory network centered on DAF-16. We also present evidence that the mechanisms of life 
extension by daf-2 mutation or DAF-16 over-expression are mechanistically different. 

347A. NHR-49 Coordination of Fatty Acid Metabolism is Required for Healthy Mitochondrial Structure/Function and 
Hypoxia Sensitivity. Marc R Van Gilst, Pranali Pathare, Michael Crowder. University of Washington, Seattle, WA. 
   Lipid sensing nuclear receptors (NRs), such as the PPARs, LXR, and HNF4a, are ligand regulated transcription factors that 
directly bind and respond to metabolic signals and hormones.  The sensitivity of NRs to small molecule ligands, combined 
with their widespread involvement in metabolism and metabolism related disease, makes NRs attractive targets for 
pharmacological intervention.  The development of potent and specific drugs, however, would benefit from a more thorough 
understanding of the complex cellular physiology coordinated by lipid sensing NRs.  Despite their popularity, lipid sensing 
NRs have not been extensively studied in C. elegans, highlighting an opportunity to learn more about NR function using the 
advantages of C. elegans.  The C. elegans NHR-49 protein is orthologous to the mammalian HNF4a, a lipid sensing NR that 
participates in liver and kidney function by regulating fatty acid and sugar metabolism, particularly in response to 
fasting.  Like its mammalian counterpart, NHR-49 regulates the fasting and feeding dependent expression of numerous genes 
involved in lipid and sugar metabolism.  NHR-49 is involved in numerous physiological processes, including longevity, 
fasting response, cold tolerance, hypoxia sensitivity, and mitochondrial morphology.  The mitochondrial and hypoxia 
phenotypes have not yet been observed for any HNF4a receptor and are a current focus of our laboratory.  Here we present 
data demonstrating that NHR-49 controls mitochondrial morphology in the intestine by coordinating the expression of genes 
involved in ceramide/sphingolipid metabolism with the expression of fatty acid desaturase genes.  In regards to the hypoxia 
phenotype, we show that nhr-49(-/-) mutants are resistant to hypoxia and that this resistance is a result of impaired fatty acid 
desaturase expression.  Due to the close homology of NHR-49 to HNF4a, we expect our findings with NHR-49 to help 
uncover similar roles for mammalian HNF4a.      . 

348B. The complex relationship between reactive oxygen species and aging: levels and location determine the effect of 
superoxide on lifespan. Jeremy Van Raamsdonk1,2,3, Claire Schaar1,4, Dylan Dues1, Katie Spielbauer1, Emily Machiela1, 
Jason Cooper1, Megan Senchuk1. 1) Center for Neurodegenerative Science, Van Andel Research Institute, Grand Rapids, MI; 
2) Department of Genetics, Michigan State University, East Lansing, MI; 3) Department of Translational Science and 
Molecular Medicine, Michigan State University, Grand Rapids, MI; 4) Department of Biology, Hope College, Holland, MI. 
   The accumulation of oxidative damage caused by reactive oxygen species (ROS) has been proposed to be one of the main 
causes of aging. However, recent work indicates that low levels of ROS can be beneficial and promote longevity. We have 
shown that while mild elevation of ROS levels causes increased lifespan, high levels of ROS are toxic. To further explore the 
relationship between ROS and aging, we determined how the subcellular location of ROS impacts the effect of ROS on 
lifespan. We used a genetic approach to decrease the levels of the antioxidant enzyme superoxide dismutase (SOD) in 
specific compartments of the cell. Since superoxide is unable to cross membranes, this results in elevated levels of superoxide 
in the part of the cell in which SOD expression was decreased. To increase our ability to observe an effect of ROS on 
lifespan, we performed these experiments in clk-1 mitochondrial mutants, which are sensitized to ROS. We generated clk-
1 double mutants with each of the five C. elegans sod genes and examined the resulting effect on lifespan. We found that 
increasing superoxide levels in the mitochondria, through the deletion of sod-2, markedly increased the lifespan of clk-
1 worms. In contrast, increasing the levels of superoxide in the cytoplasm, through deletion of either sod-1 or sod-5, resulted 
in decreased lifespan. This indicates that mitochondrial and cytoplasmic ROS have opposing effects on lifespan. To 
determine if mitochondrial and cytoplasmic ROS act independently to affect lifespan, we increased mitochondrial ROS 
in clk-1;sod-1 worms through treatment with the superoxide-generator paraquat (PQ). We found that increasing 
mitochondrial ROS, through treatment with PQ, still increased clk-1;sod-1 lifespan. Similarly, we found that increasing 
cytoplasmic ROS, through deletion of sod-1, decreased the lifespan of clk-1;sod-2 worms, thereby indicating that 
mitochondrial and cytoplasmic ROS  act independently to influence longevity. Finally, we show that the effect of ROS on 
stress resistance and physiologic rates is also dependent on the location of ROS within the cell, but that both can be 
experimentally dissociated from lifespan. Overall, this work demonstrates that the relationship between ROS and aging is 
complex, and that both the levels and location of ROS are crucial in determining the effect of ROS on lifespan. 

349C. Protein homeostasis dysregulation is associated with aberrant morphology and reduced function of aging 
mechanosensory neurons. Elena Vayndorf1, Courtney Scerbak1,2, Skyler Hunter1,2, Marton Toth3, J. Alex Parker4, Christian 
Neri5,6, Monica Driscoll3, Barbara Taylor1,2. 1) Institute of Arctic Biology, University of Alaska Fairbanks, Fairbanks, AK, 
USA; 2) Department of Biology and Wildlife, University of Alaska Fairbanks, Fairbanks, AK, USA; 3) Nelson Biological 
Laboratories, Department of Molecular Biology and Biochemistry, Rutgers, The State University of New Jersey, Piscataway, 
NJ, USA; 4) Department of Neuroscience, CRCHUM, University of Montreal, Montreal, QC, Canada; 5) Laboratory of 
Neuronal Cell Biology and Pathology, Centre National de la Recherche Scientifique, UMR 8652, Paris, France; 6) Sorbonnes 
Universités, UPMC Univ Paris 06, Paris, France. 
   In both C. elegans and humans, the aging nervous system is characterized by decreased synaptic activity, deteriorating 



short-term and long-term memory, and altered neuronal morphology. Given the overwhelming evidence for proteostasis 
disruption in neuronal aging, we sought to explain the accumulation of neuronal morphological abnormalities by focusing on 
protein homeostasis in 6 mechanosensory neurons of aging C. elegans nematodes. We examined the effects of disrupted 
proteostasis on the integrity of neuronal cytoarchitecture using a transgenic model with an excessively high neuronal protein 
load, and RNAi knock down of specific genes involved in protein turnover. We found that animals expressing the first 57 
amino acids of the human huntingtin gene and an expanded polyglutamine CAG tract (Q128) in mechanosensory neurons 
accumulate more aberrations that are distinct from those found in animals that express the non-toxic (Q19) number of 
repeats, or those that express no repeats. We scored and tallied these changes in both the soma and processes and found that 
they are sometimes associated with improved or reduced function. Next, we used an RNAi candidate gene approach to target 
genes involved in the maintenance of protein homeostasis in wild-type animals. We found that genes involved in protein 
turnover play an important role in maintaining the integrity of healthy neurons, and that their knockdown leads to distinct 
morphological changes in both the process and the soma of wild-type mechanosensory neurons. Taken together, these results 
suggest that protein homeostasis is critical for maintaining neuronal integrity and function, and that disrupted proteostasis 
contributes to morphological abnormalities that occur more frequently with advanced age. 

350A. Proteostasis imbalances impact sensory and motor neuron function in C. elegans animals expressing TDP-43. Quan 
Nguyen, Emily Rendleman, Zelene Figueroa, Cindy Voisine. Northeastern Illinois University, Chicago, IL. 
   Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that primarily affects motor neurons. While 
the vast majority of ALS cases occur sporadically, about 5-10% of ALS cases are inherited. ALS patients harboring 
mutations in the gene that codes for a 43 kD TAR DNA-binding protein (TDP-43) exhibit aggregated proteins within affected 
motor neurons. Current data suggests that these aggregates contain the TDP-43 protein and this aggregation is connected to 
disease pathology. Cells have evolved a quality control system called proteostasis, which consists of a suite of molecular 
chaperones that prevents protein misfolding, maintaining a functional proteome. To examine whether a disruption in 
proteostasis leads to TDP-43 related neurotoxicity, we have established a C. elegans model that expresses human TDP-43 
fused to a yellow fluorescent protein (YFP) under the control of a pan-neuronal promoter. Using well-established behavioral 
assays, we found that TDP-43 animals have reduced egg laying rates, decreased motility, and lowered chemosensory and 
mechanosensory detection compared to wild type suggesting defects in neuronal functionality. To assess whether these 
defects are due to neurodegeneration, we visualized the morphological integrity of specific motor and sensory neurons using 
fluorescence microscopy. We found that loss of neuronal functionality is not due to observable changes in neuronal structure. 
To test whether neuronal dysfunction is linked to perturbations in proteostasis, we altered chaperone levels by introducing 
extra copies of hsf-1 and a mutant allele of hsf-1(sy441) into tdp-43 trasngenic animals. Data generated from behavioral 
assays suggest that imbalances in proteostasis contribute to the neuronal dysfunction associated with TDP-43 expression. 

351B. A C.elegans RNAi screen identifies novel genes with antagonistic pleiotropic effects. Thomas Wilhelm, Jonathan 
Byrne, Rebeca Medina, Holger Richly. Institute of Molecular Biology (IMB), 55128 Mainz, Germany. 
   In 1957, George C. Williams published the antagonistic pleiotropy hypothesis of aging, which was later mathematically 
supported by Brian Charlesworth. This theory predicts that some genes mediate beneficial effects early in life when natural 
selection is strong, but are detrimental late in life when natural selection is weak. Natural selection favors these beneficial 
effects on fitness early in life at the expense of enriching harmful effects late in life; hence leading to the evolution of 
aging.We screened 800 chromatin regulators and transcription factors in order to identify novel genes that exhibit 
antagonistic pleiotropy. Genes were inactivated in the post-reproductive phase by the use of RNAi from day nine of 
adulthood onwards. The screen led to the identification of several genes that significantly extend lifespan upon late-life 
inactivation, while shortening lifespan when inactivated early in life.The forkhead box (FOX) A transcription factor pha-4 
represents a top candidate of our screen. Late-life inactivation of pha-4 resulted in a strong lifespan extension of 33%. In 
contrast, inactivation of pha-4 from the first day of adulthood reduced C.elegans lifespan. This is of particular interest, as 
pha-4 has been shown to mediate diet-restriction and germline-less induced longevity. Our findings indicate that, depending 
on the age, pha-4 is either needed for normal lifespan and longevity or exhibits detrimental effects. We are currently aiming 
to identify and to characterize the biological processes underlying the observed negative effects of pha-4 late in 
life.Generally, genes that behave according to the antagonistic pleiotropy hypothesis may represent promising drug targets to 
fight age-associated diseases. Our findings emphasize that timing needs to be addressed to fully understand how genes and 
gene networks impinge on the aging process. 

352C. Identifying novel regulators of endoplasmic reticulum redox. Alan Winter, Antony Page. IBACM, University of 
Glasgow , Glasgow. 
   Proteins destined for the secretory pathway and cell surface are folded in the endoplasmic reticulum (ER). Classes of 
biologically important proteins that transit the ER, known as ER client proteins, include receptors, antibodies, and extra-
cellular matrix components. ER client proteins enter in an unfolded state and leave only when correctly folded and 
assembled. This process is dependent on a set of ER-resident proteins that catalyse specific folding steps and prevent 



aggregation. A particular feature of proteins folded in the ER is the presence of disulphide bonds which are formed by 
covalent linkage of cysteine residues. The stability and function of many secreted and cell surface proteins depends on native 
disulphide formation which in turn relies on fine control of the balance between oxidation (favouring disulphide formation) 
and reduction. The protein folding capacity of the ER is therefore highly sensitive to the redox environment of this 
organelle.To identify novel factors regulating redox balance and protein folding in the ER we have expressed an ER-localised 
redox-sensitive version of GFP in C. elegans that enables changes to ER redox to be analysed in vivo. We have identified a 
version of this sensor that remains monomeric, confirmed its localisation to the ER, and shown that the presence of the sensor 
does not induce ER stress. The sensor responds to changes in ER redox induced by compounds and by RNAi, as determined 
by Western blotting and with live worm populations using a plate reader. We aim to use this sensor in an RNAi or genetic 
screen to identify novel genes required for ER redox homeostasis. In addition, we have carried out genetic screens for 
mutants that are resistant to highly reducing conditions using dithiothreitol (DTT) selection. This approach has identified 13 
strains that are capable of withstanding extreme reducing conditions and these are currently being characterising by whole-
genome sequencing. Lastly, we are examining the C. elegans quiescin sulfhydryl oxidase family to reveal the role and 
substrates for these poorly understood secretory pathway enzymes. Findings from our genetic analysis of C. elegans will be 
extended by testing in mammalian cell systems. 

353A. Investigating the Role of Homeodomain-Interacting Protein Kinase (HPK-1) in Caenorhabditis elegans. Mallory 
Wood, Slavica Berber, Priya Thaivalappil, Hannah Nicholas. The University of Sydney, Sydney. 
   Proteins of the Homeodomain-Interacting Protein Kinase (HIPK) family regulate an array of processes in mammalian 
systems, such as the DNA damage response, cellular proliferation and apoptosis [1, 2]. Members of this protein family are 
serine/threonine kinases that are predominantly localised to the nucleus. Caenorhabditis elegans expresses a single HIPK 
protein, called HPK-1, which is broadly expressed and, like its mammalian counterparts, is localised to nuclear speckles, 
suggesting that it may be involved in analogous cellular processes. We have previously shown that HPK-1 is required for the 
promotion of germline proliferation during nematode development and into adulthood [3].Interestingly, HPK-1 was also 
reported as one of the proteins necessary for the extended lifespan of worm strains carrying a mutation in the gene encoding 
the insulin receptor daf-2 [4]. To expand on this observation, phenotypic analyses are being conducted on a worm strain 
carrying a deletion mutation within hpk-1, focusing on the tissue-specificity and molecular mechanisms by which HPK-1 
may regulate various cellular processes, including ageing. The role of HPK-1 in stress responses is also being investigated, as 
observations of animals carrying a fosmid-based fluorescent reporter indicate that HPK-1 is induced under conditions of heat 
stress [3]. Additionally, a nuclear phosphoproteomic study by mass spectrometry is currently underway in order to identify 
potential HPK-1 phosphorylation targets. These putative targets will be tested for functional associations with HPK-1 in the 
context of ageing regulation and stress response.1.         D'Orazi, G., et al., Homeodomain-interacting protein kinase-2 
phosphorylates p53 at Ser 46 and mediates apoptosis. Nat Cell Biol, 2002. 4(1): p. 11-19.2.         Hofmann, T.G., et al., 
Regulation of p53 activity by its interaction with homeodomain-interacting protein kinase-2. Nat Cell Biol, 2002. 4(1): p. 1-
10.3.         Berber, S., et al., Homeodomain interacting protein kinase (HPK-1) is required in the soma for robust germline 
proliferation in C. elegans. Dev Dyn, 2013.4.         Samuelson, A.V., C.E. Carr, and G. Ruvkun, Gene activities that mediate 
increased life span of C. elegans insulin-like signaling mutants. Genes Dev, 2007. 21(22): p. 2976-94. 

354B. The Skp1 homologs SKR-1/2 regulate the SKN-1/Nrf antioxidant and detoxification response via a non-cononical 
mechanism independent of p38 MAPK. Cheng-Wei Wu, Andrew Deonarine, Keith Choe. Biology, University of Florida, 
Gainesville, FL. 
   SKN-1/Nrf functions as the primary antioxidant/detoxification response transcription factor in Caenorhabditis elegans and 
promotes longevity and survival during environmental stress. Previous studies have implicated the PMK-1/p38 MAPK 
cascade as the primary mechanism regulating oxidative stress activation of SKN-1 (e.g., arsenite and paraquat).  However, 
we show here that reactive small molecules such as juglone and acrylamide can trigger strong induction of SKN-1 target 
genes in the absence of PMK-1 activation indicating that p38 MAPK independent mechanisms exist. We performed a 
genome-wide RNAi screen to identify novel regulators that are required for activation of the core SKN-1 target gene gst-4 
during exposure to the electrophile juglone. Among the 10 novel ‘activators’ identified was skr-1. skr-1 and the neighboring 
gene skr-2 are redundant genes that were derived from a recent gene duplication; they are very similar even at the nucleotide 
level and are targeted together by RNAi. Silencing of skr-1/2 inhibits SKN-1 dependent induction of gst-4 and shortens 
survival during exposure to juglone but is not required for activation of sod-3, heat shock protein (hsp-16.2), or an osmotic 
stress response gene (gpdh-1). Genetic epistasis experiments suggest that skr-1/2 functions upstream from SKN-1 and its 
principle repressor WDR-23, with skr-1/2’s effect on gst-4 inhibition abolished in either wdr-23(tm1817) loss-of-function or 
skn-1(k1023) gain-of-function mutants.  Activation of PMK-1 by arsenite does not require skr-1/2 suggesting that it functions 
independently from the MAPK.  SKR-1/2 have a well-characterized function in the CUL-1-based E3 ubiquitin ligase 
complex to regulate cell differentiation events during development. However, silencing of 15 other related skr genes and cul-
1 all failed to influence gst-4 induction, consistent with SKR-1/2 regulating SKN-1 dependent gene induction outside of its 



canonical ubiquitin ligase context.  Pull-down assays provide evidence of a direct protein-protein interaction between SKR-1 
and WDR-23 implicating a potential direct mechanism via regulation of the principle SKN-1 repressor. 

355C. mTORC2 and neuroendocrine signaling modulate C. elegans physiology and aging in a diet-dependent manner. Rui 
Xiao1, Lei Chun4, Elizabeth Ronan1, David Friedman3, Jianfeng Liu4, X.Z. Shawn Xu1,2. 1) Life Sciences Institute, University 
of Michigan, Ann Arbor, MI; 2) Department of Molecular and Integrative Physiology, University of Michigan, Ann Arbor, 
MI; 3) Department of Microbiology and Immunology, University of Michigan, Ann Arbor, MI; 4) College of Life Science 
and Technology and Key Laboratory of Molecular Biophysics of MOE, Huazhong University of Science and Technology, 
Wuhan, Hubei, China. 
   Diet affects nearly every aspect of animal life, such as development, metabolism, behavior and aging, both directly by 
supplying nutrients and indirectly through gut microbiota.  C. elegans feeds on bacteria, and like other animals, different 
bacterial diets induce distinct dietary responses in the worm.  However, the lack of certain critical tools hampers the use of 
worms as a model for dietary signaling.  Here, we genetically-engineered the E. coli strain OP50, the standard laboratory diet 
for C. elegans, making it compatible for double-stranded RNA production.  Together with the other bacterial strain HT115, 
we are able to feed worms different diets while delivering RNAi to interrogate the genetic basis underlying diet-dependent 
differential modulation of development, metabolism, behavior, and aging.  Using comparative RNAi combined with mutant 
experiemnts, we found that mTORC2, but not mTORC1, modulates a wide range of C. elegans life traits including lifespan 
in a diet-dependent manner. In addition, neuropeptide signaling may also play important roles in the diet-dependent C. 
elegans behaviors. Taken together, our results show that neuroendocrine and mTOR pathways are involved in mediating 
differential dietary responses. This genetic tool (RNAi-competent OP50(xu363)) will greatly facilitate the use of C. elegans 
as a model for dietary signaling. 

356A. Detection and measurement of abnormal posture under stressful conditions in age-related mutants . S. Matsuda1, N. 
Nitta1, M. Tamura1, M. Suzuki2, T. Sakashita2, N. Ishii3, S. Yanase1,3. 1) School of Sports & Health Science, Daito Bunka 
University, Saitama, Japan; 2) Microbeam Radiation Biology Group, Japan Atomic Energy Agency, Gunma, Japan; 3) Tokai 
University School of Medicine, Kanagawa, Japan. 
   Oxidative stress threatens cellular constructs including lipids, proteins and nucleic acids, and causes or influence apoptosis, 
degenerative diseases and aging [1]. Recently, we found an abnormal posture in short-lived mutants such as mev-1 and daf-
16, exposed to hyperoxia. In this study, we detected the hyperoxia-induced abnormal posture in mev-1 and daf-16 mutants 
compared with wild-type N2 and long-lived age-1 strains. 4-day-old animals placed on a NGM agar plate with a fixed 
bacterial lawn were exposed to hyperoxia (90% of oxygen) overnight. After the exposure, some animals were immediately 
recorded as digital images with up to 400-fold magnification of the microscope. The images were analyzed using image-
processing software, Wriggle Tracker and Move-tr/2D (Library Co., Ltd., Tokyo), by a previously published method [2]. The 
body line was skeletonized and evenly divided into 12 segments. Subsequently, X- and Y-coordinates of each point on the 
body were acquired. To evaluate the posture of the body, we introduced a novel standard, namely the ‘posture index’ as the 
absolute average of the relative angle between adjacent dividing points. As a result of this investigation, we can not only 
intuitively but also quantitatively and statistically understand a tendency of the behavior in various postural responses under 
stressful conditions in the short-lived mutants.References 1. Yanase S. and Ishii N. (2008) Hyperoxia exposure induced 
hormesis decreases mitochondrial superoxide radical levels via Ins/IGF-1 signaling pathway in a long-lived age-1 mutant of 
Caenorhabditis elegans, J. Radiat. Res. 49: 211-218.2. Hattori Y. et al. (2012) Theoretical and evolutionary parameter tuning 
of neural oscillators with a double-chain structure for generating rhythmic signals, Neural Compt. 24: 635–675. 

357B. Rosmarinus officinalis L. extends Caernohabditis elegans longevity in a DAF-16, SKN-1 and HSF-1 dependent way. 
D. Zamberlan, L. Arantes, G. Amaral, M. Machado, F. Soares. Departamento de Bioquimica e Biologia Molecular, UFSM, 
Santa Maria, RS, Brazil. 
   Introduction: Improving overall health and quality of life, preventing diseases and increasing life expectancy are key 
concerns in the field of public health. The search for antioxidants from natural sources has received a lot of attention. 
Antioxidants can inhibit oxidative damage in cells, thereby preventing development of related diseases. Rosmarinus 
officinalis L. represents an exceptionally rich source of bioactive compounds with pharmacological properties. R. officinalis 
appears to have beneficial effects with regard to diseases that are strongly linked to aging.Objective: In the present study, we 
explored the possibility that ethanolic extract of R. officinalis (eeRo) can influence C. elegans longevity.Materials and 
Methods: We monitored time-course survival in wildtype and mev-1, daf-2, daf-16, hsf-1 and skn-1 transgenic worms. The 
pre-fertile period of adulthood was used as time zero. The worms were kept on NGM plates containing eeRo or vehicle 
(control) and E. coli and transferred to new plates every two days. Nematodes were regarded as dead if they did not move 
after repeated stimulus. Experiments were performed at least in triplicate with 100 nematodes each.Results: The mean and 
maximum survival time was extended by treatment with 25 µg/ml eeRo in the wild-type and mev-1 trangenic strain. The 
treatment increased the mean lifespan of daf-16, ut not the maximum. In the transgenic strain daf-2, we observed an increase 
in the maximum lifespan in worms treated with the extract. EeRo treatment did not have an effect on lifespan in the hsf-1 and 



skn-1 strains.Discussion: We report for the first time that eeRo extended C. elegans longevity in DAF-16-, HSF-1- and SKN-
1-dependent interactions.  These findings suggest that eeRo triggers the signaling pathways that lead to transcriptional 
activation of downstream targets, which are essential for the effects described in C. elegans. These transcription factors play 
key roles in insulin/IGF-1 signaling, and several additional pathway components have since been shown to modulate aging in 
flies, mice and possibly humans, implying that the effects of the pathway on aging and stress resistance are conserved. 

358C. Multigene analysis of aging markers in Caenorhabditis elegans using directed evolution. Yuehui Zhao1, Kathy 
Bates2, Charles Zhao2, Hang Lu2, Patrick McGrath1. 1) School of Biology, Georgia Institute of Technology, Atlanta, GA; 2) 
School of Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, GA. 
   Many human traits, including aging, are influenced by genetic variation. Decades of classical genetic screens and molecular 
biology research have identified several conserved signaling pathways involved in aging process. However, aging and most 
complex diseases are controlled by the collective actions of multiple genes. Classical genetic methods are biased towards 
isolating single-large effect gene that unlikely to explain aging mechanism completely. Thus, we may still miss genes with a 
subtle effect or work in specific genetic backgrounds to influence aging. To further understand the genetic architecture and 
molecular mechanism of aging, we are developing directed evolution as a new approach to generate and collect multi genetic 
changes affect aging in the model organism Caenorhabditis elegans. Previous research reports the expression level of a 
microRNA mir-71 can predict lifespan in young adult animals. We are performing unbiased mutagenesis of a strain with 
Pmir-71::GFP and sorting the animals with stronger GFP signal by high-throughput microfluidics system. By performing 
multiple mutagenesis-sorting experiments, genetic mutations have subtle effects or epistasis to influence aging can be 
accumulated and be rapidly identified by deep sequencing. We believe this approach can result in identifying new genes and 
new pathways involved in aging and enable us further the understanding of aging genetic network. 

359A. Profiling the aging proteome in C. elegans reveals a new role for extracellular uterine proteins in aging. Stephanie 
Zimmerman1, Izumi Hinkson2, Joshua Elias2, Stuart Kim1,3. 1) Department of Genetics, Stanford University, Stanford, CA; 
2) Department of Chemical and Systems Biology, Stanford University, Stanford, CA; 3) Department of Developmental 
Biology, Stanford University, Stanford, CA. 
   One way to understand aging is to use unbiased approaches to profile molecular changes that occur with age, and determine 
the cause and effect of these changes. In this study, we identify changes in the proteome during aging in C. elegans using 
mass spectrometry-based proteomics. We find that secreted proteins and proteins expressed specifically in adult animals tend 
to increase in abundance with age. A previously uncharacterized subset of these age-increased proteins are expressed solely 
in the extracellular space of the adult uterus. These uterine proteins dramatically accumulate with age, but this increase in 
abundance is blunted in animals with an extended reproductive period. This suggests that age-induced infertility, an early 
event in the aging process, is at least partially responsible for the accumulation of proteins in the uterus. Furthermore, we find 
that uterine proteins rapidly turn over in young adult animals, but are removed much more slowly in old worms. Uterine 
proteins are not removed in young vulvaless worms, which indicates that egg laying or another means of exit through the 
vulva is necessary for the rapid removal observed in wild-type young animals. Finally, we show that uterine protein 
accumulation is toxic for the animal, as knocking down multiple uterine proteins simultaneously can extend lifespan. These 
findings represent a novel link between reproductive and somatic aging, in which age-induced infertility contributes to 
changes in the soma that are detrimental for survival. . 

360B. Pharynx remodeling and suppression of pharyngeal activity in C. elegans dauer larvae. Ulkar Aghayeva1,2, Oliver 
Hobert2. 1) Biological Sciences; 2) Biochemistry and Molecular Biophysics, Columbia University, New York, NY. 
   Starvation is one of the major stress-causing conditions affecting most living organisms. A number of internal organs 
undergo tissue remodeling induced by starvation, e.g., atrophy of skeletal muscle and the gut. C. elegans dauer larva is a 
good model to study starvation-induced tissue remodeling. Foregut (pharynx) remodeling in dauers involves radial 
constriction and shrinkage of most constituting cell types as well as strong suppression of pharyngeal contractions. Previous 
genetic analysis has demonstrated that dauer pharyngeal remodeling depends on autophagy (Melendez et al., 2003); however, 
what triggers this process in the pharynx is not known. In addition, the mechanism of suppression of pharyngeal activity in 
dauers remains unexplored. Three non-exclusive hypotheses can be offered to explain this phenomenon: 1) inhibitory inputs 
from the pharyngeal nervous system (PNS) that in non-dauer animals stimulates pharyngeal pumping; 2) pharyngeal muscle-
autonomous mechanisms (e.g., changes in the expression of genes controlling muscle excitability); 3) extrapharyngeal inputs 
(neuronal and/or humoral). As an approach to test the PNS hypothesis, we asked whether the pharyngeal nervous system 
remodels in dauer larvae. We generated pharyngeal neuron-specific reporters visualizing morphology as well as presynaptic 
bouton distribution  of these neurons. Screening of these reporters shows that pharyngeal neurons largely preserve their 
morphology and connectivity in dauers compared to reproductive life stages. To address the myogenic hypothesis, we are 
testing reporters for nAChR and innexin genes for their expression in dauer pharyngeal muscle. For extrapharyngeal 
hypothesis, in analogy to lethargus-associated inhibition of pharyngeal pumping mediated by the ALA neuron (Van Buskirk 
& Sternberg, 2007; 2010), we are testing whether this neuron also has a role in silencing of dauer pharyngeal activity, by 



examining mutants with impaired ALA fate specification or function (ceh-10, ceh-14, ceh-17).To identify novel molecular 
players in dauer pharynx remodeling, we are currently performing forward genetic screens for dauers with incomplete 
pharyngeal remodeling and/or increased pharyngeal activity. Two genes have been previously found (Keane & Avery, 1998, 
2003) to be important for general pharyngeal excitability and its suppression in dauers – a gap junction subunit unc-7 and a 
Gαo protein-encoding goa-1. However, since the screen that identified these genes was likely not saturated, it is expected that 
more genes are yet to be uncovered that play a specific role in the regulation of dauer pharyngeal activity. 

361C. Ascaroside biosynthesis in C. elegans. Allison Akagi1, Oishika Panda2, Joshua Judkins2, Frank Schroeder2, Paul 
Sternberg1. 1) Biology, California Institute of Technology, Pasadena, CA; 2) Boyce Thompson Institute and Department of 
Chemistry and Chemical Biology, Cornell University, Ithaca, NY. 
   Ascarosides are a class of small molecule signals that regulate a variety of important processes in C. elegans including 
dauer entry, attraction, repulsion and aggregation. Structurally, ascarosides are modular glycosides of the dideoxysugar 
ascarylose with a fatty acid moiety attached at the first position of the sugar core and can be additionally modified at the 
fourth and second positions with an assortment of functional groups. These modifications include carbohydrates, lipids, 
amino acids, nucleosides and neurotransmitters. This diversity leads us to hypothesize that ascarosides convey an integrated 
view of the metabolic status of the worm, both within the worm and to other worms. Although there is evidence that this 
array of modular components is derived from primary metabolic pathways, the biosynthetic and regulatory machinery 
involved in the construction of these molecules is largely uncharacterized. We use comparative metabolomics to screen a 
collection of mutant strains for defects in ascaroside biosynthesis.Previous studies have demonstrated that the fatty acid side 
chain of an ascaroside is truncated in the peroxisomes by a set of genes that carry out β-oxidation. Our studies show that loss 
of function in two mitochondrial genes that are paralagous to genes involved in peroxisomal β-oxidation, acdh-1 and ech-2, 
results in an increase in the production of ascarosides that promote attraction and aggregation. These results support the 
hypothesis that the metabolic status of the worm helps regulate the production of ascarosides and indicate that ascaroside 
biosynthesis may in occur in different organelles and tissues. 

362A. Sucrose and Artificial Sweeteners Affect C. elegans Fertility and Body Fat Content. Sofia N Allison, Kristine E Jones, 
Katherine M Walstrom. Div. Natural Sciences, New College of Florida, Sarasota, FL. 
   Global rates of obesity have skyrocketed over the last fifty years to epidemic proportions. Consumption of artificial 
sweeteners has risen concurrently with the rise in obesity. The efficacy of artificial sweeteners for weight loss is unclear, and 
their widespread usage has recently been called into question. We investigated the effects of three popular artificial 
sweeteners (aspartame, saccharin, and sucralose) on the fertility, longevity, and body fat content of the nematode 
Caenorhabditis elegans. Relative to the control, nematodes treated with aspartame or saccharin exhibited depressed fertility 
and increased body fat, with no effect on a surrogate marker for lifespan, the pharynx pumping rate. Nematodes treated with 
sucralose displayed increased body fat, slightly decreased longevity, and normal fertility. Those exposed to sucrose showed 
increased fertility, longevity, and body fat content. All three sweetener groups and the sucrose group had significantly higher 
body fat content than the control worms grown on NGM and OP50. Our findings indicate that artificial sweeteners may not 
be favorable alternatives to sugar and highlight the need for more research into the effect of artificial sweeteners on 
metabolism in both bacteria and higher organisms since some of the observed effects may have resulted from changes in 
OP50 metabolism. This is especially important considering recent research showing that artificial sweeteners have a 
significant effect on mammalian gut microbiota (Suez et al., 2014).Suez, J. et al. (2014) Nature 514, 181. 

363B. Role of autophagy in IL2 dendritic arbors during dauer formation and recovery. Rebecca J Androwski, Kristen M 
Flatt, Nathan E Schroeder. Department of Neuroscience, University of Illinois, Urbana, IL. 
   When grown under conditions of low food, high temperature and high population density, C. elegans larvae will develop 
through an alternative, adaptive stage called dauer.  While in dauer the larva show changes in behavior and 
morphology.    For example, we have shown six Inner Labial 2 (IL2) neurons undergo dramatic reorganization during 
dauer1.  IL2 quadrant (IL2Q) neurons arborize extensively during dauer and resorb their branches upon recovery from 
dauer.  Moreover animals which have passed through dauer as part of development show several differences during 
adulthood in comparison to adults which have not experienced dauer.  We show the IL2Q neurons resorb the bulk of their 
branches but remnant branches remain in post-dauer adults.  This unique feature of IL2Q branching provides us with a model 
for testing proteins that help the cell recover from stress.  We address the question of how the IL2Q neurons show a three-
fold increase in dendritic length, which is maintained throughout dauer, when the worm is trying to conserve energy. We are 
examining the role of autophagy in IL2 branching.  Autophagy which is upregulated during dauer, is a mechanism through 
which the cell degrades intracellular components and is widely conserved across species. Autophagy is an adaptive stress 
response that promotes survival under adverse conditions. C. elegans orthologues to yeast autophagy proteins are critical for 
both C.elegans autophagy and dauer formation.2  The basic steps of autophagy include vesicle nucleation, vesicle elongation, 
docking with the lysosome, and vesicle breakdown and degradation.  We found that LGG-1::gfp, a widely used marker for 
autophagy, is expressed in the IL2s during dauer . We can use the temporal expression of LGG-1 to determine at which time 



points during dauer formation and recovery autophagy is upregulated in the IL2 neurons.  Additionally we are assessing unc-
51 mutants for IL2 branching and branch recovery defects; UNC-51 is involved in induction of autophagy.  unc-51 animals 
have been described as forming 70% abnormal dauers2 - to address differential dauer formation, we are examining IL2 arbors 
in both abnormal and normally formed dauers. 1)Schroeder NE, Androwski RJ, Rashid A, Lee H, Lee J, Barr MM. Curr Biol. 
2013 Aug 19;23(16):1527-35.2)Meléndez A1, Tallóczy Z, Seaman M, Eskelinen EL, Hall DH, Levine B. Science. 2003 Sep 
5;301(5638):1387-91. 

364C. Gene regulatory networks that mediate responses to different bacterial diets. Jote T. Bulcha, Gabrielle Giese, 
Albertha J.M. Walhout. Program in Systems Biology, University of Massachusetts Medical School , Worcester, MA 01605, 
USA. 
   Diet dictates the physiology of an organism in part at the level of gene expression. Understanding how diet affects the 
transcriptional response and how different diets govern different gene regulatory networks to mediate the response is crucial 
for gaining deep insights into how food influences development, physiology and disease. Our laboratory has previously 
shown that a bacterial diet of Comamonas aquatica DA1877 accelerates C. elegans development, reduces fecundity, and 
decreases lifespan compared to the standard laboratory diet of E. coli OP50.  Vitamin B12 was identified as a major 
metabolite provided by C. aquatica that mediates, at least in part, developmental acceleration and fecundity reduction.  Here 
we examine the mechanisms of the transcriptional response to C. aquatica DA1877 bacterial diet, using the dietary response 
promoter of the acdh-1 gene as a model. We find that, within three hours of switching animals from E. coli OP50 to C. 
aquatica DA1877 diets, the acdh-1 gene is fully repressed.  We previously identified several transcription factors that are 
involved in the regulation of acdh-1 expression. We are currently investigating the mechanisms by which these transcription 
factors respond to diet as well as the cis-regulatory elements involved in the response. . 

365A. Excretory-secretory products (ESP) profiling of Caenorhabditis elegans provide clues for environmental and 
developmental regulation. Wen Chen, Paul Sternberg. California Institute of Technology, Pasadena, CA. 
   During the life cycle of parasitic and free-living nematodes, a wide range of biomolecules especially proteinases are 
continuously excreted or secreted into the environment, contributing to their survival, reproduction, habitat establishment, 
regulation of host immune system and various other functions. ESPs are active directly at the parasite-host or worm-
environment interface and many ESP proteinases are enzymatically active, making them promising drug targets and anti-
parasitic vaccine candidates. However, the mechanisms and related pathways are not clear given the complex processes 
occurring throughout different life stages.  Also, whether the parasitic proteinases inherited and evolved whole or partly from 
free-living ancestral worms in response to parasitism has not been addressed. Thus, the investigation of ESP using C. elegans 
would provide rich information concerning ESP composition and the activity and substrate specificity of proteinases. 
Comparison of ESPs with parasitic nematodes might reveal novel functional pathways. We used liquid chromatography 
(LC)/MS-based proteomics to profile proteins released during in vitro maintenance of C. elegans asynchronous cultures and 
identified about 235 C. elegans proteins so far. General substrate and class specific substrates were used to test ESP general 
and cathepsin B-, D-like and collagenase activities. In addition, different culture conditions, for example, temperature, 
different E. coli diet, dauer-forming condition, were explored to show the adjustments in ESP profile according to 
environment. Annotation of identified proteins showed that many are metalloproteases, cysteine proteases and other catalytic 
proteases. Some of these proteases are implicated in the molting cycle, carbohydrate metabolism, growth rate regulation 
among other biological processes. We plan to use genetic methods to further explore specific functional roles of these ESP 
proteins. . 

366B. Spinal Muscular Atrophy (SMA) Genes Regulate Insulin Signaling in Response to High-Glucose Diet. Kevin 
Deehan1, Michael Mastroianni1, Emma Sikes1, John Hanover2, Michael Krause2, Michelle Mondoux1. 1) College of the 
Holy Cross, Worcester, MA; 2) National Institutes of Health, Bethesda, MD. 
   Spinal muscular atrophy (SMA) is a neurodegenerative disease that results in the loss of motor neurons, muscle atrophy, 
paralysis, and in the majority of cases, infant mortality. The causative gene of SMA is SMN1, which encodes a survival motor 
neuron protein and is implicated in the regulation of splicing. Our project seeks to establish and characterize a new, 
promising link between SMA and glucose intake in C. elegans. Studies have shown that in humans, glucose consumption has 
increased in recent years along with the prevalence of type 2 diabetes.  Caenorhabditis elegans is an excellent model to study 
SMA, as the smn-1 gene is nearly 80% identical in worms and humans, and it is also a good model to study the response to 
high-glucose diet due to its conserved insulin-signaling pathway.Previous studies have shown that a high-glucose diet 
decreases dauer formation in daf-2 insulin receptor mutants due to the up-regulation of insulin signaling. An RNAi screen 
identified approximately 160 candidate genes that may be required for this insulin signaling response to high glucose. 
Secondary screens for insulin- and glucose-specificity reduced the gene list to 44 candidates.  Interestingly, two of the most 
promising candidates are smn-1 and nekl-3, the latter of which has been identified as a modifier of smn-1. This identifies a 
potential link between SMA, high-glucose diet, and insulin signaling.We have completed dauer assays to verify and quantify 
the insulin specificity of these 44 candidate genes, and have partially verified and quantified the glucose specificity.  We are 



currently investigating the role of ~30 other genes that have been identified as smn-1 genetic interactors, and how insulin 
signaling and a high glucose diet effect other smn-1 phenotypes such as lifespan, fertility, and stress resistance in a daf-2 
background. 

367C. The histone H4K20 methyltransferase SET-4 promotes dauer arrest in C. elegans insulin signaling mutants. Colin 
Delaney1, Kathleen Dumas1,2, Jacqueline Graniel1, Stephan Flibotte3, Donald Moerman3, Patrick Hu1. 1) Cell and 
Developmental Biology, University of Michigan, Ann Arbor MI; 2) Buck Institute, Novato CA; 3) Department of Zoology 
and Michael Smith Laboratories, University of British Columbia, Vancouver, BC V6T 1Z3, Canada. 
   Insulin and insulin-like growth factor signaling (IIS) is highly conserved across metazoans and plays pivotal roles in 
development and aging.  In C. elegans, the DAF-2/IIS pathway influences dauer diapause, a state of larval developmental 
arrest that occurs in response to stressful environmental conditions. Mutants that have reduced DAF-2/IIS pathway activity 
enter dauer constitutively in a manner requiring the FOXO transcription factor DAF-16/FOXO. DAF-16/FOXO function is 
antagonized by DAF-2/IIS signaling through AKT-mediated phosphorylation, leading to its nuclear export. When AKT 
activity is reduced, DAF-16/FOXO translocates to the nucleus, where it is inhibited by EAK-7/TLDC1, a conserved protein 
of unknown function. While eak-7 and akt-1 single mutants do not have strong dauer-constitutive phenotypes, eak-7;akt-1 
double mutants always arrest as dauers.We designed a forward genetic screen to discover novel regulators of DAF-16/FOXO 
by mutagenizing eak-7;akt-1 worms and looking for suppressors of eak-7;akt-1 dauer arrest (seak mutants). Mapping and 
whole genome sequencing revealed that one seak mutant strain contained a mutation in set-4, which encodes a conserved 
histone H4 lysine 20 (H4K20) methyltransferase. Three independent set-4 mutants suppressed dauer arrest in an eak-7;akt-1 
background, indicating that SET-4 functions to promote dauer arrest.  SET-4 promotes dauer specifically through the IIS 
pathway, as set-4 mutation did not alter arrest in other conserved dauer pathways.  Consistent with a role in DAF-16/FoxO 
regulation, set-4 mutants are short-lived. Furthermore, we found that expressing SET-4 under the control of the neuron-
specific rab-3 promoter rescued dauer in set-4 mutants to a similar extent as the set-4 native promoter. We hypothesize that 
SET-4 acts in neurons to control dauer arrest by promoting DAF-16/FOXO activity. As both SET-4 and DAF-16/FoxO are 
conserved in mammals, our findings hint at a general role for histone H4K20 methylation in the regulation of FOXO 
transcription factor activity. 

368A. Epoxides derived from a specific dietary polyunsaturated fatty acid induces germ cell death in C. elegans. Marshall 
Deline1, Julia Keller2, Michael Rothe3, Wolf-Hagen Schunck4, Ralph Menzel2, Jennifer Watts1. 1) School of Molecular 
Biosciences and Center for Reproductive Biology, Washington State University, Pullman, WA 99614-6340, USA; 2) 
Humboldt-Universität zu Berlin, Department of Biology, Freshwater and Stress Ecology, Späthstr. 80/81, 12437 Berlin, 
Germany; 3) Lipidomix GmbH, Robert-Rössle-Str. 10, 13125 Berlin, Germany; 4) Max Delbrück Center for Molecular 
Medicine, Robert-Rössle-Str. 10, 13125 Berlin, Germany. 
   Polyunsaturated fatty acids (PUFAs) are precursors to essential signaling factors in mammals and in the nematode C. 
elegans. In humans, deficiency of dietary PUFAs leads to severe neurological, developmental, and reproductive defects, yet 
the overabundance of omega-6 PUFAs in the Western diet has been linked to an increased risk of cardiovascular and 
inflammatory diseases. Well-studied PUFA derivatives with potent biological activity include the prostaglandins and 
leukotrienes, however the biological activities of cytochrome P450 (CYP) produced epoxy and hydroxy PUFA derivatives 
are not as well characterized. Here we explored the mechanism responsible for germ cell loss induced by dietary 
supplementation of dihomo gamma linolenic acid (DGLA, 20:3n-6) in C. elegans. Previous work in our lab showed that 
worms exposed to dietary DGLA during larval development become sterile adults lacking germ cells and gametes. We found 
that knocking down cyp-33E2 suppressed the sterility phenotype. Using microsomal assays, we identified a range of epoxy 
and hydroxy metabolites produced by C. elegans from dietary DGLA through the activity of CYP enzymes such as CYP-
33E2. We then developed a gonadal injection assay and determined that direct exposure of two specific DGLA-derived 
epoxy products, 8,9- and 14,15-epoxyeicosadienoic acids (EEDs), produced germ cell abnormalities in C. elegans, while 
injection of epoxy products derived from eicosapentaenoic acid (20:5n-3) had no effect. We propose that sterility is mediated 
by the production of toxic DGLA-derived epoxides that trigger germ cell destruction. This is the first example of a DGLA-
derived epoxide having physiological activity. Our work highlights the impact that a minor metabolite can have on health 
when its precursor is overabundant in the diet. 

369B. Nuclear hormone receptor NHR-28 interacts with the insulin signaling pathway and the TGF-β pathway in dauer 
formation. Grace Y.S. Goh, Stefan Taubert. University of British Columbia, Vancouver, BC. 
   Nuclear hormone receptors (NHRs) are transcription factors that are regulated by ligands, e.g. steroid hormones, lipids, and 
xenobiotics. C. elegans encodes 284 NHRs, an unusually large number; most have no known function. One such NHR, 
NHR-28, may be involved in the insulin/IGF-1-like signaling (IIS) pathway: NHR-28 targets, as determined by ChIP-seq, are 
enriched for genes differentially regulated in daf-2/insulin receptor mutants in a manner dependent on its downstream 
effector daf-16, but are not direct DAF-16 targets. However, the biological function of NHR-28 is still unknown.As NHR-28 
may regulate genes downstream of the IIS pathway, we investigated whether nhr-28 affected two known phenotypes of daf-2 



mutants, extended lifespan and dauer formation. A null mutation of nhr-28 had no effect on daf-2(e1370) lifespan, although 
the nhr-28(0) single mutant had a shorter mean but not maximum lifespan compared to wild-type. nhr-28(0) single mutants 
also did not show dauer formation phenotypes. However, a daf-2(e1370); nhr-28(0) double mutant showed a strong 
enhancement of constitutive dauer formation (Daf-c) phenotype compared to daf-2(e1370) alone at 22°C. We therefore 
pursued two lines of investigation: that nhr-28 may act in a pathway parallel to IIS in dauer formation, e.g. the TGF-β 
pathway, or that it may show complex interactions with different daf-2 alleles e.g. in the manner of the developmental 
regulator DAF-12. While nhr-28(0) did not show any genetic interaction with the TGF-β signaling mutants daf-7 and daf-8, it 
enhanced the Daf-c phenotype of daf-14(m77)/Smad mutants, implying that it acts parallel to daf-14 in dauer formation. On 
the other hand, nhr-28(0) completely suppressed the Daf-c phenotype of the Class 1 daf-2 allele daf-2(m41), but did not 
interact with another Class 1 allele, daf-2(e1368). This differs from daf-12 null mutant interactions with daf-2 alleles, which 
suppress the Daf-c phenotype of Class 1 alleles but enhance it in Class 2 alleles e.g. daf-2(e1370), implying a different 
mechanism for nhr-28.In conclusion, nhr-28 genetically interacts with daf-2 in dauer formation independently of daf-2’s role 
in aging. Within dauer formation pathways, nhr-28 may act in the IIS and/or TGF-β pathways, as it shows complex genetic 
interactions with different daf-2 alleles and with daf-14/Smad mutants; these interactions remain to be fully characterized. 
Future work will include further dissecting where and how nhr-28 acts in dauer formation pathways as well as determining 
its downstream regulatory targets via unbiased approaches e.g. RNA-seq. 

370C. Regulation of fat and body growth by SIKs and class II HDACs. Jeremy Grubbs, Ari Winbush, Alexander van der 
Linden. Biology Department, University of Nevada, Reno, NV 89557. 
   Body size and fat storage of C. elegans are regulated by sensory perception, suggesting that sensory inputs may be involved 
in energy homeostasis and the allocation of energy for growth and fat storage. Previous work has shown that mutations in 
kin-29 (a homolog of Salt-Inducible Kinases) eat normally but have a starved-appearance, a small body size and they 
hyperforage; all phenotypes indicative of sensing and transducing food incorrectly. Interestingly, kin-29 acts in chemosensory 
neurons, at least in part, to regulate body size and sensory gene expression through the action of hda-4 (class II histone 
deacetylase, HDAC4) and mef-2 (MEF2 transcription factor). Using triglyceride quantification, Oil-red O staining, and 
Coherent Anti-stokes Raman Scattering (CARS) microscopy, we show that single kin-29 and hda-4 mutants as well as kin-29 
hda-4 double mutants cause animals to store more fat. Interestingly, the observed increased intestinal fat storage phenotype is 
similar as seen in daf-2 (insulin-like receptor) mutants. These data together lead to the hypothesis that the inability of kin-29 
animals to correctly perceive inputs from food, causes these mutant animals to grow smaller and store more fat even in the 
presence of ample food. We propose that a KIN-29/HDA-4 pathway is necessary to coordinate sensory inputs from food to 
control body size and fat stores in remote peripheral tissues. To further explore this hypothesis and to better understand how 
KIN-29 regulates body size and fat stores, we are using a method to isolate RNA and sequence transcripts specifically from 
odr-4-expressing sensory neurons in wild-type, kin-29 and hda-4 single and double mutants. Preliminary analysis of RNA 
sequencing data suggests that rbg-3 expression levels are highly increased in kin-29 mutants, which is validated by qRT-
PCR. Interestingly, rbg-3 encodes a Tubby-interacting membrane trafficking protein (RabGAP), and similar to tub-1 is 
exclusively expressed in the sensory system. Together, our results propose an intriguing model in which KIN-29 activity may 
modulate the Tubby/RBG-3 pathway in sensory neurons to control fat abundance in remote peripheral intestinal tissues. 

371A. Small molecule mediated nuclear receptor DAF-12 signaling regulates development and lifespan in C. elegans. Pooja 
Gudibanda1,3, Andreas Ludewig3, Parag Mahanti2,3, Axel Bethke3, Frank Schroeder1,2,3. 1) Department of Molecular Biology 
and Genetics, Cornell University, Ithaca, NY; 2) Department of Chemistry and Chemical Biology, Cornell University, Ithaca, 
NY; 3) Boyce Thompson Institute, Cornell University, Ithaca, NY. 
   Nuclear receptors (NRs) are ligand-modulated transcription factors that interact with corepressor and coactivator proteins to 
control development, homeostasis and metabolism. In C. elegans, the vitamin-D and liver-X receptor homolog, DAF-12, 
functions as a central regulator of development and lifespan. For example, DAF-12 is required for the more than 50% 
lifespan increase observed when germline stem cells (GSCs) are ablated from the gonad. Three chemically distinct, 
endogenous steroidal ligands of DAF-12, the dafachronic acids (DAs), have recently been identified, which are required for 
reproductive development and DAF-12 dependent lifespan increase. DAF-12 has been shown to upregulate members of the 
let-7 microRNA (miRNA) family; however, the mechanisms by which the DAs regulate these different phenotypes are 
unclear.To investigate how binding of different ligands regulates interaction of DAF-12 with co-regulators and its DNA 
response elements, we have developed a cell-free, bead-based AlphaScreen assay. Using this assay, we have confirmed that a 
previously described corepressor, DIN-1, interacts with DAF-12 in its unliganded state. We have further identified several 
coactivator candidates that may interact with DAF-12 upon ligand binding. We hypothesize that binding of different ligands 
controls interaction with different coactivators and corepressors, and that different DNA response elements in let-7 family 
miRNA promoters favor specific DAF-12-coregulator interactions. To validate results from the AlphaScreen, in an 
HEK293T cell-based system, we employed luciferase assays which showed that DA-mediated DAF-12 activation under the 
let-7 family of promoters mir-241p and mir-84p is repressed by DIN-1. We propose a model in which promoter-guided DAF-



12 dimerization mediates interaction with different ligands and coregulators, facilitating different transcriptional outcomes 
associated with the different functions of DAF-12 in the regulation of development and lifespan. . 

372B. Regulation of gluconeogenesis and its role in attenuating excitability of the male mating circuitry. Xiaoyan Guo2, Luis 
Rene Garcia1,2. 1) Biol, Texas A&M Universtiy, College Station, TX; 2) HHMI. 
   Our previous study showed that a key enzyme involved in gluconeogenesis, phosphoenolpyruvate carboxykinase (PEPCK) 
plays a compensatory role to delay the copulation behavior deterioration during male aging. Behavioral decay is correlated 
with increased excitability in multiple cellular components of the male's insemination circuitry.  In aged male, the expression 
of pck-2 (ortholog of pepck in C. elegans) genes is up regulated, resulting in the accumulation of fat and glycogen.  However, 
the mechanisms used to regulate the expression of pck-2 are yet to be determined. To study the regulation of pck-2, we used 
the CRISPR/CAS-9 technique to first generate a worm strain containing the pck-2 gene fused with yfp. Then we conducted an 
EMS mutagenesis to screen for mutants displaying aberrant expression of pck-2. Currently, we are characterizing two 
mutants; one mutation that causes increased pck-2 expression, and another mutation that causes PCK-2 proteins to 
accumulate into functional puncta.Mutation of pck-2 increases the prc (spontaneous spicules protraction) phenotype induced 
by unc-103(n1213), suggesting that gluconeogenesis is important to reduce cell excitability, at least in the mating circuitry. 
To dissect which tissue gluconeogenesis is important to maintain the male mating circuitry excitability, we are generating a 
worm strain with two loxP sites in the pck-2 genes. Through expression of cre in a tissue specific manner, we can knock out 
pck-2 genes in different tissues, and ask how the tissue specific pck-2 mutation affects the excitability of the mating circuitry, 
via either pharmacological drug test or genetic interaction with unc-103.Taken together, through these studies we are hoping 
to manipulate the activity of pepck gene in a tissue specific manner to either extend the mating ability during aging or 
alleviate muscle spontaneous contraction induced by mutations in the potassium channels or other genes. . 

373C. Metabolic profiling and metabolic flux analyses in NAD+ salvage biosynthesis mutants. Wenqing Wang1, Melanie 
McReynolds1, Jimmy Goncalves1, Muya Shu1, Ineke Dhondt2, Bart Braeckman2, Stephanie Lange1, Kelvin Kho1, Ariana 
Detwiler1, Marisa Pacella1, Wendy Hanna-Rose1. 1) Biochemistry & Molecular Biology, The Pennsylvania State 
University, University Park, PA; 2) Laboratory for Aging Physiology & Molecular Evolution, Dept of Biology, Ghent 
University, Belgium. 
        Temporal developmental progression is highly coordinated in C. elegans. However, loss of nicotinamidase PNC-1 
activity slows reproductive development, uncoupling it from its typical temporal progression relative to the soma. 
Nicotinamidases mediate salvage NAD+ synthesis. There has been significant recent interest in boosting NAD+ biosynthesis 
for therapeutic benefit in aging-related diseases and inhibiting biosynthesis for therapeutic benefit in cancer. However, we 
haven’t fully elucidated how perturbing the availability of NAD+ impacts whole organism physiology.     Using LC-MS we 
show that pnc-1 mutants do not salvage nicotinamide released by NAD+ consumers to resynthesize NAD+, and as a result 
NAD+ availability is reduced. By manipulating NAD+ levels using genetics, we show that a reduction in NAD+ 
bioavailability is incompatible with a normal pace of gonad development. We use the pnc-1 mutant phenotype to explore 
physiological requirements for reproductive development. First we demonstrate that the deficit in NAD+ production 
compromises NAD+ consumer activity as would be expected. Even though effects on NAD+ consumer activity have been the 
primary focus for probing the functional consequences of manipulation of NAD+ bioavailability, we revealed no functional 
link between loss of NAD+ consumer activity and reproductive development in genetic experiments.     We used 
metabolomics profiling to seek explanations for the observed phenotype. The deficit in NAD+ availability from lack of 
salvage biosynthesis has wide-spread metabolic consequences, including perturbations in glycolysis. Using flux analysis, we 
demonstrate that glycolysis is blocked at the NAD+-dependent step, and we functionally link the block to the reproductive 
phenotype using genetics and pharmacological approaches. Interestingly, mitochondria are protected from the deficiency in 
NAD+ biosynthesis and the effects of reduced glycolytic output, also revealing compartment specific regulation of NAD+ 

biosynthesis. We suggest that compensatory metabolic processes that maintain mitochondrial activity in the absence of 
efficient glycolysis are incompatible with the cell division requirements for reproductive development. Our work has 
implications for understanding mechanisms that mediate therapies that target NAD+ salvage synthesis for the purposes of 
inhibiting tumor growth. 

374A. Investigating the pathway through which gpa-3 controls fat metabolism in C. elegans. Rosalind Hussey1, Tiffany 
Locke1,2, Jonathan Stieglitz1, Supriya Srinivasan1. 1) Dorris Neuroscience Center and Department of Chemical Physiology, 
The Scripps Research Institute, La Jolla, CA; 2) University of California, San Diego, La Jolla, CA. 
   To identify Gα proteins that play key roles in fat metabolism, we performed a screen for viable Gα loss-of-function mutants 
that exhibited altered intestinal fat compared to wild type, measured using Oil Red O. One of the Gα mutants that expressed a 
dramatic reduction in intestinal fat is gpa-3. gpa-3 is a Gs-like Gα protein and is expressed exclusively in the nervous system, 
suggesting that it is part of a neuroendocrine pathway that connects nervous system function with intestinal fat metabolism. 
In this study, we are undertaking a systematic approach to trace the molecular and cellular details of this pathway.We have 
taken two complementary approaches to define the role of gpa-3. Because gpa-3 is expressed in 8 pairs of amphid sensory 



neurons, we designed a transgenic rescue strategy to restore gpa-3 expression to subsets of these neurons in gpa-3 mutants. 
Our neuron-specific rescue approach has identified 2 pairs of neurons which are sufficient for the gpa-3-mediated regulation 
of fat metabolism. Preliminary studies indicate that enhanced fat loss, rather than diminished fat production, underlies the 
reduced body fat of gpa-3 mutants. Next, we are conducting genetic epistasis analyses to identify downstream regulators of 
gpa-3. Our studies thus far indicate a role of cAMP as the downstream effector of gpa-3 signaling. Furthermore, gpa-3;unc-
31 double mutants were created to determine if neuropeptide secretion is the method of gpa-3 mediated signal propagation. 
Interestingly, our results show that this action is independent of unc-31. unc-31 mutants express a high-fat phenotype, 
however, the low-fat phenotype of gpa-3 loss is not suppressed in gpa-3;unc-31 double mutants, suggesting an unc-31- and 
neuropeptide-independent mode of regulation downstream of gpa-3.Our continued studies focus on determining the 
mechanism of action, in particular the method of synaptic release used to relay the neuroendocrine signal from our identified 
amphid sensory neurons to the intestine. 

375B. Springing the worm trap: the signal sequence receptor ortholog TRAP-1 regulates DAF-2 insulin-like signaling. Omar 
Itani1, Kathleen Dumas1, Stephane Flibotte2, Donald Moerman2, Patrick Hu1. 1) Internal Medicine, University of Michigan, 
MI; 2) Department of Zoology and Michael Smith Laboratories, University of British Columbia, Vancouver, BC, V6T 1Z3 
Canada. 
   Insulin-like signaling pathways have conserved functions in controlling development and aging. In C. elegans, the DAF-2 
insulin-like signaling pathway controls dauer arrest and longevity by regulating the FoxO transcription factor DAF-16. 
Although initial screens for DAF-2 signaling components appear to have been saturated, recent sensitized screens indicate 
that new regulators of DAF-2 signaling remain to be discovered.We have shown that the conserved protein EAK-7 acts in 
parallel with AKT-1 to prevent dauer arrest by inhibiting DAF-16/FoxO. In a screen for suppressors of eak-7;akt-1 dauer 
arrest (seak screen), we isolated a strain with a 3.5 kb deletion on chromosome I, dpDf665, that cosegregated with the seak 
phenotype. dpDf665 deletes portions of two genes, including trap-1, which encodes the C. elegans ortholog of mammalian 
SSR1 (signal sequence receptor 1). In vitro, SSR1 acts in a heterotetrameric complex with SSR2, SSR3, and SSR4 to 
promote the cotranslational translocation of a subset of secreted proteins into the endoplasmic reticulum (ER). However, the 
physiological function of SSR1 is obscure. trap-1/SSR1 null mutants suppressed eak-7;akt-1 dauer arrest to the same extent 
as dpDf665, indicating that dpDf665 suppresses dauer arrest due to loss of trap-1/SSR1 activity.trap-1/SSR1 mutation 
suppressed the dauer-constitutive phenotype of daf-2(e1368) but did not influence dauer arrest in mutants with reduced DAF-
7/TGFb or DAF-9/dafachronic acid pathway activity, indicating that TRAP-1/SSR1 normally functions to promote dauer 
arrest through the DAF-2 insulin-like pathway. Nonsense mutations in trap-2 and trap-3, which encode orthologs of 
mammalian SSR2 and SSR3, suppressed daf-2(e1368) dauer arrest to the same extent as trap-1/SSR1 mutation, suggesting 
that TRAP-1 acts as part of a conserved TRAP complex to control DAF-2 insulin-like signaling. A functional TRAP-
1::mCherry fusion protein was expressed in most tissues and exhibited a reticular pattern of localization consistent with ER 
localization. Intriguingly, trap-1/SSR1 mutation suppresses the dauer-constitutive phenotype of a subset of daf-2 mutant 
alleles. Taken together, our data suggest that TRAP-1/SSR1 may regulate DAF-2 insulin-like signaling by controlling the 
activity of insulin-like peptides. Our findings provide the first evidence that TRAP-1/SSR1 controls the activity of a specific 
signaling pathway in vivo.. 

376C. Disrupting BCKDH in Caenorhabditis elegans leads to multiple developmental defects which are mainly caused by 
mmBCFA deficiency but not BCAA accumulation. F. Jia, M. Cui, M. Than, M. Han. Howard Hughes Medical Institute and 
University of Colorado at Boulder, CO 80309-0347. 
   Deficiency in branched-chain α-ketoacid dehydrogenase (BCKDH) causes maple syrup urine disease (MSUD), which has 
both acute and long-term neurotoxicity. The pathology of MSUD is attributed mainly to branched-chain amino acid (BCAA) 
accumulation, but BCAA normalized patients still show chronic neuropsychological problems. BCKDH is comprised of three 
subunits, E1, E2 and E3. Here we show that Caenorhabditis elegans gene ZK669.4 encodes an orthologue of human DBT 
(E2 subunit).  A loss of function mutation in ZK669.4, ok3001, causes BCAA accumulation resembling MSUD but also leads 
to monomethyl branched-chain fatty acid (mmBCFA) deficiency. ok3001 worms manifest larval arrest and embryonic lethal 
phenotypes and mmBCFA supplementation suppresses both without correcting BCAA levels. The majority of developmental 
defects caused by BCKDH deficiency may thus be attributed to lacking mmBCFAs in worms. Tissue-specific analysis shows 
that restoration of BCKDH function in multiple tissues can rescue the defects, but is especially effective in neurons. The 
larval arrest phenotype of ok3001 is due to a lack of d17SPA, a C15ISO containing sphingolipid critical for larval 
development. The embryonic phenotype is not due to a lack of d17SPA but is possibly caused by a deficiency of mmBCFA 
containing phospholipids which leads to egg shell defects and cytokinesis failure in the early embryo. Our result shows that 
mmBCFAs play multiple, critical roles in the development of C. elegans and disruption of BCKDH affects mmBCFA 
biosynthesis, which has detrimental consequences. Taken together, we propose that mmBCFAs, which are present in humans 
but with no known function, may contribute to the pathology, especially the neurotoxicity of MSUD. 



377A. The influence of dietary bacteria genotypes on dauer formation in C. elegans. A. Khanna1, J. Kumar1, M. Vargas1, S. 
Katewa1, T. McCloskey1, M. Gill2, P. Kapahi1. 1) Buck Institute for Research on Aging, Buck Institute for Research on 
Aging, Novato, CA; 2) Department of Metabolism & Aging, The Scripps Research Institute- Scripps Florida, Jupiter, Florida, 
33458, USA. 
   During development C.elegans can enter an alternate larval stage called the dauer larva, which allows it to survive adverse 
environmental conditions. Food is one of the factors that influences whether an arrested dauer will resume reproductive 
growth. The dauer development decision occurs during molting from L1 to L2 larval stage, and undergoes an underlying 
metabolic shift controlled by food signal. Embryos and L1 larvae use the glyoxylate cycle to generate carbohydrate from 
lipid stores. In L2 and later stages animals perform aerobic respiration and increase TCA cycle activity. In contrast, dauer 
animals do not perform aerobic respiration. Surprisingly, little is known about the chemical nature of the food signal(s), 
although the molecular pathways through which they signal have been partially defined.  Molecular genetic analysis of dauer-
constitutive (daf-c) and dauer-defective (daf-d) mutants show that dauer formation is regulated by complex interactions 
between at least three major signaling pathways: a guanylyl cyclase pathway, a TGF-β like pathway and an insulin-like 
pathway.  Food activates the guanylyl cyclase DAF-11 and promotes transcription of the TGF-β ligand DAF-7 as well as 
activating the insulin-signaling pathway. The insulin-like signaling pathway (ILS) responds to dietary cues by moderating 
levels of genes involved in dauer formation, stress response, and lifespan regulation through its downstream transcription 
factor, DAF-16/FOXO. This suggests that E. coli is not simply a source of calories but also provides critical signals that are 
required for full C. elegans nutrition and development, suggesting a relationship that mimics microbiota function (Collino et 
al., 2013). Here we demonstrate how individual gene knockouts in E. coli can modify signaling pathways in C. elegans to 
influence development and survival. Through a systematic screen of ~4000 single gene knockout E. coli strains, we identified 
56 E. coli mutants that not only enhance dauer formation in a C. elegans insulin-like receptor mutant, daf-2, but also extend 
adult lifespan.  We also demonstrate how genetic analysis can be used to determine the molecular mechanism by which the 
bacteria influence worm physiology by focusing on one bacterial mutant, cyaA (adenylate cyclase).  Our results demonstrate 
how mutant bacterial strains can be used to study intricate questions concerning the relationship between dietary factors and 
bacterial products with the phenotypes of the consuming organism. 

378B. Influence of dietary and environmental variations on C. elegans development. Lucie Kozlowski, Alberta J.M. 
Walhout. University of Massachusetts Medical School, Worcester, MA. 
   Bacterial diet greatly affects C. elegans life history traits. Our lab has previously shown that C. elegans fed a diet of 
Comamonas aquatica DA1877 display reduced fecundity, increased developmental rate, and reduced lifespan as compared to 
the standard laboratory diet of E. coli OP50. Here we investigate whether environmental changes such as temperature can 
affect life history traits on the different bacterial diets. We found that egg laying and developmental rate are the same on the 
E. coli OP50 diet at both low (20oC) and high (25oC) temperatures. However, as previously shown, animals fed the C. 
aquatica DA1877 diet showed a reduced brood size and an increased developmental rate at the low temperature (20oC) 
compared to the E. coli OP50 diet. This difference is greater at higher temperature (25oC): animals fed C. aquatica DA1877 
had a severely reduced brood size and rapidly increased developmental rate compared to both animals fed E. coli OP50 diet 
at 25oC, and animals fed C. aquatica DA1877 diet at 20oC.  By Oil-Red-O staining we found that lipid levels are different 
depending on the temperature and the diet. These preliminary results suggest that diet may be sensed differently depending 
on environmental variations. 

379C. The heterochronic transcription factor lin-14 promotes dauer arrest. Joseph Kruempel1, Albert Chen1, Stephane 
Flibotte2, Donald Moerman2, Patrick Hu1. 1) Department of Cell and Developmental Biology, University of Michigan; 2) 
Department of Zoology and Michael Smith Laboratories, University of British Columbia, Vancouver, BC, V6T 1Z3 Canada. 
   In C. elegans, reducing insulin/insulin-like-growth-factor signaling (IIS) through mutations in the insulin/insulin-like-
growth-factor receptor (IGFR) homologue daf-2 increases activity of the FoxO transcription factor DAF-16, which promotes 
increased longevity and arrest in an alternative larval stage called dauer.  Activation of IIS causes increased phosphorylation 
of DAF-16/FoxO by AKT-1, which promotes cytoplasmic sequestration of DAF-16/FoxO.  We have discovered the EAK 
(enhancer of akt-1 dauer arrest) pathway, which inhibits daf-16/FoxO in parallel to the canonical IIS pathway without 
affecting DAF-16/FoxO nuclear localization.  The most downstream component of the EAK pathway is eak-7, a conserved 
plasma membrane-associated protein of unknown function.To characterize the mechanism by which the EAK pathway 
inhibits DAF-16/FoxO, we screened for mutations which suppress eak-7;akt-1 dauer arrest (seak mutations).  This screen has 
identified a mutation in the heterochronic transcription factor lin-14 as a suppressor of eak-7;akt-1 dauer arrest. Wild type lin-
14 promotes gene expression and cell division programs specific to the L1 larval stage and prevents precocious expression of 
programs specific to later stages.  We have shown that the dauer arrest phenotype of eak-7;akt-1 mutants is suppressed 
by lin-14 mutation and lin-14(RNAi). Dauer arrest of daf-2/IGFR mutants is suppressed by lin-14 mutation in combination 
with lin-14(RNAi). These data suggest a novel role for lin-14 in the insulin/insulin like growth factor signaling pathway. 



380A. Characterization of Mechanisms of Dauer Entry Triggered by Neuronal Unfolded Protein Response (UPR) Activation. 
Warakorn Kulalert, Dennis H. Kim. MIT, Cambridge, MA. 
   The maintenance of protein folding homeostasis in the endoplasmic reticulum (ER) is critical for cellular survival and 
function. Recent studies have demonstrated that disruption in proteostasis in various cellular compartments also have cell-
nonautonomous effects, influencing the physiology and development of the animal. We identified a mechanism by which a 
C. elegans mutant daf-28(sa191), carrying a mutation in the neuronal insulin gene daf-28, exhibits constitutive entry into 
dauer diapause. The sa191 mutation results in ER stress in the ASI chemosensory neurons, activating the UPR transducer 
PEK-1 that phosphorylates Ser49 of the α subunit of the translation initiation factor eIF2 (eIF2α) to promote entry into dauer 
diapause. To further elucidate the mechanism by which UPR activation in two neurons influences the organismal 
developmental decision, we performed a forward genetic suppressor screen to identify additional genes that are involved in 
neuronal ER stress-mediated dauer entry. We screened approximately 40,000 genomes, and isolated mutagenized sa191 
animals that failed to constitutively enter dauer diapause. We are currently conducting the molecular characterization of 
suppressor mutations that define distinct classes of genes involved in the cell non-autonomous regulation of dauer diapause, 
including those involved in UPR signaling, the control of initiation of mRNA translation, and conserved neuroendocrine 
stress signaling pathways. 

381B. The majority of C. elegans FLP genes increase expression around the dauer diapause commitment decision. James 
Lee1,2, Pei-Yin Shih1,2, Oren Schaedel1,2, Alicia Rogers1, Igor Antoshechkin1, Paul Sternberg1,2. 1) Biology and Biological 
Engineering, Calif Institute of Technology, Pasadena, CA; 2) Howard Hughes Medical Institute. 
   The L2d pre-dauer larva integrates sensory information until mid-L2d, during which time it may resume reproductive 
development if favorable conditions are sensed. Otherwise, the worm commits to dauer diapause and does not respond to 
improved conditions until after the L2d/dauer molt. To investigate the mechanism of L2d commitment to dauer, we have 
analyzed the transcriptomic changes that occur across and between dauer and reproductive development. Specifically, we 
performed RNA-Seq of early L2d, L3-committed L2d, dauer-committed L2d, molted dauers, and their appropriate time 
course controls. The twelve resulting comparisons allowed us to identify, as one example, 2034 genes that are up-expressed 
around the time of dauer-commitment. This gene list is strongly enriched for, and includes the majority of the neuropeptide-
coding genes. To our surprise, this is mostly because nearly every member of the FMRFamide-like peptide gene family is up-
expressed in dauer-committed L2d larvae. Thus, we are interested in whether FLPs modulate commitment or effect changes 
downstream of the decision. We have begun detailed investigations into the neuropeptide FLP-8, using the multiply 
outcrossed deletion strain PT501, for which we observe decreased ability to form dauers. 

382C. Cytoplasmic-Specific NAD+ Deficiency Disrupts Glycolysis and Activates Amino Acid Catabolism Affecting 
Reproductive Development in C. elegans. Melanie McReynolds, Wendy Hanna-Rose. Biochemistry and Molecular Biology, 
The Pennsylvania State University, University Park, PA. 
   NAD+ is a key metabolite that impacts the entire metabolome because of its role in energy transfer in key metabolic 
pathways. We previously discovered that NAD+ salvage synthesis through the nicotinamidase PNC-1 is required for normal 
progression of gonad development in C. elegans. Global metabolic profiling suggested that glycolysis was perturbed in our 
pnc-1 mutants, which have lower global levels of NAD.  We used stable isotope/mass spectrometric flux analysis in wild 
type and pnc-1 mutants to confirm that glycolysis is compromised when NAD+ salvage synthesis is blocked.  In pnc-1 
mutants, the turnover rate of universally isotope labeled glucose to phosphoenolpyruvate (PEP) is lower than in wild type, 
whereas, there was no change in the incorporation of isotope label in dihydroxyacetone (DHAP) between WT and pnc-1 
mutants. Although glycolysis is impaired, we had evidence that mitochondrial functions were not changed in pnc-1. 
Metabolomics analysis showed that unlike other glycolytic intermediates pyruvate levels are not reduced in pnc-1 mutants. 
Therefore, we hypothesized that excessive use of amino acids as an energy source compensates for insufficient glycolytic 
flux in pnc-1 mutants. Using a targeted metabolomics approach, we revealed that both alanine and cysteine show a 2-fold 
increase in our pnc-1 mutants. α-ketoglutarate and glutamate levels are also significantly higher in pnc-1 mutants compared 
to WT. This data suggests that a steady reservoir of amino acids is in place for pyruvate production through protein 
degradation. We also observed an up-regulation of mRNA expression of important aminotransferase and other enzymes 
involved in amino acid catabolism in our pnc-1 mutants; supporting the notion that amino acid catabolism is indeed 
occurring.  Our results suggest that compromised glycolysis activates amino acid catabolism to maintain functions of the 
mitochondria. However, this metabolic shift is not compatible with normal progression of reproductive development in C. 
elegans. To further investigate this hypothesis, we are extending our stable isotope/mass spectrometric flux experiments to 
the measurement of amino acid catabolism and are investigating the functional role of amino acid catabolic enzymes using 
RNAi. . 

383A. Maintaining Global NAD+ Homeostasis Reveals Separable Functional and Compensatory Roles for NAD+ 
Biosynthetic Pathways in C. elegans. Melanie McReynolds, Wenqing Wang, Wendy Hanna-Rose. Biochemistry and 
Molecular Biology, The Pennsylvania State University, University Park, PA. 



   NAD+ biosynthesis has proven to be a useful therapeutic target for influencing health-span and obseity-related phenotypes 
as well as tumor growth. The goal of our research is to understand how NAD+ homeostasis is maintained to support its core 
metabolic roles and its signaling and regulatory roles involving NAD+ consumers. NAD+ is synthesized via distinct routes 
including de novo synthesis from tryptophan, salvage synthesis from nicotinamide, which feeds into the Preiss-Handler 
pathway from nicotinic acid in C. elegans, and via the phosphorylation of nicotinamide or nicotinic acid ribosides using 
nicotinamide riboside kinase (NRK). We hypothesize that each pathway will have tissue-specific functions independent of 
the others and that they will also have compensatory roles in contributing to global NAD+ homeostasis when another 
pathway is compromised, creating a homeostatic network. We have previously shown, using pnc-1 nicotinamidase mutants, 
that salvage NAD+ biosynthesis is required for the appropriate temporal progression of reproductive development and for 
optimum muscle function. Here we examine functions of the NRK and the de novo pathways using genetics. We find that 
both pathways function to maintain muscle activity, but neither pathway has an independent role in gonad development. 
Using LC-MS we show that NAD+ is decreased when either pathway is blocked, as previously shown for PNC-1. This data 
supports the hypothesis that all pathways are required for maintenance of NAD+ levels and for muscle function but only the 
salvage pathway normally plays a role in gonad development. To examine homeostatic mechanisms, we investigated the 
function of the NRK and de novo pathways in a pnc-1 mutant background. Mutations in either pathway further exacerbate 
pnc-1-associated muscle defects, but not the reproductive development defect. We revealed using qRT-PCR that in the 
absence of salvage synthesis, key enzymes in de novo and NRK-mediated synthesis are up-regulated. We also observed 
reciprocal trends when the de novo or NRK pathways were blocked. Consistent with these results, supplementation with 
either nicotinamide riboside or de novo pathway metabolites rescues the gonad delay in pnc-1, indicating that boosting other 
pathways can restore gonad development when salvage synthesis is blocked, even though these pathways play no role in 
gonad development normally. We interpret these data as evidence that homeostatic mechanisms are indeed occurring 
between NAD+ biosynthetic pathways. Our work has implications for efforts to therapeutically target individual NAD+ 
biosynthetic pathways. . 

384B. Bis(2-ethylhexyl) phthalate as a toxic developmental regulator of sterol metabolism in C. elegans . Santanu 
Mukherjee, Tanaya Paul, Jaya Bandyopadhyay. Department of Biotechnology, West Bengal University of Technology, 
Kolkata, West Bengal. 
   Steroids are known to be the central regulators of organismal development and reproduction in C. elegans. Phthalate esters 
are potent endocrine disruptors of hormonal metabolism in higher animals. In C. elegans bis(2-ethylhexyl) phthalate (DEHP) 
has been found to exhibit severe developmental defects through toxic behavioral endpoints and gene(s) expression studies. 
Here for the first time we report that DEHP is a potent inducer of "dauer-like" phenotype under restrictive environmental 
conditions in presence of abundant food supply in the model organism C. elegans. Worms exposed to DEHP at sub-lethal 
concentration(s) demostrate a dauer-like phenotype irrespective of molting stage with a thin and dense hypodermis with 
radial shrinkage of the body similar to dauer morphology. Induced dauer-like formation occurs in a concentration and 
temperature dependent manner and is independent of food supply and larval stage(s) of development. Initial larval stages (L1 
and L2) are found to be more sensitive towards DEHP exposed for 24-hour duration in comparison to L3 worms. L3 worms 
on the other hand are shown to recover relatively better compared to worms exposed at the initial larval stages. Again L4 
young adults have shown lesser sensitivity towards DEHP in the dauer-like formation and subsequently with L4 gravid adults 
there has been a high percentage in the release of premature and non-viable eggs. The Kinetics of dauer rescue post-DEHP 
exposure clearly implies a significant improvement in larval revival and increase in progeny number concomitant with larval 
molt. On the other hand there has been a significant augmentation in the longevity of adult animals.Priliminary observations 
from steroid profiling of worms exposed to bis(2-ethylhexyl) phthalate have shown marked variations in the expression(s) of 
dafachronic acid (DA) along with lophenol (4-MS), the pincipal regulators of dauer formation obtained from DAF-9 
(cytochrome P450) and a C-4 methyl transferase STRM-1 (sterol A-ring methylase-1), respectiveley. A more detailed 
expression study of other steroids together with enzyme assays of targeted gene(s) and proteins at different larval stages shall 
help us to determine the exact target of DEHP action together with larval stage specific devolopmental defects in C. elegans. 
The target so determined may be used to design a therapeutic molecule that may act as a drug with a potency of reducing, if 
not eliminating environmental phthalate ester toxicity in the future. 

385C. Fluorescent beads are a versatile tool to distinguish dauer larvae and other stages. Liberta Nika, Taylor Gibson, 
Rebecca Konkus, Xantha Karp. Biology, Central Michigan University, Mount Pleasant, MI. 
   C. elegans life history is dependent on environmental cues transduced through several signaling pathways. In favorable 
environmental conditions C. elegans develops continuously through four larval stages before molting into the adult stage. In 
contrast, adverse environmental conditions promote entry into the stress resistant dauer larva stage immediately following the 
second larval molt. Dauer larvae possess distinct properties including cellular and developmental arrest, extended lifespan, 
and discontinued feeding. If environmental conditions improve, dauer larvae recover to post-dauer L3 larvae, which are 
developmentally identical to continuously developing L3 larvae. Studies of dauer larvae have seeded discoveries in diverse 
fields, ranging from aging to neurobiology. Many of these studies rely on the unambiguous identification of dauer larvae. The 



most useful method to identify dauer larvae would be simple, scalable, and feasible even in mutant backgrounds that are 
defective in some aspects of dauer morphogenesis. None of the current methods possess all of these qualities. Here, we 
describe such a method taking advantage of the inability of dauer larvae to feed. Fluorescent beads are added to the bacterial 
food source, and dauer larvae are identified by a lack of beads within their digestive tract. We describe how this assay can be 
used to isolate dauer larvae formed by any of three common methods: starved plates, exogenous pheromone, and dauer-
constitutive mutations. Lack of beads correlates well with other known markers of dauer formation, including greatly reduced 
pumping rate, presence of dauer alae and SDS resistance. We find that using beads rather than SDS-resistance to identify 
dauer larvae enables the recovery of SDS-sensitive mutants, including cuticle mutants and certain mutants within the dauer 
formation pathway. Finally, lack of beads also identifies molting larvae, extending the utility of this assay beyond dauer 
larvae. 

386A. Bipolar worms with a metastable metabolome. Oishika Panda1, Joshua Judkins1, Allison Akagi2, Paul Sternberg2, 
Frank Schroeder1. 1) Boyce Thompson Institute and Cornell University, Ithaca, NY 14853, USA; 2) California Institute of 
Technology, Pasadena, CA 91125, USA. 
   Small molecules act as intra- and interorganismal signals governing several aspects of C. elegans biology, including dauer 
formation, aging and social behaviors. Correlating changes in the metabolome with changes in the genome of the worm is 
one of the major objectives of research in nematode biochemistry. In theory, changes in the genome of C. elegans are 
expected to result in specific changes in its metabolome that persist in subsequent generations of the organism. Using 
unbiased HPLC-MS-based comparative metabolomics, we studied the metabolomes of several strains obtained from the 
Million Mutation Project and compared them to that of the wild type worms. Careful examination of the overall metabolomic 
fingerprint of one such strain, MMP#7, revealed several drastic differences when compared to the ‘metabotype’ of wild type, 
including several metabolites derived from leucine/isoleucine metabolic pathways. Surprisingly, multistage liquid cultures 
derived from confirmed homozygous MMP#7 worms, grown for several generations under the same culture conditions in 
parallel, show a complete reversal of the phenotype in some biological replicates and retention of the parent’s metabotype in 
others. The higher the number of generations these cultures are grown for, the higher the probability of MMP#7 liquid 
cultures to attain a metabotype that is drastically distinct from that of parallel-grown wild type C. elegans. These observations 
suggest that a bi-stable, heritable metabolic switch gets induced during extended liquid culture of MMP#7 worms. This 
counters the general paradigm of a stable biochemical state of an organism in response to specific changes in its genome. 

387B. Deficiency in peroxisomal fatty acid metabolism causes abnormalities in Insulin/IGF-1 signaling and ER homeostasis, 
leading to an altered life history in Caenorhabditis elegans. Saeram Park1, Hyoe-Jin Joo2, Young-Ki Paik1,2. 1) Department 
of Integrated OMICS for Biomedical Science, WCU, Yonsei University, 50 Yonsei-ro, Seodaemun-gu, Seoul, Republic of 
Korea; 2) Yonsei Proteome Research Center, Yonsei University, 50 Yonsei-ro, Seodaemun-gu, Seoul, Republic of Korea. 
   Metabolic regulation of fats is important for maintaining energy balance and healthy life in animals. Disturbance in balance 
between energy intake and expenditure causes obesity which accompanies type II diabetes and metabolic syndromes. 
Peroxisomal fatty acid β-oxidation, one of the fatty acid metabolic processes, is also required for normal development in 
mammals, as seen in the cases of Zellweger syndromes and X-linked adrenoleukodystrophy. In Caenorhabditis elegans, 
defective fatty acid β-oxidation in peroxisome causes accumulation of very long chain fatty acids in the form of fat granules, 
which resembles the obese state in mammals. Using the nematode C. elegans, a genetically well-established model animal for 
fat regulation, we investigated the effect of endogenously increased fat accumulation due to the deficiency of this pathway on 
the regulation of developmental processes and stress responses. Given that regulation of peroxisomal fatty acid β-oxidation is 
critical for pheromone (ascaroside) biosynthesis in C. elegans, we were keen to examine the relationship between these two 
metabolic processes. Interestingly, the mutant animals with deficiency in the former such as daf-22(ok693) are less sensitive 
to the exogenous pheromones and exhibit reduced dauer formation. To elucidate the mechanism underlying this 
phenomenon, we checked insulin/IGF-1 signaling (IIS) pathway that negatively controls dauer formation. As a result, daf-
22(ok693) exhibited reduced lifespan and sod-3 expression that are dependent on IIS, indicating the compromised DAF-
16/FOXO activity. The expression of daf-28, one of insulin-like peptides, was also increased in daf-22(ok693), which might 
be responsible for both the compromised DAF-16/FOXO activity and the attenuated dauer formation in the presence of 
pheromones. Moreover, the expression of hsp-4, an IRE-1/XBP-1 dependent endoplasmic reticulum (ER) stress marker, was 
elevated in daf-22(ok693). Taken together, these results suggest that the fatty acid metabolism in peroxisome and ER 
homeostasis appear to be interlinked and involved in the maintenance of cellular signaling and life history of C. elegans. 

388C. Depletion of lipid stores and inhibition of RNA polymerase III by constitutively activated MAFR-1 . Akshat 
Khanna1,2, Ajay Pradhan1, Andres Ixtlahuac1, Meagan He2, Sean Curran1,2,3. 1) Davis School of Gerontology, University of 
Southern California, Los Angeles, CA; 2) Dornsife College of Letters, Arts, and Sciences, University of Southern California, 
Los Angeles, CA; 3) Keck School of Medicine, University of Southern California, Los Angeles, CA. 
   Cellular growth requires exceptional levels of available cellular energy and is intimately tied to biosynthetic capacity. 
Recently, we showed that overexpression of mafr-1 can regulate intracellular lipid stores in part by inhibiting de novo 



lipogenesis and reducing fecundity in C. elegans. This is partially achieved by the canonical mafr-1 pathway, which represses 
RNA polymerase (pol) III-dependent transcription, but also utilizes a mechanism at least partially independent of its 
regulatory role in RNA pol III activity. Previous studies on Maf1 have largely focused on yeast and mammalian cell culture 
models however the regulatory mechanisms underlying Maf1 activity remain unclear.  We have identified a mutation in 
mafr-1 that lacks a small portion of the C-terminal end of the protein (MAFR-1ΔC) that results in a gain-of-function 
phenotype. Animals expressing MAFR-1ΔC show similar inhibition of de novo lipogenesis, depletion of intracellular lipid 
stores, and reproductive defects as animals overexpressing mafr-1. While MAFR-1 localizes to both the cytoplasmic and 
nuclear compartments, MAFR-1ΔC is predominantly nuclear. As such, this highly conserved but previously uncharacterized 
region of the MAFR-1 protein contains residues that alter MAFR-1 subcellular localization but are dispensable for MAFR-1 
activity. The constitutive nuclear localization of MAFR-1ΔC could be causal for the dominant phenotypes in these mafr-1 
mutants as the only known biochemical function of MAFR-1 is as a transcriptional repressor. Our studies identify the C-
region of the MAFR-1 protein as a newly defined regulatory domain of MAFR-1 localization and activity.  We have 
generated distinct point mutations in the MAFR-1 C-region to better define the specific residues that are essential for the 
function of this domain. Our future goal is to decipher the specific biochemical function of the C-region, which will help to 
shed more light on the highly complex regulation of MAFR-1 protein and its roles in RNA polymerase III regulation, lipid 
homeostasis, and reproduction. 

389A. A novel circuit coordinating mevalonate pathway metabolism with mitochondrial stress . Amir Sapir. Department of 
Biology and the Environment, University of Haifa at Oranim, Kryat Tivon, 3600600 Israel. 
   The mevalonate pathway catalyzes the synthesis of various metabolites fundamental for human health and disease 
including cholesterol and molecules essential for protein prenylation. Little is known, however, about regulation of the 
pathway beyond the well-characterized control of HMGR, the second enzyme of the pathway. 
    We discovered an evolutionary conserved circuit that governs the activity of C. elegans HMGS-1, the first enzyme of the 
pathway, by ubiquitination and age-dependent sumoylation. Sumoylation is reversed by the spatiotemporal activity of a 
SUMO protease, ULP-4, that undergoes an intriguing cytosol-to-mitochondria translocation. Recently, I have found that this 
circuit is regulated by a mitochondrial stress response that induces the expression of both HMGS-1, and its SUMO protease 
ULP-4. The mitochondrial stress-activated transcription factor ATFS-1 governs HMGS-1 expression upon mitochondrial 
stress but, surprisingly, does not trigger ULP-4 expression. This discovery shows that a previously uncharacterized, ATFS-1-
independent, mitochondrial stress pathway controls ULP-4 expression in order to regulate HMGS-1 activity and mevalonate 
pathway metabolism. 
    My work bridges a conceptual gap between mitochondria function, mitochondria-related intercellular signaling pathways, 
and the regulation of the mevalonate pathway. Molecular understanding of this crosstalk has the potential for broad medical 
implications as mevalonate pathway dysregulation plays an important role in impaired cholesterol homeostasis and in 
tumorigenesis.. 

390B. A lipid-TORC1 pathway promotes neuronal development and foraging behavior in C. elegans. Marina Kniazeva, 
Huanhu Zhu, Aileen K. Sewell, Kelley Anderson, Min Han. HHMI & University of Colorado at Boulder, Boulder, CO. 
   Food deprivation suppresses animal growth and development but spares the systems that are essential for foraging. The 
mechanisms underlying this selective development, and potential roles of lipids in it, are unclear. When C. elegans hatch in a 
food-free environment, postembryonic growth and development stall, but sensory neuron differentiation and neuronal 
development required for food responses continue.In our lab, we investigate the connections between lipid metabolism and 
the regulation of development and behavior. In particular, we ask if specific lipid metabolic pathways in the intestine would 
have an impact on foraging behavior. In this study, we show that monomethyl branched-chain fatty acids (mmBCFAs) and 
their derivative, d17iso-glucosylceramide, function in the intestine to support food seeking and dwelling behaviors through 
the promotion of sensory neuron maturation. We further show that this promotion involves both TORC1-dependent and –
independent mechanisms. Genome-wide gene expression analysis of L1 larvae revealed ~200 genes that are specifically 
down regulated by mmBCFA deficiency. One of the genes down regulated by mmBCFA deficiency is ceh-36/Hox, which we 
show plays a key role in neuronal development and food-related behavior. We continue to analyze other candidate genes for 
their potential roles in foraging behavior. This study uncovers a lipid pathway that promotes neuronal functions involved in 
foraging and opens the door to further mechanistic studies. 

391C. The development of dauer commitment markers for decision-dynamics studies. Pei-Yin Shih, James Lee, Paul 
Sternberg. Division of Biology and Biological Engineering California Institute of Technology, Pasadena, CA. 
   The free-living nematode Caenorhabditis elegans makes a developmental decision based on environmental factors, 
choosing between entering the arrested dauer stage in adverse environments or continuing reproductive development in 
favorable environments. The entire worm’s morphology, physiology and behavior are modulated by this decision.  Many of 
the genes involved in dauer formation have been identified through genetic screens and physiological observations. However, 
the modulation and the dynamics of the decision-making process are not fully understood. In this study, we used RNA-seq 



data obtained from worms in the course of dauer or reproductive development (described in the presentation by Lee, Shih, et 
al.) to identify and construct reporter lines for dauer- or non-dauer- specific genes. We chose in particular those genes that 
showed high expression only after commitment to dauer or L3 reproductive development. We then verified that the 
transcriptional reporters of these genes did in fact mark the commitment decisions. Moreover, we found that development 
timing appears to be synchronized in wild-type animals. We are now analyzing how genes or environmental conditions 
modulate the timing of the decision. With these reporters, we not only have a better molecular handle on the dauer decision, 
but also hope to expand our knowledge of whole animal decision-making. . 

392A. Nicotinamide mononucleotide adenylyltransferase function in C. elegans. Muya Shu, Wendy Hanna-Rose. Penn State 
University, University Park, PA. 
   Nicotinamide adenine dinucleotide (NAD+) is an essential metabolite in the cell. It serves as a cofactor as well as a 
substrate for various enzymes and participates in signaling pathways. There are two NAD+ pools in cells: 
nuclear/cytoplasmic and mitochondrial. These pools are separately maintained and have different metabolic roles. Our lab has 
shown that a reduction in NAD+ bioavailability contributes to gonad development in C. elegans. We want to determine how 
the subcellular location of NAD+ formation affects gonad development and to investigate the function of the distinct pools of 
NAD+.            Nicotinamide mononucleotide adenylyltransferases (NMATs) convert nicotinamide mononucleotide to NAD+ 
or nicotinic acid mononucleotide to nicotinic acid adenine dinucleotide. In humans, there are three NMNAT genes.  Nuclear 
NAD+ is synthesized by NMNAT1. NMNAT2 docks in Golgi, and NMNAT3 is the mitochondrial enzyme that sustains the 
mitochondrial NAD+ pool. We would like to use NMNAT function to explore the compartment specific requirements for 
NAD+ biosynthesis in C. elegans gonad development. However, it is unclear which of the two C. elegans NMNAT genes, 
nmat-1 and nmat-2, corresponds to which human gene.nmat-1 and nmat-2 are both listed as NMAT3 homologs in 
Wormbase.  However, our own phylogenetic analysis failed to substantiate this relationship and did not clarify orthologous 
relationships. We hypothesize that one of the genes is for nucleocytoplasmic NAD+ biosynthesis and the other is for 
mitochondrial biosynthesis. To being to investigate this hypothesis, we have created translational fusions of nmat-1 and 
nmat-2 to GFP under the control of the myo-3 promoter and examined their subcellular localization in muscle cells.  NMAT-
1 is localized in mitochondria, and NMAT-2 is localized in the cytoplasm. We have also examined nmat-2 functionally. 
nmat-2(tm2905) animals have a gonad development phenotype, suggesting the cytoplasmic pool of NAD+ is critical for 
gonad development.  This result is consistent with other experiments in the lab pointing to a relationship between 
cytoplasmic NAD+ and gonad development. We have used the CRISPR/Cas9 system to create an allele of nmat-1. The 
nature of the allele is being analyzed, and we expect to present results at the meeting. The data from these experiments will 
help us to understand the relationship between the nuclear/cytoplasmic and mitochondrial NAD+ pools in terms of gonad 
development and will be a useful tool to probe other functions of NAD+ biosynthesis as well. 

393B. The role of autophagy genes in lipid homeostasis. Melissa J. Silvestrini1,2, Hannah Hong2, Alicia Melendez2,1. 1) The 
Graduate Center, City University of New York, New York; 2) Queens College, Department of Biology, Flushing, NY. 
   Autophagy is an evolutionarily conserved pathway that recycles organelles and long-lived proteins to supply energy and 
maintain cellular homeostasis. In mammals, autophagy has been shown to be involved in both lipid storage and lipid 
breakdown, and defects in autophagy have been linked to metabolic disorders including fatty liver disease, atherosclerosis 
and obesity. Moreover, adequate energy reservoirs are essential for the survival, growth and reproduction of animals. Our lab 
has shown that autophagy is required for lipid accumulation during C. elegans development. The decrease in lipid content in 
autophagy gene mutant animals could be due to deficient lipid synthesis, defects in recycling/storage of lipids, or increased 
breakdown of lipids. bec-1, atg-7 and atg-16.2 loss-of-function mutants are able to synthesize and store lipid droplets during 
“lipid loading” conditions, suggesting that autophagy genes are not required for the synthesis or storage of lipid droplets. In 
addition, short-term fasting further reduced lipid levels in autophagy gene mutant animals (bec-1, atg-7 and atg-16.2), 
indicating that mobilization and breakdown of lipids can occur in these mutant animals. In a candidate screen for specific 
lipases involved in the lipid loss phenotype observed in autophagy mutants, we found that the evolutionarily conserved 
adipose triglyceride lipase 1 (ATGL-1) is required for the breakdown of lipids observed in atg-7 or atg-16.2 loss-of-function 
mutants. Depletion of atgl-1 by RNAi suppressed the decrease in lipids observed in atg-7 and atg-16.2 mutants. Moreover, 
RNAi depletion of lid-1 (CGI-58 in mammals), the co-activator of ATGL-1, also suppresses lipid loss in autophagy gene 
mutant animals. Furthermore, ATGL-1::GFP expression was found to be 60% increased in atg-7 mutants compared to wild-
type animals. Thus, an increase in ATGL-1 lipase expression may result in the low-fat phenotype in the autophagy atg-7 and 
atg-16.2 mutant animals. We are working to determine which genes act upstream to regulate lipid mobilization in autophagy 
mutants and will report on our progress. Understanding the cellular mechanisms by which autophagy contributes to lipid 
homeostasis is crucial to develop novel therapeutic approaches to treat autophagy-related lipid and metabolic disorders. 

394C. Glucose intolerance during C. elegans embryogenesis. Jeffrey Simske, Yi Dong. Rammelkamp Ctr, Cleveland, OH. 
   Glycogen debranching enzyme AGL-1 and AMP kinase signaling are required for normal C. elegans embryogenesis.  One 
remarkable phenotype of both agl-1 and AMPK alpha subunit (aak-2) mutants is the dramatic enhancement of embryonic 



arrest phenotypes following glucose feeding.  For agl-1, lethality is 18% when grown on NGM/OP50 and 99% when 
supplemented with 0.2% glucose.  For aak-2 mutants, there essentially is no lethality on NGM/OP50 and as high as 77% 
lethality on glucose, depending on the regimen of starvation recovery and dietary restriction.  agl-1 sensitivity to glucose 
requires daf-2, since mutations in daf-2 suppress the agl-1 glucose-dependent embryonic lethality.  The role of insulin 
signaling pathway genes in embryonic development is further supported by the observations that certain daf-2 alleles alone or 
in daf-16 double mutants, display embryonic defects [1].  Interestingly, over-expression of a daf-16::gfp reporter increases 
agl-1 embryonic lethality (but only a modest shift of daf-16::gfp to the nucleus is observed in agl-1 mutants).  To determine 
whether glucose intolerance is exclusive to agl-1 and aak-2, other mutants in carbohydrate metabolism were tested for 
embryonic arrest phenotypes.  In one case, mutations in glycogen phosphorylase (tm5211) increased the penetrance of 
embryonic arrest when grown on glucose or under dietary restriction conditions, reinforcing the importance of maternal diet 
in embryonic development.  To better understand glucose tolerance during embryogenesis, a genetic screen was carried out to 
identify mutants that display increased embryonic lethality in the presence of elevated glucose.  So far, two gin (for Glucose 
INtolerance) alleles, gin-1(cv10) and gin-2(cv11) have been isolated and both display increased penetrance and severity of 
embryonic arrest phenotypes in the presence of 0.2% glucose. gin-1(cv10) is 73% viable on NGM/OP50 and 30% viable 
with glucose supplement.  gin-2(cv11) is 21% viable on NGM/OP50 and 0.17% viable with glucose.  Complementation tests 
indicate gin-1 and gin-2 are not agl-1 alleles.  gin-1 and gin-2 hermaphrodites grown with glucose recover and lay a higher 
fraction of hatching eggs when transferred to NGM/OP50, similar to agl-1 mutants.  The gin-2 mutant appears to have both a 
maternal and zygotic requirement.  gin-2 embryonic arrest on normal OP50 occurs more frequently during morphogenesis, 
whereas in embryos grown with glucose, cell divisions cease prior to morphogenesis and intracellular inclusion bodies 
increase in size and number.  Further study of these gin alleles and additional screens are in progress in an effort to 
characterize the pathways required for glucose tolerance during embryogenesis.1.            Gems, D., et al., Genetics, 1998. 
150(1): p. 129-55. 

395A. Male hypersensitivity to dauer entry: a model for sex differences in larval physiology. Hannah Steinert, Douglas 
Portman. University of Rochester, Rochester, NY. 
   Across the animal kingdom, males and females differ in stress responses and aging. This natural variation provides 
interesting opportunities to better understand these responses and to identify the points at which they are regulated by sex 
determination. In C. elegans, entry into the dauer stage is a well-studied developmental response to juvenile stress. 
Interestingly, there are several indications that males are more sensitive than hermaphrodites to dauer-entry signals (Vowels 
and Thomas, 1992, Genetics 130:105-123; Ailion and Thomas, 2000, Genetics 156:1047-1067). Consistent with these results, 
we find that males carrying a mutation in the TGFβ ligand daf-7 virtually always enter dauer at 20°C, while only a small 
fraction of hermaphrodites do so. In contrast, animals lacking the insulin receptor daf-2 appear to form dauers with no 
obvious sex bias, suggesting that sex differences act at a specific early stage in the dauer decision pathway. Using sexually 
mosaic animals, we are currently working to identify the cellular focus of sexual dimorphism in this mechanism. In addition, 
we are interested in the possibility that signals promoting dauer exit may be interpreted differently in males and 
hermaphrodites. While multiple sex differences in late larval and adult physiology have been described, these differences in 
dauer entry indicate the existence of uncharacterized sexual dimorphism in the physiology of early larvae. . 

396B. s-adenosylmethione levels govern innate immunity through distinct methylation-dependent pathways . Wei Ding1, 
Lorissa Smulan1, Noemie Bozonnet1, Nicole Hou2, Stefan Taubert2, Jennifer Watts3, Amy Walker1. 1) Program in Molecular 
Medicine, UMass Worcester 373 Plantation Street Worcester, MA 01605; 2) Dept. of Medical Genetics, University of British 
Columbia (UBC) Scientist, Centre for Molecular Medicine and Therapeutics (CMMT) and Child & Family Research Institute 
(CFRI) Vancouver BC V5Z 4H4 Canada; 3) School of Molecular Biosciences, Washington State University, Pullman, WA 
99164 Pullman, WA 99164-6340. 
   s-adenosylmethionine (SAMe) modulates cellular functions as the sole methyl donor modifying histones, nucleic acids and 
phospholipids.  Fluctuation in SAMe impacts phosphatidylcholine (PC) synthesis in the liver and several mammalian studies 
correlate SAMe levels with variations in DNA or histone methylation.  In addition, low SAMe is associated with with lipid 
accumulation, increased tissue injury and immune responses in mammalian metabolic diseases, such as fatty liver 
disease.  However, molecular connections between SAMe limitation, individual methyltransferases and these phenotypes are 
unclear.  We had previously found that knockdown or mutation in the C. elegans SAMe synthase sams-1 exhibited lipid 
accumulation and now we find that the low SAMe can also associated with activation or attenuation Caenorhabditis elegans 
immune responses depending on bacterial food source.  On non-pathogenic Eschericia coli diets, innate immune pathways 
are stimulated with increased expression of genes associated with defense against bacterial pathogens and constituative 
phosphorylation of PMK-1, a p38 MAP kinase essential for innate immune responses.  Dietary rescue experiments show that 
this activation of innate immunity is downstream of methylation-dependent PC production.However, when challenged with 
pathogenic Pseudomonas aeruginosa, sams-1(lof) animals die rapidly, despite activation of protective MAPK pathways.  We 
find that distinct SAMe-dependent mechanisms are linked to Pseudomonas-specific responses in sams-1 animals.  C. elegans 
undertakes a broad transcriptional response to pathogenic bacteria and we find that low SAMe restricts an activating histone 



methylation mark, H3K4me3, on promoters of Pseudomonas-responsive genes and limits induction of these pathogen 
responsive genes.  Furthermore, we find the H3K4 methyltransferase set-16/MLL is critical for transcriptional responses to 
bacterial stress.  Thus, our studies provide molecular links between SAMe levels and innate immune functions and suggest 
that a primary effect of SAMe depletion is limitation of stress-induced gene expression. 

397C. lpin-1 is necessary for low-PC activation of SBP-1/SREBP-1. Lorissa Smulan, Noemie Bozonnet, Amy Walker. 
UMASS Medical School, Worcester, MA. 
   Decreases in s-adenosylmethionine (SAMe), the major methyl donor, or phosphatidylcholine (PC), a methylated 
phospholipid, are associated with lipid accumulation in mammalian metabolic disease.  However, the molecular mechanisms 
that link these metabolites to pathways stimulating lipogenesis are not fully understood.  Using C. elegans and mammalian 
models, we previously found that activity of a lipogenic transcription factor, SBP-1/SREBP-1, was increased when SAMe 
and PC levels fell.  For example, knockdown of the SAMe synthase sams-1 decreases both SAMe and PC and results in 
upregulation of SBP-1 target genes such fat-7.  fat-7 expression is returned to wild type levels when PC biosynthesis is 
rescued by diet. In order to identify additional effectors, we performed a small scale  RNAi screen for factors that could 
activate SBP-1 in a PC dependent manner by comparing fat-7::GFP levels in normal and low PC background (sams-
1(lof)).  We reasoned that factors affected by low PC in this pathway might be involved in intracellular transport (COP II or 
COP I components), act in synthesis of complex lipids (phospholipids, ceremides, sphingolipids), regulate phospholipid 
transport (flippases, lipid transfer proteins) or function in phospholipid-based signaling pathways (phospholipases).  In order 
to insure complete coverage in our screen, we combined clones from the Ahringer and Orfeome collections and made RNAi 
targeting vectors for unrepresented genes.We identified multiple RNAi clones that increased fat-7::GFP in a sams-1-
dependent fashion, suggesting they could be linked to low-PC activation of SBP-1.  As secondary screens, we asked which 
candidates had similar effects on endogenous fat-7, and finally, determined those that caused increases in nuclear localization 
of a translational fusion of GFP::SBP-1.  Through this process we identified two genes, lpin-1 and arf-1.2, as potential 
effectors of low-PC effects on SBP-1. lpin-1 is a phosphatidic acid phosphatase important for triglyceride synthesis and lipid 
droplet function.  arf-1.2 is a small GTPase that regulates COP I Golgi to ER traffic and is also important for lipid droplet 
formation.  We extended these studies to mammalian cells and found that siRNA of LPIN1 or ARF1 is sufficient to activate 
SREBP-1 and that LPIN1 is required for SREBP-1 activation when PC biosynthesis is inhibited.  Finally, we find that both 
inhibition of PC biosynthesis and LPIN1 knockdown decrease levels of active ARF1.  This suggests a pathway in which 
LPIN1 acts between signals from PC levels and regulation of ARF1 activity in the Golgi to affect activation of SBP-
1/SREBP-1. 

398A. Expression and function comparison of two AMPK α subunits in C. elegans. L. Yao, G. Zhou, Q. Jin, Y. Wang. 
School of Life Sciences, Xiamen University, Xiamen, Fujian, P. R. China. 
   The AMP-actviated protein kinase (AMPK) is a family of conserved proteins in nearly all eukaryotes. It is a heterotrimer 
composed of α, β and γ subunits that play an pivotal role in sensing intracellular ATP level to maintain the energy 
homeostasis within the cell. There are two AMPK α catalytic subunits in C. elegans, AAK-1 and AAK-2. Although they 
share high sequence homology, evidences suggested that AAK-2 played an important role in lifespan regulation, stress 
response and reproduction, while AAK-1 appears to be only participated in regulating germline development during dauer 
stage.To elucidate whether their different function may be due to distinct spatial and temporal patterns of their gene 
expression, we analyzed their gene expression patterns. Since aak-1 and aak-2 have two (aak-1 a and b) and three (aak-2 a, b 
and c) transripts, respectively, we first examined the relative abundence of these transcripts by using RT-qPCR. Our reslults 
revealed that aak-1a and aak-2c transcripts are much more abundant. In consistent with the RT-qPCR result, the transgenic 
worms expressing Paak-1a::gfp and aak-2c::gfp showed much broader GFP expression compared to those of Paak-1b::gfp 
and aak-2a/b::gfp. To our surprise, Paak-1a::gfp expression is even broader than Paak-2c::gfp expression. Paak-1a::gfp 
expression was also observed in some neurons at the head and tail, somatic gonad and M4, besides in ventral nerve cord, 
intestine, body wall muscle, pharynx, vulva, and excretory cell. While Paak-1b::gfp was only present in pharynx. 
Considering the broader expression pattern of aak-1 compared to that of aak-2, it is still not clear whether the difference in 
expression pattern is responsible for the functional difference of these two genes. Phenotypic analyses of aak-1; aak-2 double 
mutants indicated that absence of aak-1 activity could further enhance some phenotypes of aak-2 mutants, suggesting AAK-1 
and AAK-2 may have redundant functions. Consistent with the previous results, aak-1 expression driven by aak-2c promoter 
could partially rescue aak-1; aak-2 mutant phenotypes. Given AMPK proteins are conserved in evolution, our results may 
help to understand the function of AMPK family proteins in other species.Key words: C. elegans, AMPK, expression, 
redundant function. 

399B. The nuclear receptor DAF-12 regulates nutrient metabolism and reproductive growth in nematodes. Zhu Wang1, 
Jonathan Stoltzfus2, Young-jai You3, Najju Ranjit2, Hao Tang4, Yang Xie4, James Lok2, David Mangelsdorf1,5, Steven 
Kliewer3. 1) Department of Pharmacology, UT Southwestern, Dallas, TX; 2) Department of Pathology, University of 
Pennsylvania, Philadelphia, PA; 3) Department of Molecular Biology, UT Southwestern, Dallas, TX; 4) Department of 



Clinical Science, UT Southwestern, Dallas, TX; 5) Howard Hughes Medical Institute, UT Southwestern, Dallas, TX. 
   Appropriate response to environment is essential for animal’s growth and development. In favorable environments, the 
free-living nematode C. elegans continually develop through four larval stages leading to reproductive adults. In unfavorable 
environments, however, C. elegans larvae interrupt their reproductive growth by arresting at diapause stage called dauer, 
which is featured by developmental quiescence and stress resistance. Similar to C. elegans, parasitic nematodes such as 
hookworms and S. stercoralis also alter their larval development based on environmental conditions. Before host infection 
occurs, larvae of developing parasitic nematodes arrest their reproductive growth at a dauer-like stage called infectious L3 
(iL3). Then, upon infection of their hosts where environmental conditions favor the completion of the parasite’s life cycle, 
the arrested iL3 larvae resume reproductive growth and develop into fertile adults. At the molecular level, the nematode 
development program is controlled by a nuclear receptor called DAF-12 and its ligands called dafachronic acids. In response 
to favorable environments, nematodes make dafachronic acids, which activate DAF-12 to induce its target gene transcription 
and commit a reproductive growth. Conversely, the ligand-free DAF-12 acts as a transcription repressor, inhibits its target 
gene transcription and commits dauer formation. Efforts to elucidate the molecular targets of DAF-12 have focused mainly 
on the identification of heterochronic and microRNA genes that ensure the correct developmental decision is made during 
entrance and exit from dauer. Notably, however, a role for DAF-12 in energy homeostasis has not been well documented. In 
the present study, we show that in addition to governing expression of developmental genes required for entry and exit from 
dauer diapause, DAF-12 is required for activating a metabolic network that is essential for the normal progression to 
reproductive maturity. Utilizing a combination of biochemical and genetic approaches, we show that DAF-12 is a key 
transcriptional regulator of developmental energy metabolism. In C. elegans, DAF-12 induces expression of a gene network 
that is responsible for aerobic fat utilization during reproductive growth. Further, this DAF-12-dependent metabolic network 
is conserved in the parasitic nematode, S. stercoralis. This work provides a molecular understanding of how nematodes adjust 
energy metabolism to assure successful reproduction in wide-ranging environments, and it suggests a therapeutic strategy for 
treating parasitic diseases by inhibiting fat utilization. 

400C. G-protein mediated neuronal oxygen-sensing regulates distal body fat in C. elegans. Emily Witham1, Claudio 
Comunian1,2, Harkaranveer Ratanpal1, Supriya Srinivasan1. 1) The Scripps Research Institute, La Jolla, CA; 2) Campoverde, 
Milan, Italy. 
   The nervous system is a major regulator of energy balance and body fat. Recent evidence across many species indicates that 
the nervous system can regulate metabolic events independent of food intake. In mammals, specialized regions and circuits in 
the brain integrate sensory information and metabolic cues to regulate energy homeostasis. Dysregulation of sensory 
perception can disrupt energy homeostasis, often leading to metabolic disorders such as obesity. However, the mechanisms 
by which any discrete sensory modality regulates peripheral fat metabolism have been difficult to elucidate. The model 
organism C. elegans has recently emerged as a powerful tool for the study of neuronal sensory perception and the control of 
energy balance. G-protein signaling plays a critical and conserved role in C. elegans neuronal sensory perception. To address 
the role of neuronal sensory perception in body fat regulation, we screened the Gα proteins for effects on body fat. Our screen 
revealed that gpa-8 mutants have decreased body fat. GPA-8 is expressed in the bilaterally symmetric neuron pair 
URX(L/R). The URX neurons are critical instructors of oxygen-dependent behaviors. The oxygen-sensing pathway in URX 
neurons is well established. URX neurons are activated by atmospheric oxygen, which triggers calcium influx via the second 
messenger cGMP. Whether GPA-8 modulates oxygen sensation in URX neurons, and the effect of neuronal oxygen sensation 
on distal body fat is unknown. Our ongoing studies address the connection between GPA-8, URX neuronal function, and 
distal body fat regulation. First, we are studying the GPA-8-mediated intracellular signaling mechanisms that lead to distal 
body fat loss. Second, we are investigating the physiological consequences of neuronal oxygen sensing and body fat control. 
Finally, we are using live calcium imaging to directly visualize the role of GPA-8 in modulating URX neuronal function. Our 
work will provide novel insights into the mechanisms connecting neuronal oxygen sensation with distal body fat regulation.  . 

401A. Chromophore-assisted light inactivation of mitochondrial respiratory chain complex II in C. elegans using a miniSOG 
mev-1 fusion. Andrew Wojtovich1, Teresa Sherman1, Thomas Foster2, Paul Brookes3, Keith Nehrke1. 1) University of 
Rochester Medical Center, Department of Medicine, Rochester, NY; 2) University of Rochester Medical Center, Department 
of Imaging Sciences, Rochester, NY; 3) University of Rochester Medical Center, Department of Anesthesiology, Rochester, 
NY. 
   Mitochondria play a critical role in meeting cellular energy demand and are implicated in cell death, stress responses and 
reactive oxygen species (ROS) signaling. Respiratory complex II occupies a unique position within the mitochondrial 
metabolism machinery, being both a component of the electron transport chain and the Krebs cycle. Moreover, all four 
subunits of complex II are nuclear-encoded. A point mutation in mev-1, the gene encoding the SDHC-1 subunit of Complex 
II, increases ROS production and decreases lifespan, while loss-of-function is lethal. These phenotypes have been 
recapitulated in an orthologous mouse model, suggesting an evolutionarily conserved role for complex II. Here, we 
developed an optogenetic tool to study mitochondrial respiratory chain function and determine how complex II contributes to 
systems physiology. We expressed the genetically-encoded ‘singlet oxygen generator’ miniSOG as a Pmev-1::MEV-



1::miniSOG::mev-1 (3’ UTR) fusion in trans to the endogenous mev-1 gene as single-copy MosSCI insertion. We then used 
this strain to conduct Chromophore-Assisted Light Inactivation (CALI) of complex II activity. In response to blue light, 
miniSOG produces ROS that are highly reactive and act locally, allowing for the selective inactivation of a target protein. 
The mev-1::miniSOG transgene complemented a lethal mev-1(tm1081) deletion, suggesting that it was active and targeted to 
the mitochondrial inner membrane. We isolated mitochondria from the transgenic strain and found a photo-titratable loss of 
complex II activity with no effect on mitochondrial citrate synthase (Krebs cycle) or complex IV (respiratory chain) 
activities. Using this transgenic model we determined the effects of in-vivo acute complex II inactivation on physiologic 
outputs including development, brood size, stress resistance, activation of stress resistance pathways, and lifespan. 
Collectively, our results show that complex II activity is important under conditions of high energy demand or stress. This 
optogenetic approach provides spatial and temporal control over mitochondrial function and represents a new model to 
interrogate the role of complex II activity in mitochondrial metabolism. 

402B. Structural and functional characterization of acyl-CoA oxidases in the ascaroside biosynthetic pathway. Xinxing 
Zhang, Likui Feng, Kunhua Li, Satya Chinta, Prashant Singh, Yuting Wang, Joshawna Nunnery, Steven Bruner, Rebecca 
Butcher. Department of Chemistry, University of Florida, Gainesville, FL. 
   Caenorhabditis elegans uses ascaroside pheromones to control its development and behavior.  Peroxisomal b-oxidation 
shortens the fatty acid-derived side chains of long chain precursors in ascaroside biosynthesis.  We have shown that acyl-
CoA oxidases, which catalyze the first step in these β-oxidation cycles, form homodimers and heterodimers with different 
side chain length preferences.  In order to investigate the structural basis for the substrate specificity of the acyl-CoA 
oxidases, we have obtained the crystal structure of the ACOX-1 homodimer bound to its FAD cofactor.  We are also 
obtaining the crystal structures of the ACOX-1 homodimer, ACOX-2 homodimer, and ACOX-1/3 heterodimer bound to their 
different preferred substrates.  The acyl-CoA oxidase heterodimers have two non-equivalent active sites.  In order to 
determine which of these two active sites performs the oxidation reaction, we have obtained active site mutants for either 
ACOX-1 or -2 in turn for the ACOX-1/2 heterodimer and for either ACOX-1 or -3 in turn for the ACOX-1/3 heterodimer and 
determined the activities of the mutated complexes.  Using transgenic worms, we have shown that ACOX-1 is highly 
expressed constitutively.  ACOX-2 and ACOX-3, on the other hand, are induced only under specific conditions.  Thus, 
ACOX-2 and -3 likely serve as specialized acyl-CoA oxidases that enable the up-regulation of the production of specific 
ascaroside pheromones under specific conditions. 

403C. Quantitative assessment of C. elegans fat levels using dark field microscopy. Anthony Fouad, Kevin Zhang, Moyu 
Fu, David Raizen, Christopher Fang-Yen. Department of Bioengineering, University of Pennsylvania, Philadelphia, PA. 
   Measurement of lipids in C. elegans is important for studies of fat metabolism, storage and regulation. Current methods for 
fat measurement are either limited to fixed worms or require highly complex, specialized equipment. It has long been noted 
that worms that store higher levels of fats in their intestine have darker intestines when viewed by brightfield microscopy, 
suggesting that fat is associated with increased optical scattering. Here, we demonstrate a simple method for estimating fat 
levels in C. elegans using a standard compound microscope.  We use dark field images, in which the intestine appears bright 
against a dark background, to calculate an optical scattering density for each worm.  We show that scattering density is 
strongly correlated with fat levels, as measured by Oil Red O staining, across a wide variety of genetic and nutritional 
conditions.  Finally, we use our method to examine the temporal profile of fat loss during 24 hour periods of starvation in 
wild-type and mutant adult worms. . 

404A. Real-time behavioral study of C. elegans by dynamic in situ photopatterning of hydrogel assays. Eleni Gourgou*1,2, 
C. Ryan Oliver*1,3, Daphne Bazopoulou1, Nikos Chronis1,4, A. John Hart3. 1) Mechanical Engineering, University of 
Michigan, Ann Arbor, MI; 2) Internal Medicine, Division of Geriatrics, Medical School, University of Michigan, Ann Arbor, 
MI; 3) Mechanical Engineering and Laboratory for Manufacturing and Productivity, Massachusetts Institute of Technology, 
Cambridge, MA; 4) Biomedical Engineering, University of Michigan, Ann Arbor, MI. 
   *Equal ContributionsThe use of C. elegans in neuroscience has flourished due to advances in microfluidics.  However, 
traditional microfluidic assays require time-consuming design and fabrication and have limited flexibility during operation. 
We present a platform for dynamically building microfluidic assays by in situ photopatterning of a bio-compatible hydrogel 
on NGM plates. This method adds flexibility to the workflow, enabling the researcher to incorporate new features in the 
assay based on observations as the experiment proceeds. To validate the technique, we first study whether in situ 
photofabrication of micropillars around swimming C. elegans would influence the worms’ velocity and found that going 
from the open frame, to the micropillar array, to the rippled microchannel, the worm’s maximum speed increases 270%. Our 
method eliminates the need to load worms into a device one by one and sort them into individual chambers, as the chamber 
can be fabricated in situ around each worm. Next, we fabricate a free-floating lever around a pin anchored to the NGM plate. 
Worms confined within a frame surrounding this mechanism actively interact with the lever. A variety of mechanisms can be 
fabricated within the culture environment (one-way gates, floating microparticles, movable isolation chambers, gears) as 
means to investigate more complicated behaviors. In addition, the researcher can generate freeform input using a tablet, 



resulting in real-time modification of the assay. Using custom-built LabVIEW, the time between when the pen touches the 
pad and final PEG-DA photopolymerization is less than 2sec. Last, we demonstrate how worms can be tracked in custom-
made mazes to determine their ability to locate food. In the absence of food, the worms choose the left or right ends with 
equal probability, whereas, when food is placed in one end of the maze, worms choose the leg containing the food almost 
twice as often. Our photopatterning technique enables rapid and flexible experimentation via micro-scale confinement of 
model organisms, and in the future could incorporate image analysis and machine learning techniques to acquire large 
datasets and accelerate breakthroughs in understanding the behavior of model organisms such as C. elegans. 

405B. Caenorhabditis Sieve: A novel mechanical approach to sorting C. elegans and other nematode species for age-
synchronized, large scale assays. Skyler Hunter1,2, Courtney Scherbak1,2, Elena Vayndorf2, Barbara Taylor1,2. 1) Department 
of Biology and Wildlife, University of Alaska Fairbanks, Fairbanks, AK; 2) Institute of Arctic Biology, University of Alaska 
Fairbanks, Fairbanks, AK. 
   The most common method of C. elegans transfer is to use a fine sterilized “pick” made of hair or wire to move animals 
individually or in small groups. Many procedures, such as RNA extraction or fluorescent imaging, require a large sample of 
synchronized animals of reproductive age for accurate results. Without expensive sorting equipment, researchers are left to 
manually select and transfer individual animals. To address this need, we built a low-cost (under $10), easy-to-make device 
to efficiently select and move large numbers of nematodes from plate to plate without the use of a pick, FUDR, or high-cost 
sorting machines. Our transfer procedure uses a filtration device created with common lab supplies, and a standard buffer 
solution. The conceptual approach is to filter a population of animals through a fine mesh attached to a plastic cap, then rinse 
off leftover unwanted animals and debris from the mesh into a disposable tube. The device is then flipped over and the 
selected animals are rinsed off the filter into a collection tube where they can settle by gravity, after which they are pipetted 
into or onto a fresh media source. We will present data comparing our method to the current pick selection method in terms 
of percent yield of filtered animals, use in large scale assays, and several health parameters, including motility, pump rate, 
fecundity, and activation of stress response genes. 

406C. Near-infrared irradiation increases growth rate and brood size. Daryl Hurd1, Olivia Edens1, Michael Spoto1, Max 
Myakishev-Rempel2. 1) Dept Biol, St John Fisher Col, Rochester, NY; 2) Localized Therapeutics, LLC, Chicago, IL. 
   As an experimental model, C. elegans have been interacting with visible (and nearby) wavelengths of light projected in 
multiple modalities and used for various purposes over many years.  For example, worms have been studied for a 
sensory/behavioral response to light, lasers have been used to ablate cells and more recently, optogenetics has brought a rich 
set of new tools to study nematode biology.  Photobiostimulation (PBS) is the use of radiation near the visible wavelengths of 
light to elicit physiological change in normal living systems.  Low-level light therapy (LLLT) is a wide-ranging collection of 
clinical applications of PBS used to address pathologies and augment processes such as wound healing.  Exposing cultured 
cells to wavelengths in the near-infrared (NIR) spectrum has been shown to increase ATP production and cell proliferation 
due to excitation of the chromophore cytochrome c oxidase (complex IV) in the electron transport chain.  To gain a better 
understanding of the overall effect of NIR irradiation on C. elegans, we exposed wild type nematodes to 940nm (near-
infrared, non-heat producing) light at 5 J/cm² to determine the effect on growth rate, brood size, activity level, and 
mitochondrial structure.  We find that NIR irradiation causes worms to grow faster, and that it increases brood size and 
activity levels, while causing little or only subtle changes to mitochondrial morphology.  These data indicate that worms 
experience photobiostimulation and that nematodes may be used to further understand the cellular and molecular mechanisms 
involved. 

407A. C. elegans as robust, high throughput in vivo system for hazard assessment. Engelien Kerkhof1, Christien Lokman1, 
Raymond Pieters2,3, Marjolein Wildwater1. 1) HAN BioCentre, HAN University of Applied Sciences, Laan van Scheut 2. 
6525EM Nijmegen, The Netherlands; 2) HU University of Applied Sciences, F.C. Dondersstraat 65, 3507LG, Utrecht, The 
Netherlands; 3) IRAS, Utrecht University, PO Box 80176, 358TD Utrecht, The Netherlands. 
   Innovative toxicity test systems that enable identification of adverse outcome pathways (AOP) relevant for humans, are 
highly interesting to allow improved hazard identification and characterization.  The nematode Caenorhabditis elegans (C. 
elegans) has been thoroughly established as a developmental biological test system and shows a high level of conserved 
molecular pathways and cellular mechanisms compared to man.  The behavior of the 959 somatic cells of which the 
hermaphrodite nematode exists have been mapped in detail. The nematode transparency, short turnover time, small size, 
conserved organs, high throughput screening ability and the available technological resources allow rapid, reproducible 
testing of compounds and easy identification of AOPs and molecular initiating events (MIE).  Furthermore, in the view of 
developmental and reproductive toxicology (DART) which is amongst the most difficult toxicological outcomes to assess, 
and which requires the highest numbers of vertebrates for testing, C. elegans can be a suitable alternative test system as it has 
a full life cycle. We have tested 22 well documented and well characterized DART compounds from the ECHA, 
Staatscourant and EPA list and show that the C. elegans test model has a predictive value of ~80% for DART related 
compounds, indicating the suitability of the C. elegans test system for DART assessment. To understand AOPs underlying 



DART toxicity in C. elegans, a RNA-sequencing approach was followed. RNA sequencing showed alterations in gene 
expression profiles of genes orthologous to humans.  Data analysis consisted of community based profiling and a 
posttranscriptional gene silencing approach (RNAi). Two individual genome wide RNAi libraries are available in C. elegans 
that allow down regulation of gene expression of most genes in the C. elegans genome. If particular up regulated genes 
(identified by RNA-sequencing) are critically responsible for DART effects, posttranscriptional gene silencing by RNAi 
should reduce the DART effects, thus enabling the identification of critical AOP genes. Alternatively, community based 
alignment of DART responses enables the identification of global gene expression patterns responsive to DART effects. 

408B. Neurochip: a microfluidic device for improved throughput to translate agrochemical, pharmacological and biological 
potential of nematode pharyngeal function.. Vincent O'Connor1, Fernando Callahorro1, James Dillon1, Teressa Ferreiro1, 
Lindy Holden-Dye1, Hywel Morgan2, Chunxiao Hu2. 1) Centre for Biological Sciences, University of Southampton, 
Southampton, Hants; 2) Centre for Hybrid Biodevices, University of Soutahmpton. 
   The pharyngeal system of C.elegans provides a powerful in vivo route to investigate the biological function of a tractable 
neuroactive circuit. It consists of a muscular structure made up of the corpus isthmus and terminal bulb. This produces a 
rhythmic cycle of contraction and relaxation modulated by overriding neural activity. The pharynx expresses the major 
transmitter pathways and/or their cognate receptors that operate across the phyla. This makes its function sensitive to 
pharmacological regulation by many classes of neuroactive drugs. This includes those of general bio-medical and 
agrochemicals relevance and a more selective nematicidal potency. Thus, the pharynx lends it-self to use as a model for drug 
discovery, better mapping of mode of action and comparative approaches for selective and ecological toxicity. Measurement 
of pharyngeal function using extracellular measurement provides a powerful tool for the above approaches and supplements 
visual measurement of pumping. Microelectrode recording from intact C.elegans is a tractable route as it offers the potential 
to investigate chemically induced changes in the context of whole organism, to scope pharmacokinetics and comparative 
toxicity. The electropharyngeogram (EPG) is recorded by immobilizing the worm in glass electrode fabricated to make a 
tight seal around the nose of the worm. By analogy with a grease gap this allows recording of the potential difference 
between the two sides of the tight seal. We have adapted this principle and embedded it into microfluidic chip we have called 
neurochip. The central aspect of this device is the delivery of the worm into a PDMS trapping channels in which a double 
layer design allows the production of a compliant circular aperture that restrains the worm with a tight seal. The device has 
intrinsic platinum electrodes either side of the seal and when the pharynx contract a waveform with all the characteristic 
features of the EPG is recorded. We can record EPG in loading buffer or prime them by loading in 5-HT a potent stimulator 
of pumping. We have optimized a medium through put plate assays where worms are cultivated in drug overnight prior to 
investigation in the neurochip. This approach is particularly useful in instances where access across the cuticle is slow or 
mode of action of implies an important role of chronic exposure.  Pre-exposure of the inhibitor with known and unknown 
candidates reveals a dose dependent inhibition of the EPG in which the frequency and pattern of activity are modified. A 
further iteration of the neurochip design incorporates supporting flow channels designed to direct efficient drug perfusion 
onto the pre immobilized worms. Restrictions to efficient flow in the immobilizing and recording micro channels is 
circumvented by incorporating perforated exit ports along the length of the trapped worm. Thus, the device and accompanied 
optimization of dosing regimes opens up a wide user base for previously technically challenging measurement of EPG. The 
format and ergonomics of loading are suited to investigation of both the chronic or acute effects of important classes of 
chemicals on wild type, mutant or genetically modified C.elegans sculpted to express targets of experimentally intractable 
nematode species.  . 

409C. Dissection of the temperature control of C. elegans larval development using a novel high-throughput method. Maria 
Olmedo1,2, Mirjam Geibel1, Marta Artal-Sanz2, Martha Merrow1. 1) Ludwig-Maximilians University, Munich, Germany; 2) 
CABD, University Pablo de Olavide, Sevilla, Spain. 
   C. elegans postembryonic development is characterised by four discrete larval stages. The transitions between larval stages 
entail a series of events including the formation of a new cuticle and escape from the old one, cessation of pharyngeal 
pumping and behavioral quiescence. The entire process is called molting and robust waves of gene expression cycle with 
these processes. These events are used as hallmarks to study the timing of the developmental process, typically, by visual 
inspection. This method is time consuming and unsuitable for screening large numbers of animals.We have applied a method 
based on bioluminescence to measure the alternation of larval stages and molts, extracting information about the duration of 
each stage of development. We have validated this method with a lin-42 mutant that shows slower development than wild-
type animals (1) and with a daf-2 mutant that shows an extended second larval stage (2).Development in C. elegans is 
controlled by genetic and environmental factors. Temperature regulates the speed of embryonic and post-embryonic 
development in many ectothermic organisms. The effect of temperature on embryonic development in C. elegans and 
Drosophila (3, 4), and on postembryonic development in Drosophila (3) have been described. However, a detailed analysis 
of larval developmental at different temperatures has never been shown for C. elegans. We have determined the duration of 
each molt and each larval stage at temperatures between 10.3 ºC and 27.5 ºC. The speed of development increases with 
temperature in a non-linear manner. At low temperatures, the duration of development follows the Arrhenius equation. At 



higher temperatures, the speed of development deviates from Arrhenius. Furthermore, we have show that this difference 
stems mainly from the molts. We are currently investigating the implication of thermosensory pathways in the control of 
developmental speed.1. Monsalve, Van Buskirk and Frand, Current Biology 21, 2033–2045 (2011).2. Ruaud, Katic and 
Bessereau, Genetics 187, 337–343 (2011).3. Powsner, Physiological Zoology 8, 474–520 (1935).4. Begasse, et al., Cell 
Reports 10, 647–653 (2015). 

410A. A Simple Culture System for Long-Term Imaging of Individual C. elegans. Will Pittman, Willie Zhang, Zach Pincus. 
Department of Genetics, Washington University School of Medicine, Saint Louis, MO 63110. 
   Populations of isogenic C. elegans, reared in identical environments, nevertheless exhibit a broad distribution of 
developmental and adult phenotypes. In order to study such inter-individual variability, particularly variability in wild-type 
lifespan, it is necessary to culture each individual nematode in an isolated, homogenous, and controlled environment.We have 
built a device that  cultures an array of individual C. elegans, each confined to a small “corral” of E. coli OP50 food on a gel 
surface. Unlike other possible approaches to individual culture, this solid-phase system closely mimics NGM-agar plates,. 
This ensures  that the animals remain as healthy as they would in the traditional setting. Specifically, we produce a 1mm-
thick hydrogel bed (either agarose-based, or from cross-linked PEGs) with a novel surface chemistry, supported by a standard 
microscope slide. We then place individual eggs on the surface of the gel in a droplet of OP50, and pour liquid PDMS 
silicone atop. This material polymerizes overnight into an optically transparent and gas-permeable membrane. In a novel 
cross-linking reaction, the PDMS also covalently binds to the gel beneath except where separated from the gel by the OP50 
food. Thus, each individual animal is confined to only the region of its food pad. Self-reproduction is inhibited either through 
the use of temperature-sensitive sterile strains or a novel compound that inhibits adult reproduction without interfering with 
larval development.High-resolution images captured via an automated microscopy system allow us to monitor growth, 
movement, feeding, and reporter fluorescence throughout the entire life of each individual in the culture. We will use these 
data to uncover markers that predict lifespan, and eventually determine how individual variability in lifespan is controlled. 

411B. Automated scanner-based high throughput phenotype scoring for C. elegans. Timothy Puckering. University of 
Queensland, St Lucia, Queensland, Australia. 
   The ability to process C. elegans in large numbers greatly enhances its utility as a model organism. Several techniques exist 
for digitisation and computational analysis of C. elegans, with the highest throughput techniques being those that utilise 
photo-grade flatbed scanners for image acquisition. The first of these, WormScan, suffers from a lack of post-acquisition 
automation of data processing, whereas the second, The Lifespan Machine, is complicated to implement and is 
computationally intensive. We have now fully automated post-acquisition image analysis of the least computationally 
demanding image acquisition algorithm from WormScan. A single, standard computer (Mac or PC) can be easily configured 
to manage any number of scanners. Likewise any standard computer can be used to rapidly score any number of paired 
images without the need for operator intervention.The system can score C. elegans on agar plates for mortality, size, and 
fecundity at a rate of several hundred worms per minute with very little operator input. The resulting increase in throughput 
capacity means that any lab with a standard computer and a commodity photo-grade flatbed scanner can easily implement 
automated scoring of C. elegans populations. There is no requirement for specialist expertise or IT support. The speed and 
efficiency of the new procedure permits a single operator to routinely conduct broad scale experiments involving tens of 
thousands of organisms.We have demonstrated the utility of the system by conducting toxicology, longevity, growth and 
fecundity assays that demonstrate the consistency of our automated system, the quality of the data relative to manual scoring 
methods and congruity with previously published results. 

412C. Real-time tracking and optical manipulation: Single-cell perturbations in the embryo of Caenorhabditis elegans. 
Pavak Shah, Anthony Santella, Zhirong Bao. Developmental Biology, Memorial Sloan Kettering Cancer Center, New York, 
NY. 
   While in toto imaging and image analysis methods have advanced the study of multicellular phenomena in development at 
single-cell resolutions, not much progress has been made in the design of tools to perturb embryos with comparable spatial 
and temporal resolution. Both classical techniques such as laser ablation and new technologies built around light-activated 
proteins offer significant promise in filling this need. Their use to-date, however, remains limited by a need for cell-specific 
promoters or completely manual operation. We have developed a platform for the real-time segmentation and tracking of 
cells in the C. elegans embryo to enable more reproducible perturbations at higher throughput and without a need for cell-
specific markers. The platform consists of three components: 1) Automated cell detection and tracking. 2) An interface for 
curating detection and tracking results. 3) Laser control for carrying out a pre-defined perturbation protocol when a target cell 
identity is detected (ie. cell killing by ablation with a pulse laser).The performance of the cell detection pipeline exhibits little 
dependence on the number of cells present in the embryo; segmentation requires only 3 s per volume on a high-performance 
workstation. The time required to track detected cells at each time-point, however, is strongly dependent on the number of 
cells present; currently matching an average of 7.6 cells / s. For an imaging period of 75 s, the on-line segmentation pipeline 
executes faster than the imaging rate through the 500-cell stage and thus potentially up until twitching begins. More heavily 



parallelizable strategies for cell tracking are also being pursued to enable perturbations later and in larger model systems. 
This platform should prove valuable for performing single-cell ablations in the late embryo (ie. for the ablation of individual 
neurons following their terminal division) and could be easily adapted for other perturbations such as the induction of 
photoactivatable signaling proteins or even to use in other model systems. 

413A. The excreted-secreted proteome of C. elegans. Veronica Arinze, Juliana Sacoman, Dylan Rahe, Christopher 
Weatherly, Patricia Berninsone. Biology, University of Nevada, Reno, NV. 
   The nematode surface coat is the outermost layer that sits at the interface of the worm cuticle and the environment. This 
coat is continuously synthesized and shed, in contrast to the cuticle itself, which is shed at each molt. Its dynamic nature 
allows the nematode to respond to different environmental stimuli. In parasitic nematodes, the surface coat mediates 
interactions between parasites and their hosts. Previous biochemical and genetic studies show that the surface coat 
glycosylation pattern affects surface properties and the nematode’s susceptibility to pathogens. The relative low protein 
abundance of the surface coat when compared to the total worm proteome has made it difficult to characterize its 
composition. We have developed a protocol to isolate an excreted-secreted protein (ESP) fraction by collecting and 
concentrating the spent media from synchronized large-scale C. elegans cultures. Using high-throughput liquid 
chromatography/ mass spectrometry analysis, we discovered that the C. elegans ESP fraction contains C-type lectins domain-
containing proteins, proteases, antimicrobial proteins and lysozymes. Many ESP protein components have been previously 
identified as transcriptionally upregulated upon pathogen exposure, which agrees with the innate immune response role 
assigned to some of these proteins. In addition, many uncharacterized proteins were found in this preparation, including 
nematode-specific proteins. Ongoing efforts include the characterization of the surface proteomes of mutants with surface 
glycosylation defects. This study will contribute to our understanding of how pathogen recognition and defense mechanisms 
occurs at the surface coat level and provide insight on glycoproteins that could be key players in parasitic nematodes-host 
interactions. 

414B. Targeting mitochondria in muscular dystrophies through acting on ROS, mitohormesis and programmed cell death 
pathways . Mathieu Baritaud, Marie-Christine Mariol, Edwige Martin, Laura Pierson, Bénédicte Chazaud, Carole Kretz-
Remy, Ludivine Walter, Kathrin Gieseler. Center of Molecular and Cellular Genetics and Physiology (CGΦMC), CNRS 
UMR 5534, Claude Bernard University - Lyon 1 - FRANCE. 
   Muscular dystrophies are characterized by muscle weakness and degeneration induced by genetic mutation of muscle 
structure or signaling components. The development of treatments against dystrophies is challenging, in part due to various 
primary genetic defects affecting different cellular functions. Nonetheless, many studies observed mitochondrial dysfonctions 
in muscle pathologies. Moreover, using a worm model of Duchenne Muscular Dystrophy (DMD) our team clearly 
demonstrated an implication of the mitochondrial key effectors Dynamin Related Protein-1, (DRP-1) and cytochrome c in the 
early process of muscle degeneration (MD). We are now focusing on Reactive Oxygen Species (ROS) and Programmed Cell 
Death (PCD) pathways to identify common mitochondrial disorders that contribute to MD in muscular dystrophies. We 
established different C. elegans models that mimic human muscular dystrophies such as Duchenne and Becker dystrophies, 
Limb-Girdle, Emery-Dreifuss or congenital muscular dystrophy. We revealed in the C. elegans model for DMD that MD can 
be reduced by treatments with the mitohormetic compound Paraquat (0,1mM) or the antioxidant compounds NAC and 
vitamin C. This observation suggested that ROS pathways mediated by mitochondria could be targets to reduce MD. In 
addition, our preliminary results indicate that these treatments are also efficient against MD in other C. elegans models for 
human muscular dystrophies. Moreover, using a gain of function mutation in the anti-apoptotic effector ced-9 gene (ortholog 
of Bcl-2) and RNA interference of key molecular actors of PCD linked to mitochondria: ced-3, ced-4, ced-13 and egl-1, we 
investigated whether specific mitochondrial PCD pathways are involved in MD. To validate our data obtained in C. elegans, 
we use human immortalized myoblasts from healthy or DMD patients. Preliminary data indicated that DMD myoblasts 
proliferate less and have a reduced fusion capacity during myogenic differentiation than myoblasts from healthy patients. 
Ongoing investigations examine mitochondrial pathways identified in C. elegans by challenging myoblasts for proliferation, 
cell fusion and oxidative stress sensibility.Our original approach using both worm models and human myoblasts, will allow 
us to establish whether manipulating mitochondrial pathways, particularly ROS signaling and PCD pathways can reduce 
progression of MD in muscular dystrophies. 

415C. Phosphorylcholine-modified glycoproteins involved in host immune modulation by parasitic nematodes: a chemical 
biology approach developed in C. elegans . Casey Snodgrass, Amanda Burnham-Marusich, John Meteer, Patricia 
Berninsone. Biology Department, University of Nevada, Reno, NV. 
   Parasitic nematodes synthesize phosphorylcholine (PC)-modified biomolecules that can modulate the host’s antibody and 
cytokine production to favor nematode survival, contributing to long-term infections. While discovering the protein targets of 
PC modification is critical to understand the role(s) that this epitope plays in host immune modulation, only two nematode 
PC-modified proteins (PC-proteins) had been previously identified. The non-parasitic nematode Caenorhabditis elegans 
expresses PC-modified N-linked glycans, offering an attractive model to study the biology of PC-modification. Using C. 



elegans as model system, we developed a robust method to identify PC-modified proteins by metabolic labeling primary 
embryonic cells with propargylcholine, an alkyne-modified choline analog. Cu(I)-catalyzed cycloaddition with biotin-azide 
enables streptavidin purification and subsequent high-throughput liquid chromatography and mass spectrometry 
identification of propargyl-labeled proteins. All C. elegans proteins identified using stringent criteria are known or predicted 
to be membrane or secreted proteins, consistent with the model of a Golgi-resident, putative PC-transferase. Of the 55 PC-N-
glycosylation sites reported, 33 have been previously observed as N-glycosylation sites in high-throughput screens of C. 
elegans. This sensitive and specific method will enable the comprehensive identification of PC-modified glycoproteins in 
parasitic nematodes and aid in our understanding of the function of PC-modified targets in modulation of the host immune 
system. . 

416A. Virulence of a Novel Melanin Producing Pseudomonas Species UC17F4 on Caenorhabditis elegans. Mary Brockett, 
Meghan Morreale, Jessica Shinn-Thomas, Lawrence Aaronson. Department of Biology, Utica College, Utica, NY. 
   Pseudomonas sp. UC17F4 is a novel species of Pseudomonas isolated in our lab from the cutaneous microbial flora of the 
red-backed salamander, Plethodon cinereus.  UC17F4 produces intracellular melanin, a brown pigment, in the presence of 
tyrosine-rich media.  Melanin has been shown to serve as a virulence factor for several organisms, including bacteria and 
fungi.  Our lab generated several mutant strains of UC17F4: UC17F4 (MM1) produces less melanin than the wild-type strain, 
UC17F4 (MM7, 8, and 9) hypersecrete extracellular melanin, and UC17F4 (PV 21 and 22) produce no melanin. We 
demonstrated that UC17F4 exhibits virulence by using C. elegans as a model host.  Worms were transferred to lawns of 
UC17F4 bacteria on Nematode Growth Media (NGM) supplemented with tyrosine and lethality was assessed over time using 
touch assays.  Our studies show that C. elegans exposed to the wild-type strain (UC17F4) have the highest mortality rate and 
worms exposed to UC17F4 (PV21) have the lowest mortality.  Worms do not die after exposure to the hypersecreting strains 
or the strains without melanin.  We investigated the effect of UC17F4 exposure on the different larval stages of C. elegans 
(L1, L2, L3, L4, and adult worms).  Our results show that L1 and L2 worms are most vulnerable to the virulence of UC17F4 
compared to later developmental stages.  L1 and L2 worms die in less than 24 hours of exposure, whereas later 
developmental stages are viable and reproduce.  Our current studies include determining the kinetics of L1 and L2 lethality 
using both touch assays and in vivo fluorescent cell death assays (SYTOX®) in a microplate reader, and determining the 
mode of pathogenesis using high-magnification light microscopy to examine the anatomical areas of melanin and UC17F4 
biofilm accumulation.  . 

417B. Caenorhabditis elegans is a useful model for anthelmintic discovery. Andrew R. Burns1, Genna M. Luciani1,2, 
Gabriel Musso3, Rachel Bagg1, May Yeo1, Yuqian Zhang1, Luckshika Rajendran1, John Glavin1, Robert Hunter1, Elizabeth 
Redman4, Susan Stasiuk4, Michael Schertzberg1, Sean R. Cutler5, Mike Tyers6, Guri Giaever7, Corey Nislow7, Andrew G. 
Fraser1,2, Calum A. MacRae3, John Gilleard4, Peter J. Roy. 1) The Donnelly Centre for Cellular and Biomolecular Research, 
University of Toronto, Toronto, ON; 2) Department of Molecular Genetics, University of Toronto, Toronto, ON; 3) 
Department of Medicine, Harvard Medical School, Harvard University, Boston, MA; 4) Department of Comparative Biology 
and Experimental Medicine, University of Calgary, Calgary, AB; 5) Center for Plant Cell Biology, Department of Botany 
and Plant Sciences, University of California, Riverside, CA; 6) Institute for Research in Immunology and Cancer, University 
of Montreal, Montreal, QC; 7) Department of Pharmaceutical Sciences, University of British Columbia, Vancouver, BC; 8) 
Department of Pharmacology and Toxicology, University of Toronto, Toronto, ON. 
   Parasitic nematodes infect one quarter of the world’s population and impact all humans through widespread infection of 
crops and livestock.  Resistance to current anthelmintics has prompted the search for new drugs.  Traditional screens that rely 
on parasitic worms are costly and labor intensive, and target-based approaches have failed to yield novel anthelmintics.  Here, 
we present our screen of 67,012 compounds to identify those that kill the non-parasitic nematode C. elegans.  We rescreened 
our hits in two parasitic nematode species and two vertebrate models, and identified 30 structurally distinct anthelmintic lead 
molecules.  Genetic screens of 19 million C. elegans mutants reveal those nematicides for which the generation of resistance 
is and is not likely. We discovered the target of one lead with nematode specificity and nanomolar potency as complex II of 
the electron transport chain.  This work establishes C. elegans as an effective and cost-efficient model system for 
anthelmintic discovery. 

418C. Whole-animal chemical screen for immune activators identifies molecules that target the nervous system. Xiou Cao1, 
Yun Cai1,2, Alejandro Aballay1. 1) Department of Molecular Genetics and Microbiology, Duke University Medical Center, 
Durham, NC; 2) Center of Medicine Clinical Research, Translational Medical Center, PLA General Hospital, Beijing, China. 
   Increasing evidence suggests that active interactions exist between the nervous and immune systems. Previous data from 
our lab indicates that neuronal G protein-coupled receptors (GPCRs) in C. elegans play an important role in regulating 
immune response to pathogen P. aeruginosa PA14. Upon pathogen infection, the immune system of C. elegans responds by 
activating conserved pathways that control the expression of immune effectors. It was found that many of these pathways are 
fine-tuned by the nervous system through GPCRs that function in a subset of neurons. In addition, a whole-animal chemical 
screen using C. elegans performed in our lab to identify potential immune activators in C. elegans highlights the importance 



of the nervous system in the control of immunity. In this screen, we found that 45 out of 1120 drugs have the ability to 
increase the expression of a gene that is a marker of the p38/PMK-1 MAPK pathway. Interestingly, 22 drugs have known 
targets in the nervous system. We also found that animals treated with these drugs were protected from P. aeruginosa 
infection in a dose-dependent manner. On-going experiments include the functional studies of those drug targets in C. 
elegans by genetic and pharmacological methodologies. 

419A. Exploring novel antiviral immunity in C. elegans. Kevin Chen, Carl Franz, Hongbing Jiang, Guang Wu, Hilary 
Renshaw, David Wang. Department of Molecular Microbiology, Washington University School of Medicine, Saint Louis, 
MO. 
   Model organisms have played a critical role in our understanding of innate immunity. The recent discovery of Orsay virus, 
the 1st virus capable of infecting C. elegans, and the discoveries of Santeuil and Le Blanc viruses which infect C. briggsae, 
provide a unique opportunity to define virus host interactions in these model hosts. In order to identify candidate antiviral 
genes, we have performed a time course transcriptional profiling with RNA-seq. In C. elegans, we identified 151 genes that 
were differentially expressed upon Orsay virus infection. In this set, only 36 have annotation; 22 genes contain domains 
involved in ubiquitin-mediated proteolysis. By further defining the transcriptional response of the orthologous genes in C. 
briggsae to Santeuil and Le Blanc virus infection, we identified 39 conserved genes induced in both hosts by the three 
viruses. Strikingly, 17 of the 39 conserved response genes are paralogs of a single gene family that is exemplified by 
C17H1.3. This gene family has a human ortholog, but no known function has been associated to these orthologous genes. 
The conserved induction of these genes in response to infection by multiple viruses strongly suggests they may play a role in 
antiviral defense. Efforts to define such function by targeted gene deletion and overexpression are underway. . 

420B. Return to the death star: Coryneform bacteria as pathogens of C. elegans. Laura Clark1, Camila Azevedo Antunes2,3, 
Ana Luiza Mattos-Guaraldi3, Andreas Burkovski2, Jonathan Hodgkin1. 1) University of Oxford, UK; 2) Friedrich-Alexander 
Universität, Germany; 3) Universidade do Estado do Rio de Janeiro, Brazil. 
   Two novel nematopathogenic Leucobacter were isolated from nature and display remarkable modes of pathogenicity1, 
some of which can be recapitulated using members of the human-pathogenic genus Corynebacterium.A bacterium, CBX151, 
was isolated from nematodes living on a rotting banana trunk in the Cabo Verde islands and identified as a novel subspecies 
of Leucobacter celer. When introduced to Caenorhabditis elegans N2, CBX151 adhered to the nematode cuticle in a thick 
“fur coat” and impaired worm movement on solid medium, but did not affect lifespan. However, when infected worms were 
added to aqueous medium they immediately aggregated by their tails into a rosette-like formation, or “worm-star”, from 
which it was almost impossible to escape. Worms trapped in stars died within 24 hours and CBX151 proliferated using the 
worm carcases as a nutrient source. This novel phenomenon relies on exceedingly robust adhesion between the bacteria and 
the worm cuticle.A second bacterium, CBX152, was isolated as a co-infection with CBX151 but identified as a distinct novel 
species of Leucobacter. CBX152 does not adhere to the worm cuticle but causes a distinctive rectal swelling and is usually 
lethal within 24 hours of infection. Infection with CBX152 induces a strong immune response in the worms. Surprisingly, C. 
elegans mutations which confer resistance to CBX152 frequently induce hypersusceptibility to CBX151.Recent work using 
the human pathogens Corynebacterium diphtheriae, Corynebacterium ulcerans and Corynebacterium pseudotuberculosis, 
and the non-pathogen Corynebacterium glutamicum shows that these bacterial species can also induce star formation slowly 
in wild-type worms, as well as severe tail swelling. Characterisation of the tail-swelling response using immunocompromised 
worms reveals the involvement of daf-16 and the ERK map kinase pathway.The fascinating worm-trapping strategy exhibited 
by CBX151 and pathogenic Corynebacteria opens new avenues of inquiry into the mechanisms by which pathogens exploit 
host resources. Moreover, interactions between coryneform bacteria and soil nematodes are likely to be ecologically 
important and diverse, in view of the abundance of these bacteria in soil.1. Hodgkin et al 2013. Curr Biol 23, 2157–2161. 

421C. Host Mad-Max signaling regulates intracellular pathogen growth. Lianne Cohen, Michael Botts, Chris Probert, 
Fengting Wu, Emily Troemel. Division of Biological Sciences, University of California, San Diego, La Jolla, CA. 
   As intracellular pathogens grow and develop inside a host organism they may utilize host resources to facilitate their 
growth. Microsporidia are a phylum of fungal-related obligate intracellular pathogens that infect all animal phyla including 
agriculturally relevant species such as honeybees and fish, yet little is known the host factors that are required for pathogen 
growth. We are studying a microsporidian pathogen called Nematocida parisii that naturally infects the C. elegans intestine. 
Recently we defined the C. elegans transcriptional response to N. parisii infection using RNAseq (Bakowski et al PLoS 
Pathogens, 2014), and have now used these data to identify predicted transcription factor binding sites upstream of pathogen-
regulated genes. In these analyses we found an enrichment of binding sites for the transcription factor MDL-1, which is a 
member of the Mad-Max family of transcription factors. Animals defective for mdl-1 are resistant to infection by N. parisii, 
indicating that mdl-1 somehow promotes pathogen growth. Upon analyzing the other members of the conserved Mad-Max 
transcription factor family, we found that there appears to be a non-canonical rewiring of the pathway in its regulation of 
pathogen growth. Interestingly, we found that MDL-1 protein expression is induced upon infection and possibly leading to 



non-canonical Mad/Max signaling in response to infection. Overall these results provide a greater understanding of how 
obligate intracellular pathogens can use host pathways and appropriate them for their own benefit. . 

422A. A role for elt-2 in regulating highly specific immune responses in C. elegans. Katja Dierking, Alejandra Zarate-Potes, 
Wentao Yang, Hinrich Schulenburg. Evolutionary Ecology and Genetics, University Kiel, Kiel. 
   Evidence is accumulating that invertebrates can mount highly specific immune responses that enables them to differentiate 
between different strains of the same pathogen species. However, the molecular basis of such high immune specificity within 
the innate immune system is unclear. We were interested in understanding to which level C. elegans specifically responds to 
infection with two different pathogenic Bacillus thuringiensis (BT) strains. We performed a transcriptome analysis using 
RNAseq to study the response of C. elegans to three different BT strains, the two pathogenic BT strains MYBT18247 
(BT247) and MYBT189679 (BT679), and the non-pathogenic BT407. While the bZIP transcription factor gene jun-1, which 
has previously been shown to be important for C. elegans defense against a BT derived toxin, was up-regulated following 
infection with both pathogenic strains, the GATA transcription factor gene elt-2 was differentially regulated between BT247 
and BT679. We thus further investigated the role of elt-2 in the C. elegans response to BT infection and found that elt-2 
RNAi treated worms were more resistant on BT247, whereas they were more susceptible on BT679. To gain insight into the 
mechanism, by which elt-2 regulates the C. elegans immune response to the different BT strains in such opposite ways, we 
performed an additional transcriptome analysis on elt-2 RNAi-treated worms. The genes, which were up-regulated after BT 
infection under control conditions, but down-regulated in elt-2 RNAi worms, are enriched for down-stream targets of the p38 
MAPK and DAF-2/insulin-like receptor (ILR) pathways. Survival analysis of the respective pathway mutants revealed that 
the DAF-2/ILR receptor pathway contributes to resistance on both BT247 and BT679, whereas the p38 MAPK pathway is 
exclusively required for resistance on BT679.We propose that C. elegans is able to mount a highly specific immune response 
to different pathogen strains through the transcription factor gene elt-2, likely in combination with the p38 MAPK pathway. 

423B. Neural regulation of innate immune response using optogenetics. Argenia Doss, Alejandro Aballay. Molecular 
Genetics and Microbiology, Duke University Medical Center, Durham, NC. 
   Previously, our laboratory showed that OCTR-1, a G protein-coupled catecholamine receptor, suppresses the innate 
immune response in Caenorhabditis elegans. As a result, animals expressing the loss-of-function octr-1 allele, ok371, 
exhibited an enhanced resistance to killing by the human opportunistic pathogen Pseudomonas aeruginosa. Despite OCTR-1 
being expressed in five neurons, data from our laboratory suggests that OCTR-1 functions in chemosensory neurons ASI 
and/or ASH to suppress innate immunity. However, the specific role of ASI and ASH neurons is unclear. Unpublished data 
from our laboratory showed that ASI neurons do not affect the susceptibility of C. elegans to P. aeruginosa. Therefore, we 
examined the role of ASH neurons during infection. With the use of optogenetics, we were able to assess whether activation 
of ASH neurons via Channelrhodopsin-2 alters the susceptibility of C. elegans to P. aeruginosa-mediated killing. Preliminary 
data from our experiments revealed that activation of ASH neurons during exposure to P. aeruginosa alters the susceptibility 
of C. elegans to P. aeruginosa-mediated killing. This suggests that ASH neurons can regulate the innate immune response in 
C. elegans and OCTR-1 may suppress innate immunity by acting through ASH neurons. Ongoing experiments are directed 
towards determining how ablation of ASH neurons and OCTR-1 expression in ASH neurons alters immune response. 
Currently, our data suggests that ASH neurons, and less likely ASI neurons, possess an immunoregulatory function. Data 
from these studies will help clarify the cellular process(es) involved in OCTR-1’s regulation of innate immune response in C. 
elegans. 

424C. ML358, a small molecule inhibitor of SKN-1 dependent detoxification genes, sensitizes C. elegans to oxidative stress 
and anthelmintics. Pauline Fontaine1, Yiva Wang1, David Leung1, Mahesh Peddibhotla2, Patrick Maloney2, Paul 
Hershberger2, Siobhan Malany2, Keith Choe1. 1) University of Florida, Gainesville, FL; 2) Sanford-Burnham Medical 
Research Institute, Orlando, FL. 
   Parasitic nematodes infect humans, agricultural animals, and plants worldwide causing morbidity, mortality, and substantial 
financial losses. Parasitic nematodes evade host immune responses that include release of reactive oxygen species (ROS) and 
have evolved resistance to many currently used anthelmintics, presumably in part via activation of xenobiotic detoxification. 
The transcription factor SKN-1 protects C. elegans against reactive oxygen species (ROS) and regulates many phase II 
xenobiotic detoxification genes. SKN-1 may therefore play a role in the resistance of parasitic nematodes to host immune 
defense mechanisms and anthelmintics. As a consequence, we hypothesize that targeting SKN-1 could increase the 
sensitivity of worms to host immune responses and anthelmintics. ML358 was developed from a lead identified in a C. 
elegans ultra HTS screen of the NIH Molecular Libraries Small Molecule Repository (MLSMR) library for inhibition of a 
GFP reporter under direct control by SKN-1 (Pgst-4::GFP). ML358 inhibits Pgst-4:GFP at low to sub-micromolar 
concentrations and has low general toxicity in whole worms and human hepatocytes. Using RNAseq and quantitative PCR, 
we demonstrate here that ML358 inhibits the expression of a subset of endogenous SKN-1 dependent detoxification genes in 
wildtype worms and a skn-1(k1023) gain-of-function mutant; inhibition in skn-1(k1023) demonstrates that the mechanism of 
action is in the SKN-1 pathway. ML358 sensitizes C. elegans to H2O2 and paraquat, a ROS generator. Furthermore, ML358 



also sensitizes larvae to levamisole and ivermectin, two widely used anthelmintics. In summary, ML358 is a first-in-class 
small molecule inhibitor of a sub-set of SKN-1 dependent detoxification genes that sensitizes worms to ROS and 
anthelmintics. Ongoing work includes testing the effects of ML358 on parasitic species and investigating the role of SKN-1 
and other stress-responsive transcription factors in anthelmintic drug resistance. 

425A. C. elegans responds to challenge with bacterial pathogen by production of an invertebrate lysozyme in the intestine 
and coelomocytes. Maria Gravato-Nobre1, Ronald Chalmers2, Jonathan Hodgkin1. 1) Dept Biochemistry, Univ Oxford, 
Oxford, Oxfordshire, UK; 2) School of Life Sciences, University of Nottingham, UK. 
   We investigated the response of C. elegans to the colonization of the digestive tract by the bacterial pathogen 
Microbacterium nematophilum. We show that colonization triggers ilys-3 expression in the digestive tract and the 
coelomocytes.  Intestinal induction of ilys-3 involves a pharyngeal ERK-MAP kinase signaling pathway, which functions in a 
cell non-autonomous manner.  We show that ilys-3 expresses constitutively in the pharynx and helps to defend against the 
pathogen by enabling the pharyngeal grinder function. In addition to the pathogen-induced pathway, we find that the ilys-3 
promoter is responsive to nutrient depletion. Newly hatched L1s, or L4s that were removed from all bacterial food for 24 
hours show enhanced intestinal expression of an ilys-3 reporter. However, and in contrast to the bacterial-mediated response, 
inactivation of ERK/MAPK did not block induction of the reporter in the intestine. Structural predictions suggest that ILYS-3 
is almost completely superimposable on an invertebrate lysozyme from the clam, with which it shares 65% amino acid 
identity. The comparison suggests that although ILYS-3 retains its muramidase activity, the iso-peptidase activity will have 
been lost owing to a point mutation in the relevant active site. To investigate the activity of ILYS-3, and to further define the 
antimicrobial activity against Gram-positive and Gram-negative bacterial cell walls, we expressed the protein as MBP- and 
GST-fusions in E. coli. The lytic activity of purified recombinant ILYS-3 will be discussed. 

426B. The role of GATA and other cell-autonomous transcription factors in mediating C. elegans recovery from acute 
pathogenic infection. Brian Head, Alejandro Aballay. Molecular Genetics and Microbiology, Duke University Medical 
Center, Durham, NC. 
   The host response to acute microbial infection is complex but, at a broad level, involves sensing the pathogen, tolerating 
pathogen- and host-induced damage, reducing pathogen burden, and, finally, restoring homeostasis. This final phase is 
critical because if the host cannot restore physiological homeostasis, long-term problems can arise. In humans, these 
problems manifest in a multitude of disorders including recurrent pathogenic infection, inflammatory bowel diseases (IBDs), 
and gastritis/duodenitis.We are utilizing a C. elegans acute infection model to study recovery – the final restorative phase in 
the host response to acute microbial challenge. Our acute infection protocol consists of a short exposure to an intestinal 
pathogen – either Salmonella enterica or Pseudomonas aeruginosa – followed by antibiotic treatment and a change in food 
source. In previously published work, we demonstrated that “recovered” animals have a reduced bacterial burden and 
enhanced survival (similar to unchallenged animals). We also determined that the conserved GATA transcription factor ELT-
2 acts in a cell-autonomous manner in the intestine to control the expression of genes that are important for recovery. This 
transcriptional output consists of genes involved in xenobiotic detoxification, redox regulation, and cellular homeostasis. We 
are continuining to define the network of cell-autonomous transcription factors (DAF-16, SKN-1) and non-cell autonomous 
signaling pathways (neuronal circuits) that shape gene expression patterns during recovery. Our recent results will be 
presented. 

427C. A paradigm for studying anthelmintic combinations in vivo. Y. Hu1, T. Nguyen1, M. Miller2, R. Aroian1. 1) Program 
in Molecular Medicine, UMass Medical school, Worcester, MA; 2) 2Keck School of Medicine, University of Southern 
California, Los Angles, CA. 
   Soil-transmitted helminth (STH) nematode parasites (hookworms, Ascaris and Trichuris) are key contributors to morbidity 
and poverty worldwide and infect more than 1 billion people. Few anthelmintics are available for treatment, and only 
anthelmintic, albendazole, is commonly used in mass drug administrations.  New anthelmintics and treatment strategies are 
greatly needed, in particular as albendazole resistance is inevitable given its current method of usage and given the 
widespread resistance to benzimidazoles (like albendazole) in veterinary use.Our group has identified Cry5B made by a soil 
bacterium Bacillus thuringiensis as a promising new anthelmintic for treating STH parasites.  Apart from developing Cry5B 
as a much needed new class of anthelmintic, we are also interested in preserving the potency of Cry5B and other 
anthelmintics as much as possible—i.e., preventing resistance. To achieve this aim, combination therapies with anthelmintics 
is an excellent approach.The challenge with anthelmintic combinations is defining a good combination and at what ratio 
drugs can be productively combined. Although we have published combination studies using the nematode Caenorhabditis 
elegans, it was not clear how these translate in vivo in infected mammals. By using the hookworm (Ancylostoma ceylanicum) 
infections in hamster, we establish a new and powerful in vivo paradigm for studying anthelmintics combinations—defining 
not only how well two drugs combine but also providing some optimization of the ratio for combinations.  Here, we will 
update you our latest results of studying anthelmintic combinatins in vivo and our thoughts on how good C. elegans is for 



such studies.  Our paradigm here provides a powerful means on how to examine and demonstrate the anthelmintic 
combination therapies. 

428A. Assessing the pathogenicity of Orsay virus capsid proteins using PROFECE. Ombeline Hueber, Michelle Mony, 
Alex Bykov, Frederic Pio. Molecular biology and Biochemistry, Simon Fraser University, Burnaby, British Columbia. 
   The recent discovery of a natural viral infection in Caenorhabditis elegans by Orsay virus provides new opportunities to 
study host-pathogen interactions in this model organism. Although the viral capsid is mainly composed of the protein alpha, 
neither the structure nor the function of the protein delta or alpha-delta fusion protein is known. Using a new method called 
PROFECE (PROtein Feeding in C.Elegans), we assessed the pathogenicity of the viral capsid proteins by survival assays of 
synchronized population of nematodes and their abilities to induce the intestinal abnormalities observed in infected nematode 
by fluorescence microscopy. Escherichiae coli were engineered to express either the proteins alpha-delta or delta and were 
given to Caenorhabditis elegans as food source for further studies. The results demonstrate a reduction of the nematode’s 
lifespan while fed with the viral proteins along with digestive problem.  Indeed, the capsid proteins fused to a fluorescent 
protein reporter allows observing a narrower lumen and a less efficient digestion when fed with viral proteins. The study 
suggests that the protein alpha-delta as well as delta alone play a pathogenic role during the viral infection and warrant 
further studies to address the nature of the host-viral interaction. In another extent, the method could also be used for a wider 
application such as metabolic studies.  PS: MM and OH contributed equally in this study. 

429B. Genome-wide screen identifies genes involved in gut immunity and homeostasis in C. elegans. Sakthimala 
Jagadeesan, Abdul Hakkim, Aniqa Osmani, Sid Ahmed Labed, Nidha Ismail, Fred Ausubel. Molecular Biology, Mass. Gen. 
Hospital Harvard, Boston, MA. 
   Gut mucosal immunity plays a pivotal role in pathogen resistance in Caenorhabditis elegans. The mucosal barrier that is 
continuously exposed to pathogens and gut microbiota needs to identify and elicit an immune response only to invading 
pathogens but not to innocuous bacteria. Once, pathogens are detected and killed, it is also essential to resolve the epithelial 
damage caused by both infection and immune signaling. In humans, the lack of resolution often leads to chronic 
inflammation related diseases including inflammatory bowel diseases.C. elegans intestinal epithelial cells have similar 
anatomical features as their mammalian counterparts. Additionally, ~50% of C. elegans genes are homologous to human 
genes. Although, studies have shown that C. elegans employs evolutionarily conserved immune signaling pathways, not 
much is known about how pathogens are perceived and epithelial damage resolved by the host. To address this question, we 
developed an automated high-throughput genome wide screening platform to identify genes necessary for gut immunity and 
resolution. This led to the identification of both known as well as novel class of genes that are essential for mucosal immunity 
and healing. 

430C. High-Throughput Screening (HTS) assay for the discovery of anti-infective agents against Acinetobacter baumannii 
infection. Elamparithi Jayamani1,2, Rajmohan Rajamuthiah2,1, Jonah Larkins-Ford1, Beth Burgwyn Fuchs2, Annie L. 
Conery1, Andreas Vilcinskas3, Frederick M Ausubel1, Eleftherios Mylonakis2. 1) Massachusetts General Hospital/ Harvard 
Medical School, Boston, MA; 2) Division of Infectious Diseases, Rhode Island Hospital/ Brown Medical School, Providence, 
RI; 3) Institute of Phytopathology and Applied Zoology, Justus-Liebig University, Giessen, Germany. 
   Pan-drug resistant Acinetobacter baumannii is one of the most dangerous multidrug-resistant (MDR) microbes named as 
ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa and Enterobacter spp.) and a concomitant decrease in antibiotic treatment options warrants a 
search for new classes of antibacterial agents. We have found that A. baumannii is pathogenic and lethal to the model host 
organism Caenorhabditis elegans and have exploited this phenomenon to develop an automated, high-throughput, high-
content screening assay in liquid culture that can be used to identify novel antibiotics effective against A. baumannii. The 
screening assay involves coincubating C. elegans with A. baumannii in 384-well plates containing potential antibacterial 
compounds. At the end of the incubation period, worms are stained with a dye that stains only dead animals, and images are 
acquired using automated microscopy and then analyzed using an automated image analysis program. This robust assay 
yields a Z' factor consistently greater than 0.7. In a pilot experiment to test the efficacy of the assay, we screened a small 
custom library of synthetic antimicrobial peptides (AMPs) that were synthesized using publicly available sequence data 
and/or transcriptomic data from immune-challenged insects. We identified cecropin A and 14 other cecropin or cecropin-like 
peptides that were able to enhance C. elegans survival in the presence of A. baumannii. Interestingly, one particular hit, 
BR003-cecropin A, a cationic peptide synthesized by the mosquito Aedes aegypti, showed antibiotic activity against a panel 
of Gram-negative bacteria and exhibited a low MIC (5 μg/ml) against A. baumannii. BR003-cecropin A causes membrane 
permeability in A. baumannii, which could be the underlying mechanism of its lethality. We have found that even at higher 
concentration (10X MIC), BR003-cecropin A is not toxic to the worms. Thus, BR003-cecropin A is potential AMP against A. 
baumannii infection. 



431A. Mitochondrial chaperone HSP-60 confers the anti-bacterial immunity via upregulating PMK-1 signaling in C. elegans. 
Dae-Eun Jeong1, Dongyeop Lee1, Sun-Young Hwang1, Yujin Lee1, Mihwa Seo2, Wooseon Hwang1, Keunhee Seo1, Ara B. 
Hwang1, Murat Artan3, Heehwa G. Son1, Haeshim Baek1, Young-Min Oh1, Joo-Yeon Yoo1, Seung-Jae V. Lee1,2,3. 1) 
Department of Life Sciences; 2) I-BIO; 3) WCU ITCE, Pohang University of Science and Technology, Pohang, Gyeongbuk, 
South Korea. 
   Recent studies have shown that mitochondria play key roles in mammalian immunity. C. elegans mitochondria also 
modulate resistance against pathogenic bacterial infection [1-4], suggesting a conserved role of mitochondria in immunity. 
However, specific mitochondrial components that regulate immunity at the organismal level remain largely unknown. Here, 
we identified mitochondrial proteins crucial for immunity by using C. elegans and P. aeruginosa (PA14) as an in vivo host-
pathogen model. We performed an RNAi screen targeting 313 genes that encode evolutionarily conserved mitochondrial 
proteins. We identified 16 genes that reproducibly altered the survival of C. elegans upon PA14 infection. Among them, hsp-
60, a major mitochondria-protective chaperone, was necessary and sufficient for enhancing resistance upon PA14 infection. 
We showed that intestine- or neuron-specific hsp-60 knockdown increased the susceptibility of animals to PA14. Genetic 
inhibition of the upstream regulators of HSP-60, including dve-1, ubl-5 or atfs-1, reduced the survival of worms upon PA14 
infection but haf-1 mutation did not. We then determined the interaction between HSP-60 and PMK-1/p38 MAP kinase 
signaling, a key anti-bacterial immune pathway in C. elegans [5]. We showed that knockdown and overexpression of hsp-60 
down- and up-regulated PMK-1, respectively. dve-1 and ubl-5 RNAi down-regulated PMK-1 signaling as well, whereas atfs-
1 or haf-1 mutations did not. pmk-1 mutations largely suppressed the resistance to PA14 conferred by hsp-60 overexpression. 
These data suggest that the DVE-1/UBL-5/HSP-60 axis of mitochondrial chaperone function confers immunity via 
modulating PMK-1 signaling. Our data imply that HSP-60 may exert immune function by relaying signals from mitochondria 
to cytosolic p38 MAP kinase. [1] Hwang et al., 2014, PNAS, [2] Liu et al., 2014, Nature, [3] Pellegrino et al., 2014, Nature, 
[4] Kirienko et al., 2015, PNAS, [5] Kim et al., 2002, Science. 

432B. Mitochondrial proteostatic failure with hypoxiaMitochondrial proteostatic failure with hypoxia. Daniel Kaufman1,2, 
C. Michael Crowder1. 1) University of Washington School of Medicine, Seattle, WA; 2) Medical Scientist Training Program, 
Washington University School of Medicine, St. Louis, MO. 
                   Hypoxic injury is a key pathological event in a wide variety of diseases.  Despite this, an understanding of how 
hypoxia leads to cell death is lacking.  As mitochondria are the central site of cellular oxygen consumption they have long 
been a focus of research into hypoxic injury.  However, most studies have focused on the role mitochondria play in initiating 
cellular death through calcium homeostasis and apoptosis regulation, while an understanding of how mitochondria 
themselves are injured by hypoxia remains elusive.  Maintaining the mitochondrial protein folding environment is essential 
for mitochondrial function, while protein homeostatic (proteostatic) failure may play a role in ageing and 
disease.  Mitochondria possess their own unfolded protein response, known as the mitochondrial unfolded protein response 
(mtUPR), which is activated in response to misfolded proteins within the mitochondria, and involves upregulation of 
mitochondrial chaperones.  We hypothesized that hypoxia leads to disruption in mitochondrial proteostasis leading to 
death.  Using a variety of imaging techniques and biochemistry in C. elegans, we have found that mitochondrial proteostasis 
is disrupted by hypoxia leading to an increase in mitochondrial protein aggregates.  Additionally we have found that 
activation of the mtUPR is an effective protective approach in models of both global and focal hypoxic injury. 

433C. A forward genetic screen for host factors involved in enterohemorrhagic E. coli colonization in Caenorhabditis 
elegans. Cheng-Ju Kuo1,2, Fang-Jung Yang1, Chang-Shi Chen1,2. 1) Department of Biochemistry and Molecular Biology, 
National Cheng Kung University, Tainan, Taiwan; 2) Institute of Basic Medical Sciences, National Cheng Kung University, 
Tainan. 
   Enterohemorrhagic E. coli (EHEC) causes hemorrhagic diarrhea and hemolytic uremic syndrome worldwide. In our 
previous study, we have established an EHEC-C. elegans infection model to study the bacterial pathogenesis in vivo. We 
found that EHEC clinical isolated strains can colonize and replicate in the intestine of C. elegans. Several published 
literatures have identified the key bacterial factors required for EHEC colonization, however the host factors involved in 
EHEC colonization in vivo remain ambiguous. Here, we applied the EMS-mediated forward genetic screen for identifying the 
host factors involved in EHEC colonization in C. elegans. We isolated 32 EMS-induced mutants conferred the INC 
(enhanced intestinal colonization) phenotype. We then examined whether these alleles exhibit a different host susceptibility 
to EHEC infection. Intriguingly, four independent inc mutants also exhibited a significant EHEC resistant phenotype 
compared to the wild-type N2 animals. Given that the mutations in these four alleles enhance the EHEC intestinal 
colonization yet confer resistance to EHEC infection in C. elegans, the phenomenon is contradictory to our current 
knowledge about bacterial infection. We therefore turned our attentions to clone these four alleles. We believe through our 
study on the function of the host factors required for EHEC colonization may shed light on the novel aspects of immunity in 
EHEC infection. 



434A. Pilot studies to determine if dietary polyunsaturated fatty acids cause sterility in plant-parasitic nematodes. E. M. 
Larson1, L. J. Davies2, P. T. Y. Dinh2, A. A. Elling2, J. L. Watts1. 1) School of Molecular Biosciences, Washington State 
University, Pullman, WA; 2) Department of Plant Pathology, Washington State University, Pullman, WA. 
   Plant parasitic nematodes are one of the major pests affecting agricultural crops. Root-knot nematodes (RKNs) are among 
the most damaging group of plant parasitic nematodes. These nematodes are obligate parasites that infect their hosts in the 
root system. These parasites lead to a loss in excess of $100 billion for farmers due to reduced crop yield. Currently, the 
means of control for plant parasitic nematodes are chemical pesticides and resistant cultivars. However, many of the 
chemicals have been banned due to health concerns and certain populations of the nematodes have been able to overcome the 
resistance in selectively bred cultivars. As a result, a new method of control needs to be developed. We previously showed 
that when Caenorhabditis elegans are cultured on media containing specific polyunsaturated fatty acids (PUFAs) they 
become sterile. This led us to hypothesize that if plant parasitic nematodes are exposed to these particular PUFAs, they will 
display a reduction in the production of offspring. We obtained transgenic Arabidopsis plants expressing a specific PUFA 
and are currently conducting experiments to determine if this PUFA can reduce infection rates and reduce fertility of the root 
knot nematode Meloidogyne incognita. This represents a novel technique for controlling plant parasitic nematodes. . 

435B. Using stress assays to define aberrant neuronal signaling in a C. elegans model of TDP-43 proteinopathy. Nicole 
Liachko1,2, John Kushleika1, Thomas Bird1,2, Brian Kraemer1,2. 1) Geriatric Research Education and Clinical Center, VA 
Puget Sound Health Care System, Seattle, WA; 2) Department of Medicine, University of Washington, Seattle, WA. 
   Accumulation of the protein TDP-43 in neuronal aggregates is the major pathological feature of two devastating 
neurodegenerative diseases, amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTLD-TDP).  TDP-43 is an 
essential protein and is involved in many aspects of RNA metabolism from transcription to translation, although its most 
critical contribution may be regulation of the majority of cellular mRNA splicing events.  Disruption of the normal activity of 
TDP-43, either by mutation of TDP-43 or alterations in TDP-43 regulatory pathways, promotes neuronal dysfuction and 
degeneration in a variety of model systems including C. elegans, Drosophila, zebrafish, mammalian cell culture, and 
mice.  To study the cellular, molecular, and genetic underpinnings of TDP-43 mediated neurotoxicity in a tractable model 
system, we have developed C. elegans models of TDP-43 proteinopathy expressing either wild type or disease-causing 
mutant TDP-43 pan-neuronally (TDP-43 tg).  These transgenic animals display early, progressive motor dysfunction, 
decreased lifespan, and age-dependent degeneration of specific types of neurons, including GABA-ergic and dopaminergic 
neurons (1).  However, not all TDP-43 expressing neurons undergo apparent neurodegeneration, indicating differences in 
sensitivities of specific populations of neurons to the presence of TDP-43.  Surveying the range of responses to TDP-43 may 
provide a set of shared characteristics for populations of neurons susceptible or resistant to aberrant TDP-43.  To investigate 
neuronal function in TDP-43 tg animals, we are utilizing a panel of behavioral, stress response, and stress survival 
assays.  Results from these assays have identified individual sensory neurons with functional impairments in the absence of 
early neuronal cell body degeneration.  These TDP-43 sensitive neurons will allow dissection of the effects of neurotoxic 
TDP-43 on neuronal function, and provide insight into the upstream processes leading to TDP-43 dependent 
neurodegeneration. 1.         N. F. Liachko, C. R. Guthrie, B. C. Kraemer, Phosphorylation Promotes Neurotoxicity in a 
Caenorhabditis elegans Model of TDP-43 Proteinopathy. J Neurosci 30, 16208-16219 (2010). 

436C. Using C. elegans as a primary anthelmintic screening tool. Nicole Liachko1,2, John Kushleika1, Aleen Saxton1, Brian 
Kraemer1,2. 1) Geriatric Research Education and Clinical Center, VA Puget Sound Health Care System, Seattle, WA; 2) 
Department of Medicine, University of Washington, Seattle, WA. 
   More than 2 billion people world-wide are estimated to be infected with parasitic nematodes, resulting in major economic 
and personal impacts from the years of life lost to poor health and premature mortality.  The identification of drugs that can 
cheaply and effectively treat parasitic nematode infections is a critical global health need.  However, the journey from initial 
drug development to approval for use in humans is long and costly, and screening directly on parasitic nematodes has 
intrinsic difficulties caused by the requirements for culturing and maintaining populations of parasites.  It is likely that 
compounds that kill C. elegans will also kill parasitic nematodes, making C. elegans a cost-effective and rapid screening tool 
to identify new anthelmintics.  To expedite the identification of drugs that can be rapidly translated into clinical use for 
parasite treatment, we are screening commercially available libraries of drugs approved for use in humans.  These libraries 
represent drugs with known safety, bioavailability, and dosage information for use in humans that can be rapidly repurposed 
for treatment of parasitic nematode infections.  Initial library screening has identified 92 compounds that kill C. 
elegans.  These include known anthelmintics (Mebendazole, Pyrvinium pamoate, Tiabendazole, Niridazole, Levamisole, 
Pentamidine isethionate, Fenbendazole, Avermectin B1), as well as unexpected hits such as anti-Parkinsonian 
drugs.  Numerous therapeutic groups are represented in the hits, including analgesics, antibacterial agents, antidepressants, 
antifungals, antihistamines, and antipsychotics.  Continued testing will select for agents that are effective against multiple life 
stages (embryos, larval, dauer, and adult).  Candidates will also be screened against databases of existing information to 
select agents with oral bioavailability, few side-effects in humans, and low cost for production.  Compounds meeting these 



criteria will be given preference for follow-up testing.  Our preliminary results indicate C. elegans may represent a powerful 
surrogate for large scale anti-nematode drug screening. 

437A. Characterization of C. elegans infection by three related microsporidia species. Robert Luallen1, Gaotian Zhang2, 
Kirthi Reddy1, Marie-Anne Félix2, Emily Troemel1. 1) Division of Biological Sciences, University of California at San 
Diego, La Jolla, CA; 2) Institut de Biologie de l'École Normale Supérieure, Paris, France. 
   Wild Caenorhabditis nematodes have been found in association with a diverse array of pathogenic microbes, including 
viruses, bacteria, and fungi. In particular, an intracellular parasite called microsporidia has been commonly found in C. 
elegans and C. briggsae nematodes isolated from the wild. Microsporidia comprise a highly diverged phylum of obligate 
intracellular, eukaryotic parasites, which are distantly related to fungi, with over 1,400 species identified that can infect a 
wide variety of animal species. Here, we characterize infection by three related species of microsporidia, all in the genus 
Nematocida. Nematocida parisii infects and carries out its entire replicative lifecycle in the intestine of C. elegans. Using 
transcriptional analysis, we recently identified a robust early C. elegans response to N. parisii infection (Bakowski et al, 
PLoS Pathogens 2014). This early response may promote defense against N. parisii infection, as the jy1 C. elegans mutant, 
which has constitutive expression of these infection response genes, has a 5-8 fold decrease in pathogen load compared to 
N2. Strikingly, another species of microsporidia, Nematocida sp1, fails to strongly induce this early transcriptional response 
upon infection. N. sp1 also infects the intestine of C. elegans, and is the most closely related species to N. parisii identified to 
date. We found that N. sp1 showed a 10-25-fold reduction in induction of these early microsporidia induced genes compared 
to N. parisii at the same dose. Intriguingly, N. sp1 was less able than N. parisii to infect the C. elegans jy1 mutant, where 
these early induced genes are constitutively overexpressed.Finally, we describe the isolation of a new species of 
microsporidia found in the epidermis of wild C. elegans. Phylogenetic analysis based on 18s rDNA sequencing places this 
new species in the Nematocida genus. We have observed all the stages of the microsporidia parasite lifecycle of this new 
species in the host epidermis. Altogether, we describe distinct characteristics of three related species of Nematocida 
microsporidia that infect wild C. elegans, and we plan to characterize the mechanisms that these species have evolved to 
carve out their niches in the nematode. . 

438B. Natural genetic variation in Caenorhabditis elegans response to bacterial pathogens. Natalia Martin, Alejandro 
Aballay. Molecular Genetics and Microbiology, Duke University Medical Center, Durham, NC. 
   Caenorhabditis elegans responds to pathogenic bacteria by inducing specific innate immune pathways and pathogen 
avoidance behaviors. These mechanisms share the requirement of microbe and/or damage associate molecular patterns 
recognition. As a result, these two distinct physiological responses could have common molecular components. This is the 
case of the neuronal G-protein coupled receptor (GPCR) related to the mammalian neuropeptide Y receptor, NPR-1. Previous 
studies from our laboratory, aimed to identify the molecular mechanisms involved in neural-immune communications, 
showed that the GPCR NPR-1 is required to mount an immune response to different bacterial pathogens (1). However, NPR-
1 was also shown to be essential to promote an avoidance behavior to the pathogen Pseudomonas aeruginosa (1, 2), which 
highlights the importance of NPR-1 in the different physiological responses to pathogenic bacteria.In this study, we aimed to 
identify key components of the NPR-1 neuronal circuit that could be beneficial for C. elegans survival in nature. We 
compared the response to pathogens of animals carrying an npr-1 mutation in the wild-type (N2) background with that of 
different C. elegans wild isolates that bear the same mutation in the npr-1 gene. We identified several isolates that showed a 
differential response to P. aeruginosa, due to differences in their genetic backgrounds. In order to map and characterize the 
mechanisms that compensate the effect of the npr-1 mutation in these wild isolates, we used a combination of single 
nucleotide polymorphism and whole genome sequencing mapping strategy (3). Using this approach we map the 
compensatory phenotype to a region in chromosome V of one particular environmental isolates and we are currently in the 
process of identifying the responsible gene among the potential candidates.References:  1. Styer et al. Science 322, 460 (Oct 
17, 2008); 2.  Reddy et al. Science 323, 382 (Jan 16, 2009); 3. Doitsidou et al. PLoS One 5, e15435, 
doi:10.1371/journal.pone.0015435 (2010). 

439C. Investigating the mechanism of action for the anthelmintic activity of CL-5. Jennifer Miskowski1, Mary Sagstetter1, 
Kiersten Brown1, Aaron Monte2. 1) Bio Dept, Univ Wisconsin-La Crosse, La Crosse, WI; 2) Chem Dept, Univ Wisconsin-La 
Crosse, La Crosse, WI. 
   Established and emerging drug resistance in infective organisms is a growing problem that threatens humans, livestock, and 
crops and causes morbidity, mortality, and economic woes.  The need to identify pharmaceuticals with novel modes of action 
is imperative. To this end, an interdisciplinary team of scientists at the University of Wisconsin-La Crosse pursued the rich 
reservoir of metabolites produced in plants and fungi as a potential source of medicinal agents. A compound with strong 
antimicrobial activity was first isolated from Comptonia peregrina (sweet fern) and used as a template for the synthesis of 
hundreds of derivatives. This novel library of compounds has wide-ranging activities against different organisms, including 
the nematode Caenorhabditis elegans.Although non-parasitic, C. elegans has long been a model system for parasitic worms, 
called helminths. Anthelmintic drugs affect C. elegans and helminths similarly, and the mechanisms of action for 



commercially available anthelmintics have been elucidated in C. elegans. Previously, we reported the identification of 
multiple compounds from our library that affect worm motility and/or survival based on two microscale, liquid-based assays. 
Work to date has primarily focused on the compound CL-5, which showed the strongest activity.  CL-5 is effective against 
mutant strains that are resistant to the major anthelmintics on the market, including ivermectin, benomyl, and levamisole. 
These data suggest that CL-5 acts via a different molecular mechanism. Recent experimentation has been driven by the fact 
that CL-5, along with other compounds in the library, is structurally related to resveratrol. Resveratrol alone does not affect 
the worms in our assay, nor does it attenuate or augment the effects of CL-5. Resveratrol is reported to lower oxidative stress 
in C. elegans, thereby increasing longevity (1). Preliminary experiments show that treatment with CL-5 leads to increased 
expression of sod-3::GFP, an indirect indicator of oxidative stress. Current experiments aim to detect reactive oxygen species 
directly and these results will be reported.1. Chen, W. et al. Influence of resveratrol on oxidative stress resistance and life 
span in Caenorhabditis elegans. J Pharm Pharmacol. 65(5): 682-88 (2013). 

440A. Using bacterial pathogens to explore the nematode surface coat. Delia O'Rourke, Dave Stroud, Jonathan Hodgkin. 
Biochem, Univ Oxford, Oxford, UK. 
   The surface of nematodes is poorly characterized, despite its critical roles in structural integrity, locomotion and protection 
from environmental stresses, as well in constituting a major interface with the mammalian immune system in parasitic 
nematodes. We have used bacterial pathogens that naturally adhere to the surface of C.elegans to identify mutants with 
altered surface biochemistry. We have thereby identified many genes involved in surface coat synthesis, which encode a 
variety of proteins implicated in glycosylation (glycosyl transferases and sugar transporters) and GPI anchorage. Mutant 
worms resistant to a virulent infection by one pathogen, Leucobacter Verde2, exhibit a trade off in being hypersensitive to the 
related “worm-star” pathogen Leucobacter Verde 1. Selections for resistance to Verde1 reveal new mutant classes. Many 
mutants affect the gene AGMO-1 (alklyglycerol monooxygenase), or enzymes required for the synthesis of its co-factor 
tetrahydrobiopterin. AGMO-1 is uniquely required for the breakdown of ether lipids, suggesting that these unusual lipids play 
an important role in the worm surface. To complement these genetic approaches we are characterizing surface-related lipids 
and proteins, in both C. elegans and parasitic nematodes. 

441B. The role of C-type lectin-like domain proteins in C. elegans immunity. Barbara Pees, Anke Kloock, Hinrich 
Schulenburg, Katja Dierking. Evolutionary Ecology Genetics, Zoological Institute, Kiel. 
   C-type lectin domain (CTLD) proteins are known to occupy important functions in vertebrate innate immunity by binding 
microbe-associated molecular patterns, but their role in invertebrate immunity is much less understood. C. elegans possesses 
a large number of over 280 CTLD (clec) genes of which about 66 % are differentially expressed after infection with a broad 
spectrum of pathogens. It has thus repeatedly been suggested that this family of proteins is involved in fighting off microbial 
intruders. However, experimental support for this hypothesis is scarce, the role of the vast majority of clec genes in C. 
elegans immunity has not been studied, and a systematic analysis of its clec repertoire is still missing.Using clec knock-out 
mutants we screened 38 clec genes for their function in resistance to infection by Bacillus thuringiensis (BT) and 
Pseudomonas aeruginosa (PA). Survival was measured as a proxy for resistance. We identified several clec mutants that 
showed either increased or decreased resistance to at least one of the pathogens and chose the most promising candidates for 
further analysis. Using transcriptional and translational GFP reporter strains we analyzed the expression pattern of these 
selected clec genes. We could show that e. g. clec-4 and clec-43, which exhibited a more susceptible phenotype on BT and 
PA, respectively, are expressed in the C. elegans intestine. clec-4 is additionally expressed in amphid neurons. Furthermore, 
we found that the C54G4.4 mutant, which was highly resistant to BT infection in the initial screen, show an increased 
avoidance response when exposed to BT.With these results we provide insight into the putative role of C. elegans clec genes 
in immunity and present first evidence of their involvement in behavioral immune defenses. 

442C. In vivo identification of host-exposed proteins from microsporidia, a natural intracellular pathogen of C. elegans . 
Aaron Reinke, Eric Bennett, Emily Troemel. Division of Biological Sciences, UCSD, La Jolla, CA. 
   Microsporidia comprise a phylum of obligate intracellular eukaryotic pathogens that infect a wide range of hosts including 
nematodes, insects, and vertebrates. Because microsporidia have largely reduced genomes, they likely rely heavily on the 
host to provide resources for them.  Microsporidia likely use a number of proteins that are exposed to the host and that 
reprogram the host into a beneficial state for the pathogen. To identify these proteins we used N. parisii, a naturally infecting 
microsporidian species that infects the intestine of the genetically tractable model organism C. elegans. Conventional 
approaches to identify these proteins would be difficult because the pathogen cannot be cultured outside of C. elegans and 
because extracting microsporidia proteins from infected worms would result in identifying pathogen proteins that are 
localized both inside and outside of the pathogen. To circumvent these challenges, we have adapted a technology for use in 
C. elegans that allows for proteins in both specific tissues and cellular compartments to be tagged with a chemical handle in 
vivo. This approach relies on the localized expression of ascorbate peroxidase (APX) from soybean that can activate a biotin-
phenol substrate in the presence of H2O2, which results in proteins in the close proximity of the enzyme being covalently 
modified with biotin. These proteins can then be purified and measured using mass spectrometry. Worms expressing 



cytoplasmic or nuclear localized APX in the intestine were infected with N. parisii and proteins were tagged with biotin and 
purified. 89 microsporidia proteins were identified including three large families of novel proteins, one predicted to be 
secreted and the other two predicted to be localized to the pathogen membrane. The large secreted family was identified as 
being in both the cytoplasm and nucleus, whereas the large membrane-bound families were restricted to the cytoplasm. While 
the proteins in these large families do not have homology to any proteins outside of the Nematocida genus, all sequenced 
microsporidian genomes contain large genus-specific families, suggesting a commonly used strategy for these pathogens. To 
determine how host-exposed protein repertoires evolve, we are extending this approach to measure a second species, 
Nematocida sp1, which also infects C. elegans.  We are also currently using this technique to identify host-exposed proteins 
at multiple time points of infection as well as to measure how the host intestinal proteome is remodeled during infection. 

443A. Mechanisms of nickel toxicity in animals. David Rudel1, John Atkinson1, Halbert Campbell1, Ian Huffnagle1, Alyssa 
Joyner2, Blake Rumble1, Eli Hvastkovs2. 1) Department of Biology, East Carolina University, Greenville, NC; 2) Department 
of Chemistry, East carolina University, Greenville, NC. 
   Nickel is a common metal in the manufacture of metallic parts. Nickel is allergenic and has been found to cause nasal and 
lung carcinomas in manufacturing workers. In modern history anthropogenic generation of nickel for exposure has far 
outstripped that produced by nature. Yet we know little of nickel’s potential impacts or modes of action. We have found that 
nickel in small realistic industrial waste doses affect the survival, longevity, and fecundity of nematodes. These affects are 
separable and vary between nematode species. We have also found that exposure to nickel induces apoptosis in the nematode 
germ line and that this apoptosis, at least in part, is dependent upon genome surveillance by the P53 pathway. We have 
developed a novel electrochemical analysis technique that has confirmed that genomic DNA is damaged in vivo by nickel 
exposure. Nickel likely has a complex physiological response leading to toxicity; thus other pathways that also induce 
apoptosis are being analyzed as well. Because of nickel’s complex mode of action, it is not clear if nickel acts as a direct 
genotoxic agent, or indirectly by making the DNA more susceptible to other mutagens. Hence we are performing a genetic 
screen for easily identifiable morphological mutants as an assay to determine nickel’s mutagenicity on it’s own and nickel’s 
ability to enable a mutagen, ethyl methanesulfonate (EMS), i.e. does nickel make the DNA more accessible to damage by the 
EMS. 

444B. Screening and identification of Photorhabdus luminescens virulence-related genes using C. elegans as a model host. 
Kazuki Sato1,2, Toyoshi Yoshiga2, Koichi Hasegawa3. 1) The United Graduate School of Agricultural Sciences, Kagoshima 
University, Kagoshima, Japan; 2) Laboratory of Nematology, Saga University, Saga, Japan; 3) Department of Environmental 
Biology, Chubu University, Kasugai, Japan. 
   The Gram-negative bacterium Photorhabdus luminescens symbiotically associates with the entomopathogenic nematode 
(EPN) Heterorhabditis bacteriophora. EPN invades insect host and releases the symbiotic bacteria into the hemocoel to kill 
the host by bacterial toxins. Even though several toxins of P. luminescens are under active investigation, the underlying 
mechanism of its virulence remains unclear. P. luminescens behaves as a pathogen against not only insects but also non-
mutualistic nematodes including Caenorhabditis elegans. We revealed a novel molecular mechanism of P. luminescens 
virulence toward a model host C. elegans; p38 MAPK pathway and Insulin/IGF-1 signaling pathway in C. elegans are 
required for defense response against P. luminescens, but Insulin/IGF-1 signaling pathway is inactivated by P. luminescens 
through the overexpression of insulin-like gene (Sato et al., 2014). In addition to the lethal effect of P. luminescens on C. 
elegans adult, we also found its growth inhibitory effect on C. elegans larva.To reveal the new virulence mechanism we 
constructed transposon mutagenized library of P. luminescens and screened for attenuation of growth inhibitory effect on C. 
elegans larva. We transferred synchronized L1-stage C. elegans on P. luminescens mutants and checked the C. elegans 
growth after several days. Until now we isolated three virulence-attenuated mutants by screening approximately 700 
independent transposon-inserted mutants. We sequenced transposon insertion sites of the two of these mutants and confirmed 
the two genes pdxB (encodes Erythronate-4-phosphate dehydrogenase) and plu3602 (unknown functional gene) were 
required for full pathogenicity toward C. elegans. On the avirulent mutants, C. elegans could develop from L1 to adulthood 
and produce a lot of brood, and C. elegans lifespans from the adult stage were about 12.7% (on pdxB mutant) and 11.9 % (on 
plu3602 mutant) longer than those when grown on the wild type P. luminescens. Further phenotypic and genetic analyses of 
these mutants would give us a new insight of the P. luminescens virulence mechanism.Sato et al. SpringerPlus, 2014, 3, 274. 

445C. A C. elegans genome-wide RNAi screen identifies modifiers of mutant TDP-43. Aleen Saxton1,2, Nicole Liachko2,3, 
Brian Kraemer1,2,3. 1) Seattle Institute of Biomedical and Clinical Research, Seattle, Washington; 2) Geriatrics Research 
Education and Clinical Center, Veterans Affairs Puget Sound Health Care System, Seattle, Washington; 3) Department of 
Medicine, Gerontology Division, University of Washington. 
   Aggregated, hyperphosphorylated TAR DNA-binding protein-43 (TDP-43) occurs in multiple neurodegenerative diseases 
including amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration. Transgenic C. elegans expressing 
familial ALS mutant TDP-43 (ckIs423[Psnb-1::hTDP-43(M337V)] subsequently, TDP-43M337V) have a variety of abnormal 
phenotypes including uncoordinated locomotion. Using the Ahringer RNA interference (RNAi) feeding library, we have 



completed a genome-wide screen for genetic suppressors and enhancers of TDP-43M337V motor defects and fitness in an eri-
1(mg366);lin-15(n744) RNAi enhancing mutant background. Positive candidates have also been tested in non-transgenic C. 
elegans to confirm TDP-43 specific effects of the RNAi on movement and viability.  From these TDP-43 specific candidates, 
we have identified 49 candidate suppressors that improved TDP-43M337V movement, and 47 candidate enhancers that 
worsened TDP-43M337V phenotypes, causing paralysis, developmental arrest, or death. Hits from the collection of identified 
RNAi modifiers were validated using genetic loss of function (LOF) mutations for all candidate genes with human orthologs. 
Each candidate gene LOF was quantitatively evaluated for changes of the TDP-43 locomotion phenotype and alterations in 
TDP-43 protein expression and post-translational modification. Our screening approach promises to uncover conserved genes 
involved in TDP-43 related neurotoxicity. 

446A. Chronic exposure to pesticide residues exacerbates α-synuclein pathology in a Caenorhabditis elegans Parkinson’s 
disease model. A. Schlosser, M. Davis, D. Flaherty. Eckerd College, St. Petersburg, FL. 
   Human health issues and disease have long been linked to environmental exposures which may be the greatest risk factors 
for the development of neurodegenerative diseases (Franco et al. 2010). Epidemiological studies show that exposure 
to environmental agents such as pesticides is a key contributor to the development and exacerbation of Parkinson’s Disease 
(PD) (Franco et al. 2010). Intraneuronal inclusions, known as Lewy bodies, composed primarily of aggregated α-synuclein, 
are the primary causative formations associated with the loss of dopaminergic neurons and the development of PD (Baltazar 
et al. 2014; Brown et al. 2006). The loss of these neurons causes dysfunction of the basal ganglia and the subsequent 
inhibition of motor control, the defining characteristic of the disease (Baltazar et al. 2014). This study looks to assess the 
possible toxicological effects of chronic exposure to three common pesticides, chlorpyrifos, carbaryl and indoxacarb, at 
maximum tolerated residue levels set by the Environmental Protection Agency (EPA) in a Caenorhabditis elegans PD model. 
While the EPA employs strict regulations on individual pesticides, there are no regulations governing the mixing of 
pesticides. In this study, pesticides are tested both individually and as binary mixtures in order to investigate α-synuclein 
toxicity. Results from the study indicate that individually, these pesticides, with the exception of indoxacarb, have a 
noticeable effect on α-synuclein pathology. When combined to form binary mixtures, all pesticides have a drastic effect on α-
synuclein pathology and mortality, despite being within EPA limits. 

447B. Exploring the role of axon guidance molecules in pancreatic cancer using C. elegans. Holly Sucharski1, Morgan 
Gardner2, Seth Coombs2, Axucillia Kagande1, Rodney Nichols1, Jamie Alan2. 1) Central Michigan University, Mount 
Pleasant, MI; 2) Central Michigan University, College of Medicine, Mount Pleasant, MI. 
   Pancreatic cancer is highly lethal, with a <5% 5-year survival rate.  Therefore, there is a critical need to identify effective 
therapies to treat pancreatic cancer. Recently, a study identified aberrations in axon guidance genes, including SLIT/ROBO 
signaling, in pancreatic cancer. There is evidence to suggest that SLIT/ROBO signaling is both upregulated and 
downregulated in cancer. However, very little is known about how these molecules contribute to carcinogenesis and 
metastasis. Therefore, there is a critical need to uncover the roles of axon guidance molecules in tumorigenesis and 
metastasis. Specifically, we aim to uncover the signaling pathways involved in aberrant SLIT/ROBO signaling in pancreatic 
cancer. To do this we will turn to the model organism C. elegans. Signaling pathways in C. elegans are well conserved, and 
C. elegans have been previously used to elucidate important molecules in oncogenic signaling pathways. The orthologue of 
ROBO in C. elegans is sax-3, which encodes a transmembrane protein involved in axon guidance. To explore the pathways 
that are important when sax-3 is upreguated, a gain-of-function transgenic strain expressing activated sax-3 (myr-sax-3) in the 
VD/DD motor neurons will be used. This mutation causes profound axon pathfinding defects. Using RNAi, we knocked 
down candidate genes in the myr-sax-3 strain. If these genes are required downstream of activated sax-3, then the pathfinding 
defects will be attenuated. To explore the pathways that are important when sax-3 is downregulated, a deletion strand of sax-
3, sax-3(ky123), was used in a synthetic lethal (syn/let) screen to determine which genes are required in the absence of sax-3. 
The syn/let screen uses a loss-of-function but viable sax-3 deletion strain (sax-3(ky123)) to test if the loss of any genes 
involved in a parallel or downstream pathway will result in a synthetic/lethal phenotype. Genes were identified for this screen 
based on the C. elegans orthologues of human genes that are associated with pancreatic cancer and cancer cell phenotypes 
such as migration and invasion. Results from the gain-of-function experiment yielded some candidate genes such as exc-5 
and chw-1. Results from the loss-of-function experiment yielded some candidate genes including let-60/ras, ptp-3/lar 
(leukocyte common antigen related), and gsk-3 (glycogen synthase kinase 3 beta). It is important to note that oncogenic 
activating mutations in ras have been found in 90% of pancreatic cancer patients. In the future, the genes identified in this 
screen will be verified using human pancreatic cancer cells. . 

448C. Characterization of a novel C. elegans Alzheimer’s model with constitutive neuronal expression of Aβ1-42. E. Teo1, 
S. Fong2, L. Ng3, T. Inoue3, S. Tsoi4, L. Lakshmanan5, C. Chen6, B. Halliwell7, J. Gruber8. 1) NUS Graduate School of 
Integrative Sciences, National University of Singapore, Singapore; 2) Duke-NUS Graduate Medical School, Singapore; 3) 
Department of Biochemistry, National University of Singapore, Singapore; 4) Yale-NUS College, Singapore; 5) Institute for 
Chemical and Bioengineering, ETH Zurich, Switzerland; 6) Department of Physics, National University of Singapore, 



Singapore; 7) Department of Biochemistry, National University of Singapore, Singapore; 8) Science Division, Yale-NUS 
College, Singapore. 
   Alzheimer’s Disease (AD) is a progressive neurological disorder characterized by the deposition of amyloid beta (Aβ) in 
the brain, predominantly the Aβ1-42 form. While numerous transgenic C. elegans model have been generated to study AD, 
there is no well characterized model that has constitutive expression of Aβ1-42 in neurons. We therefore generated a novel C. 
elegans strain that constitutively expresses Aβ1-42 in all neurons and used it to study AD progression. Similar to the age-
related onset of sporadic AD in humans, behavioral deficits including executive dysfunction and impaired learning ability 
were only observed in middle-aged but not in young Aβ worms. Mechanistically, Aβ worms showed altered mitochondrial 
metabolism, lower maximal and spare respiratory capacity at old age, but surprisingly no significant oxidative stress was 
observed. Aβ worms also had a decreased health- and lifespan. This novel C. elegans AD model recapitulates the progression 
of sporadic AD in humans and can be used for identifying potential interventions.  . 

449A. The bacterial secondary metabolite violacein affects C. elegans development, fecundity and behavior. Kyoung-hye 
Yoon1, Seong Yeol Choi2, Robert J. Mitchell2, Jin Il Lee1. 1) Division of Biological Science and Technology, Yonsei 
University, Wonju, Gangwon-do, South Korea; 2) School of Life Sciences, Ulsan National Institute of Science and 
Technology, Ulsan, South Korea. 
   Bacteria use a variety of methods to combat predators and competitors in their natural environments. Bacteria are 
vulnerable to predator grazing, and can produce and secrete chemicals to deter predation. Nematodes are a major bacterial 
predator in nature, particularly rhabditid nematodes like C. elegans that reproduce in large numbers very quickly when they 
come upon an abundant food source. Violacein is a secondary metabolite that is secreted by various genera of soil and water 
bacteria. It is a bis-indole derivative that is easy to visualize due to its distinct purple color. Violacein has garnered interest 
due to its many therapeutic effects such as antimicrobial, anti-protozoal and anti-cancer properties, but its mechanism of 
action in these effects is not clear. We show that violacein is effective in preventing bacterial grazing by C. 
elegans.  Violacein exposure results in decreased consumption of bacteria and avoidance of violacein-producing OP50, and 
this may account for the decreased bacterial grazing. To elucidate the mechanism in which violacein acts on C. elegans, we 
observed worms cultured in the presence of violacein. We found that worms cultured with either purified violacein 
or violacein-expressing OP50 showed slower development and decreased fecundity. In closer observation we saw several 
phenotypes including an expansion of the intestinal lumen, a decrease in intestinal volume, and retention of late-stage eggs in 
the gonad.  In addition we were able to observe accumulation of purified deoxyviolacein, a precursor of violacein, in vesicles 
in the intestine. To identify the effect that violacein may have on intestinal cells, we used the autophagosome marker lgg-
1::GFP and noticed increased autophagy in intestinal cells. Currently, we are testing various candidate mutants and various 
GFP indicator strains to further elucidate the molecular target of violacein. 

450B. Genetic analysis of the role of the GATA transcription factor ELT-2 in the strain-specific interaction with the natural 
pathogen Bacillus thuringiensis . A. Zarate Potes, W. Yang, R. Schalkowski, H. Schulenburg, K. Dierking. Evolutionary 
Biology and Genetics, Zoological Institute, CAU Kiel, Am Botanischen Garten 1-9, 24118 Kiel,Germany. 
   Because invertebrates lack adaptive immunity, they have been believed to rely exclusively on broad-spectrum responses 
mounted by the innate immune system to fight pathogen threats. However, the ability of some invertebrate taxa to mount 
pathogen-specific immune responses has been observed. Here we explore the genetic basis of a highly specific response of C. 
elegans towards different strains of its bacterial pathogen B. thuringiensis (BT). Based on a transcriptome sequencing 
approach, the GATA transcription factor gene elt-2 was identified to be upregulated upon exposure to the nematocidal BT 
strain MYBT18247, but down-regulated when exposed to a second nematocidal strain MYBT18679. Using genetic analysis, 
we show that surprisingly, elt-2 RNAi knockdown worms become highly resistant to MYBT18247 infection, whereas their 
susceptibility to MYBT18679 is increased compared to wild type worms. As downstream targets of the insulin-like, the p38-
MAPK, and to a lesser extent the JNK-MAPK pathways show opposite expression upon exposure to the two different BT 
strains as well, we additionally studied a possible interaction between elt-2 and components of these signaling cascades in the 
immune defense against BT. Our results suggest that the p38-MAPK pathway either acts in parallel to or direclty interacts 
with elt-2 in response to the pathogen MYBT18679, but is not required for the resistance to MYBT18247. The insulin-like 
pathway is involved in the response to both MYBT18679 and MyBT18247, likely acting downstrem of elt-2. The JNK-
MAPK pathway is required for the general response to BT. Overall our findings highlight strong differences in the 
physiological response of C. elegans to two strains of the same pathogenic bacterial species, strongly indicating that highly 
specific immune responses are possible within an invertebrate immune system.  . 

451C. Characterization of nematode-infecting microsporidia and natural variation in sensitivity of Caenorhabditis nematodes 
to microsporidia. Gaotian ZHANG1,2, Marie-Anne FELIX1. 1) Institut de Biologie, Ecole Normale Superieure de Paris, 
Paris, France; 2) East China Normal University, Shanghai, China. 
   The microsporidian Nematocida parisii is the first characterized intracellular pathogen of Caenorhabditis elegans; and a 
second Nematocida species, called N. sp. 1, was also reported from an Indian C. briggsae isolate (Troemel et al. 2008). In our 



lab we further established a collection of wild rhabditid nematodes suspected with microsporidian infection. Here, we 
characterize molecularly these wild microsporidia and study their specificity of infection.First, the potentially infected 
rhabditid isolates were characterized using newly designed PCR primers specific for 18S and β-tubulin genes of 
microsporidia. In addition to C. elegans, we found wild C. briggsae and Oscheius tipulae as natural hosts for N. parisii; in 
addition to C. briggsae, we found C. elegans and C. remanei as natural hosts of N. sp. 1. We further found three new 
microsporidian species. Two of them are close to the Nematocida species in microsporidian clade II and preliminarily named 
N.-like sp. 2 and N.-like sp. 3. The third species (or group of species), infecting Oscheius, is very distant, and found in 
microsporidian clade IV, that includes most human pathogens. They are closest to Orthosomella operophterae (with 18S), 
and thus preliminarily named Orthosomella-like spp.. Phylogenetic analyses with the 18S and β-tubulin genes provide the 
same relationships of Nematocida spp. and the three putative new microsporidia species. Co-infections of two microsporidian 
species occurr in two wild O. tipulae strains, of which one infected with N. parisii and O.-like spp., the other infected with N. 
sp. 1 and O.-like spp. (confirmed by specific FISH probes).Secondly, two transgenic C. elegans strains ERT54 
jyIs8[C17H1.6p::gfp; myo-2p::mCherry] and ERT72  jyIs15[F26F2.1p::gfp; myo-2::mCherry], which express a constitutive 
fluorescent Cherry marker and will induce GFP upon infection with N. parisii (Bakowski et al. 2014), were used in infection 
tests. Our results show that N. parisii, N. sp. 1, N.-like sp. 2 and N.-like sp. 3 can infect ERT54 and ERT72, forming meronts 
and spores; N. sp. 1 does not induce the GFP reporter (or only rarely), while the other three induce it consistently, suggesting 
that C. elegans has a different transcriptional response to the infection of N. sp. 1 than to other Nematocida spp. (see also 
abstract of Luallen et al.). The results also showed that O.-like spp. could not infect the two transgenic C. elegans strains (nor 
induce the GFP signals). 

452A. Identification of neuronal targets of Insulin/FOXO signaling reveals novel components required for associative 
learning and memory formation. Rachel Arey1, Rachel Kaletsky1, Vanisha Lakhina1, April Williams1, Jessica Landis2, 
Amanda Kauffman2, Geneva Stein2, Coleen Murphy1,2. 1) Lewis-Sigler Institute for Integrative Genomics, Princeton, NJ 
ceton, NJ; 2) Molecular Biology, Princeton University, Princeton, NJ. 
   The ability to form associative memories is one of the most important functions of an organism’s nervous system. 
However, the mechanisms underlying learning and associative memory formation have yet to be fully elucidated. Identifying 
molecules involved in these processes is important not only to gain an understanding of normal brain function, but can also 
lead to an understanding of disease states such as age-related cognitive decline. To study these processes, we developed two 
positive olfactory association assays to measure short-term (STAM) and long-term associative memory (LTAM). Both of 
these behaviors require processes that are conserved in higher organisms; STAM requires translation, while LTAM requires 
translation and CREB-mediated transcription. We previously found that C. elegans with a mutant form of the insulin/IGF-1 
receptor daf-2, which have an extended lifespan, have threefold increased STAM, which requires the downstream FOXO 
transcription factor DAF-16, and two-fold increased long-term memory. Furthermore, we have characterized these behaviors 
with age, and find that daf-2 animals have a slower age-related decline in associative learning and STAM. We find that the 
extension of long-term associative memory in daf-2 mutants is likely due to increased levels and activity of the transcription 
factor CREB, and thus its downstream transcriptional targets, which we have identified by combining memory training with 
genome-wide transcriptional analysis. These targets include known memory genes from other organisms, but also suggested 
new mechanisms and novel components that may be conserved. To identify molecular targets of DAF-2/DAF-16 that 
contribute to daf-2’s extension of STAM, we utilized a novel technique developed in our lab that allows for transcriptional 
analysis of isolated neurons from adult worms. Several of these neuronal daf-2 targets, many of which had no previously 
defined neuronal function, were found to be required for STAM extension. Comparison of neuronal daf-2 target genes, which 
are potentially required for STAM, and LTAM training-induced genes reveal largely non-overlapping gene sets, suggesting 
that the molecular components of these two behaviors are distinct, but carry out similar functions. These results have 
identified novel regulators of learning and memory, and have identified potential mechanisms by which associative learning 
and memory can be improved and decline in these processes with age can be prevented. 

453B. Vitamin B3/Nicotinamide is an agonist for OSM-9/OCR-4 TRPV ion channel in Caenorhabditis elegans. A. 
Upadhyay1, M. Crook1, T. Jegla2, W. Hanna-Rose1. 1) Department of Biochemistry and Molecular Biology, Penn State; 2) 
Biology Department, Penn State. 
   Sensory functions like touch and hearing rely on a cell’s ability to sense mechanical forces. TRPV channels are a class of 
evolutionarily conserved mechanosensors. Our research on a metabolic mutant (pnc-1) with sensory defects has revealed that 
the nicotinamide (NAM) form of vitamin B3 is a direct agonist for the C. elegans OCR-4/OSM-9 TRPV channel.The enzyme 
PNC-1 converts NAM to nicotinic acid for NAD+ salvage biosynthesis. In pnc-1 mutants, NAM levels are increased 
approximately ten fold and two mechanosensory cell types undergo necrosis. The uterine vulval one (uv1) cells, which sense 
stretching of the uterus in the egg laying process, die with high penetrance (>96%). The OLQ neurons, which play a role in 
foraging and nose touch response, die at a reduced penetrance (28%). Acute treatment of wild-type animals with NAM kills 
all uv1 cells within 50 seconds and kills most OLQ cells (79%) within 3 minutes.We noted that a TRPV channel subunit 
OCR-4 is expressed exclusively in the two cell types that die in the pnc-1 mutants. So, we investigated the functional 



relationship between OCR-4 and NAM-induced necrosis. Mutation of ocr-4 or osm-9, another TRPV subunit gene, 
completely rescues NAM-induced uv1 and OLQ necrosis. Thus, we hypothesized that NAM directly activates the OCR-
4/OSM-9 channel and triggers excitatory death by membrane depolarization. We tested this hypothesis by conducting 
electrophysiology after heterologous expression in Xenopus oocytes. NAM activates the channel formed by co-expression of 
OCR-4 and OSM-9 with an EC50 of 51.4 uM, a concentration consistent with endogenous NAM levels in pnc-
1 mutants.Furthermore, NAM induces a sensory nose-touch defect in wild-type animals. Nose-touch response is mediated 
by OCR-2/OSM-9 and TRPA-1 ion channels, not the OCR-4/OSM-9 channel. Hence, NAM may also activate channels 
formed by other TRPV subunit combinations. The agonist activity of NAM appears to be conserved in Drosophila. Fly 
homologs of ocr-4 and osm-9 are Nanchung and Inactive respectively; they form a heteromeric channel required for hearing. 
NAM treatment attenuates the response of fly larvae to sound (88% response in untreated vs 14% in NAM-treated larvae). In 
conclusion, this is the first successful measurement of current derived from heterologously expressed C. elegans TRPV 
channel. Our research provides a mechanism whereby unanswered questions of TRPV activation and assembly can be 
studied. Our results also point to intriguing potential metabolic regulation of TRPV channels. 

454C. Developing a worm model to study chronic effects of the selective serotonin reuptake inhibitor, escitalopram on 
behavior. Tykayah Baird1, Maria Niemuth2, Lucinda Carnell1. 1) Biological Sciences, Central Washington University, 
Ellensburg, WA; 2) Western University College of Osteopathic Medicine Northwest, Lebanon, Oregon. 
   Antidepressant medications are known to take several weeks before recovery symptoms appear and therefore understanding 
the cellular mechanisms responsible for changes in synaptic connections upon chronic antidepressant use is important.  We 
have previously demonstrated that chronic treatment with exogenous serotonin (5-HT) can produce behavioral adaptation and 
withdrawal.  Our goal in these studies was to develop a model to study chronic or long-term effects of altering endogenous 
serotonin levels by treating worms with known selective serotonin reuptake inhibitors (SSRIs).  We first established, that 
worms on food treated acutely with escitalopram (50 μg/ml) decreased average speeds to 53 μm/sec compared to 140 μm/sec 
with food alone. This slowing with escitalopram is to be food dependent.  In the absence of food control speeds averaged 215 
μm/sec compared to 195 μm/sec with escitalopram treatment suggesting endogenous serotonin release during exposure to 
food is required.  Both tph-1 and mod-5 mutant worms when treated acutely with escitalopram showed no statistical 
differences in average speeds on food with or without escitalopram. These studies support that escitalopram mimics the acute 
effects of serotonin on behavior and is functioning as a SSRI in C. elegans. Upon overnight treatment of 12 to 16 hours we 
found that worms increased their speeds from 38% of control speeds on food for acute treatment to 58% for chronic treatment 
suggesting that worms adapt to effects of escitalopram on locomotory behavior.  Therefore, we have established a model to 
test genes, which may have effects on changes in behavior due to chronic exposure to antidepressants. 

455A. Large-scale deorphanization of C. elegans neuropeptide receptors. Isabel Beets, Jelle Caers, Esra Baytemur, Elien 
Van Sinay, Katleen Peymen, Jan Watteyne, Liliane Schoofs. Biology, KU Leuven, Leuven, Belgium. 
   Neuropeptides are key modulators of adaptive behaviors and represent one of the largest groups of neural messengers, with 
over 250 bioactive peptides predicted in C. elegans. Most of them are thought to act by binding of G protein-coupled 
receptors (GPCRs). Despite the broad diversity of neuropeptides and their physiological effects, a handful of neuropeptide-
specific receptors have been characterized and the majority of peptide GPCRs remain orphan receptors, i.e. have no known 
ligand.We are therefore undertaking a large-scale deorphanization initiative – the Peptide-GPCR project – that aims to match 
all predicted peptide GPCRs of C. elegans to their cognate neuropeptide ligand(s). Using an in vitro reverse pharmacology 
approach, more than 150 peptide GPCR candidates are expressed in a heterologous cellular system and screened with a 
library of all known and predicted C. elegans peptides of the established NLP and FLP families. Activation of each receptor 
is measured by a calcium reporter read out. We have found several novel and evolutionary conserved neuropeptidergic 
systems including signaling pathways related to mammalian neuromedin, neuropeptide FF, and neuropeptide Y systems. Our 
results provide insight into neuropeptide signaling networks, and present a scaffold for further unravelling how 
neuropeptidergic states modulate adaptive behaviors and physiology. Peptide GPCRs are screened randomly, but community 
members are invited to help us prioritize candidates and steer the project’s progression via http://worm.peptide-gpcr.org. 

456B. Determining the function of long-chain polyunsaturated fatty acids in the behavioral response to ethanol. Ryan 
Hayden1, Laura Mathies1, Andrew Davies1,2, Bettinger Jill1,2. 1) Dept. of Pharmacology & Toxicology, Virginia 
Commonwealth University, Richmond, VA; 2) Virginia Commonwealth University - Alcohol Research Center, Virginia 
Commonwealth University, Richmond, VA. 
   We are interested in the genetic and environmental influences on the physiological response to ethanol. In humans, 
sensitivity to the intoxicating effects of ethanol is an extremely strong predictor of the liability to develop an alcohol use 
disorder. Ethanol intoxicates worms and depresses several behaviors. We have used worm locomotion to model two aspects 
of the level of response to ethanol, initial sensitivity, defined as the most severe degree of acute intoxication, and the 
development of acute functional tolerance to ethanol (AFT), which is a recovery of speed and coordination of locomotion 
over the course of an ethanol exposure despite a gradual increase in tissue ethanol concentration.Here, we have explored the 



role of long-chain polyunsaturated fatty acids (LC-PUFAs), the levels of which are influenced both by genetics and diet, on 
the physiological response to ethanol. We have previously found that there are distinct requirements for particular LC-PUFAs 
in the acute behavioral response to ethanol. Loss of eicosapentaenoic acid (EPA) eliminates the development of AFT, and 
dietary supplementation of EPA enhances the development of AFT in wild-type animals, but EPA levels do not affect initial 
sensitivity to ethanol. In contrast, AA is not required for AFT, but dietary supplementation of AA increases initial sensitivity 
to ethanol (1). These LC-PUFAs have several known biological roles; they can act as signaling molecules, they are 
precursors for the generation of eicosanoids, and they are components of specialized microdomains in the plasma membrane. 
We are testing each of these functions for both AA and EPA to determine which is/are involved in the physiological response 
to ethanol.(1) Raabe et al. (2014). PLoS One. 2014 Aug 27;9(8):e105999. 

457C. Tolerance to a cholinergic activating effect of alcohol requires a specific function of the EAT-6 Na+/K+-ATPase. E.G. 
Hawkins1, I. Martin1, L.M. Kondo1, J.C. Bettinger1,2, A.G. Davies1,2. 1) Dept. Pharmacology & Toxicology, Virginia 
Commonwealth University, Richmond, VA; 2) VCU-Alcohol Research Center, VCU, Richmond VA. 
   Alcohol (ethanol) produces activating and depressing behavioral effects in humans. We have investigated the basis for an 
activating effect of ethanol in C. elegans that produces body hypercontraction. Acute ethanol exposure induces a shortening 
of the animal that requires normal acetylcholine levels and a functional UNC-63 acetylcholine receptor (AChR) subunit. 
Elimination of the two receptors currently known to contain the UNC-63 subunit, the ACR-2R and the levamisole-sensitive 
AChR, do not alter sensitivity to ethanol. This suggests that UNC-63 may be acting in an unidentified receptor to mediate this 
effect of ethanol. AChRs in mammals have been implicated in mediating activating effects of ethanol, and genetic variation 
in AChR subunit-encoding genes has been associated with the development of alcoholism in humans. We are pursuing the 
tissue-specific requirements for unc-63 expression for its role in this ethanol effect.The hypercontracted animals show a 
recovery of pre-treatment body length despite continuous exposure to ethanol (and a gradual increase in internal ethanol 
concentration). This observation suggests that a physiological tolerance is developing to the drug. We identified the eat-
6(eg200) mutation as a mutant that fails to develop tolerance to this ethanol effect. An examination of several existing alleles 
of eat-6 found that mutants with strong effects on pharyngeal pumping did not alter the response to ethanol-induced 
hypercontraction, whereas the ad601 allele, which resembles the eg200 mutant in having weak effects on pumping but strong 
effects on aldicarb sensitivity, does alter the maintenance of tolerance to ethanol. These data suggest that eg200 and ad601 
alter a specific function of the Na+/K+-ATPase that is important for the development and/or maintenance of tolerance to 
ethanol for this cholinergic activating effect of ethanol. One possibility that we are testing, is that EAT-6 has a structural 
relationship with an ethanol-sensitive AChR, and that the mutations eg200 and ad601 prevent desensitization or 
compensatory trafficking of that receptor. 

458A. Serotonin promotes exploitation in complex environments by accelerating decision-making.. Shachar Iwanir1, Adam 
Brown2, Stanislav Nagy1, Dana Najjar3, David Biron1,3. 1) The Institute for Biophysical Dynamics, The University of 
Chicago, Chicago, IL; 2) Committee on Computational Neuroscience, The University of Chicago, Chicago, IL; 3) 
Department of Physics and the James Franck Institute, The University of Chicago, Chicago, IL. 
   When resources are not uniformly available, fast responses can provide a competitive advantage. The neurotransmitter 
serotonin (5-HT) was shown affect C. elegans locomotion on food in steady-state and following a period of food deprivation. 
We identified a novel role of 5-HT signaling in C. elegans: mediating a rapid response required for efficient exploitation in 
complex environments. Deficiency in 5-HT synthesis, as well as genetic ablation of serotonergic neurons, resulted in gradual 
responses and defective exploitation. Both the ADF and NSM serotonergic neuronal types were implicated in these 
responses, albeit in different ways. Collectively, physiological imaging, genetic silencing, functional rescues, and optogenetic 
activation revealed that NSM responses initiated upon encounter and were key to rapid decision-making. In contrast, the 
onset of ADF responses preceded the physical encounter with the food. The relevance of responding rapidly was 
demonstrated in patchy environments, where the absence of 5-HT signaling significantly reduced exploitation. Collectively, 
our results suggest a novel role for 5-HT in decision-making, demonstrate its fitness consequences, and show that NSM and 
ADF act in concert to modulate locomotion in complex environments.   . 

459B. Compressibility quantifies the stereotypy and complexity of C. elegans locomotion. Alex Gomez-Marin2, Greg 
Stephens3, Andre Brown1. 1) MRC Clinical Sciences Centre, Imperial College London, London; 2) Champalimaud 
Neuroscience Programme, Champalimaud Centre for the Unknown, Lisbon, Portugal; 3) Department of Physics and 
Astronomy, Vrije Universiteit Amsterdam, Amsterdam. 
   There has been increasing interest in unbiased methods for quantifying behaviour and C. elegans' simple morphology 
makes it a useful animal for testing new approaches.  We have recently described a method of representing locomotion as a 
sequence of transitions between a set of discrete template postures.  This makes it possible to enumerate the full variety of 
observed behavioural motifs in a systematic way.  Here we combine the discrete representation with a hierarchical 
compression algorithm to quantify the complexity and stereotypy of spontaneous locomotion of a large set of mutants and 
wild isolates.  More stereotyped, repetitive locomotion is more compressible than more random, uncoordinated 



behaviour.  We find that most wild isolates show more stereotyped locomotion than N2, but that this difference is not 
explained by npr-1 since an npr-1 loss of function mutant shows behaviour that is approximately as complex as N2. 

460C. Caenorhabditis elegans Piezo Ortholog Expression. Katherine Brugman, Paul Sternberg. Howard Hughes Medical 
Institute and Division of Biology and Biological Engineering, California Institute of Technology, Pasadena Ca 91125. 
   Piezo is a recently discovered type of non-selective, mechanosensitive ion channel, with homologs found in humans, mice, 
drosophila, and nematodes as well as some protists and plants, but not yet in yeast or bacteria. It is a nonspecific cation 
mechanotransducer with approximately twenty-four transmembrane regions, and though no pore has yet been identified, 
evidence from mouse piezo experiments points to it forming a tetrameric complex with one or more channels (PMID: 
22343900). Even more interestingly, this protein contains no standard structural motifs, and thus it would be useful to have 
an in vivo system with which to study its structure and function. Given the large size of the gene, we will use genome editing 
to explore structure-function relationships once we have a robust phenotype. While piezo has been implicated to be involved 
in a host of potential functions, from sensing blood flow to nociception, no specific function has yet been determined for C. 
elegans. We examined the expression of C. elegans piezo using a GFP reporter, and observe expression in three different 
cells in the adult male tail. The adult male-specificity of expression suggests a function in mating, a hypothesis that we are 
now testing. 

461A. NPR-9, a galanin-like G-protein coupled receptor, and GLR-1 regulate interneuronal circuitry underlying locomotory 
responses. Jason Campbell1, Ian Chin-Sang1, William Bendena1,2. 1) Biology, Queen's University, Kingston, Ontario; 2) 
Centre for Neuroscience, Queen’s University, Kingston, Ontario. 
   The nervous system of any organism is finely tuned by precise levels of signaling molecules that coordinate neuronal 
activity. Imbalanced neural circuits can lead to atypical social behavior and, in extreme cases, neural disorders. Correlations 
between abnormal interneuron activity and neural disorders have highlighted an essential role for this neuron type. Analyses 
of C. elegans behaviour have revealed that sensory neurons signal through a complex network of interneurons to influence 
locomotory patterns.  Although general roles have been established for each interneuron, our understanding of their collective 
regulation remains incomplete.Within the nematode, we have identified a galanin-like G-protein coupled receptor named 
neuropeptide receptor 9 (NPR-9).  The npr-9 loss-of-function mutant has enhanced reversal activity and thus exhibits limited 
roaming behavior. A npr-9 gain-of-function severely decreases spontaneous reversal frequency. Moreover, up-regulation of 
npr-9 signaling inhibits the initiation of backwards locomotion in response to a variety of environmental stimuli.npr-9 
appears to be exclusively expressed within the AIB interneuron. The presence of parallel pathways that promote reversals 
independent of the AIB suggests that NPR-9 signaling regulates multiple neurons.  Due to the unique expression in AIB, we 
have been able to utilize the npr-9 promoter to manipulate the levels of other components to identify alternative regulators of 
locomotion acting via AIB.  For example, the AMPA-type ionotropic glutamate receptor, GLR-1, is expressed in multiple 
interneurons. A glr-1 mutant has an abnormal locomotory phenotype.  We have assessed the consequences on locomotion of 
knocking down glr-1 solely in AIB. Our data suggest that AIB-specific glr-1 expression contributes to the regulation of 
locomotory behaviors and that this regulation may work in concert with npr-9 expression. As locomotory behavior is often in 
response to a chemotactic signal our work has also been applied to establishing whether mutant behavior follows the 
weathervane or pirouette models of chemotaxis.This work supported by the Natural Sciences and Engineering Council 
(NSERC) of Canada Discovery grants to WGB and IDC-S. . 

462B. The touch receptor neuron mechanotransduction complex is aMEC-42MEC-10 trimer. Yushu Chen1, Shashank 
Bharill2, Ehud Isacoff2, Martin Chalfie1. 1) Biological Sci, Columbia Univ, New York, NY; 2) Department of Molecular and 
Cell Biology and Helen Wills Neuroscience Institute, University of California, Berkeley, CA. 
   C. elegans senses gentle touch in the six touch receptor neurons using a mechanotransduction complex that contains the 
pore-forming DEG/ENaC proteins MEC-4 and MEC-10.  Previous work suggested that these channel proteins also interact 
with the paraoxonase-like protein MEC-6 and the cholesterol-binding, stomatin-like protein MEC-2, but the molecular 
organization of the transduction complex was unknown. Using single molecule imaging, we found that MEC-4 and MEC-10 
form MEC-43 or MEC-42MEC-10 trimers at the plasma membrane of Xenopus oocytes.  Neither MEC-6 nor MEC-2 appear 
to colocalize with these trimers in Xenopus oocytes, and thus may not be part of the transduction complex. MEC-2, however, 
colocalizes with MEC-4 in vivo and thus may affect the lipid environment of the trimeric channels. In contrast, MEC-6 and a 
similar protein, POML-1, do not appear to colocalize with MEC-4 in vivo.  Several lines of evidence suggest that MEC-6 and 
POML-1 act as chaperones for MEC-4 folding and transport: 1) MEC-6 and POML-1 are primarily found in the ER; 2) both 
proteins affect  MEC-4 expression and transport in TRNs; 3) both proteins are needed for the proper folding of MEC-4, as 
measured by FRET; and 4) MEC-6 increases the rate of MEC-4 expression on the  Xenopus oocyte plasma 
membrane.  These results suggest that MEC-6 and POML-1 are needed for the production of the trimeric DEG/ENaC 
transduction channel.  MEC-2, if it does interact with the channel, probably does so transiently. 



463C. Investigation of C. elegans Durotaxis Shows Localization to High Rigidity Substrates. S. Cheng, G. Trusz, K. 
Arisaka. Physics and Astronomy, UCLA, Los Angeles, CA. 
   Mechanosensation is clearly defined in the model organism Caenorhabditis Elegans, however mechanotaxis, more 
specifically the subset of this behavior termed durotaxis has not been explored. To date, durotaxis has only been investigated 
in cell motility in the extracellular matrix (ECM). C. elegans are nematodes that navigate through the environment by means 
of mechanosensation, chemotaxis, thermotaxis, and phototaxis. Therefore they are capable of receiving and processing 
sensory input to respond accordingly, similar to certain cell types in the ECM. It has recently been identified that C. elegans 
has a single sinusoidal locomotory gait when moving through different substrate conditions. In lab, culturing C. elegans is 
maintained on an agar medium and are limited to a crawling behavior. However, we question if that is the best condition for 
culturing C. elegans and if they are capable of distinguishing between different substrate rigidities. We venture to see if C. 
elegans is capable of durotaxis after being placed on an agar gradient. Upon investigation of many combinations of agar 
concentrations ranging from 0.5%-4%, C. elegans primarily localized to the substrate with higher rigidity. Independent 
experiments with homogeneous agar concentrations also show that 3% agar allowed for optimal motility and velocity of C. 
elegans. These primitive findings demonstrate that C. elegans can indeed sense different surface rigidities and provide 
additional insight to its locomotory navigation in its natural environment. . 

464A. The male-specific CEM neurons sense sex pheromone via Go-mediated signaling in C. elegans. Ching-Ki Li, King-
Lau Chow. Division of Life Science, Hong Kong Univ Sci & Technol, Hong Kong. 
   Finding a mating partner is an obligated process for the survival of sexual species. C. elegans males show prominent 
chemo-attractive response to the sex pheromone released by females of a dioecious species – C. remanei, implicating a 
mating cue. This chemotactic response towards sex pheromone is controlled by a pair of male-specific CEM neurons. Despite 
its role in chemo-sensation implicated by their ciliary endings, the biological function of these neurons remains elusive. We 
showed that C. elegans males lacking intact CEM cilia by depleting IFT (Intraflagellar transport) proteins displayed a notable 
weakened sex pheromone response, suggesting that CEMs are sensory neurons. We also sought to identify the molecular 
components acting in CEMs, including G proteins. The C. elegans genome encodes 21 G-alpha, 2 G-beta and 2 G-gamma 
subunits. We systematically examined the expression of these genes in CEM and evaluated their function in CEM by cell-
specific knockdown. We found that goa-1 (gene encoding G-alpha), gpb-1 (gene encoding G-beta) and gpc-2 (gene encoding 
G-gamma) are expressed in CEMs, and knockdown of these genes impaired animal response towards sex pheromone. These 
results indicate Go-mediated signaling occurs in the CEMs to regulate sex pheromone chemotaxis. How these G proteins are 
coupled with the receptor for sex pheromone perception by CEM will be discussed. (This study is supported by Research 
Grants Council, Hong Kong.). 

465B. Neural circuits involved in octopamine succinylated ascaroside #9 mediated avoidance responses. Christopher Chute, 
Jagan Srinivasan. Biology and Biotechnology, Worcester Polytechnic Institute , Worcester, MA. 
   Innate behaviors are mediated by the integration of external stimuli and internal signals. These cues often take the form of 
small biogenic molecules, and range from exogenous compounds to endogenous neuromodulators.  These molecules are 
known to govern behavior across all domains of life. Although the basic components have been characterized in complex 
systems, the underlying physiological and neural mechanisms are largely unknown. C. elegans is an ideal organism for 
studying the relationship between small molecules and behavior due to its ability to survive in an unpredictable habitat. In 
order to successfully navigate their environment, these nematodes must sense and respond to multiple external cues, 
including physiological state-dependent signals produced and secreted by conspecifics that communicate important 
ecological contexts. A novel compound of interest, produced exclusively by starved first larval stage worms, is the 
neurotransmitter-derived metabolite octopamine-succinylated ascaroside #9 (osas#9) [1]. This molecule elicits an acute 
avoidance response in conspecifics [1], suggesting the communication of unfavorable environmental conditions from starved 
L1 worms. The avoidance response can be quantified by observing reversal in the worm’s locomotion upon application of a 
drop of osas#9. A reverse genetic approach revealed the involvement of the bioamine neurotransmitters glutamate, 
octopamine, and tyramine in the avoidance response. Furthermore, through neuronal ablations, the glutamanergic neuron 
ASH has been identified as the primary sensory neuron necessary for mediating response to this metabolite. Notably, 
assaying biosynthetic enzymes tdc-1 and tbh-1, known to be required for tyramine and octopamine biosynthesis [2], indicates 
that the absence of both neurotransmitters does not display a behavioral defect, but the absence of only the downstream 
neurotransmitter, octopamine, does. This implies the existence of either an uncharacterized antagonistic relationship between 
octopamine and tyramine, or of an uncharacterized biosynthetic salvage pathway. Since tyramine and octopamine are 
structurally similar to human catecholamines, understanding their role in governing fear-like states in C. elegans will provide 
insights on the role of bioamines in mediating human behavior.1. Artyukhin, A.B., et al. J Biol Chem, 2013. 288(26): p. 
18778-83.2. Alkema, M.J., et al. Neuron, 2005. 46(2): p. 247-60. 

466C. Monoamines differentially modulate the release of subsets of neuropeptides from the ASI sensory neurons. Vera 
Hapiak, Tobias Clark, Amanda Ortega, Richard Komuniecki. Biological Sciences, University of Toledo, Toledo, OH. 



   Neuropeptides modulate most behaviors, but much still remains to be learned about neuropeptide processing, trafficking 
and release.  In C. elegans, the monoamine-dependent release of neuropeptides from the two ASI sensory neurons modulates 
a host of key locomotory behaviors, including aversive responses initiated by the two ASH sensory neurons.  For example, 
ASI neuropeptides encoded by the nlp-1, -14 and -18 genes are required for the tyramine (TA) and TYRA-3 dependent 
inhibition of food-stimulated aversive response to 30% 1-octanol, and ASI neuropeptides encoded by nlp-6, -7 and -9 are 
required for the octopamine (OA) and SER-6 mediated inhibition of aversive response to 100% 1-octanol (Hapiak et al., 
2013; Mills et al., 2012).  In the present study, we have demonstrated that ASI neuropeptide preproproteins selectively 
involved in TA inhibition have similar, but remarked different, prosequences from neuropeptide preproproteins selectively 
involved in OA inhibition, suggesting that that individual ASI-expressed Gaq-coupled monoamine receptors (TYRA-3 and 
SER-6) have the potential to selectively stimulate the release of subsets of ASI neuropeptides.   Although starvation and TA 
stimulate the expression of nlp-14, based on RT-PCR, TA dramatically decreases the ASI expression of nlp-14::gfp, 
supporting our hypothesis that TA stimulates the release of nlp-14 encoded peptides from the ASIs.  Importantly, OA has no 
effect on ASI nlp-14::gfp expression and TA has no effect on nlp-14::gfp expression in tyra-3 null animals.  These studies 
are continuing to examine the subcellular localization of each of the ASI-expressed neuropeptides and, more importantly, the 
role of the unique subsets of presequences on selective localization and peptide release, using chimeric neuropeptide 
constructs. 

467A. Nonlinear sensory integration in C. elegans: a computational model 
 
. Tom Sanders1, D.D. Ghosh2, M.N. Nitabach2, Netta Cohen1. 1) School of Computing, University of Leeds, Leeds, UK; 2) 
Cellular and Molecular Physiology, Yale University School of Medicine, New Haven, CT. 
   Animal survival depends on a combination of often conflicting demands such as foraging and evading of dangers. To 
navigate effectively in such unknown and changing conditions, animals must continuously integrate over a variety of sensory 
cues, and adapt their decision making strategy in a context dependent manner. Here, we examine the neural control of a 
sensory integration task in the nematode C. elegans. The task involves an ASH-triggered aversive response to high 
osmolarity fructose and an AWA-triggered attractive response to diacetyl [1]. In the assay, worms are placed in the center of 
a ring of fructose; two drops of diacetyl are located outside the ring. We present a computational model, consisting of point 
worms, situated in a virtual arena that closely mimics this experimental assay, and endowed with a sensory motor pathway of 
two sensory neurons, a neural integration pathway and two motor programs (pirouettes and steering). A monoamine (PDF-2 
and tyramine) modulation circuit involving RIM and ASH is overlaid on the synaptic circuit, in line with molecular data [1]. 
Model parameters were constrained by behavioral data for wild type and mutant animals for a range of stimulus 
concentrations. Based on our simulation results, we reject a null hypothesis of a linear sensory integration mechanism in RIM 
and present results that are consistent with the data for a sensory “coincidence detector” like process in RIM.[1] Ghosh, D.D., 
Sanders, T., Hong, S., Chase, D.L., Cohen, N., Koelle, M.R., and Nitabach, M.N. “Neuroendocrine reinforcement of a 
dynamic multisensory decision.” International C. elegans meeting. 

468B. Taurine is a cholinergic antagonist of the C. elegans male mating circuit. Paola Correa1, Luis Rene Garcia1,2. 1) Texas 
A&M University College Station, TX; 2) Howard Hughes Medical Institute. 
   In the mammalian CNS, the non-essential amino acid taurine increases cognitive performance either as a neuroprotective 
agent or as a neuromodulator of cellular excitability. However, precise understanding how taurine regulates behaviors is 
scarce. Here, we use C. elegans copulation as a model to address how taurine signaling directs a goal-oriented behavior. A 
stereotyped behavioral output of C. elegans male mating is the intromission of the copulatory spicules into the hermaphrodite 
vulva. The intromission motor sub-routine is orchestrated by a neuro-muscular cholinergic circuit and is artificially induced 
by cholinergic agonists. The process from sex muscle contraction to spicule protraction is induced by nicotinic (nACh), 
muscarinic (mACh) and the non-specific acetylcholine agonist, arecoline (ARE). Since previous studies suggest that taurine 
hyperpolarizes neurons via GABA(A) receptor binding, we tested the inhibitory effect of taurine by exposing males to 
exogenous taurine and ARE. We assessed the percentage of males that protruded their spicules when exposed simultaneously 
or sequentially to these drugs. Our data suggests that taurine negatively and sequentially regulates ARE-induced protraction. 
Old males normally develop an endogenously enhanced cholinergic state, which ultimately decreases their reproductive 
capacity, to address why taurine would antagonize a hyper-excitable mating circuit, we exposed old males to taurine and 
tested their ability to sire progeny. We found that taurine treatment can improve potency of aged males, presumably via 
attenuating the heightened circuitry excitability. To identify cells that secrete taurine for post-synaptic target inhibition, we 
assessed the expression pattern of a putative taurine transporter (PTT). We find broad expression of PTT in several muscles 
and neurons. A YFP translational PTT fusion suggests juxtaposed localization with the vesicular marker synaptobrevin in 
cholinergic neurons. Interestingly, we find that PTT co-localizes with a mitochondrial marker in head muscles indicating a 
potential taurine interaction with the mitochondria. Taken together our data suggest that C. elegans neuro-muscular circuitry 
utilizes taurine to improve the performance of goal-oriented behaviors, as a down-modulator of neuronal activity and/or as a 
potential antioxidant agent. 



469C. Ultraviolet light induces behavioral quiescence. Hilary K. DeBardeleben, David M. Raizen. University of 
Pennsylvania, Philadelphia, PA. 
   The regulation and function of sleep are poorly understood. By studying this evolutionarily conserved behavior in a simple 
organism, C. elegans, we can determine basic mechanisms underlying sleep. C. elegans engages in two separately regulated 
sleep-like states: during lethargus (Raizen et al Nature 2008) and following exposure to stimuli that cause cellular stress such 
as heat shock or bacterial toxins (Hill et al Curr. Bio. 2014). Using machine vision for longitudinal tracking of quiescent 
behavior in individual worms, we have discovered a new stressor that induces quiescence, ultraviolet (UV) irradiation. 
Importantly, the quiescent response is delayed after UV exposure, suggesting that the quiescence is not a simple consequence 
of injury from the UV light. Additionally, UV-induced quiescence requires the ALA neuron and FLP-13 neuropeptides, 
similar to heat shock induced quiescence (Nelson et al Curr. Bio. 2014), indicating active neural control of the quiescent 
behavior. UV light induces DNA damage, which is repaired by the ATR complex; the ATR complex activates the p53 
homologue CEP-1, a transcription factor that is required for UV-induced apoptosis in the germline (Lant et al Int. J. Biol. Sci. 
2010). We studied both the role of the germline and of CEP-1 signaling in the regulation of UV-induced quiescence. Animals 
with the cep-1 mutant allele gk138 show a defect in UV-induced quiescence. Preliminary results show that this defect can be 
rescued by transgenic expression of cep-1, suggesting that the phenotype of the mutant is specific to the cep-1 gene. Since 
cep-1 is expressed in the germline and the pharynx (Derry et al Science 2001), we studied the role of the germline in UV-
induced quiescence. We used a temperature sensitive mutant, glp-4(bn2), which lacks a germline when grown at the 
restrictive temperature. Worms that did not have a germ line showed no defect in UV-induced quiescence, suggesting that 
CEP-1 is signaling outside of the germline, and possibly in the pharynx. Our findings establish a novel connection between 
UV-induced cellular stress and regulation of sleep in C. elegans. We speculate that this connection is relevant to the well-
documented phenomenon of radiation therapy induced fatigue observed in cancer patients. 

470A. Mate or Resist: effect of self-fertility on reproductive choice behavior. Alexandra Ding1, Adam Bahrami1, 
Christopher Fang-Yen2, Yun Zhang1. 1) Organismic and Evolutionary Biology, Center for Brain Science, Harvard 
University, Cambridge, MA; 2) Departments of Bioengineering and Neuroscience; University of Pennsylvania, Philadelphia, 
PA. 
   It is largely unknown how fertility signals modify reproductive behavior.  C. elegans hermaphrodites reproduce through 
self-reproduction and outcrossing with males, thereby allowing them the possibility to express behavioral choice.  Previously, 
we demonstrated that hermaphrodites carrying mutations in genes involved in spermatogenesis (fog-2) or sperm maturation 
(spe-8 and spe-27) were more likely to outcross than N2, suggesting that hermaphrodite sperm status might affect mating 
behavior.  In order to characterize hermaphrodite behaviors during interactions with males, we developed a video assay to 
assess interactions between a single male/hermaphrodite pair. By conducting computer vision analysis and manual scoring, 
we found that while both N2 and fog-2 are capable of displaying a wide repertoire of behaviors indicative of mating 
resistance, fog-2 displayed slower speed during interaction and exhibited escape behaviors at lower frequency, consistent 
with more copulation.  Further, mated fog-2 still exhibited high mating and long interactions, suggesting that male sperm is 
not sufficient to restore mating resistance to fog-2 hermaphrodites.  Our results indicate that hermaphrodites exhibit 
resistance behaviors during interactions with males and may assess self-sperm differently from male-derived sperm.  Our 
experiments highlight the importance of hermaphrodite behavior, thereby complementing recent studies focusing on male 
behavioral responses to hermaphrodite cues. 

471B. Dopamine induces circling locomotion in C. elegans. Tyson Edwards, Bicheng Han, Jihong Bai. Basic Sciences, Fred 
Hutchinson Cancer Research Center, Seattle, WA. 
   Navigational circling bias occurs in various animal species, including humans1, and has been linked to dopamine signaling 
2,3. We have observed a unique circling behavior in wild type worms exposed to low concentrations of exogenous dopamine. 
Interestingly, this behavior is phenocopied by administration of 3,4-methylenedioxymethamphetamine (MDMA, a.k.a. 
“ecstasy”)4. We find that dopamine induces ventrally-directed circles in a dose-dependent manner. We hypothesize that 
distinct neurons in the locomotory circuit have differing sensitivities to dopamine, resulting in asymmetric neurotransmission 
that biases locomotion. Indeed, laser ablation of a subset of inhibitory motor neurons induces circling5. This subset of motor 
neurons may be sensitized by expression of an inhibitory dopamine receptor. Dopamine mutants that lack the canonical D2-
like receptor dop-3 retain the ability to circle, suggesting that a novel receptor may be involved. We are working to identify 
the putative receptor, and to implement calcium imaging and electrophysiological methods to determine the circuits that 
mediate circling locomotion. Overall, this work hopes to shed light on the mechanisms by which neuromodulators target 
specific circuits to alter behavior.1. Souman, J. L., Frissen, I., Sreenivasa, M. N. & Ernst, M. O. Walking Straight into 
Circles. Curr. Biol. 19, 1538–1542 (2009).2. Bracha, H. S., Shults, C., Glick, S. D. & Kleinman, J. E. Spontaneous 
asymmetric circling behavior in hemi-parkinsonism; a human equivalent of the lesioned-circling rodent behavior. Life Sci. 
40, 1127–1130 (1987).3. Mohr, C., Landis, T., Bracha, H. S., Fathi, M. & Brugger, P. Human locomotion: levodopa keeps 
you straight. Neurosci. Lett. 339, 115–118 (2003).4. Schreiber, M. A. & McIntire, S. L. A Caenorhabditis elegans p38 MAP 
kinase pathway mutant protects from dopamine, methamphetamine, and MDMA toxicity. Neurosci. Lett. 498, 99–103 



(2011).5. Donnelly, J. L. et al. Monoaminergic Orchestration of Motor Programs in a Complex C. elegans Behavior. PLoS 
Biol 11, e1001529 (2013). 

472C. C. elegans Model of Amyotrophic Lateral Sclerosis: Understanding the Role of TDP-43 Expression on HSN Motor 
Neuron Function. zelene figueroa, cindy voisine. Northeastern Illinois University, 5500 N. St. Louis Ave, Chicago, IL 
60625. 
   Neurodegenerative diseases are often characterized by a continual loss of neuron abilities. Amyotrophic Lateral Sclerosis 
(ALS), also known as Lou Gehrig’s disease is a progressive neurodegenerative disease affecting nerve cells that are 
important for locomotion. When motor neurons atrophy, due to their lack of regenerative ability, muscle control is severely 
impaired. Some individuals with ALS carry mutations in a gene called TDP-43. It is hypothesized that mutations in TDP-43 
cause TDP-43 to aggregate leading to motor neuron degeneration. We have generated a nematode C. elegans model for ALS. 
This model was made by cloning the human version of the TDP-43 gene under the control of a pan-neuronal promoter. 
Taking advantage of the transparency of C. elegans, the human TDP-43 was tagged with a YFP (yellow fluorescent protein) 
to provide visual representation of its aggregation during development and aging. Egg laying assays were performed as an 
indication of neuronal function, specifically, to monitor TDP-43 and the effect of its aggregation on HSN motor neurons, 
which are responsible for vulval muscle contraction and thus the reproductive success of C. elegans. Preliminary data 
suggests that there is a 60% decrease in progeny production in animals expressing TDP-43. Furthermore, TDP-43 expressing 
animals have a 40% decrease in egg laying rate compared to wild-type animals. Taken together, our data indicates defects in 
HSN motor neurons. Our studies using this C. elegans model will continue to enhance our understanding of the connection 
between the proposed aggregation of TDP-43 and motor neuronal defects associated with ALS, through the examination of 
HSN motor neuron defects demonstrated in the TDP-43 transgenic C. elegans lines.  . 

473A. The germline growth affects the neuronal circuits and the behavioral patterns of worms. Manabi Fujiwara, Itaru 
Aoyama, Shinichi Maruyama, Takeshi Ishihara. Dept Biol, Grad Sch Sci, Kyushu Univ, Fukuoka. 
     Animals adequately change their behavioral patterns depending on their developmental stage. We found that C. elegans 
larvae show a different preference in odorant from the adult; larvae show a reduced chemotactic response to a specific 
odorant, diacetyl.  We also found that the germline loss, caused either by laser ablation of the germline precursor cells or by 
glp-1 mutations, results in the diacetyl-specific chemotactic defect in adult animals.  These results implicate that germline, 
which proliferates from 2 cells to 2000 cells through the larval stages and the adult, mediates the chemotactic behavioral 
change in C. elegans.   Diacetyl is sensed through the AWA and AWC olfactory neurons.  The glp-1 mutation caused further 
reduction of the chemotaxis to diacetyl in ceh-36 mutants (AWC defective), but not in odr-7 mutants (AWA 
defective).  Thus, the glp-1 mutation affects the diacetyl sensation through the AWA olfactory neurons, but not that through 
the AWC olfactory neurons.  Furthermore, the ablation of the AIA interneuron, which locates downstream of AWA, caused 
reduction of chemotaxis to diacetyl in wild-type animals, while it did not cause further chemotactic reduction in glp-1 
mutants.  These results suggest that the olfactory circuit including AWA and AIA is impaired in the glp-1 mutant, and some 
signals from germline may intensify the circuit in wild type during growth.  The worm pheromones, ascarosides are involved 
in the regulation, since glp-1 mutations did not cause the reduction of the chemotaxis in the daf-22 mutant, which fails to 
produce ascarosides.  A pheromone sensing neuron ASK seems to play an important role, as genetic ablation of ASK also 
diminished the effect of glp-1 mutations on chemotaxis.  Interestingly, a major downstream interneuron of ASK is 
AIA.  Thus, we speculate that the germline signals may change the property of the olfactory circuit through the pheromone 
action mediated by ASK.   Our imaging analyses of neuronal activities showed that AWA and AIA responses to diacetyl 
were not changed in glp-1 mutants.  However, the preliminary data suggested that the diacetyl response of AIB, which is a 
downstream interneuron of AIA and acts an indispensable role in chemotaxis, was reduced in a glp-1 mutant.  Taken 
together, our current model is that germline signals modify the AWA-AIA-AIB circuit, maybe through pheromone action, 
and enhance the chemotactic response to diacetyl.  We hope that further analyses will reveal how the animals change their 
behavior at the time of sexual maturation. 

474B. Host-seeking strategies of skin-penetrating parasitic nematodes. Spencer Gang, Michelle Castelletto, Arezoo Barnia, 
Ryo Okubo, Anastassia Tselikova, Elissa Hallem. MIMG, UCLA, Los Angeles, CA. 
   Skin-penetrating nematodes such as the threadworm Strongyloides stercoralis and the hookworms Ancylostoma duodenale 
and Necator Americanus infect approximately 1 billion people worldwide and pose dangerous health risks, including severe 
intestinal distress, stunted growth and cognitive impairment in children, and heightened susceptibility to other infectious 
diseases. The infective juveniles (IJs) of skin-penetrating nematodes are thought to search for hosts using sensory cues, but 
their host-seeking behavior is poorly understood. To understand host-seeking behavior in more detail, we asked how S. 
stercoralis moves in the absence of chemosensory stimuli. We found that S. stercoralis is highly motile and uses a cruising 
strategy to search for potential hosts. We next asked how increased temperature might alter host-seeking behavior. We found 
that at 37°C S. stercoralis shows increased speed and engages in local search behavior. S. stercoralis is also attracted to 
human skin and sweat odorants, many of which are known mosquito attractants. We tested olfactory preferences at different 



life stages and found that the free-living stages are highly attracted to host feces while IJs are not, suggesting a mechanism by 
which host seeking is restricted to IJs. We compared host odorant responses of S. stercoralis to six other nematode species 
and found that parasite olfactory preferences reflect host specificity rather than phylogeny, suggesting an important role for 
olfaction in host selection. We are now examining the neural basis of host-seeking behavior. We focused initially on the 
neural basis of CO2 response. In C. elegans, the receptor guanylate cyclase GCY-9 is required for CO2 detection by BAG 
neurons. We identified a gcy-9 homolog in S. stercoralis and generated a gcy9::GFP construct, which specifically labeled 
putative BAG neurons based on anatomical position. We then generated a gcy9::GCaMP3 construct and imaged CO2-evoked 
neural activity in BAG neurons of S. stercoralis infective juveniles. We found that S. stercoralis and C. elegans BAG 
neurons respond similarly to CO2, suggesting the neural basis of CO2 detection is conserved across species. We are now 
employing a similar reporter-based strategy to identify and image from S. stercoralis olfactory neurons in response to host-
emitted odorants. To identify molecular components required for host seeking behavior, we are developing CRISPR-Cas9 
mediated mutagenesis in S. stercoralis. Understanding how skin-penetrating nematodes target human hosts could lead to new 
strategies for preventing infections.  . 

475C. Neuroendocrine reinforcement of a dynamic multisensory decision. D. D. Ghosh1, T. Sanders2, S. Hong1, D.L. Chase3, 
N. Cohen2, M.R. Koelle4, M.N. Nitabach1. 1) Cellular and Molecular Physiology, Yale University; 2) School of Computing, 
University of Leeds; 3) Biomolecular Sciences, Central Connecticut State University; 4) Molecular Biophysics and 
Biochemistry, Yale University. 
   To navigate complex natural environments containing both dangerous and valuable items, animals must make economic 
decisions on the basis of information transduced by multiple senses. However, detailed underlying neural mechanisms of 
multisensory decision making remain poorly understood. Here we confronted worms with a multisensory decision in which 
the reward of food must be balanced with the threat of desiccation imposed by a hyperosmotic barrier intervening between 
the worm and a source of food odor. We find that this decision is modulated by food deprivation. To identify neural 
substrates underlying this decision, we focused on the RIM interneuron, which is advantageously positioned to transduce 
integrated multisensory information into locomotor outputs. Consistent with this hypothesis, we find that the activation of a 
neuropeptide receptor in RIM sets the balance of threat and reward in this decision, with greater receptor activation biasing 
the worm against crossing the dangerous barrier. Unexpectedly, however, RIM controls the decision not by synaptic 
signaling to the downstream premotor command circuit, but rather by extrasynaptic aminergic signaling directly onto the 
primary osmosensory neuron to tune its sensitivity. Additionally, our results suggest that this neuromodulator relay is 
suppressed in food deprived states, thereby providing a link between internal state, neural network activity, and decision 
making. Finally, to characterize the complex and dynamic interplay between neuromodulator activity, neuron state, and 
behavior in the decision making arena, we reproduced the paradigm in silico [1]. Computational modeling revealed how non-
linear sensory integration in RIM modulates neuromodulator circuit activity to implement the decision. Taken together, these 
studies reveal a cellular and molecular mechanism for a dynamic multisensory decision. Intriguingly, our results identified 
organizational circuit principles conserved between mammalian and C. elegans multisensory decision making. Therefore our 
studies have broad implications for understanding principles underlying multisensory decision making in 
Metazoans.1Sanders, T., Ghosh, D.D., Nitabach, M.N., and Cohen, N. “Nonlinear sensory integration in C. elegans: a 
computational model.” International C. elegans meeting. 

476A. RPM-1, a key regulator of neuronal development, functions in C. elegans behavior. Andrew Giles1, Karla Opperman1, 
Catharine Rankin2, Brock Grill1. 1) Neuroscience, TSRI - Scripps Florida, Jupiter, FL; 2) Psychology, University of British 
Columbia, Vancouver, BC. 
   The PAM/Highwire/RPM-1 (PHR) proteins are important regulators of neural development. Loss of function in C. elegans 
rpm-1 and Drosophila Highwire results in failed axon termination, inappropriate axon targeting, and abnormal synapse 
formation. PHR proteins are broadly expressed in the nervous system suggesting these developmental phenotypes could have 
an extensive impact on behavior. However, minimal behavioral analysis has been done on animals lacking PHR protein 
function. Using C. elegans, we quantitatively assessed four behaviors mediated by neurons that express RPM-1: exploratory 
locomotion, response to harsh touch, response to non-localized gentle touch (which is referred to as tap), and tap habituation. 
We found that rpm-1 loss-of-function mutants had significant abnormalities in all behaviors tested and were rescued by 
transgenic expression of RPM-1. We observed pronounced defects in habituation, a simple form of learning, which we 
explored further. Rescue analysis with promoters for different neurons in the tap circuit indicated that RPM-1 functions in the 
mechanosensory neurons to regulate habituation. Impaired habituation was partially suppressed in rpm-1; dlk-1 double 
mutants indicating that RPM-1 regulates habituation, in part, by inhibiting the DLK-1 MAP3K. We are currently testing 
whether expression of RPM-1 specifically in adulthood or during development rescues the habituation defects in rpm-1 
mutants. Overall, our analysis suggests that PHR proteins play a broad role in C. elegans behavior. 

477B. The neuronal basis of bacterial food odor preference. Kevin Chung, Lillian Haynes, Emily Kan, Ryan Ota, Melissa 
Chambers, Elizabeth Glater. Department of Neuroscience, Pomona College, Claremont, CA. 



   Caenorhabditis elegans uses chemosensation to distinguish among various species of bacteria, their major food source 1–

3.  Although the neurons required for the detection of specific food-odors have been well-defined, less is known about the 
sensory circuits underlying the discrimination among the mixtures of odors released by different kinds of bacteria.  We are 
examining the neural machinery underlying bacterial preference among a diverse set of bacterial species.  Specifically, we are 
testing the food preferences of C. elegans for bacteria found in their natural habitats (kindly provided by Marie-Anne Felix, 
Institute of Biology of Ecole Normale Supérieure, Paris, France).  We have found that C. elegans prefers the odors of most 
species tested over E. coli.  We have identified that the olfactory neuron AWC is involved in many preferences.  We also find 
that some bacterial choices involve multiple sensory neurons with opposing roles.  For example, in one choice in which wild-
type animals prefer Providencia sp. (JUb39) over E. coli, the AWC neuron appears to be involved in increased preference for 
Providencia and the AWA neuron in increased preference for E. coli.  In the future we will extend our analysis to additional 
bacterial species to determine the diversity of the underlying neuronal mechanisms.1.         Harris, G. et al. Dissecting the 
Signaling Mechanisms Underlying Recognition and Preference of Food Odors. J. Neurosci. 34, 9389–9403 
(2014).2.         Ha, H. et al. Functional Organization of a Neural Network for Aversive Olfactory Learning in Caenorhabditis 
elegans. Neuron 68, 1173–1186 (2010).3.         Shtonda, B. B. & Avery, L. Dietary choice behavior in Caenorhabditis 
elegans. J. Exp. Biol. 209, 89–102 (2006). 

478C. How do specific shifts in fuel utilization mediate the cell excitability of neurons and muscles in Caenorhabditis 
elegans behavioral circuits? Jimmy F. Goncalves, L. Rene Garcia. Texas A&M University, College Station, TX. 
   Many food deprived organisms increase their chances of survival by suppressing mating behaviors in favor of nutritional 
procurement. Food deprivation, in male C. elegans, results in a decrease in seizure-like phenotypes in the UNC-103 encoded 
K+ channel mutant by increasing the expression of EGL-2 ether-a-go-go K+ channel. We hypothesize that food deprivation 
changes the metabolic pathways used to fuel excitable cells and disruption of key metabolic pathways such as glucose, lipid, 
or protein catabolism suppresses UNC-103 mutant seizure like phenotypes by increased expression of EGL-2 K+ 
channels. However, we do not know the mechanism of how shifts in fuel utilization result in changes in ion channel 
expression. We will first direct our investigation on altering the function of  the adipose triglyceride lipase, an enzyme 
involved in the oxidation of fatty acids. Disruption of atgl-1, which encodes adipose triglyceride lipase, will be produced by 
cell specific inducible quinic acid activator-repressor Cre lox system. Changes in cell excitability and EGL-2 gene expression 
will be measured in metabolic mutants under various food stress conditions. Energy expenditure will be quantified by 
measuring time spent displaying mating behaviors before switching to foraging behaviors. My aim is to elucidate an animal’s 
ability to behaviorally adapt to fluctuations in nutrient availability and how specific shifts in fuel utilization result in 
excitability changes of behavioral circuits. . 

479A. Magnetic field effects on C. elegans locomotive behavior. Eleni Gourgou, Ehsan Mirzakhalili, Bogdan Epureanu. 
Mechanical Engineering, University of Michigan, Ann Arbor, MI. 
   Despite the extensive work performed on C. elegans sensing a variety of physical stimuli (electrical, thermal, hyper/hypo-
osmotic), little is known about their sensing of magnetic field and the effect it has on their physiology or behavior. To 
elucidate this area, we study worm behavior when exposed to magnetic fields both internal to the organism and external. We 
used two electromagnets to expose worms to magnetic fields and tracked their locomotion pattern. To track the worms we 
used two tracking systems, a custom made and a commercially available (WormLab). We tested a number of configurations 
for the relative position of the magnets and the petri dish, the distance between worms and the magnets as well as on and off 
time intervals of applied magnetic field. Moreover, in a second set of experiments, worms were fed with superparamagnetic 
nanoparticles and magnetic microparticles, so as to investigate the effect of secondary magnetic field generated by the 
internalized particles. Particles of diameters 40nm, 70nm, 100nm and 1um were used. Secondary magnetic field generated by 
magnetized microparticles was simulated to estimate their magnetic field characteristics. The presence of microparticles in 
the gut, intestine and fat tissue was verified by fluorescent microscopy, confocal microscopy and SEM. Our results show that 
1) iron core magnetic microparticles can be introduced by having the worms feed on a mixture of particles and E. coli OP50. 
Particles translocate in specific tissues, based on their size and they remain inside the worm's body for a time period reversely 
analogous to their size, 2) our tracking system offers results comparable with the commercially available system, yet we 
examined only velocity and distance travelled measurements thus far, 3) the magnetic field used does not seem to have any 
effect on untreated animals and nematodes fed with 40, 70 and 100nm diameter particles; however, worms containing 
particles of 1um diameter display changes in their locomotion behavior with their velocity decreased significantly. Therefore 
we conclude that the magnetic field with the intensity and specification we used does not seem to have an effect, for the time 
period applied, on the locomotion pattern of wild type animals. Moreover, it takes relatively large particles introduced in 
worms to observe a significant change to their locomotion parameters. Based on these results, we continue by applying 
stronger magnetic fields, further analyzing worm behavior to locate other possible changes, monitoring the effects of 
magnetic fields on specific neuron firing and using different types of particles so as to achieve different localization patterns 
which may affect differently the nervous system. 



480B. Purine biosynthetic intermediates are toxic to the neuromuscular system. Wenqing Wang, Haley Janowitz, Renetta 
Trotman, Laura Rohan, Sarah D'Souza, Wendy Hanna-Rose. Biochemistry & Molecular Biology, The Pennsylvania State 
University, University Park, PA. 
        Inborn errors of purine metabolism manifest as complex syndromes with developmental and neurological phenotypes. 
Given the importance of purines as critical building blocks and key molecules for energy storage and signaling, it isn’t 
surprising that disruption of purine biosynthesis causes pleiotropic effects. However, the molecular links between altered 
purine biosynthesis and phenotypic outcome are mysterious. We use C. elegans to probe the mechanisms causing phenotypic 
outcomes upon dysregulation of purine biosynthesis.     Purines are synthesized de novo from PRPP and by salvage synthesis 
from scavenged purine bases. Adenylosuccinate lyase (ADSL) is a de novo enzyme. Loss of ADSL is likely embryonic lethal 
in humans. Most patients have reduced activity and present with seizures, ataxia and autistic-like behaviors. Similar to the 
human disorder, adsl-1(RNAi) induces multiple phenotypes, including slow body bending in a liquid thrashing assay, larger 
intestinal fat droplets and an altered phenotype in a gustatory plasticity assay. Progeny of L4 animals treated with RNAi are 
20% embryonic lethal and sterile. Defects in oogenesis can also be induced in fertile animals by adsl-1(RNAi).     In general, 
reduced enzyme activity will increase levels of substrates and decrease levels of products, and both effects have potential 
phenotypic consequences. We have assessed the relative importance of lack of purine production versus substrate 
accumulation upon adsl-1(RNAi). The neuromuscular phenotypes of adsl-1(RNAi) animals are rescued by treatment with 
aminopterin, which blocks purine biosynthesis at an early step, as well as by RNAi of the enzyme that precedes ADSL. We 
conclude that defects in muscle function are a result of toxic buildup of ADSL substrate. Consistent with this result, the 
neuromuscular phenotypes are not rescued by supplementation with hypoxanthine to allow for more purine biosynthesis via 
salvage biosynthesis. In contrast, hypoxanthine supplementation rescues adsl-1 sterility, suggesting that the oogenesis 
phenotype is a result of lack of purine biosynthesis. We also examined functions of other purine biosynthetic enzymes. RNAi 
of the adenylosuccinate synthetase gene adss-1 causes phenotypes like that of adsl-1. And RNAi of the gene encoding HPRT, 
which is associated with Lesch-Nyhan disease in humans, results in fat storage defects. 

481C. AFD-mediated thermosensory signal transduction and circuit function in Caenorhabditis elegans . Vera Hapiak, Piali 
Sengupta. Department of Biology, Brandeis University, Waltham, MA. 
   Complex context-dependent sensory inputs are translated into defined behavioral outputs via specific molecules, neurons 
and circuits.  Fundamental processes, such as thermosensation, require a sensitive, multicomponent system to detect and 
integrate subtle temperature changes with additional diverse sensory signals in order to maintain organismal homeostasis.  In 
C. elegans, thermosensation is a sophisticated experience-dependent behavior that is mediated primarily by the AFD and 
AWC thermosensory neurons. These neurons drive different thermotaxis navigation behaviors via a small subset of 
downstream interneurons.  The thermal responsiveness of the two AFD neurons is set by prior experience in a cell intrinsic 
manner.  However, the molecules that transduce thermal input in AFD and translate and integrate AFD signaling within the 
complex thermosensory circuit remain poorly characterized. Using reverse genetics and neuron-specific molecular tools, we 
have begun to identify and characterize 1) a guanylyl cyclase involved in AFD-mediated signal transduction, and 2) an AFD-
mediated neuropeptide signaling pathway that may act as master-slave signal to coordinate the response ranges of other 
thermosensory neurons to drive behavior. To date, we have identified a set of AFD-expressed neuropeptides that synchronize 
the operating range of the AWC thermosensory neurons to modulate behavioral outputs in defined temperature ranges. These 
findings will identify and characterize new thermotransduction mechanisms, define novel mechanisms of circuit function, 
and elucidate how perturbations in such signaling contribute to altered behavior and/or disease states. 

482A. How do worms choose the right foods? Genes and circuits that drive olfactory dependent sensori-motor behaviors. 
Gareth Harris, Yun Zhang. Department of Organismic and Evolutionary Biology, Center For Brain Sciences, Harvard 
University, Cambridge, MA. 
   Odor sensation, discrimination and preference are critical components of human behavior.  The ability to recognize and 
discriminate between odors, and generate preference for individual scents is associated with many aspects of behavior.  An 
array of neurological diseases share significant deficits in olfactory-based behavior at the level of odor processing, 
discrimination and plasticity.  Using C. elegans, we have previously demonstrated that the worm can recognize and generate 
olfactory preference among foods, such as E. coli OP50 and PA14.  We previously identified distinct but overlapping 
signaling pathways and neural circuits regulating olfactory sensation versus preference when comparing different foods.  The 
pathways require canonical sensory transduction pathways and glutamate for olfactory recognition, and specific peptide 
pathways for preference.  We have focused on the later pathway, which will allow us to understand not only how a preference 
is generated, but also how it can be modulated by experience.  We have now identified distinct interneurons that mediate 
olfactory recognition versus preference.            Furthermore, we have begun to examine the role of various C. elegans genes 
whose human homologs are associated with neurodegenerative diseases in regulating olfactory recognition and 
preference.  We have found that the presenilin-encoding gene plays an important role in mediating sensori-motor response to 
complex olfactory cues.  We are further dissecting the functional sites of presenilin in the neural circuits underlying food 



odor recognition and preference. Various neurological diseases disrupt cognitive functions, including learning and 
memory.  Our study will potentially provide insights into the underlying mechanisms. 

483B. A Roaming-Dwelling Axis Dominates Variation in Motile Behavior Across Nematode Species. Stephen Helms1, 
Antonio Carlos-Costa3, Leon Avery2, Greg Stephens3,4, Tom Shimizu1. 1) Systems Biology Group, FOM Institute AMOLF, 
Amsterdam, The Netherlands; 2) Dept. of Physiology and Biophysics, Virginia Commonwealth Univ., Richmond, VA, USA; 
3) Dept. of Physics & Astronomy, Vrije Universiteit, Amsterdam, The Netherlands; 4) Okinawa Institute of Science and 
Technology, Onna-son, Okinawa, Japan. 
   A quantitative understanding of organism-level behavior requires predictive models that can capture the richness of 
behavioral phenotypes, yet are simple enough to extract functional and mechanistic insights. A key challenge is to develop 
and interpret such models in an unbiased manner. Behavior combines elements of randomness and determinism, thus 
requiring extensive data sets from well-controlled laboratory experiments to avoid biases in sampling its statistical repertoire. 
On the other hand, the biological significance of the extracted quantitative features needs to be interpreted in the broader 
context of its ecology and physiology. We developed an experimental setup and analysis protocol that allows us to extract at 
high throughput the translational trajectories and body postures of many individual nematode worms over extended times. 
We applied this system to characterize a panel of strains originating from diverse ecological contexts, including the canonical 
lab strain C. elegans N2, additional wild isolates of C. elegans, and other species spanning a large portion of the nematode 
phylum. From this rich quantitative dataset, we found that trajectory statistics of all tested worms could be described by a 
common random-walk model with independent dynamics in the speed and bearing. Differences across strains and species, as 
well as between individuals within each strain, are captured by variation in the seven parameters that completely describe the 
model. Cross-species comparisons of extracted parameters revealed that the principal mode of variation is in the degree of 
spatial exploration (corresponding to ‘roaming’ and ‘dwelling’ behaviors). We are now extending this work to include the 
higher-resolution dynamics of the worm’s body postures. Our approach combining data-driven modeling with cross-species 
comparisons provides an objective means of identifying biologically relevant patterns of behavioral variation and simple 
statistical models that will be instrumental for future mechanistic studies of behavioral control. 

484C. Sexually-dimorphic Expression of a C. elegans Neuromodulator and Its Role in Behavior. Zoe Hilbert, Dennis Kim. 
Department of Biology, Massachusetts Institute of Technology, Cambridge, MA. 
   Sex-specific differences in neuronal gene expression have been identified in a number of animal species, although the 
significance of these expression differences, in many cases, remains unclear. We have observed a sex-specific modulation in 
the expression pattern of the TGFß ligand, DAF-7, in male C. elegans.  daf-7 is expressed normally in the ASI neuron pair 
and is known to regulate many aspects of C. elegans physiology, development and behavior.  Recently, our lab has described 
the induction of daf-7 expression in an additional pair of chemosensory neurons, the ASJ neurons, in response to exposure to 
the pathogen Pseuodomonas aeruginosa and defined a role for this expression change in producing a pathogen avoidance 
behavior (Meisel, JD et. al., Cell, 2014).  While hermaphrodites induce expression of daf-7 in ASJ in the presence of P. 
aeruginosa, we have observed that males exhibit daf-7 expression in the ASJ neuron pair in the absence of pathogen. This 
sexually dimorphic expression occurs stage-specifically in adult males, suggesting a possible role for this expression change 
in guiding male sexual behaviors or physiology.  We have evidence to suggest that daf-7 expression may be involved in 
promoting male mate-searching/food leaving behavior and are currently working to further define the role of this sexually 
dimorphic expression pattern as it pertains to behavior.  . 

485A. ADAM17/TACE homolog ADM-4 mediates stress-induced quiescence in C. elegans. Andrew Hill, Danna Gal, 
Cheryl Van Buskirk. Biology Department, California State University Northridge, Northridge, CA. 
   In C. elegans, intercellular signaling via the epidermal growth factor receptor (EGFR) specifies various cell fates, and 
recently our lab has discovered a role for EGFR signaling in a stress-induced sleep-like state. In response to various cellular 
stressors, C. elegans will enter a period of behavioral quiescence that is dependent on the sole EGFR, LET-23, and sole 
EGFR ligand, LIN-3. This finding contributes to a growing body of evidence that EGFR signaling contributes to the 
regulation of sleep states across species. EGFR ligands are produced as membrane-bound precursors that, upon proteolytic 
processing, release soluble EGF domain to bind target receptors on distant cells. EGFR receptor activation within a single 
neuron, ALA, is sufficient to induce sleep; however, the relevant source of LIN-3 and the protease responsible for its 
‘shedding’ in stress-induced sleep remains unknown.In an RNAi screen for defective sleep, we identified the adm-4 
metalloproteinase. We confirmed that adm-4(ok265) mutants are defective in sleep following exposure to several stressors, 
including ethanol, hyperosmotic solution, and pore-forming toxin, and are impaired for survival compared to wild type after 
extreme heat shock. We find that adm-4 mutants show wild-type viability, vulval development, and p11/p12 differentiation, 
suggesting that ADM-4 does not participate in other EGF signaling events.GFP reporter analysis indicates that adm-4 is 
predominantly expressed in pharyngeal tissue, where it overlaps with lin-3 expression. The function of pharyngeal lin-3 has 
yet to be ascertained. To assess whether pharyngeal adm-4/lin-3 mediates stress-induced quiescence, we are expressing adm-
4 specifically in the pharyngeal tissue of otherwise adm-4(-) animals. The lin-3 gene is known to undergo alternative splicing, 



and we wish to determine whether a specific isoform is processed by ADM-4. We are conducting shedding assays in 
mammalian cell culture, expressing the C. elegans adm-4 cDNA and HA-tagged cDNAs of various lin-3 isoforms to 
determine if one isoform is preferentially or exclusively shed by ADM-4. 

486B. Odor preference is changed over development in C. elegans. T. Hino1, M. Fujiwara2, T. Ishihara2. 1) Systems Life 
Sciences, Kyushu University, Fukuoka; 2) Faculty of Sciences, Department of Biology, Kyushu University, Fukuoka. 
       Many animal species change their behavioral patterns associated with their developmental stages. The behavioral 
changes must be important, since animals should act appropriately depending on their developmental stage. However, the 
molecular mechanism, which gives rise to the behavioral changes over the development, has not been revealed.    Here, we 
explore the mechanism of the behavioral changes during the development with C. elegans. Firstly, we have shown that C. 
elegans larvae show different odor preference from adult animals. The larvae showed the reduced chemotactic response to 
diacetyl, compared to the other odorant. The increase in the chemotactic response to diacetyl during the growth may benefit 
the animals to locate food, since diacetyl is known to be a metabolite of bacteria. Secondly, we examined the possibility that 
the difference of the odor preferences of the larvae and adults was due to the difference of their moving speeds. We analyzed 
the chemotaxis of several mutants with different moving speeds at the adult stage, and observed no correlation between the 
chemotaxis index and the moving speed. This result suggests that the change of odor preference is more likely due to the 
modulation in sensory circuits. Finally, to reveal the molecular mechanism, we screened for mutants whose larvae show the 
odor preference like adults, and isolated one candidate. Since, at the adult stage, this mutant showed the same odor preference 
as wild-type adult, the phenotype seemed to be larval stage specific. To identify the gene responsible for the phenotype, we 
carried out the linkage group analysis and mapped the mutation on LGII. Whole genome sequencing revealed ~20 sequence 
variants predicted to affect protein-coding genes on LGII. We are now trying to identify the responsible mutation among 
them. We hope to uncover the molecular mechanism which gives rise to the behavioral changes associated with the 
development. 

487C. TRAMS: A system for three-dimensional tracking of behaviour. Robert Holbrook, Netta Cohen. School of 
Computing, University of Leeds, Leeds, West Yorkshire. 
   Under natural conditions C. elegans moves through three-dimensional environments, yet in the lab the majority of 
locomotion research has focused on movement on two-dimensional surfaces. This raises the question of whether a significant 
amount of the worm's movement, locomotion and behaviour has gone unexplored and unexplained. To address this we 
designed and built a tri-axial microscope system (TRAMS). Computer vision is used to track the position, orientation and 
configuration of the worm body in three-dimensions. This is achieved by placing a worm in a glass cube containing fluid. 
Three cameras were placed facing three adjacent sides, illuminated with infrared backlighting. Standard photogrammetry was 
then used to solve the camera geometry and reconstruct known points within the volume. Contrast-informed shape carving 
was used for the images in each camera to create a voxel for each worm, which was then skeletonised. Preliminary three-
dimensional kinematic data of wild-type and mutant strains of C. elegans are presented. 

488A. Transcription factor lin-32 is essential for synaptogenesis in AIB interneuron, sustained neck muscle contraction and 
aversive behavior. S. HORI1, S. ODA2,3, Y. SUEHIRO1, Y. IINO2, S. MITANI1. 1) Dept of Physiol, Tokyo Women's Med 
Univ, Tokyo; 2) Dept of Biophys & Biochem, Grad Sch of Sci, Univ of Tokyo; 3) MRC Lab Mol Biol, Cambridge. 
     Animals alter their behavior properly in response to stimulus strength. For example, they run away from life-threatening 
aversive/noxious stimuli, but only circumvent mild ones such as collision with harmless obstacles. In many cases, multiple 
neural circuits define each reflex and behavior, however, detailed mechanisms of switching and/or interaction among them 
remain unknown. Simple animal model C. elegans also makes an omega turn by bending its neck strongly after contact with 
aversive stimuli, such as high osmolarity, but it draws back and circumvents mild ones, such as touch. Two interfering 
circuits (direct and indirect pathways) define each behavior. Such composition is also found in the reward and aversive 
circuits in mammals, advocating as the prototype. The well-described synaptic connectivity in C. elegans provides an 
advantage for elucidation of the neural mechanism at the synapse level. We had screened for the genes required for aversive 
behavior in C. elegans as a model using optogenetics and reverse genetics. Previously, we have reported that a transcription 
factor lin-32, Drosophila atonal homolog, is required for aversive behavior and determination of AIB, which are central 
interneurons of the indirect pathway. Here, we report that impaired aversive behavior was rescued by the lin-32 expression in 
the AIB lineage. Next, we report that 90 % of the lin-32 mutants fail to express a gap junction channel inx-1, which is 
selectively expressed in AIB, and its positive cells in the rest showed abnormal sensory neuron-like morphology. Meanwhile, 
ASI, AWA and ASG sensory neurons arising from the AIB precursor normally developed, suggesting that the abnormal cells 
were AIB. inx-1 mutants showed a moderate defect of osmotic avoidance, suggesting that the dysfunction of gap junction in 
AIB contributed to the impaired aversive behavior in lin-32 mutants. Contrary to our expectations, the sensory neuron-like 
AIB normally responded to osmotic stimuli. Direct downstream motor neurons RIM, however, were delayed. These results 
suggest that the lin-32 mutants have abnormal electrical and/or chemical synapses between AIB and RIM. RIM projects on 
neck muscles to induce the omega turn. Then, we analyzed the high osmolarity-induced omega turn, and found the delay and 



low frequency in lin-32 mutants. In the wild type animals, omega turn correlated with long duration of calcium concentration 
in the neck muscles, however, such long duration was not observed in the lin-32 mutants. Our results suggest that the timing 
of the indirect pathway is a key mechanism to induce aversive behaviors. 

489B. Fatal attraction: The olfactory neurons AWCs of Caenorhabditis elegans mediate attraction toward nematophagous 
fungus Arthrobotrys oligospora. Yen-Ping Hsueh1, Matthew R. Gronquist2, Erich M. Schwarz3, Ravi D. Nath1, Frank C. 
Schroeder4, Paul W. Sternberg1. 1) Division of Biology, California Inst of Technology, Pasadena, CA; 2) Department of 
Chemistry, SUNY Fredonia, Fredonia, NY 14063, USA; 3) Department of Molecular Biology and Genetics, Cornell 
University, Ithaca, NY 14853, USA; 4) Boyce Thompson Institute and Department of Chemistry and Chemical Biology, 
Cornell University, Ithaca, NY 14853. 
   We set out to investigate how C. elegans respond to their natural predator A. oligospora to gain insight into predator-prey 
coevolution. We found that C. elegans and several other nematode species are attracted to A. oligospora. This attraction is 
mediated by volatile compounds. Genetic analysis and cell-specific laser ablation showed that AWC neurons are required for 
this behavior. Gas chromatography-mass spectrometry identified several volatile organic compounds produced by A. 
oligospora. Some of these fungal odors were highly attractive to C. elegans when pure compounds were tested in chemotaxis 
assays. Furthermore, when C. elegans were adapted to A. oligospora culture, the attraction towards the fungal odors was 
significantly decreased, supporting that the compounds identified were genuine. Calcium-imaging showed that these 
compounds elicit a strong calcium response in the AWCon neuron in both wild-type and the unc-13 background, suggesting 
that the response observed is likely primary. To identify potential receptors for A. oligospora odors, we performed single-cell 
RNA-seq of the AWCon neuron. In total, 61GPCRs were detected, that are collectively likely to be less conserved and fast 
evolving among different Caenorhabditis species (Thomas and Robertson [2008], BMC Biol. 6, 42). Lastly, killing assays 
demonstrated that mutants defective in the AWC function have much higher survival rate compared to wild-type worms 
when encountered by A. oligospora. 

490C. A new multi-worm tracker reveals unprecedented insights on worm chemotaxis. Eyal Itskovits, Alon Zaslaver. 
Hebrew University, Jerusalem, Jerusalem. 
   We have developed a novel Multi Worm Tracker (MWT) that is capable of tracking over a hundred worms simultaneously. 
The tracker employs a machine learning classification approach to identify the behaving worms. The system produces a long 
informative track for each individual worm, and generally maintains tracking despite frequent animal collision events. This 
MWT provides unprecedented statistical power revealing subtle, yet significant, behavioral features. Here we present results 
that challenge the prevalent “biased random walk” strategy of worms’ chemotaxis. Moreover, we readily obtain data with 
satisfactory statistical significance following a single chemotaxis assay. Our system includes a suite of solutions for 
acquisition, tracking, and statistical analyses via a friendly user interface that is easy to operate with minimal programming 
skills. 

491A. A high-throughput screening approach using model organisms for Niemann-Pick Type C disease. Sangeetha Iyer, 
Nina DiPrimio, Tom Hartl, Kiran Singh, Alec Ludin, Tamy Portillo, Ethan Perlstein. Perlstein Lab, 953 Indiana St, San 
Francisco, CA-94107. 
   Perlstein Lab, PBC is a San Francisco based startup using model organisms to find small molecule therapies for rare 
genetic disorders. In this abstract, we describe a parallel model organism platform encompassing yeast, C.elegans, drosophila 
and mammalian cells for Niemann-Pick type C (NPC) disease. NPC, an autosomal recessive disorder caused by mutations 
in the NPC1 gene, afflicts 1 in 1,50,000 people. Clinically, this disease manifests during childhood in the form of progressive 
ataxia, dystonia, liver disease in addition to progressive cognitive decline. Biochemically, this disease is characterized 
by accumulation of free or unesterified cholesterol in the lysosomes. The NPC1 gene is remarkably conserved across species, 
with an ortholog present in yeast, nematode and fruit flies. In C.elegans, deletion of the homologous ncr-1 gene leads to 
mutant animals that develop slowly, have smaller brood sizes and importantly, inappropriately form dauer larvae under 
favorable conditions. These animals are also hypersensitive to the absence of cholesterol. Building on this, Perlstein Lab 
generated  new lines of ncr-1 null mutants using CRISPR technology. After genotyping and validating that two newly 
generated strains phenocopied similar to their predecessors, one strain was selected for a rapid drug screening assay. Using 
slowed growth in cholesterol-deprived animals as an endpoint, a high throughput chemical modifier screen was designed to 
identify compounds that rescued the effects of cholesterol deprivation to near wildtype levels. Hits arising from this primary 
screen were compared for duplication and structural similarity against hits obtained from parallel screens in yeast and 
drosophila model organisms. Multi-organism hits were then tested in mammalian cell models of NPC using a filipin stain 
assay. Using this approach, we demonstrate that, for genetically conserved diseases, a parallel organism screening platform 
can be used to rapidly screen through tens of thousands of compounds thus paving the way for translational therapeutics. 



492B. Activation of SEB-3 in LUA interneurons potentiates male mating drive of C. elegans. Changhoon Jee, Brigitte 
LeBoeuf, L. René García. Dept. of Biology, Howard Hughes Medical Institute Texas A&M Univers, college station, TX. 
   The male C. elegans’ sexual drive intensity determines his reproductive success under stressful conditions. To measure the 
strength of the male’s sexual motivation, we developed the Mating Interference assay (Mi), which quantifies copulation 
persistence in noxious 475 nm (blue) light. Between copulations, free moving male will escape from 370-450mW/mm2 blue 
light illumination. However we found that the activated corticotropin-releasing factor (CRF) receptor homolog, SEB-3, 
causes the gender-common LUA interneurons to potentiate downstream male-specific reproduction circuits. This allows the 
male’s copulatory behaviors to override the light-elicited escape response. SEB-3 also potentiates copulation in standard 
stress conditions, such as starvation and increased temperatures; thus we suggest that animals use the CRF receptor to 
acclimate and execute innate behaviors under non-optimal conditions. 

493C. AIY, a one neuron locus for sensorimotor integration. Ni Ji1, Vivek Venkatachalam1, Maria Lim2,3, Taizo Kawano2,3, 
Christopher Clark4, Hillary Rodgers1,4, Mark Alkema4, Mei Zhen2,3, Aravinthan Samuel1. 1) Department of Physics, Harvard 
University, Cambridge, MA, USA; 2) Samuel Lunenfeld Research Institute,, Toronto, Canada; 3) University of Toronto, 
Toronto, Canada; 4) Department of Neurobiology, University of Massachusetts Medical School, Worcester, MA, USA. 
   For an animal to navigate its habitat, the nervous system of the animal must constantly integrate sensory input with 
feedback from its motor state. Corollary discharge, a phenomenon where signals from the motor circuitry are relayed to 
upstream circuit components, has been implicated in sensorimotor integration in a variety of animal behaviors. However, the 
mechanism by which corollary discharge or motor feedback contributes to complex navigational behavior such as 
thermotaxis is not well understood.To elucidate the loci for sensorimotor integration in C. elegans, we used volumetric 
imaging to simultaneously track many neurons in the thermosensory and the motor circuitry in animals that freely navigate a 
spatiotemporal temperature gradient. We observed that the AIY interneurons, which have long been known to play a key role 
in thermosensory signaling, exhibit activity patterns that correlate with both the thermosensory input as well as the motor 
behavior of the animal. Through cell ablation and genetic and optogenetic manipulations, we confirmed that the motor-
related signal in AIY is corollary discharge in nature. In particular, we identified a series of premotor interneurons that are 
involved in relaying the motor-related signal to AIY. Through quantitative behavior analysis, we observed that animals with 
a disrupted corollary discharge pathway exhibit specific deficits in thermotaxis. Finally, we constructed a computational 
model that explains how the corollary discharge pathway contributes to a biased-random-walk strategy utilized by C. elegans 
during thermotaxis. Our study reveals a new mechanism by which individual neurons integrate sensory and motor signals to 
organize navigational behavior. . 

494A. Sensorimotor signal transmission through AIY interneuron in Caenorhabditis elegans during isothermal tracking. 
Karen Jiang, Steve Mendoza, Nathaniel Nowak, Leonard Haller, Linsay Ling, Tim Sherry, Katsushi Arisaka. Physics and 
Astronomy, University of Californa Los Angeles, Los Angeles, CA. 
   Perception and navigation through space require accurate translation and transmission of sensory input to motor output. On 
a linear temperature gradient, Caenorhabditis elegans demonstrate a distinct behavioral phenotype in which they frequently 
travel along isotherms, maintaining sensitivity within 0.05 °C. This isothermal attractor state is correlated with movement at a 
constant and maximal velocity. We investigate how AIY, a first layer interneuron and postsynaptic partner to AFD 
thermosensory neuron, is able to integrate thermal information to return specific well-defined behavioral phenotypes. Prior 
observations of neural activity in vivo involve partial paralysis or constraint of the worm while stimuli is applied. Other 
systems circumvent this limitation by re-centering the stage; this generates an external force during stage acceleration 
introducing another stimulus. We overcome these two primary obstacles through the implementation of a novel automated 
worm-tracking epi-fluorescent microscope. The three-camera microscope system mounted on a movable XY stage captures 
dynamic Ca+2 signals in Cameleon-labeled neurons while the nematode navigates unconstrained along the temperature 
gradient. Implementing this set up, we observed that the greatest temperature difference occurs between the extremes of the 
head movement while along isotherms which phase lock with fluorescence response in AIY. The steady Ca+2 waveform in 
AIY suppresses reversals and maintains high speeds to downstream motor circuitry. . 

495B. GPA-9, a G-protein alpha subunit, regulates a food preference decision. Konstantinos Kagias, Gareth Harris, Myung-
kyu Choi, He Liu, Yun Zhang. Center for Brain Science, Department of Organismic and Evolutionary Biology, Harvard 
University, Cambridge, MA. 
   G-protein alpha (Ga) subunits are important protein components that act in the signal transaction downstream of G protein-
coupled receptors (GPCRs). C. elegans has 21 Ga subunit-encoding genes, with each gene expressed in distinct sets of 
neurons as well as in other tissues. We identified one of them, namely GPA-9, as a regulator of food preference in worms. In 
a chemotaxis assay using two different bacterial strains, a non-pathogenic E. coli strain – OP50 – and a pathogenic P. 
aeruginosa – PA14 – we observe a biased migration of the gpa-9 (pk348) mutant worms towards the non-pathogenic OP50. 
The wild type animals show no preference between these two foods. Despite this bias in preference, the gpa-9 (pk348) 
mutant worms do not have any obvious defects in smelling OP50 and PA14. This indicates that the observed phenotype 



might be due to a change in processing of the two food odors linked to generating a locomotion decision. Here, we report on 
our findings towards understanding the mode of action of GPA-9 during this food-preference paradigm. . 

496C. Attractors in Velocity Space During 2D Navigation of C. elegans. M. Kao, T. Kim, D. Woolfork, B. Lam, K. Jiang, 
N. Nowak, S. Mendoza, K. Arisaka. Physics and Astronomy, UCLA, Los Angeles, CA. 
   Many organisms migrate efficiently towards an attractant or a preferred condition to increase survival. While C. elegans 
have been previously described as a primitive organism capable of moving towards an attractant by biased random walk and 
klinotaxis, their deterministic locomotion have not yet been extensively characterized. Here, we observe the movement of C. 
elegans with and without external stimuli by implementing different conditions: temperature gradient, electric field, and free 
motion. We compare their locomotive decisions defined by their movements in velocity space, (Vx , Vy). Their movements 
under each condition are first recorded and analyzed separately to characterize their locomotive decisions under that specific 
condition. The different conditions are then compared within the physical realm of velocity space. Their deterministic 
movements can be clearly distinguished in their distinct directionality and speed based on the plots presented. The absence of 
stimuli invokes locomotion that is characteristic of random search. In comparison, the presence of specific external 
conditions sanction a more deterministic locomotion, which can be reproduced with a high degree of accuracy. We present 
such locomotion as being divergent from random behavior and indicative of a neural network for C. elegans to navigate 
space. The findings suggest a more intelligent form of sensory-motor processing and integration that underlies C. elegans’ 
locomotion that are further investigated from a neurological perspective. 

497A. Economic decision-making and neural correlates of value in C. elegans. Abraham Katzen1, William Harbaugh2, 
Shawn Lockery1. 1) Biology Department, Institute of Neuroscience, Eugene, OR; 2) Economics Department, University of 
Oregon, Eugene, OR. 
   Investigation of the neuronal basis of economic decisions would be accelerated by establishing decision making paradigms 
in simple, genetically tractable organisms, such as the nematode Caenorhabditis elegans. For an organism to be a valid 
model of economic decision making its choice behavior must be sensitive to: (i) the difference between high and low quality 
goods, and (ii) the relative cost of those options.Previous work has shown that the nematode worm C. elegans quickly learns 
to feed on those foods (species of bacteria) that promote higher rates of growth and reproduction. Worms spend more time 
foraging in patches of Good bacteria (high worm growth rate) versus Mediocre bacteria (moderate growth rate) when equally 
abundant. Until now, however, it has not been possible to simultaneously present two food choices of different quality and 
cost. To that end, we have developed an electro-microfluidic device in which a semi-restrained worm forages between 
contiguous yet discrete fluid streams containing good and mediocre quality food. This arrangement constitutes a two-
alternative forced-choice task, analogous to those used in behavioral economics. Electrodes inserted into the device monitor 
muscular impulses associated with individual swallowing events. Relative consumption of Good and Mediocre food is 
measured by counting the number of swallowing events in the respective fluid streams. The fraction of total swallowing 
events in Good vs Mediocre food serves as an index of food preference. Importantly, we can alter the effective prices of the 
two foods by adjusting the concentration of the bacteria, with price being inversely related to concentration.Here we present 
behavioral data delineating preference for Good vs Mediocre food across a range of relative prices. We find that worms 
exposed to the two species of bacteria at equal prices prefer Good bacteria, indicating that feeding preferences are normal in 
the device. Worms respond to price adjustments as predicted by economic theory in that increasing the relative price of a 
food leads to a decline in its consumption. In addition, we present calcium-imaging data from sensory neurons showing that 
they respond to transitions between Good and Mediocre foods, and the amplitude of calcium signal scales with relative food 
preference. These results show that C. elegans forages in an economic manner, and that relative value is represented at the 
level of the sensory neurons. 

498B. Analysis of downstream regulatory components of the TIR-1/JNK-1 pathway for forgetting of the olfactory adaptation 
in C. elegans. T. Kitazono1, S. Higaki2, A. Inoue1, T. Ishihara1,2. 1) Department of System Life Sciences, Kyushu University, 
Fukuoka, Japan; 2) Faculty of Sciences, Department of Biology, Kyushu University, Fukuoka, Japan. 
   Forgetting is important for animals to properly respond to continuously changing environment, but the molecular 
mechanisms of forgetting are still unclear. To elucidate the mechanisms of forgetting, we used one of the behavioral 
plasticity, the olfactory adaptation in C.elegans, as a simple model. We previously showed that the mutants of TIR-1, a p38 
MAPK adaptor protein, and its downstream signaling pathway (TIR-1/JNK-1 pathway) exhibited prolonged retention of the 
olfactory adaptation to diacetyl, which is sensed by AWA sensory neurons. Our genetic analyses showed that the TIR-1/JNK-
1 pathway accelerates forgetting by facilitating the release of the forgetting signals from AWC sensory neurons.In this study, 
to identify downstream components of the TIR-1/JNK-1 pathway, we screened suppressor mutants of a gain of function 
mutant of tir-1 (ok1052). tir-1(gf) mutant animals exhibit weak olfactory adaptation probably because of the hyperactivation 
of the TIR-1/JNK-1 pathway during conditioning. In this screening, we isolated 71 independent mutants, which showed the 
prolonged retention of the olfactory adaptation to diacetyl.To identify the responsible genes of these strains, we carried out 
the whole genome sequencing analysis and single nucleotide polymorphism mapping. To date, we have identified two 



conserved genes regulating the forgetting. Each gene encodes a membrane protein and a receptor tyrosine kinase. In C. 
elegans, these genes are known to regulate the sensory responses and the behavioral plasticity. Their homologues in 
mammals are expressed in central nervous systems. Although their functions are largely unclear, recent findings suggest that 
these components are involved in the regulation of neuronal plasticity. Therefore, the forgetting in C. elegans may be 
regulated by common molecular mechanisms that are conserved in other species. Our studies may contribute to finding new 
regulatory components and mechanisms for the regulation of the neuronal plasticity in higher organisms. 

499C. Loss of tax-4 function alters the temperature-dependence of egg-laying. Samuel Lasse, Diana Koulechova, Miriam 
Goodman. MCP, Stanford University, Stanford, CA. 
   The temperature dependence of muscle function has been well documented 1. Whether this dependence is due to the 
intrinsic properties of muscles, their control by motor neurons, regulatory input from thermoreceptor neurons, or some 
combination of these factors is unclear. We are investigating this question using the nematode C. elegans and egg-laying 
behavior. We first measured steady-state egg-laying rate as a function of temperature in several wild strains isolated from a 
range of climates and used these data to estimate the peak egg-laying rate (Rmax) and the temperature at which it occurs (Tmax). 
We find that Tmax, but not Rmax correlates with the distance from the equator for each strain’s origin. In a companion 
presentation (Lasse, McPherson, et al), we share initial work directed towards identifying genetic polymorphisms that might 
account for the variation in Tmax, focusing on the two most divergent strains: Bristol (N2) and Hawaiian (CB4856). To learn 
more about the contribution of thermoreceptor neurons, we leveraged existing and novel mutations in the tax-4 gene, which is 
required for the function of all thermoreceptor neurons operating in the innocuous thermal zone2. In both Bristol (N2) and 
Hawaiian (CB4856) strains, loss of tax-4 function decreases Tmax. This manipulation reduces Rmax by a factor of three in the 
Bristol (N2) background but does not alter Rmax in the Hawaiian (CB4856) background. We propose that the motor program 
has similar intrinsic temperature dependence across worm strains and that thermoreceptor neuron input is necessary to shift 
this dependence to a range that is best matched to a particular environment.We thank Mario de Bono and Changchun Chen 
for assistance with the CRISPR technique and the NIH/IRACDA for fellowship funding to S. Lasse.1.     Bennett, A. F. 
Thermal dependence of muscle function. Am. J. Physiol. 247, R217–29 (1984).2.     Mori, I. & Ohshima, Y. Neural 
regulation of thermotaxis in Caenorhabditis elegans. Nature 376, 344–348 (1995). 

500A. Age-related neuronal changes. Anagha Kulkarni, Claire Benard. Department of Neurobiology, UMass Medical 
School, Worcester, MA. 
   The age-dependency of many neurodegenerative diseases is well known, but the mechanisms by which aging triggers them 
are poorly understood. To start elucidating the mechanisms of neuronal protection from aging, we have characterized 
structural neuronal changes occurring at different adult ages of C. elegans. Our analysis of the normally aging nervous 
system at the single-neuron resolution reveals distinct neuronal alterations that arise with age. We find that the types of 
neuronal changes and their age of onset are neuronal-type specific, highlighting the differential susceptibility of neurons to 
stresses. These findings provide evidence that the architecture of the nervous system of C. elegans undergoes age-dependent 
decline, which is in agreement with others (1,2,3). Functional decline of motorneurons has been elegantly described as well 
(4). To determine the relationship between neuronal decline and aging, we tested whether lifespan pathways are determinants 
of age-related neuronal changes. Our analysis of the nervous system in the long-lived mutants clk-1, daf-2 and eat-2, and in 
the short-lived mutants daf-16, indicates that age-related neuronal changes are uncoupled from the genetic lifespan pathways. 
Consistent with our results, daf-16 has been found to mediate age-dependent regeneration independently of lifespan (5). On 
the other hand, we have evidence suggesting that neuronal maintenance mechanisms are important in regulating the age-
related neuronal changes.1.Pan et. al, 2011; 2.Tank et. al, 2011; 3.Toth et. al, 2012; 4.Liu et. al, 2013; 5. Byrne et. al, 2014 . 

501B. Antagonistic function of HPL-2 and SET-2 in olfactory adaptation of the AWC neuron. Yu-Lin Kuo, Bi-Tzen Juang. 
Department of Biological Science and Technology, National Chiao Tung University, Hsin-Chu, Taiwan. 
       Sensory neurons are the front-line of an organism to detect environmental changes. For survival purposes, neural circuits 
must integrate external stimuli and modify output signals to behave appropriately. The process of the modulation is termed 
neuronal plasticity. To gain insight into the molecular basis for neuronal plasticity, we study the olfactory AWC neuron in C. 
elegans. The AWC neurons are able to sense attractive volatile chemical compounds such as butanone, which induce animals 
to move toward to this odor source, termed chemotaxis. Prolonged odor exposure in the absence of food results in the ability 
to ignore those attractive odors, termed adaptation. In previous work, we found that the putative RNAase III MUT-7 is 
required for increasing the levels of specific siRNAs to direct the histone associated protein HPL-2 bound to the siRNA's 
cognate gene in an adult odor-adapted animal. Genetic analysis revealed that HPL-2 and MUT-7 affect adaptation by acting 
in the same pathway. HPL-2 is heterochromatin protein 1 (HP1) homologs in human and HP1 family protein can interact 
with methylated lysine 9 of histone H3 (H3K9) to form of heterochromatin and contribute to repression of target gene. The 
transgenic strain carrying the non-methylated lysine-to-leucine mutation of histone H3K9 in the AWC neuron blocks 
adaptation. Thus, we asked the importance of histone methylation in behavioral plasticity. Simonet et al. (2007) reported that 
a histone H3K4 methyltransferase SET-2 antagonizes HPL-2 during the development of the vulva. Likewise, we found that 



loss of SET-2 suppresses the adaptation defects of both the hpl-2 null and the mut-7 inactivated mutants. The rescue analysis 
showed that the SET-2 acts in the AWC neuron for modulating odor adaptation. Our work opens up the possibility that the 
olfactory memory formation is dependent on changes in chromatin modification. 

502C. Identification and characterization of new genes involved in Dopaminergic neurons function by cell specific knock-
down. A. Lanzo1, L. Pannone2, M. Tartaglia2, P. Bazzicalupo1, S. Martinelli2, B. Safratowich3, L. Carvelli3, E. Di Schiavi1. 1) 
Institute of Biosciences and Bioresources (CNR), Napoli, Italy; 2) Istituto Superiore di Sanità, ISS, Rome, Italy; 3) 
University of North Dakota, Grand Forks, ND, USA. 
   Dopamine (DA) is a neurotransmitter that plays very important roles in humans and other animals, such as regulating 
movement, behavior and cognition. Excess or deficiency of DA have been associated with a number of neurological diseases, 
including Parkinson’s disease and drug addiction. To date the molecular mechanisms involved in these disorders have not 
completely been discovered. We are interested in identifying new players which, when depleted, may cause an alteration in 
DA system function, a less explored field of investigation compared to the use of chemical treatments (e.g. 6-OHDA) and of 
engineered transgenes (e.g. a-syn overexpression). In C. elegans genetic mutations have been largely used to study neuronal 
function, but in some cases they may not be useful when gene loss causes pleiotropic or lethal phenotypes, thus hampering 
the possibility to study its role in a specific neuronal system. To overcome these limitations, we took advantage of a powerful 
variant of RNAi (Esposito et al., Gene, 2007), to dissect the role played specifically in DAergic system by candidate genes. 
We initially confirmed, by silencing control genes (gfp, dat-1, cat-2), that the silencing is restricted to DA-neurons and highly 
efficient. We then started by silencing the first candidate gene, unc-64, which encodes a SNARE protein involved in synaptic 
vesicle fusion, and whose full depletion causes uncoordinated locomotion. Using an in vivo behavioral assay, the SWimming-
Induced Paralysis (SWIP), we showed that animals lacking unc-64 in the DAergic neurons presented a SWIP defect, showing 
its importance in DAergic circuit for a correct DA reuptake. Moreover we revealed that the SWIP effect produced after 
treatment with the psychostimulant Amphetamine (AMPH), strongly depends on the presence of unc-64 specifically in 
DAergic circuit. We then investigated the role played in DAergic neurons by unc-63 gene, the ortholog of the mammalian 
Alpha 6 CHolinergic Nicotinic Receptor (CHRNA6), using the resistance assay to lethal effect of the nicotinic agonist DMPP 
(Ruaud and Bessereau, Development, 2006). With the same approach we silenced unc-63 and we exposed interfered animals 
to DMPP, demonstrating that unc-63 presence in the DAergic system is important to mediate the toxic action produced by 
DMPP. We are now interested in characterizing the molecular pathways in which these genetic modifiers of DAergic 
function are involved, by genetic epistasis and pharmacological approaches. 

503A. Acute food deprivation activates neuropeptide signaling in diverse tissues to modify avoidance behavior. Hiu Lau1,2, 
Sreekanth Chalasani1,2. 1) Biological Sciences, University of California San Diego, La Jolla, CA; 2) MNL-SC, Salk Institute 
for Biological Studies, La Jolla, CA. 
   Animals detect relevant cues in the environment and modify their behaviors to maximize survival and fitness. Underlying 
neural circuits integrate information about external stimuli with those from internal states to generate appropriate behaviors. 
In particular, food status signals are crucial internal state signals with profound effects on an animal’s behavior. The 
underlying neural and molecular machinery for communicating internal state remain incompletely understood.We used acute 
food deprivation to probe the effects of internal states on behavior. In a sensory integration assay, C. elegans cross a copper 
barrier and chemotax toward a spot of attractive diacetyl odor. We find that two hours of food deprivation experience is 
sufficient to elicit robust behavior modification. Animals deprived of food cross the copper barrier more readily compared to 
animals fed E. coli. Food deprivation acts on different tissues including neurons, intestine and body wall muscle, which 
process and release peptides. All of these tissues use the AEX-5 peptide processing enzyme and UNC-31 calcium-dependent 
activator protein for secretion, respectively. Downstream, the insulin receptor, DAF-2, receives these tissue-released peptide 
signals and modifies neural circuits generating behavioral plasticity. Our analyses of signaling machinery reveal that 
conserved components and pathways relay the internal status of the animal to neurons to elicit robust modification in 
behavioral responses. Together, this research provides important insight into the complex signaling required for animals to 
respond to changes in food availability. 

504B. Heterologous Expression in Remodeled C. elegans: A Platform for Monoaminergic Agonist Identification and 
Anthelmintic Screening. Wenjing Law, Leah Wuescher, Amanda Ortega, Vera Hapial, Patricia Komuniecki, Richard 
Komuniecki. University of Toledo, Toledo, OH. 
   Monoamines, such as 5-HT and tyramine (TA), paralyze both free-living and parasitic nematodes when applied 
exogenously and serotonergic agonists have been used to clear Haemonchus contortus infections in vivo.  Since nematode 
cell lines are not available and animal screening options are limited, we have developed a screening platform to identify 
monoamine receptor agonists. Key receptors were expressed heterologously in chimeric, genetically-engineered 
Caenorhabditis elegans, at sites likely to yield robust phenotypes upon agonist stimulation.  This approach potentially 
preserves the unique pharmacologies of the receptors, while including nematode-specific accessory proteins and the 
nematode cuticle.  Importantly, the sensitivity of monoamine-dependent paralysis could be increased dramatically by 



hypotonic incubation or the use of bus mutants with increased cuticular permeabilities.  We have demonstrated that the 
monoamine-dependent inhibition of key interneurons, cholinergic motor neurons or body wall muscle inhibited locomotion 
and caused paralysis.   Specifically, 5-HT paralyzed C. elegans 5-HT receptor null animals expressing either nematode, insect 
or human orthologues of a key Gαo-coupled 5-HT1-like receptor in the cholinergic motor neurons.  Importantly, 8-OH-DPAT 
and PAPP, 5-HT receptor agonists, differentially paralyzed the transgenic animals, with 8-OH-DPAT paralyzing mutant 
animals expressing the human receptor at concentrations well below those affecting its C. elegans or insect orthologues. 
Similarly, 5-HT and TA paralyzed C. elegans 5-HT or TA receptor null animals, respectively, expressing either C. elegans or 
H. contortus 5-HT or TA-gated Cl- channels in either C. elegans cholinergic motor neurons or body wall muscles.  Together, 
these data suggest that this heterologous, ectopic expression screening approach will be useful for the identification of 
agonists for key monoamine receptors from parasites and could have broad application for the identification of ligands for a 
host of potential anthelmintic targets. 

505C. Investigation of the EGL-2/EAG K+ channel PAS domain’s role in responding to environmental changes. Brigitte 
LeBoeuf1,2, Jimmy Gonclaves1, L. Rene Garcia1,2. 1) Dept Biol, Texas A&M Univ, College Station, TX; 2) Howard Hughes 
Medical Institute. 
   The highly conserved ether-a-go-go (EAG) K+ channel (also known as Kv10.1 and KCHN1) contains an n-terminal Per-
Arnt-Sim (PAS) domain that interacts with a cyclic nucleotide-binding homology (CNBh) domain. These channels regulate 
egg-laying, chemotaxis and male mating in C. elegans and are involved in cognition, seizures, development and cancer in 
humans; however the functional role for the PAS and CNBh domains remain unidentified. In other contexts, the PAS domain 
has different functions, one of which is a nutrient sensor. Thus, we are interested in the role of the PAS domain in the egl-2-
encoded EAG K+ channel. We are utilizing a variety of molecular and behavioral approaches to address this question. Using 
CRISPR, we tagged the genomic EAG K+ channel gene egl-2 by inserting YFP to a region between the CNBh domain and 
the c-terminus. The cells that express the CRISPR-engineered K+ channel in egl-2:YFP worms match transgenic animals that 
express promoter:YFP constructs. Our previous research identified egl-2 up-regulation as an important aspect of both aging 
and response to transient food deprivation. To confirm this construct is useful in measuring variable metabolic states, we 
measured fluorescent levels in both aging and transiently food-deprived males. We found that fluorescence increases with age 
or after a transient period of food deprivation, similar to our previous reports using transgenic promoter:marker constructs. 
Interestingly, while EGL-2:YFP is expressed uniformly in sex muscles, the protein is trafficked to the ciliated tips of sensory 
neurons in both the head and tail. This suggests EAG K+ channels regulate membrane excitability in cilia, perhaps 
responding to environmental signals through their PAS domains. To address this possibility, we are constructing a version of 
EAG with the channel removed and the circular permutated GFP inserted in its place, in an attempt to create a construct that 
will change fluorescence when the animal experiences different nutrient conditions. . 

506A. Temperature-dependent changes in host-seeking behavior in entomopathogenic nematodes. Joon Ha Lee, Elissa 
Hallem. Department of Microbiology, Immunology, and Molecular Genetics, University of California, Los Angeles, Los 
Angeles, CA. 
   Entomopathogenic nematodes (EPNs) are lethal parasites of insects that are used as biocontrol agents for insect pests. 
Although EPNs are commercially available as safer alternatives to chemical insecticides, their efficacy in the field is often 
inconsistent for reasons that remain elusive. Olfactory behavior of parasites is thought to be crucial for the identification of 
and movement toward preferred hosts, but how it is affected by environmental conditions is poorly understood. We find that 
the infective juveniles (IJs) of various EPN species, including Steinernema carpocapsae, a widely distributed EPN with a 
broad host range, show olfactory plasticity as a function of temperature and age. Odorants that elicit attractive responses for 
IJs at lower temperatures elicit repulsive responses at higher temperatures and vice versa. In addition, we find that EPNs shift 
their host-seeking strategy depending on cultivation temperature: S. carpocapsae IJs reared at lower temperatures appear to 
actively cruise more than IJs reared at higher temperatures. Many EPNs are capable of infecting many different insect hosts, 
and are exposed to seasonal variations in temperature. Temperature-dependent modulation of host-seeking behavior may 
enable these generalists to target seasonally appropriate hosts. Furthermore, we find that the roots of stressed plants, which 
may signal the presence of potential insect hosts, elicit different responses from IJs depending on IJ cultivation temperature. 
We are now comparing the influence of temperature on olfactory behavior in specialist EPN species with narrower host 
ranges, and also in mammalian-parasitic nematodes such as the skin-penetrating rat parasite Strongyloides ratti. We are also 
investigating the neural basis of olfactory plasticity in EPNs. In summary, our results demonstrate that EPNs exhibit dramatic 
temperature-dependent behavioral changes, which may allow optimization of their host-seeking behavior. A better 
understanding of olfactory plasticity in EPNs may ultimately pave the way for enhancing their efficacy as biocontrol agents. 

507B. Serotonin-dependent Pulse-Width-Modulation control of food uptake. Kyung Suk Lee1, Shachar Iwanir2, Ronen 
Kopito1, David Biron2,3, Erel Levine1. 1) Department of Physics and Center for Systems Biology, Harvard University, 
Cambridge, MA; 2) Department of Physics and the James Franck Institute, The University of Chicago; 3) The Institute for 
Biophysical Dynamics, The University of Chicago. 



   Animals integrate physiological and environmental signals to regulate food uptake by modulating feeding behavior. Failure 
to regulate feeding may have devastating results, including obesity and diabetes, underscoring the importance of 
understanding its underlying mechanisms. The nematode C. elegans, whose food uptake consists simply of pumping bacteria 
from the environment into the gut, provides excellent opportunities for discovering principles of conserved regulatory 
mechanisms. Here we take an approach rooted in control theory, and measure at high resolution the dynamics of feeding in 
response to food availability using a custom microfluidic device. We show that worms implement a graded response by 
balancing two discrete modes of feeding, a control mechanism known as Pulse-Width-Modulation (PWM). The bioamine 
serotonin, which has a conserved role in regulating feeding, is shown to be essential for the recurring transitions into the 
active feeding mode. Two types of serotonergic neurons are implicated in this mechanism, and two families of serotonin 
receptors are shown to have distinct roles in tuning its properties. We propose that PWM is a conserved mechanism of 
behavior and motor control. 

508C. Regulator of Calcineurin (RCAN-1) in AFD neurons regulates thermotaxis behavior. Weixun Li1,2,3, Harold Bell4, 
Joohong Ahnn1,2,3, Sun-Kyung Lee1,2,3. 1) Life Science, Hanyang University, Seoul, Korea; 2) BK21 PLUS Life Science for 
BDR Team, Hanyang University, Seoul, Korea; 3) Research Institute for Natural Sciecne, Hanyang University, Seoul, Korea; 
4) National Center for Behavioral Genomics, Dept of Biology, Brandeis University, Waltham, MD. 
   Regulator of calcineurin (RCAN) is a calcineurin-interacting protein that inhibits calcineurin phosphatase.  In this study, we 
found that rcan-1 deletion mutants exhibited cryophilic behavior dependent on tax-6, which was rescued by expressing rcan-
1 in AFD neurons. Interaction between RCAN-1 and TAX-6 requires the conserved PxIxIT motif of RCAN-1, without which 
thermotactic behavior could not be fully rescued. Calcium imaging studies indicate that AFD neurons in rcan-1 and tax-6 
mutants are abnormal. In addition, the loss of crh-1/CREB suppressed the thermotaxis phenotypes of rcan-1 and tax-6 
mutants, suggesting that crh-1 may play a role downstream of the rcan-1/tax-6 pathway. Taken together, our results suggest 
that rcan-1 is an inhibitory regulator of tax-6 in AFD neurons, and that it acts in the formation of thermosensory behavioral 
memory in C. elegans. . 

509A. The impact of Sleep and sleep deprivation on learning and memory in C. elegans. Yu Yong, Yuanyuan Wu, Fen 
Zhang, Xiaofei Xia, Wei Li. School of life sci and tech, Tongji University, Shanghai. 
       Sleep is essential for performance and health, yet its function remains elusive. Emerging evidence indicates that sleep 
plays a necessary role on sleep-dependent memory consolidation. Sleep deprivation can cause the impairment of cognitive 
performance and decreasing work efficiency especially in modern society. We established C. elegans as a model to study the 
sleep deprivation and its effect on learning and memory. By developing new sleep deprivation methods, we found that sleep 
deprivation prior to learning impaired encoding of memory and sleep deprivation after learning disrupted memory 
consolidation. tph-1 mutants, failed to synthesize the neurotransmitter serotonin, exhibit a lighter sleep and impaired learning 
and memory activities, which indicates that serotonin is involved in the sleep deprivation-induced memory dysfunction in C. 
elegans. Our studies provide further evidence for understanding the molecular mechanisms of how sleep affects learning and 
memory. 

510B. Behavioral Adaptation for Dauer Recovery. Daisy S. Lim1, Myung Kyu Choi1,3, Junho Lee1,2. 1) School of Biological 
Sciences, Seoul National University, Seoul, 151-742, Korea; 2) Department of Biophysics and Chemical Biology, Seoul 
National University, Seoul, 151-742, Korea; 3) Current address: Department of Organismic and Evolutionary Biology Center 
for Brain Science Harvard University 52 Oxford Street, Northwest Science Building Cambridge, MA 02138 USA. 
   In adverse environmental conditions, such as high temperature, dense population and low food, Caenorhabditis elegans 
larvae enter dauer stage, an alternative developmental stage which can be recovered into reproductive adult stage when such 
conditions improve. In this context, dauers need to recognize and dwell at favorable environments for their survival and 
reproduction through dauer recovery. However, little is known about behavioral aspects of dauer recovery process. Because 
neuronal structure and physiology of dauer larvae are different from those of non-dauers, we hypothesized that dauers may 
have unique mechanisms for processing information from the surrounding environment, which is cruicial for their survival. 
Here, we are screening for mutants defective for dwelling on food at dauer stage. Tentative results show that while wild-type 
strains have different behavioral propensities depending on the presence of food, some genetic mutants exhibit these 
differences to lesser or greater extents. This study will provide new insights on genetic components and neuronal circuit that 
mediate dauer recovery through behavioral modulation.  * This work was supported by NRF(National Research Foundation 
of Korea) Grant funded by the Korean Government(NRF-2014-Global Ph.D. Fellowship Program). 

511C. Histone Methylation as a Putative Mechanism of Behavioral Alcohol Tolerance in C. elegans. C. Lin, J. Shih, A. 
Huang, A. Sunthoram, C. Rankin. Brain Res Ctr, Univ British Columbia, Vancouver, BC. 
   A key risk factor in alcoholism is the genetic predisposition for high alcohol tolerance. Tolerance, as defined in DSM-IV, 
refers to a “diminished effect with continued use of the same amount of alcohol”. However, the mechanisms underlying 



alcohol tolerance are poorly understood. Studies of postmortem human alcoholic brains suggested that alcoholism is 
associated with epigenetic driven gene expression changes that involve methylation of histones lysine residues via histone 
methyltransferases (HMTs). Two complexes that methylate H3 histone lysine residue 4 (H3K4) and residue 9 (H3K9) are of 
particular interest because H3K4 methylation is often associated with H3K9 demethylation, and vice versa. H3K4 
methylation is associated with active transcription and H3K9 methylation is associated with repressed transcription, 
suggesting an antagonistic gene activation/repression mechanism. To determine whether H3K4/H3K9 HMTs in C. elegans 
play a role in alcohol tolerance, we developed a behavioral model of tolerance in C. elegans based on the DSM-IV definition, 
then characterized the tolerance phenotypes of the H3K4 HMT mutant, set-2, and H3K9 HMTs mutant, set-11. To develop a 
tolerance model, we pre-exposed worms to 0mM, 200mM, and 400mM ethanol in agar for 1, 2, 6, 12, and 24 hrs in Day 1 or 
Day 2 adult worms cultured at 20oC, and examined locomotor movement of the worms on 0mM, 200mM or 400mM ethanol 
the next day using Multi-Worm Tracker. We found that wild type worms that were pre-exposed to 200mM ethanol for 24 
hours, allowed to recover off alcohol for 2 hours, and then exposed again to 200mM ethanol showed diminished effect of 
alcohol on locomotor speed compared to that of worms pre-exposed to 0mM ethanol and then exposed to 200mM the next 
day. This suggests worms exposed to alcohol the 2nd time showed a behavioral tolerance to ethanol. On the other hand, 
worms in the withdrawal group (pre-exposed to 200mM and exposed to 0mM the next day) moved at the same speed as 
worms in the naïve group (pre-exposed to 0mM and exposed to 0mM the next day), suggesting that pre-exposure did not 
affect locomotor speed. Using this tolerance model, we evaluated the effect of tolerance in set-2 and set-11 mutants, and 
found that neither mutant showed tolerance to ethanol. Second-exposure set-2 and set-11 mutant groups moved at the same 
speed as the first-time exposure groups, suggesting that the first exposure did not produce tolerance as it did in WT worms. In 
addition, mutant withdrawal groups moved at the same speed as naïve groups, suggesting set-2 and set-11 do not play a role 
in withdrawal. Together our results suggest that H3K4/H3K9 HMTs might play a critical role in the development of alcohol 
tolerance. 

512A. Long-term olfactory associative memory induction by optogenetic stimulation of ASH neuron. Viktoras Lisicovas, 
Ichiro Maruyama. Okinawa Institute of Science and Technology, Onna-son, Okinawa. 
   We investigated whether associative memory can be formed through activation of sensory neurons with channelrhodopsin-
2. Previously, a conditioning paradigm, using acidic solution as an unconditioned stimulus (US) and 1-propanol as a 
conditioned stimulus (CS), was shown to induce odor associations lasting as long as 24 hours. A tracking confocal 
microscope was used to design an aversive conditioning paradigm using optical stimulation in ASH neurons as a US and 
exposure to vapor of 100% 1-propanol as a CS. A closer investigation of the tracking data obtained from single individuals 
revealed that conditioned animals responded to 1-propanol with deeper bends than naïve animals. To quantify this 
phenomenon we wrote a custom script for assessing the probability of observing the animal in that behavior.  The learning 
index was calculated as the change in this probability before and after training. Wild type animals showed no predictable 
increase in learning index, while transgenic animals did. We then examined whether this behavior could persist for at least 6 
hr. Two training regimens were used: with an inter-trial period (ITI) of 3 and 10 min. The first regimen was expected to 
induce short-term memory and the latter long-term memory. When conditioned animals were assayed 6 hr after training, the 
increase in learning index for 10-min ITI, but not for 3-min ITI was observed. Our findings demonstrate that olfactory 
conditioning can, at least in part, be achieved using optogenetic stimulation to induce a long-term associative memory. 

513B. Existence of a nematode alarm pheromone. Z. Liu, B. Aleman-Meza, J. Nguyen, S. Jung, W. Zhong. BioSciences, 
Rice university, Houston, TX. 
   It is crucial for animal survival to detect dangers such as predators. A good indicator of dangers is injury of conspecifics. It 
was reported that in C. elegans when one worm exploded upon a glass needle, nearby worms would move away from the 
victim (Thomas and Horvitz, 1988). Using three newly-designed quantitative methods, we confirmed the existence of an 
alarm pheromone released by injured nematodes. C. elegans avoided the alarm pheromone in a dose-dependent pattern. We 
then explored the molecular properties of the alarm pheromone and found that it was not any of the known avoidance 
chemicals. The alarm pheromone appeared to be ascaroside-independent because ascaroside-synthesis mutants still generated 
the alarm pheromone and ascaroside-receptor mutants still detected the alarm pheromone. The alarm pheromone was an 
endogenous factor present in all developmental stages, including embryos, larvae, adults and dauers, and only released to the 
environment upon injury. The alarm pheromone appeared to be nematode specific, because C. elegans did not avoid injured 
fruit fly larvae, but avoided alarm pheromones from multiple nematode species, including the insect parasite Steinernema. 
Interestingly, Steinernema only avoided the alarm pheromone from Steinernema but not C. elegans. We further examined the 
effects of the alarm pheromone on C. elegans. Constant exposure to the alarm pheromone did not reduce the lifespan of C. 
elegans, suggesting that it imposed no physical damage to the worms. Avoidance of the alarm pheromone was not affected 
by gender, developmental stage or feeding status. Males, hermaphrodites, dauers, and starved worms showed equal avoidance 
of this alarm pheromone, suggesting that avoidance of the alarm pheromone was a basic response important for animal 
survival in the wild environment. Multiple neurotransmitters were required for the alarm response. Exposure to the anti-
anxiety drug Fluoxetine (Prozac) abolished C. elegans avoidance to the alarm pheromone. Finally, we investigated the 



molecular and cellular pathways used by C. elegans to detect the alarm pheromone. Mutant analysis showed that detection of 
the alarm pheromone was modulated through the cGMP-gated ion channels TAX-2 and TAX-4, guanylyl cyclases DAF-11, 
ODR-1, GCY-5, GCY-9 and GCY-22, and G proteins GOA-1, GPA-3, GPA-7 and GPA-14. Genetic and laser ablation of 
neurons showed that the amphid neurons AWC, ASI, and ASK were required for the detection of the alarm pheromone. . 

514C. A redundant neural circuit drives C. elegans responses to social cues. Zheng Liu1, Ada Tong1, Sarah Leinwand1, 
Kevin Curran1, Christopher Chute2, Jagan Srinivasan2, Sreekanth Chalasani1. 1) Salk Institute for Biological Studies, La 
Jolla, CA; 2) Worcester Polytechnic Institute, Worcester, MA. 
   Animals communicate with each other using social cues. Typically, the sender sends a signal that modifies the current 
and/or future behaviors of the receiver. One particular form of communication that has been well studied is the interactions 
between a predator (sender) and prey (receiver). Despite these efforts, the neural circuits in the receiver that detect signals 
and driving behaviors remain poorly understood. We have developed a novel model of social behaviors analyzing the 
interactions between two nematodes P. pacificus (sender) and C. elegans (receiver).We find that C. elegans avoids secretions 
from a starving P. pacificus. We used cell ablations and calcium imaging to map the underlying sensory circuit. We find that 
either ASH and ASI or ASH and ASJ neurons detect P. pacificus derived signals. Moreover, we show that tax-4 (cyclic 
nucleotide gated ion channel) is required in both ASI and ASJ neurons while ocr-2 (TRP channel) is required in ASH for the 
avoidance response. We performed a pilot screen using small molecule drugs and identified Sertraline, (Zoloft, a selective 
serotonin reuptake inhibitor) as a candidate hit. Animals treated with Zoloft show greatly attenuated responses to P. pacificus. 
Surprisingly, its action requires GABA but not serotonin signaling to attenuate C. elegans avoidance. Apart from this rapid 
avoidance, we also show that prolonged exposure to Pristionchus secretions also modifies future C. elegans behaviors. These 
studies show how a receiver neural circuit detects social signals and modifies its current and future behaviors. . 

515A. Probing the viscoelasticity of the C. elegans body. Frederic Loizeau1, Sylvia Fechner1, Eileen Mazzochette1, Adam 
Nekimken1, Massimo Vergassola2, Miriam Goodman1, Beth Pruitt1. 1) Stanford University, Stanford, CA; 2) University of 
California San Diego, San Diego, CA. 
   Gentle touch receptor neurons (TRNs) of C. elegans share many response dynamics with sensory neurons found in 
Pacinian and Meissner corpuscles in mammals [1]. For example, they show rapid adaptation and symmetrical on and off 
responses to the application and removal of mechanical cues [2]. Whether TRNs are frequency-dependent remain however 
unknown. In Pacinian corpuscles, the onion-like lamellar capsule acts as a mechanical band-pass filter between 20 Hz and 
400 Hz [3]. Here, we ask whether the C. elegans body, and in particular the tissues engulfing the TRNs, is viscoelastic and 
how this property might play a role in the transduction of mechanical cues at low and high frequencies to the TRNs. To reach 
this goal, we developed a custom instrument capable of delivering defined force or displacement profiles to the worm body 
within the nN-mN or nm-mm range, respectively [4]. To apply the mechanical cues, silicon micro-cantilevers were fabricated 
using manufacturing processes derived from the integrated circuits industry. We integrated a piezoresistive strain gauge at 
their surface to detect the deflection of the micro-cantilever. Hence, the known dimensions of the micro-cantilevers coupled 
with a defined contact area with the worm body allow us to measure the applied force and indentation. The movement of the 
micro-cantilever is provided by a piezoelectric actuator controlled using a custom LabView interface and a field-
programmable gate array. The controller manages data acquisition up to 10 kHz and feedback control in either displacement, 
i.e. displacement-clamp configuration, or force, i.e. force-clamp configuration. We achieved force and displacement step 
profiles with rising times below 3 ms and 1 ms, respectively. Sine waves have also been applied up to 200 Hz in force-clamp 
and up to 400 Hz in displacement-clamp. With sine stimuli of various frequencies, we are currently investigating the 
viscoelasticity of the worm body and its role in the mechanosensation of C. elegans.[1]        A. Zimmerman, et al., Science, 
346, 6212, 950–954, 2014[2]       R. O’Hagan, et al., Nat. Neurosci., 8, 1, 43–50, 2005.[3]       M. Sato, J. Physiol., 159, 3, 
391–409, 1961.[4]       S.-J. Park, et al., Rev. Sci. Instrum., 82, 4, 043703, 2011. 

516B. Molecular and neural analyses of C. elegans avoidance behavior to the plant stress hormone methyl salicylate. Jintao 
Luo, Long Ma. School of Life Science, Central South University, Changsha, Hunan, China. 
   Plants release odorants that can affect animal behaviors. Methyl salicylate (MeSa) is a volatile stress hormone released by 
plants under attack by pathogens or herbivores and could be sensed by adjacent plants as a warning signal. MeSa has also 
been shown to repel pests and attract predatory insects of herbivores. The molecules and neurons underlying animal’s 
response to MeSa are largely unknown. We previously found that wildtype C. elegans exhibits a strong avoidance response 
to MeSa, which requires two closely related neuropeptide receptors NPR-1 and NPR-2. Molecular analyses suggest that 
NPR-1 expressed in the RMG inter/motor neurons and NPR-2 expressed in the AIZ interneurons, respectively, are required 
for MeSa avoidance. To further understand the underlying mechanism, we analyzed the behavior of npr-2(lf); npr-1(lf) 
double mutants. Surprisingly, npr-2(lf); npr-1(lf) double mutants exhibited a secondary MeSa avoidance behavior that is 
slightly weaker than that of wild-type animals. Neuron-specific rescue experiments suggest that the ASH sensory neurons are 
required for the secondary MeSa avoidance, which is normally repressed by npr-1 or npr-2. We also found that lim-4(lf) is 
required for the secondary avoidance, suggesting that the AWB sensory neurons might be involved. Based on these findings, 



we propose a neural circuit consisting of AWB, ASH, AIZ and RMG that regulates the MeSa avoidance behavior and are 
investigating the molecular and neural mechanisms of this circuit. 

517C. Disruption of cellular proteostasis drives sleep behavior in C. elegans. R. Mansfield, C. Van Buskirk. California State 
University Northridge, CA. 
   Sleep is widely regarded to be a restorative state, and the physiological perturbations associated with sleep deprivation are 
extensive. Despite intensive study, none of these perturbations has in turn been shown to drive sleep. Recently our lab has 
shown that in C. elegans, environmental stressors such as heat, cold and toxins induce a sleep-like state (Hill et al., 2014). As 
noxious environmental stressors are known to interrupt normal proteostasis, the existence of a subsequent sleep state suggests 
that sleep serves to assist in the restoration of normal proteostasis. This idea is supported by our observation that sleepless 
animals have impaired survival following severe stress (Hill et al., 2014). Further, we have found that chaperone response 
defective mutants display exaggerated sleep responses. These mutants include animals lacking the stress-induced 
transcription factors hsf-1/HSF-1, daf-16/FOXO and a component of the endoplasmic reticulum stress-response pathway hsp-
4/BiP. We are testing site-of-action for this effect by examining strains with tissue-specific rescue of HSF-1. In addition, we 
are using pharmacological inhibitors of the proteasome to test whether direct inhibition of the proteostasis machinery can 
trigger sleep. Last, we are performing RNAi against both positive and negative regulators of the heat shock transcriptional 
response, and screening for sleep phenotypes. The results of these efforts will be presented.Hill AJ, Mansfield R, Lopez 
JMG, Raizen DM, Van Buskirk C (2014) Cellular stress induces a protective sleep-like state in C. elegans. Curr Bio 24:1–
7.Zimmerman JE, Naidoo N, Raizen DM, Pack AI (2008) Conservation of sleep: insights from non-mammalian model 
systems. Trends Neurosci 31:371–6. 

518A. SWI/SNF chromatin remodeling regulates alcohol-response behaviors. L.D. Mathies1, G.G. Blackwell1, A.G. 
Davies1,2, J.C. Bettinger1,2. 1) Dept. of Pharmacology & Toxicology, Virginia Commonwealth University, Richmond, VA; 2) 
Alcohol Research Center, Virginia Commonwealth University, Richmond, VA. 
   Alcohol abuse is a significant social problem for which there are few treatments. One reason for the difficulty in generating 
effective pharmacological interventions is that we have only a limited understanding of the direct and indirect physiological 
targets of ethanol. We use C. elegans to study the mechanisms underlying acute responses to ethanol. Here we use 
locomotion as our behavioral readout and we measure two different responses to ethanol: initial sensitivity is the reduction in 
locomotion speed upon initial exposure to ethanol and acute functional tolerance (AFT) is the increase in locomotion speed 
that develops during the course of an exposure. Together, initial sensitivity and development of AFT contribute to the initial 
“level of response” that in humans predicts susceptibility to alcohol use disorders.We have identified roles for the SWI/SNF 
chromatin remodeling complex in regulating the behavioral response to alcohol in C. elegans. We found that SWI/SNF 
components are required in adults for the normal behavioral response to ethanol, and that different SWI/SNF complexes 
regulate different aspects of the acute response to ethanol (1). Specifically, BAF (Brahma-associated factors) subunits are 
required for wild-type levels of initial sensitivity and PBAF (Polybromo BAF) subunits are required for wild-type rates of 
AFT development. We further showed that the PBAF subunits SWSN-9 and SWSN-7 are required in neurons and muscle for 
the development of AFT. SWI/SNF is a multi-protein complex that alters the interaction between nucleosomes and DNA and 
thereby influences gene expression. We predict that the SWI/SNF complex regulates the expression of genes that determine 
the acute level of sensitivity and rate of AFT development. Further, as a potential epigenetic regulator, SWI/SNF is in a good 
position to modulate gene expression changes that occur as a response to ethanol exposure. We are currently testing 
SWI/SNF genes for roles in the behavioral response to extended or repeated ethanol exposure. Our ultimate goal is to 
determine how SWI/SNF regulates chromatin structure to modify behavioral responses to ethanol.(1) Mathies et al., (2015) 
Proc Natl Acad Sci U S A. 112(10):3032-7. 

519B. Food status regulates three behavioral states in Caenorhabditis elegans. Richard McCloskey, Christopher Fang-Yen. 
Bioengineering, University of Pennsylvania, Philadelphia, PA. 
   Animals switch between behavioral states to adapt to their environments, pursue goals, and to meet energy intake 
requirements.  For example, highly active states are often associated with food or mate searching or predator avoidance while 
more inactive states are associated with rest or feeding.  The nematode C. elegans exhibits behavior states such as dwelling, 
roaming, and quiescence characterized by low, high, and absent locomotory activity, respectively.  It has been observed that 
food influences the decision to alternately roam or dwell while liquid environments promote a decision to alternate between 
roaming and quiescence.  We investigated the possibility that these three behaviors could exist in any mechanical 
environment via long-term, longitudinal imaging of C. elegans behavior.  We find that roaming, dwelling, and quiescence 
can occur regardless of the mechanical environment and that fasting induces quiescence by a regulated mechanism that likely 
depends on neuropeptides.  We characterized feeding, locomotion, posture, and egg-laying and find that these stereotypically 
differ depending on the given behavioral state suggesting that behavioral states reflect the status of multiple neural 
circuits.  We investigated how conserved food-responsive signaling pathways influence behavior state decisions and find 
that the foraging homolog egl-4 is regulates the architecture of behavioral dynamics while insulin-like signaling is required in 



the nervous system to regulate decisions over behavior state type.  Overall our results show that dwelling, roaming, and 
fasting quiescence are not just locomotory states but distinct behavior states regulated food availability and evolutionarily 
conserved signaling pathways involved in nutrition.   . 

520C. A glycine receptor subunit homologue, AVR-14, alters short-term memory in an interstimulus interval-dependant 
manner in C. elegans. . Troy McDiarmid1, Evan Ardiel1, Catharine Rankin2. 1) Department of Neuroscience, University of 
British Columbia, BC; 2) Department of Psychology, University of British Columbia, BC. 
   Habituation is a learned decrement in responding following repeated exposure to a stimulus. Despite its importance the 
mechanisms underlying habituation remain largely unknown. Repeated exposure to taps (non-localized mechanosensory 
stimulation) leads to habituation of a reversal withdrawal response in C. elegans that is dependent on glutamate transmission 
and postsynaptic AMPA receptors. Here we use high throughput behavioural analysis to characterize the role of AVR-14, an 
inhibitory glutamate gated chloride channel homologous to vertebrate glycine subunits that is expressed on the mechosensory 
neurons. Avr-14 loss of function mutants display a larger initial reversal duration in response to tap and faster habituation to 
tap stimuli than wild-type animals at a 10s interstimulus interval (ISI). At long ISIs (60s), avr-14 mutants habituated 
significantly less than wild-type animals. The stark contrast in phenotypes at short and long ISIs necessitated analysis of 
habituation across ISIs (10-60s ISIs). This revealed that mutations in avr-14 result in faster habituation at short ISIs, wild-
type habituation at intermediate ISIs, and slower habituation and longer ISIs. Together these studies suggest mutations in avr-
14 alter habituation in an ISI-dependent manner. Experiments using cell-specific knockdown, rescue, and stimulation will 
localize the memory functions of AVR-14 to elucidate how it modulates the tap habituation circuit. These studies will 
determine how the inhibitory functions of glutamate mediate short-term habituation in C. elegans, furthering our 
understanding of the processes underlying learning and memory. . 

521A. Genetic Polymorphisms and the Relationship Between Ambient Temperature and Behavioral Performance in 
Caenorhabditis elegans. Samuel Lasse1, Kevin P. McPherson1, Victoria Hoelscher1, Erik C. Andersen2, Miriam B. 
Goodman1. 1) Department of Molecular & Cellular Physiology, Stanford University, Stanford, CA 94305, USA; 2) 
Department of Molecular Biosciences, Northwestern University, Evanston, IL 60208, USA. 
   Temperature and muscle function are highly correlated. For instance, marathon runners’ winning times decrease 
significantly in a range of 10 to 15°C [1]. To learn more about how genes might influence the temperature dependence of 
behavioral performance, we turned to C. elegans egg laying as a model. This behavior has several features that make it ideal 
for the studies currently in progress. First, egg laying involves a simple motor circuit and well-defined set of muscles. 
Second, the output of this motor program is straightforward to measure. Third, we find that Caenorhabditis elegans, egg-
laying rates increase gradually with heating until a maximum is achieved and then decline sharply, similar to observations 
reported for other behaviors in other ectotherms. Additionally, egg-laying rates vary between C. elegans strains isolated from 
different environments. For example, the maximal egg-laying rate of the Bristol (N2) hermaphrodites is about three-fold 
higher and occurs at a lower temperature than that of Hawaiian (CB4856) hermaphrodites (see Lasse, Koulechova & 
Goodman, IWM 2015).We are investigating the possibility that genetic polymorphisms account for differences in egg-laying 
rates by scoring a panel of recombinant inbred lines between N2 and CB4856. In brief, we measured egg-laying rates by 
placing three young adult (two-day old) hermaphrodites per well in a 96-well plate held at defined temperatures and 
recording rate as eggs/worm/hour during a two-hour assay time. This preliminary QTL analysis points to loci on chromosome 
IV that may account for variations in egg-laying rates based on measurements at a fixed temperature (25°C). In parallel, we 
investigated the possibility that ANOH-1 and ANOH-2, C. elegans orthologs of calcium-activated and temperature-sensitive 
chloride channels anoctamin-1 and anoctamin-2 found in humans [2], might contribute to the temperature sensitivity of egg-
laying in N2 hermaphrodites. For these experiments, the egg-laying rate in anoh-1 and anoh-2 mutants was compared with 
that of wild-type (N2) hermaphrodites at temperatures between 5ºC and 35°C. The resulting rate-temperature curves were 
indistinguishable, suggesting that neither anoh-1 nor anoh-2 plays a significant role in regulating the temperature-dependence 
of egg laying.  References:  [1] N Maughan, Scand J Med Sci Sports. 20 (2010), p. 95-102; [2] Y Wang et al., Am J Physiol 
Integr Comp Physiol. 11 (2013), p. R1376-R1389. . 

522B. Genetic Analysis of Neuronal Signaling Coupling Microbial Detection to the Induction of TGF-β/DAF-7 Gene 
Expression in C. elegans. Joshua Meisel, Dennis Kim. Biology, MIT, Cambridge, MA. 
   Environmentally induced changes in neuronal gene expression are a critical feature underlying behavioral plasticity. We 
have previously shown that transcription of the neuromodulator TGF-β/DAF-7 is rapidly activated in the ASJ chemosensory 
neuron pair in response to the pathogenic bacteria Pseudomonas aeruginosa and that this expression change promotes 
avoidance behavior (Meisel, JD et. al., Cell, 2014). Using a genetically encoded calcium indicator we have also shown that 
specific secondary metabolites produced by P. aeruginosa can activate the ASJ neurons. To further understand the molecular 
mechanisms and genetic pathways responsible for transducing an environmental sensory input into a transcriptional response 
we performed a forward genetic screen to identify genes necessary for the activation of daf-7 transcription in response to P. 
aeruginosa. We have identified conserved genes involved in G protein-coupled receptor signaling and calcium signaling that 



are required for daf-7 activation in the ASJ neuron pair. We have also identified mutants with constitutive daf-7 expression in 
the ASJ neurons when C. elegans are propagated on non-pathogenic E. coli. Analysis of neuronal calcium dynamics in these 
mutant backgrounds will provide insight into how sensory activity and calcium signaling are coupled to rapid changes in 
transcription that modulate behavior. 

523C. The C. elegans MAST Kinase Acts through Stomatin to Regulate Thermotaxis Behavior. Shunji Nakano1, Andrew C. 
Giles1, Muneki Ikeda1, Takamasa Suzuki2, Ayana Sano1, Tetsuya Higashiyama2,3, Ikue Mori1. 1) Graduate School of Science, 
Nagoya University; 2) ERATO, JST; 3) ITbM, Nagoya University. 
     C. elegans can sense and remember the environmental temperature and navigate themselves toward that temperature when 
placed on a thermal gradient. Although previous studies identified genes and neural circuits involved in thermotaxis, how C. 
elegans achieves this complex behavior still remains elusive.  To further reveal the mechanisms underlying thermotaxis, we 
undertook a genetic screen to look for mutants defective in thermotaxis. We found that a null mutation in the gene kin-4, 
which encodes the C. elegans homolog of MAST (Microtubule Associated Serine Threonine) kinase, caused a cryophilic 
phenotype. Expression of kin-4 in the AFD thermosensory neuron rescued this defect. We also found that nj89, another 
isolate recovered from our screen, caused a thermophilic defect and suppressed the kin-4 mutant phenotype. nj89 is a gain-of-
function mutation of mec-2, which encodes a stomatin-like membrane-associated protein previously shown to bind to 
microtubules and a DEG/ENaC (Degenerin/Epithelial Na Channel).  To identify the behavioral components defective in these 
mutants, we set up a high-throughput tracking system to record thermotaxis behavior. Wild-type animals modulate the 
frequencies of omega and reversal turns. They also bias the angle of shallow turns to steer toward the cultivation temperature. 
We found that kin-4 and mec-2 mutants are defective in regulating reversal turn frequencies .    Our results suggest a novel 
signal transduction pathway in which KIN-4/MAST kinase regulates MEC-2/Stomatin. Since both a mammalian MAST 
kinase and MEC-2 are known to associate with microtubules, KIN-4 might bind to microtubules and regulate the activity of 
MEC-2. Furthermore, given that MEC-2 modulates ENaC activity and that some ENaCs respond to temperature change, the 
KIN-4/MEC-2 pathway might regulate ENaC activity and control a process in the AFD sensory neuron, such as temperature 
sensing. Further study will assess whether ENaCs act with KIN-4/MEC-2 during thermotaxis and identify the molecular and 
neural mechanisms by which KIN-4/MEC-2 controls thermotaxis behavior. 

524A. Understanding how sex modulates the female nervous system to drive distinct reproductive behavior states. Layla 
Nassar1, Addys Bode2, Kevin Collins1,2. 1) Neuroscience Program, University of Miami, Coral Gables, FL; 2) Department of 
Biology, University of Miami, Coral Gables, FL. 
   We are interested in understanding how mating and reproductive behaviors are coordinated in the female nervous system. 
Specifically, we are identifying the neural signaling systems that drive two mutually exclusive vulval motor behaviors: 
mating with males or the release of progeny during egg laying [1]. We hypothesize that: 1. female vulval muscle twitching 
contractions facilitate male spicule insertion during mating; 2. specific mechanical and chemical signals report successful 
copulation and insemination; and 3. mating initiates reproductive behaviors including oocyte production and egg release. To 
investigate these hypotheses, we are using calcium imaging techniques to record vulval signaling events during mating with 
males, after successful insemination, and during the resumption of normal egg laying behavior. We have found that 
hermaphrodites with sperm have reduced vulval muscle twitching behaviors resulting in inefficient mating. In contrast, 
hermaphrodites depleted of sperm have increased vulval muscle twitching that facilitates male spicule insertion and mating. 
After mating is complete, hermaphrodites have sustained vulval muscle twitching that can result in release of sperm from the 
uterus. This behavior may act as a mechanism for competition with self-sperm. We are now examining how the other cells in 
the egg-laying circuit, including the HSN and VC neurons and uv1 neuroendocrine cells, respond during steps of male 
mating. During egg laying behavior, we found that the uv1 cells are mechanically activated by passage of eggs through the 
vulva, driving release of tyramine that inhibits egg laying [2]. We predict that mechanical stimulation by male spicules may 
similarly activate the uv1 cells to inhibit egg release during mating. However, once mating is complete, we expect egg laying 
to resume or even increase. Together, these results will explain how internal and external signals modulate activity in the 
same neural circuit to drive distinct behavior states.1. Collins, KM, and Koelle, MR (2013). Postsynaptic ERG Potassium 
Channels Limit Muscle Excitability to Allow Distinct Egg-Laying Behavior States in Caenorhabditis elegans. J. Neurosci. 
33, 761–775.2. Collins KM, Bode A, Fernandez R, Tanis JE, Creamer M, Koelle MR (2015). Unpublished results. 

525B. The force of touch: How gentle is the classical gentle touch assay? Adam L. Nekimken1, Eileen A. Mazzochette2, 
Miriam B. Goodman1,3, Beth L. Pruitt1,3. 1) Mechanical Engineering Department, Stanford University, Stanford, CA; 2) 
Electrical Engineering Department, Stanford University, Stanford, CA; 3) Molecular and Cellular Physiology Department, 
Stanford University, Stanford, CA. 
   The sense of touch is involved in almost all of our daily activities, yet we do not understand the workings of the proteins 
that transduce touch. A common method for measuring the touch sensitivity of C. elegans with altered proteins in the touch 
transduction pathway is to lightly touch them with a fine hair and observe the probability that a behavioral response occurs 
[1]. While eyebrow touch assays have yielded important results, including mapping the neural circuitry for touch [2], they are 



limited by its lack of quantitative measurement of the forces being applied. We are measuring the forces applied by 
volunteers with an eyebrow hair to establish context for studies that use this method. Volunteers touch a force-sensing 
cantilever with an eyebrow hair, modeling the hair swipe across a nematode. Our results indicate that such a gesture results in 
minimal horizontal forces relative to the vertical component. The standard deviation of vertical forces that were normalized 
for each volunteer was 0.475, indicating that 68% of the peak forces applied by a given volunteer are within 47.5% of that 
volunteer’s average force. The average peak downward force across all volunteers was 68 μN. This value is two orders of 
magnitude higher than the threshold force for touch sensation:  50% probability of reversal with a 0.49 μN stimulus [3]. 
These results indicate that eyebrow touch assays saturate touch neurons and may not be able to distinguish mutants with less 
pronounced touch defects.[1] Chalfie M., et al. Assaying mechanosensation (July 31, 2014), WormBook, ed. The C. elegans 
Research Community, WormBook, doi/10.1895/wormbook.1.172.1, http://www.wormbook.org.[2] Chalfie, M. et al., 1985. 
The neural circuit for touch sensitivity in Caenorhabditis elegans. The Journal of neuroscience : the official journal of the 
Society for Neuroscience, 5(4), pp. 956–64.[3] Petzold, B.C. et al., 2013. MEMS-based force-clamp analysis of the role of 
body stiffness in C. elegans touch sensation. Integrative biology : quantitative biosciences from nano to macro, 5, pp.853–64. 

526C. Uncovering Novel Genes with Neuronal Function Among Human 21st Chromosome Orthologs. S.K. Nordquist, A.M. 
Griffith, J.T. Pierce-Shimomura. Neuroscience, Univ. Texas at Austin, Austin, TX. 
   Down syndrome is the most common genetic cause of cognitive impairment afflicting approximately 1 in 700 children born 
annually. Though trisomy of the 21st chromosome has long been known to underlie Down syndrome, the contributing role of 
individual genes to Down syndrome phenotypes is not fully determined. In order to uncover 21st chromosome-related genes 
with potential neuronal function, we systematically characterized all C. elegans orthologs using both RNA interference and 
loss-of-function mutant analysis. Animals were scored using a battery of behavioral assays selected to probe nervous system 
and muscle function. We have uncovered several novel genes with synaptic defects and/ or pharyngeal pumping defects. 
These genes represent alluring candidates for further study of genetic correlates of Down syndrome phenotypes. . 

527A. Uncovering cannabinoid signaling in C. elegans, a new model to study the effects of medical Cannabis sativa. 
Mitchell Oakes, Wen Jing Law, Amanda Ortega, Richard Komuniecki. Biological Sciences, The University of Toledo, 
Toledo, OH. 
   For millennia, marijuana, or Cannabis sativa, is used as a recreational drug, causing euphoria and altered sensory 
perception. C. sativa is also used for its unique medicinal effects and pure extracts of the plant have been used to treat 
conditions such as glaucoma, epilepsy, and neuropathic pain. Two primary bioactive compounds in C. sativa are Δ9-
tetrahydrocannabinol (THC) and cannabidiol (CBD), which significantly contribute to the plant’s euphoric and medicinal 
effects, respectively. While the mechanisms by which THC and CBD exert their wide range of effects are not well 
understood, some of their molecular targets have been identified, including cannabinoid receptors 1 and 2 (CB1 and CB2). 
However, it is likely that additional, not yet identified, targets for both THC and CBD exist. In addition to exogenous 
agonists, CB1 and CB2 also bind several endogenous cannabinoids or endocannabinoids. In mammals, the major 
endocannabinoids 2-arachidonylglycerol (2-AG) and anandamide (AEA) activate the same signaling pathways as THC and 
CBD.                The application of either 2-AG or AEA to wild-type C. elegans alters a variety of locomotory 
parameters.  For example, both compounds inhibit locomotion and significantly increase the time taken to initiate a reversal 
to the noxious stimulus, 1-octanol.  In addition, 2-AG also inhibits the serotonin stimulation of aversive responses to 1-
octanol. The pre-synaptic enzyme monoacylglycerol lipase (MAGL) is responsible for degrading 2-AG and termination of 
endocannabinoid signaling. As expected, application of JZL184, a selective and irreversible inhibitor of MAGL, phenocopies 
the application of exogenous 2-AG. Preliminary studies have identified four C. elegans G-protein coupled receptors that are 
essential for various 2-AG and AEA dependent phenotypes. These studies are continuing with the in vitro characterization of 
these receptors as potential 2-AG and AEA receptors.  As the number of states that legalize the medicinal use of C. sativa 
increases, so does the need for a better understanding of the receptors and signaling pathways mediating the effects of THC 
and CBD. 

528B. In vivo imaging of diacylglycerol signaling in a taste receptor neuron involved in salt-concentration memory. H. 
Ohno, Y. Iino. Dept. of Biol. Sci., Univ. of Tokyo, Tokyo. 
   Adaptation to environmental conditions by modifying behavior often involves simple forms of learning and memory. We 
have previously reported that C. elegans worms can memorize ambient salt concentrations and are attracted to the previous 
salt concentration at which they have been fed, whereas they avoid it if they have been starved (Kunitomo et al., Nat. 
Commun., 2013; Ohno et al., Science, 2014).         This behavioral plasticity has been suggested to be regulated by the 
diacylglycerol (DAG)/protein kinase C (PKC) pathway acting in a taste receptor neuron, ASER. Genetic manipulations that 
activate or inactivate this pathway in ASER result in worm migration to higher or lower salt concentrations, respectively 
(Adachi et al., Genetics, 2010; Kunitomo et al., Nat. Commun., 2013).         To explore the role of DAG signaling in salt 
concentration memory, we have monitored the abundance of DAG in ASER of living worms. When the external salt 
concentration is increased or decreased from the concentration that has been experienced with food, DAG level is reduced or 



elevated, respectively, in presynaptic regions or regions adjacent to presynapses, where a novel protein kinase C (nPKC)-
epsilon/eta ortholog TTX-4 (a.k.a. PKC-1) is localized. These DAG responses are largely diminished after starvation. These 
results raise the possibility that the activity of DAG signaling in the presynaptic region of ASER encodes the differences 
between past and present salt concentrations and thereby forms an integral component of the food-associated memory. 

529C. Genetic analysis of natural variations for cold habituation in C. elegans. M Okahata1, A Ohta1,2, Y Minakuchi3, A 
Toyoda3, A Kuhara1,2. 1) Dept. Biology, Konan Univ, Japan; 2) Inst. for Integral Neurobiology, Konan Univ; 3) National 
Institute of Genetics, Japan. 
   Temperature is one of the essential environmental stimuli for living and proliferation of organisms on the earth. We are 
studying about natural variation of genes involved in temperature response by utilizing cultivation temperature shift assay in 
cold habituation (Ujisawa et al., Protocol Exchange, 2014). Most of 25 degree-grown wild-type N2 animals isolated from 
Bristol can not survive at 2 degree, whereas 15 degree-grown N2 animals can survive at 2 degree. We previously reported 
that only three hours after cultivation temperature shift from 25 to 15 °C, the cold habituation was newly established (Ohta, 
Ujisawa et al., Nature commun, 2014). This phenomenon is regulated by CREB in nervous system (Ohta, Ioroi et al., this 
meeting). We found that various wild-type strains isolated from various areas exhibited different cold habituation phenotype. 
Natural variations, CB4856 isolated from Hawaii and CB4853 isolated from California, slowly habituated to new 
temperature. By contrast, AB1 isolated from Australia rapidly habituated to new temperature. To identify the responsible 
gene polymorphisms for these variations, we used next generation DNA sequencer (NGS) and SNP analysis. We are 
mapping these polymorphisms by analyzing the recombinants between AB1 and CB4853, or between AB1 and CB4856. So 
far, one of the responsible polymorphisms was mapped onto chromosome I.We also found that natural variation strain 
CB4854 can not survive at 2 degree after cultivation at 17 degree, while N2 can survive at 2 degree after cultivation at 17 
degree. Responsible gene polymorphism have been mapped onto -1.603〜1.73cM region on chromosome X, by the next 
generation DNA sequencer and SNP analysis. 

530A. Serotonin regulates dynamic feeding mode switching inducing predatory kinetics in Pristionchus pacificus. Misako 
Okumura, James W. Lightfoot, Martin Wilecki, Ralf J. Sommer. Max-Planck Institute for Developmental Biology, 
Department for Evolutionary Biology,. 
   Pristionchus pacificus and its relatives are omnivores and are capable of consuming both bacteria and also predating other 
nematodes including the larvae of Caernorhabditis elegans. To this end Pristionchus species show specific predatory 
adaptations in the form of teeth-like denticles for lacerating open the cuticle of their prey. Accompanying these teeth 
structures, the variation in diet induces distinct feeding modes with predation characterised by slowed pharyngeal pumping 
rates and stimulation of tooth activity, while during bacterial feeding, pumping rates are higher and the tooth remains static. 
The switch between these distinct feeding modes is rapid, highly dynamic, and dependent on their immediate diet however 
little is known of the neurological bases regulating the feeding mode switch. Therefore, to elucidate the neurobiological basis 
underlying the regulation of the predatory feeding behaviour, we conducted pharmacological experiments analysing the 
effects of several neurotransmitters on pharyngeal pumping and tooth movement rate. Only the addition of serotonin 
recapitulated the feeding kinetics observed during predatory feeding indicating a previously uncharacterised role for this 
neurotransmitter. Immunostaining against serotonin revealed an additional serotonergic neuronal pair in the pharynx of P. 
pacificus compared to C. elegans. These likely correspond to P. pacificus NSM and the interneurons I1. We have 
subsequently identified the P. pacificus homologues of the serotonin synthesis enzyme (ppa-tph-1) and serotonin transporter 
(ppa-mod-5) for targeting by CRISPR/Cas9 in order to further investigate the neuronal networks regulating the behavioural 
switch and for understanding the evolution of these complex behaviours. . 

531B. Cyclic GMP: A Satiety Signal in C. elegans. Ji Su Park, Young-Jai You. Virginia Commonwealth University, 
Richmond, VA 23219. 
   Approximately 2.8 million people die globally from a complication of being overweight or obese. Appetite control and 
satiety mechanisms help animals maintain energy homeostasis; however, these mechanisms can be misregulated due to a 
variety of factors, which contributes to overweight and obesity. Caenorhabditis elegans is an excellent model system to study 
appetite control and satiety because of its simple biology, conserved behavioral aspects of satiety, and conserved molecular 
mechanisms. A pair of amphid neurons, ASI, senses nutrition and its activity is required for the behavioral state of satiety 
quiescence. To elucidate the function and importance of cGMP signaling in ASI activation, we investigated behavioral 
effects from the pharmacological use of sildenafil (Viagra), a PDE inhibitor, and the effects on ASI activation from mutating 
guanylyl cyclase DAF-11. Sildenafil treatment increases satiety quiescence and decreases fat storage in a PDE-dependent 
manner. The daf-11 mutation decreased the overall fluorescence intensity and the frequency at which ASI activated by about 
50% compared to wild-type worms. The increase in satiety quiescence and decrease in fat storage from increasing levels of 
cGMP shows that cGMP signaling has a critical role in satiety behavior and fat metabolism. The reduction of ASI activation 
in daf-11 mutants suggests that cGMP produced by DAF-11 in ASI is required for ASI activation to eventually promote 
satiety.  . 



532C. Pristionchus pacificus as a potential nematode model of aggression. Kathleen Quach1,2, Shw Lew1, Jagan Srinivasan3, 
Matt Jones4, James Fitzpatrick4, Sreekanth Chalasani1. 1) Molecular Neurobiology Lab, Salk Institute for Biological Studies; 
2) Neurosciences Graduate Program, University of California; 3) Dept. of Biology & Biotechnology, Worcester Polytechnic 
Institute; 4) Waitt Advanced Biophotonics Center, Salk Institute for Biological Studies. 
   Aggression is a class of varied and complex behaviors that are intended to inflict harm. Although they have evolved to be 
advantageous in dealing with competition, aggressive behaviors become pathologic when expressed in excessive levels or out 
of context. Understanding of the circuits underlying pathologic aggression can inform treatment of aggressive behavior in 
mental disorders such schizophrenia, bipolar disorder, and PTSD. Aggression in mental disorders is often co-morbid with 
fear and anxiety, and knowledge of aggression circuit function can provide insight into fear and anxiety circuits as 
well.Neural control of aggression is subserved by complex molecular, cellular, and genetic pathways. Invertebrate models, 
particularly Drosophila, have been instrumental in teasing out these pathways. However, there is currently no established 
model of aggression that enables analysis of circuit function at the level of individual neurons. C. elegans has been the 
preferred model for dissecting circuits due to its small nervous system and complete connectome. Unfortunately, C. elegans 
lacks an aggressive behavioral phenotype. Related nematodes in the Diplogasteridae family have been shown to bite and 
predate upon C. elegans. Unlike other forms of aggression between conspecifics, predatory attack is not obvious as a form of 
aggression and must be shown to be neurophysiologically distinct from feeding.Here we explore the predatory diplogastrid, 
Pristionchus pacificus as a potential nematode model for understanding the neural mechanisms underlying aggressive 
behavior. First, we developed a novel predator-prey assay to measure P. pacificus biting of a prey in a small arena. We used 
C. elegans as the prey species since it is a soil-dwelling nematode that has been found in the same soil samples as 
diplogastrids and has a high likelihood of encountering P. pacificus in nature. We find that wild P. pacificus isolates, when 
compared to lab-grown strains, bite more frequently and have sharper teeth. Since biting is a predatory behavior, we tested 
for effects of starvation and found that biting increases with duration of starvation. We performed a pilot screen using small 
molecules to identify signaling pathways that influencing this biting behavior. We will present our results analyzing the 
neuronal and molecular circuit regulating P. pacificus behaviors. . 

533A. The role of neuromodulators in regulating small molecule mediated mate recognition behavior. Douglas Reilly, Laura 
Aurilio, Florentia Ong, Jagan Srinivasan. Biology and Biotechnology, Worcester Polytechnic Institute, Worcester, MA. 
   Innate behaviors are hardwired into the nervous system, and are a response to either internal or external cues.  The soil-
dwelling nematode C. elegans uses a family of small molecules called “ascarosides” to signal a multitude of information 
about the physical and social environment [1].  Within these social cues are sex-specific behaviors, including hermaphrodite 
repulsion and male attraction [2].  We are interested in understanding the neural basis of male attraction to these cues. When 
exposed to the male-attractant ascaroside, ascaroside #8, male C. elegans show a prolonged dwell time within the 
chemical.  This was tested using a two-drop choice assay, as developed previously [2].  This dwelling behavior is a result of 
neuromuscular changes within the worm in response to this cue. We hypothesized that these neuromuscular changes could be 
mediated by neuropeptides. Using a reverse genetic approach, we tested potential neuropeptides involved in ascaroside #8 
meditated attraction.  The largest family of neuropeptides in C. elegans, FMRFamide-like peptides (FLPs) are known to have 
neuromuscular effects [3], but a majority of FLPs still have uncharacterized phenotypes.  Null mutants for FLPs expressed in 
male specific neurons were tested with ascaroside #8, and a decrease in attraction was found in multiple mutants.  Having 
determined the necessity of FLPs for innate male attraction, via ascaroside#8, we are currently addressing the question of 
whether these neuromodulators are working synergistically at one site of action within the neural circuit or systematically 
throughout the entire animal.[1] Ludewig and Schroeder.  Ascaroside signaling in C. elegans.  www.wormbook.org[2] 
Srinivasan et. al.  A blend of small molecules regulates both mating and development in Caenorhabditis 
elegans.  Nature.  2008.[3] Li and Kim.  Family of FLP peptides in Caenorhabditis elegans and related nematodes.  Frontiers 
in Endocrinology.  2014. 

534B. TOR signaling pathway is involved in regulation of salt chemotaxis learning. Naoko Sakai, Masahiro Tomioka, 
Hayao Ohno, Hirofumi Kunitomo, Yuichi Iino. Dept. of Biol. sci., Grad. school of Sci., The Univ. of Tokyo, Japan. 
    Previously, we have found that C. elegans changes responses to external salt concentrations depending on food 
availability. When worms are cultivated on a medium that contains sodium chloride (NaCl) and bacterial food, they are 
attracted to the NaCl concentration at which they have been previously grown. In contrast, after exposure to NaCl under 
starvation conditions, they learn to avoid the NaCl concentration. This behavioral change is called “salt chemotaxis learning”. 
We also reported that insulin/PI3 kinase pathway, a well-known molecular pathway regulating dauer formation and aging, is 
involved in salt chemotaxis learning. However, downstream molecules of the insulin/PI3K pathway are still unknown for salt 
chemotaxis learning.   In this study, we aimed to find new downstream molecules of insulin/PI3 kinase pathway. We 
employed a candidate screen and found that the TOR signaling pathway is involved in starvation-dependent behavioral 
changes. TOR, or Target Of Rapamycin is a nutrient-sensitive Ser/Thr kinase controlling cell growth and aging and is highly 
conserved from yeast to human. TOR-specific inhibitors rapamycin, Torin1 and Torin2 inhibit normal chemotaxis learning, 
especially after starvation conditioning. Besides, some of TOR signaling mutants also showed defects in chemotaxis learning. 



TOR forms two structurally and functionally distinct complexes, TORC1 and TORC2 (TOR Complex 1 and 2).  Mutants of 
rsks-1, a downstream molecule of TORC1, prefer higher salt concentrations than wild type N2. On the other hand, mutants of 
one of the components of TORC2, rict-1, and those of downstream molecules of TORC2, sgk-1 and pkc-2, showed a 
tendency to be attracted to lower salt concentrations than N2. These results suggest that TORC1 and TORC2 act in opposite 
directions to control salt chemotaxis learning.   . 

535C. Dopamine Modulation of Electrotactic Swimming Behavior in C. elegans. Sangeena Salam1, P Ravi Selvaganapathy2, 
Ram K Mishra3, Bhagwati P Gupta1. 1) Biology, McMaster University; 2) Mechanical Engineering, McMaster University; 3) 
Psychiatry and Behavioural Neurosciences, McMaster University. 
   Dopamine (DA) is an important neuromodulator which is involved in controlling movement and psychological functions 
such as cognition and reward processing. Alteration in DA levels is associated with various neurological disorders and 
behavioral changes. The C. elegans nervous system consists of  302 neurons including eight dopamine neurons which has 
conserved dopamine pathways. DA modulate a range of behaviors such as egg laying, feeding and locomotion. In an 
electrotaxis behavior assay, the worms show movement towards cathode in low external DC electric filed. However, the 
mechanism of how DA signaling modulates electrotactic swimming is elusive. To investigate the role of DA signaling in 
electrotaxis behavior, we employed a novel microfluidic platform that facilitates on demand control of worm movement 
using electric fields. In this study we demonstrate how DA modulates the electrotactic swimming speed in a microfluidics 
channel. The DA deficient mutant cat-2 which encodes a tyrosine hydroxylase has a wild type like electrotactic swimming 
speed. DA transporter mutant dat-1 has a slow electrotactic swimming. DA deficient mutant bas-1 and cat-1 encode for 
aromatic amino acid decarboxylase and vesicular monoamine transporter respectively and these mutants showed a faster 
electrotactic speed which is partially rescued by the exogenous DA treatment. The D2 like receptor mutant dop-3 showed a 
faster speed suggesting that dop-3 is the primary receptor in mediating slow movement.Interestingly, we found that a 
prolonged exposure to electric field resulted in a gradual decline in the swimming speed such that animals were 40% slower 
at the end of 10 minute compared to their initial speed. This change is also mediated by the DOP-3 receptor since dop-3 
mutants continue to swim at the initial speed and do not slow down. Further support to this conclusion comes from the 
analysis of animals treated with Heloperidol (D2 antagonist) and SKF (D1 agonist). Heloperidol either alone or in 
combination with SKF suppressed slowness in speed of wild type animals in the 10 min long assay. Overall, our work 
demonstrates that D2 receptor-mediated neuronal signaling is required to restrict muscle activity not only during the initial 
phase of electrotaxis swimming but also for the entire duration of the assay. 

536A. Homeostasis in C. elegans sleep is characterized by two behaviorally and genetically distinct mechanisms. Stanislav 
Nagy1, Nora Tramm2,3, Jarred Sanders4, Shachar Iwanir2,3, Ian Shirley2,3, Erel Levine5,6, David Biron1,2,3. 1) Institute for 
Biophysical Dynamics, University of Chicago, Chicago, United States; 2) Department of Physics, University of Chicago, 
Chicago, United States; 3) James Franck Institute, University of Chicago, Chicago, United States; 4) Committee on Genetics, 
Genomics, and Systems Biology, University of Chicago, Chicago, United States; 5) Department of Physics, Harvard 
University, Cambridge, United States; 6) Center for Systems Biology, Harvard University, Cambridge, United States. 
   Biological homeostasis invokes modulatory responses aimed at stabilizing internal conditions. Using tunable photo- and 
mechano-stimulation, we identified two distinct categories of homeostatic responses during the sleep-like state of C. elegans 
(lethargus). In the presence of weak or no stimuli, extended motion caused a subsequent extension of quiescence. The 
neuropeptide Y receptor homolog, NPR-1, and an inhibitory neuropeptide known to activate it, FLP-18, were required for 
this process. In the presence of strong stimuli, the correlations between motion and quiescence were disrupted for several 
minutes but homeostasis manifested as an overall elevation of the time spent in quiescence. This response to strong stimuli 
required the function of the DAF-16/FOXO transcription factor in neurons, but not that of NPR-1. Conversely, response to 
weak stimuli did not require the function of DAF-16/FOXO. These findings suggest that routine homeostatic stabilization of 
sleep may be distinct from homeostatic compensation following a strong disturbance. 

537B. A gustatory neural circuit for experience-dependent salt chemotaxis in C. elegans. Hirofumi Sato1, Hirofumi 
Kunitomo1, Xianfeng Fei2, Koichi Hashimoto2, Yuichi Iino1. 1) Dept Biophys Biochem, Grad Sch Sci, The University of 
Tokyo, Tokyo; 2) Department of System Information Sciences, Graduate School of Information Sciences, Tohoku 
University, Sendai, Miyagi. 
      Caenorhabditis elegans shows experience-dependent behaviors to many environmental cues. For sodium chloride, worms 
are known to memorize a particular salt concentration and approach the memorized concentration. In this study, we therefore 
searched for the neural circuit required for the memory of salt concentration.   First, we conditioned worms in different salt 
concentrations, and monitored the activity of the salt-sensing chemosensory neuron ASER and three downstream 
interneurons; AIA, AIB, and AIY. We found that ASER, AIB, and AIY changed the responses depending on the previously 
exposed salt concentrations. We investigated the response of ASER in more detail, and found that the basal calcium level of 
ASER might change depending on cultivation concentration, and the plasticity of ASER response seemed to be independent 
of inputs from other neurons.   Next, to assess the contribution of the three interneurons to the behavior, we ablated them 



individually, and compared behavioral responses of those worms with wild type. As a result, the reversal frequency of cell-
ablated worms was different from that of the wild type. However, cell-ablated worms showed normal salt chemotaxis under 
the tested conditions, indicating that there are redundancies in the neural circuit that processes the salt perception 
signal.   Furthermore, we investigated the relationship between the neural response and locomotion of worms. We used a 
tracking-imaging system with microfluidic arena that allowed worms to crawl in a controlled liquid environment (Albrecht et 
al., 2011), and recorded locomotion of worms and neural responses simultaneously. The result showed that the speed of 
worms decreased only when salt concentration was decreased below cultivation concentration. However, ASER always 
showed an off-response to salt, indicating that there is an experience-dependent plasticity in the process that links the ASER 
response to moving velocity. 

538C. A scalable and cost-effective method for measuring pharyngeal pumping under controlled conditions. Monika 
Scholz1, Kyung Suk Lee2, Erel Levine2, David Biron1. 1) Department of Physics, Institute for Biophysical Dynamics, The 
University of Chicago, Chicago, IL; 2) Department of Physics and Center for Systems Biology, Harvard University, 
Cambridge, MA. 
   C. elegans feeding consists of two pharyngeal motions: pumping and isthmus peristalsis. Pumping is typically quantified by 
counting the number of quasi-periodic contractions of the terminal bulb during a fixed short period. Under ideal imaging 
conditions, i.e., high magnification and high spatial and temporal resolutions, automated detection of pharyngeal pumping 
can be achieved using intensity threshold-based machine vision. However, such conditions require the dedication of 
significant resources to every animal, thus limiting the throughput of the assay. 
To increase throughput, we built an imaging setup that utilizes low-cost low-magnification educational grade optics. A 
microfluidic device (WormSpa) restricts the motion of the animals and enables precise control of the flow of bacterial food. 
To separate the small amplitude of the motion of the bulb from motion artifacts, we implemented an improved image analysis 
approach. 
Here we show that low-cost low-resolution images can yield high quality pharyngeal pumping data. 
We describe the experimental setup and outline an image analysis approach that can robustly identify pumping events in the 
resulting images. In brief, we make use of the fact that at high imaging rates the entropy of the difference between 
consecutive images of the terminal bulb is dominated by the fast contractions. Consequently, a pump creates a distinctly 
shaped peak in the entropy of the difference image. As compared to manual scoring, we found that this method accurately 
and robustly identifies pharyngeal pumping. 
For scalability, we implemented this approach in Python and integrated it with a parallel workflow on a high power 
computing cluster. Thus, the analyses of prolonged recordings can be completed in a shorter amount of time than it took to 
acquire the raw data. 

539A. The ENaC/degenerin Protein MEC-10 Regulates the Channel’s Response to Mechanical Forces. Shujie Shi, Thomas 
R. Kleyman. Renal-Electrolyte Division, Department of Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania 15261, 
USA. 
   The epithelial Na+ channel (ENaC)/degenerin family encodes a group of structurally related ion channels that are highly 
selective for Na+ and sensitive to amiloride and its derivatives. Located within kidney tubules, ENaC is constantly exposed 
to laminar shear stress (LSS), a mechanical force. Previous studies have shown that LSS activates ENaC by increasing 
channel open probability, and multiple sites of ENaC subunits are involved in conformational changes during the channel’s 
gating in response to LSS. MEC-4 and MEC-10 of C. elegans are the pore-forming subunits of the mechanosensitive ion 
channel complex required for the worm’s gentle touch response. Worms bearing null mutations in either gene show 
deficient response to the gentle touch. However, the gating mechanism has remained elusive, largely due to inherent 
limitations of studying ion channels in nematodes.To gain insights regarding the structural features of the degenerin channel 
that are important for worm's mechanosensing, we have begun to explore the response of these channels to 
LSS in Xenopus oocytes, an overexpression system. We discovered that, similar to ENaCs, LSS evoked a rapid increase in 
the whole cell Na+ current in oocytes expressing MEC-4d/10/2/6. The change in channel activity was reversible and 
relatively stable to repetitive LSS stimulations. MEC-10 was required for a robust LSS response, whereas MEC-2 and MEC-
6 were dispensable. The LSS response was substantially diminished by a putative mec-10 null allele or selected touch-
insensitive MEC-10 mutations, suggesting a correlation between the channel’s responses to two different mechanical forces. 
Our results provide a novel experimental system to examine the mechanosensitivity of the C. elegans degenerin channel and 
essential information regarding the role of MEC-10 in the channel’s gating mechanism. . 

540B. Study of transcriptome regulating a dispersal behavior in C. elegans. Sangwon Son1, Harksun Lee1, Junho Lee1,2. 1) 
Institute of Molecular Biology and Genetics, School of Biological Science, Seoul National University, Seoul, 151-742, 
Korea; 2) Department of Biophysics and Chemical Biology, Seoul National University, Seoul, 151-742, Korea. 
   Many nematodes including C. elegans show nictation behavior by which a worm stands on its tail and waves its head in 
three dimension. Nematodes show nictation behavior only in dauer stage, which is an alternative stage for long-term survival 



in harsh environments. In the previous study, we discovered that nictation is a dispersal strategy to reach a new niche, and is 
initiated by IL2 head neurons. IL2 neurons show a distinct morphology in dauer stage compared to that in non-dauer, and this 
different morphology and behavior pattern implies that the gene expression in IL2 neurons should be changed at dauer stage. 
Here we are analyzing IL2 specific transcriptome in dauer stage, by mRNA tagging methods. In one approach, we use 
FLAG-tagged poly-A tail binding protein (PABP), and mRNA-FLAG::PABP complexes in IL2 can be purified using FLAG 
antibody. Another approach is TU-tagging method. An enzyme called UPRT which is originated from Toxoplasma gondii 
can convert uracils in RNA to thio-uracils. IL2-specific expression of UPRT would make the RNAs expressed in IL2 neurons 
have thio-uracils, and after biotinylation process they can be purified using biotin-streptavidin interaction. By analyzing IL2 
specific transcriptome in dauer stage we expect to find novel genes regulating nictation behavior. 

541C. Disruption of proteostasis induces sleep following heat shock. Rony Soto, Richard Mansfield, Andrew Hill, Adrig 
Sarian, Cheryl Van Buskirk. Biology Department , California State University Northridge , Northridge , CA. 
   Recent work from our lab has shown that Caenorhabditis elegans sleeps after exposure to stressful stimuli, including heat 
shock. We hypothesize that disruption of proteostasis is the underlying trigger of this behavioral quiescence. Therefore, we 
expect animals with constitutive chaperone activity to require less sleep after heat shock compared to wild type. To test our 
hypothesis, we examined the behavioral responses of daf-21 mutants after heat shock. DAF-21/HSP90 is a negative regulator 
of the heat shock response, and these mutants are known to display heightened chaperone activity. We find that these mutants 
show a reduced sleep response relative to wild type following heat shock. This result supports our hypothesis that a core 
function of sleep may be related to mitigating disruptions of proteostasis. We aim to further test our model by examining the 
effects of sleep on proteostasis, by examining metastable protein function in wild type and sleep-defective mutants. Our 
results on these temperature sensitive mutants will be presented. 

542A. Assessment of DAF-19-Related Behavioral Defects. Loraina Stinson1, Brian P. Piasecki1, Debora Sugiaman-
Trapman2, Peter Swoboda2. 1) Biology, Lawrence University, 711 E. Boldt Way, Appleton, WI; 2) Karolinska Institute, 
Department of Biosciences and Nutrition, S-141 83 Stockholm-Huddinge, Sweden. 
        The daf-19 gene encodes the only RFX transcription factor in C. elegans, producing at least four related protein 
isoforms, one of which, DAF-19C, is responsible for ciliogenesis. Previous work by Senti and Swoboda (Mol Biol Cell 2008) 
demonstrated that adult worms deficient in all four DAF-19 proteins have extremely aberrant dwelling and roaming behavior 
on food.  Most intriguing is that transgenic addition of the DAF-19C isoform restored cilia formation, but did not fully restore 
dwelling and roaming behavioral defects.  We are developing a related assay that mimics a patchy food environment to 
further probe worm foraging behavior.  We are testing worms lacking all isoforms of DAF-19 as well as those containing 
mutant alleles that affect only the larger isoforms of DAF-19 to determine whether these isoforms play a role in nervous 
system function. 

543B. Systematic revere genetics approach to identify the molecules related to choice of behaviors using Caenorhabditis 
elegans.. Yuji Suehiro, Shohei Mitani. Department of Physiology, Tokyo Women's Medical University, Shinjuku, Tokyo. 
     Caenorhabditis elegans choose a behavioral goal appropriately when the worms receive conflicting sensory inputs. The 
neural and molecular mechanisms of the choice, however, remain unclear. To investigate the mechanisms, we performed 
screening of molecules related to choice of behaviors using 1498 strains carrying mutations in genes, which were predicted to 
be involved in neural function. As an assay to evaluate the choice, we presented two kinds of odorants diacetyl (DAc) and 
benzaldehyde (Bz) to the worms, both of which elicit positive chemotaxis by activating different types of sensory neurons, 
and counted the number of worms near the source of DAc or Bz. As a result, we found tm1811 strain carrying a deletion of 
metabotropic glutamate receptor MGL-1 showed excessive choice of chemotaxis toward DAc. 
  In C. elegans, another behavioral choice assay using repellant (copper ion) and attractant (DAc) is well studied. We also 
tested the assay and found that tm1811 showed abnormal choice between the repellant and attractant. To investigate the 
behavioral pattern during our choice assay, we also recorded the motion of the worms. Then, we found that pirouettes 
behavior was less frequent in tm1811 rather than N2. 
  To confirm whether MGL-1 was the responsible gene, genomic fragments including full length of MGL-1 CDS and its own 
promoter was injected into the tm1811. The transgenic worms showed excessive choice to Bz chemotaxis, which was 
opposed to the choice of tm1811. This suggests that MGL-1 is required for normal choice and the expression level of MGL-1 
is crucial. 
  MGL-1 is expressed in a subset of interneurons including AIA and AIY neurons, which regulate chemosensory behavior. 
To identify which neurons attribute to the choice, we generated transgenic worms expressing MGL-1 in AIA or AIY neurons 
of tm1811 worms. In consequence, both of transgenic strains showed excessive choice to Bz, suggesting that both of AIA and 
AIY were required for the normal choice. The necessity of AIA and AIY was also suggested by expression of caspase in AIA 
or AIY. Both of the strains expressing caspase showed excessive choice of Bz chemotaxis. 
  Furthermore, to investigate whether the amount of MGL-1 in AIY neurons affect behavioral phenotypes, we generated three 
kinds of transgenic strains by injection of 1, 10 and 100 ng/µl rescue constructs. As a result, phenotypes of the strains varied 



depending on the concentration of injected constructs. 
  From these data, it is hypothesized that MGL-1 inhibit the function of AIA and AIY interneurons, which suppress the 
pirouettes behavior, depending upon its expression level. 

544C. Modulation of glutamatergic signaling in C. elegans. Philip Summers, Amanda Ortega, Bruce Bamber, Richard 
Komuniecki. Biological Sciences, University of Toledo, Toledo, OH. 
   The glutamatergic ASH sensory neurons are essential for the initiation of aversive responses to dilute 1-octanol.  To 
identify and localize the glutamate receptors involved, we screened animals with null alleles for each of the previously 
identified or predicted glutamate-gated cation and anion channel subunits.  Not surprisingly, given the array of ASH 
downstream synaptic partners, a number of the glutamate receptor mutants yielded phenotypes in various aspects of the 
modulated ASH mediated aversive responses.  For example, the initiation of aversive responses in animals with null alleles 
for either avr-14 or glc-4, predicted to encode glutamate-gated Cl- channel subunits, was not stimulated by food or 5-HT, 
compared to wild type animals.  In contrast, animals overexpressing either avr-14 or glc-4 initiated aversive response more 
rapidly than wild type animals off food.  AVR-14 has been characterized extensively and encodes a homomeric glutamate-
gated Cl- channel.  In contrast, GLC-4 is the most distantly related of the predicted glutamate-gated Cl- channel subunits and 
has not been characterized.  Therefore, GLC-4 was expressed heterologously in Xenopus oocytes to determine ligand-
specificity and over the 100 ligands were examined.   None activated a Cl- current in the oocytes.  In contrast, GLC-4 
expression with AVR-14 or AVR-15, well characterized glutamate-gated Cl- channel subunits, reduced peak Cl- currents and 
glutamate affinity, suggesting the GLC-4 interacted with these subunit to alter channel properties.  This result appeared to be 
specific for glutamate-gated Cl- channels, as GLC-4 co-expression with MOD-1 that forms a 5-HT dependent Cl- channel had 
no effect on MOD-1 signaling.   These studies are continuing to localize AVR-14 and GLC-4 in the ASH-mediated 
locomotory circuit at both the cellular and subcellular levels to determine their roles in ASH signaling and, more importantly, 
to determine if they associate in vivo. 

545A. Eigenworm dynamics time series analysis reveals a lack of discrete behavioural states in C.elegans. Balazs Szigeti, 
Barbara Webb. School of Informatics, University of Edinburgh, Edinburgh, Midlothian. 
   Automated analysis of behaviour is of increasing importance to biology and neuroscience. Behavioural control is the 
ultimate function of neural processing, and the recent development of tools for manipulating neural activity, such as 
optogenetics, has made the need to be able to rapidly screen for the behavioural consequences of these manipulations 
crucial. We present a novel probabilistic behavioural analysis tool, the eigenworm annotator. This is a data driven analysis 
package that automatically discovers behavioural states from data, without any critical user set threshold values or reference 
to a set of predefined behaviours. The core of the method is to analyse the time evolution of eigenworm time series. Stephens 
et al. (2008) introduced eigenworms, an elegant representation of C. elegans postures using the principal components 
(eigenvectors) of the body shape. Using eigenworms enables to represent a worm’s behaviour as a low dimensional time 
series.Eigenworm annotator finds frequently repeated patterns (also known as motifs) in the eigenworm time series and these 
are treated as potential behavioural states. To identify motifs a novel motif finding algorithm was developed. This algorithm 
is based on a two step process: action segmentation and spline regression clustering. Action segmentation divides the 
eigenworm time series into windows, where each window contains a single interpretable behaviour. Next the time series 
segments contained in each window are clustered using a spline regression model. An advantage of this pipeline is that it is 
inherently probabilistic, so not only the behaviours are annotated, but the confidence associated with the classification of 
each behaviour is also obtained.The resulting behavioural annotation matches hand annotation for approximately 70% of the 
time series. Eigenworm annotator reveals many ambiguous states that can not be classified with high confidence. Specifically 
there is a continuous mixture of Omega turns and shallower turning events. This raises the question whether Omega turns are 
really a discrete behaviour or part of a continuum. Based on the lack of a defining feature that would unambiguously 
distinguish behavioural states, we argue that behaviour should not be treated as a set of discrete states. Finally we 
demonstrate the methods generality by applying it to larval Drosophila, where we also find a continuity among behavioural 
states. 

546B. Screening mutants defective in the forgetting of the olfactory adaptation of the odorants sensed by AWC neurons. Reo 
Takemoto1, Tomohiro Kitazono1, Akitoshi Inoue1, Taksesi Ishihara1,2. 1) Systems Life Sciences, Systems Life Sciences, 
Fukuoka, Fukuoka; 2) Department of Biology, Faculty of Sciences, Fukuoka,Fukuoka. 
       Animals receive various kinds of sensory information from continuously changing environments. In order to properly 
respond to that information, they need to throw away old memories. Therefore, forgetting is one of the important processes 
for animals to survive. But mechanisms of forgetting have not been well understood.     C. elegans senses attractive odorants 
in two pairs of sensory neurons, AWA and AWC, in which the signaling pathways for the chemosensation and the olfactory 
adaptation are distinct. We previously revealed that the TIR-1/JNK-1 pathway in AWC neurons accelerates forgetting of the 
olfactory adaptation to these odorants. Recently, we also found that the molecular machineries involved in forgetting of the 
olfactory adaptation are distinct between in these neurons at the downstream of TIR-1/JNK-1 pathway. To elucidate the 



mechanisms for the forgetting of the olfactory adaptation in AWC neurons,  we mutagenized N2 by ethyl methanesulfonate 
(EMS) to screen mutants defective in the forgetting of the olfactory adaptation to benzaldehyde, and isolated several mutant 
candidates. We are identifying the genes responsible for this phenotype by whole-genome sequencing and SNP mapping. 
This study will give us new viewpoints of forgetting of the olfactory adaptation. 

547C. Distinct mechanisms underlie two types of Caenorhabditis elegans sleep. Nicholas Trojanowski1,2,3, Matthew 
Nelson1,4, Steven Flavell5, Christopher Fang-Yen2,3, David Raizen1. 1) Department of Neurology, Perelman School of 
Medicine, University of Pennsylvania, Philadelphia, Pennsylvania; 2) Department of Bioengineering, School of Engineering 
and Applied Science, University of Pennsylvania, Philadelphia, Pennsylvania;; 3) Department of Neuroscience, Perelman 
School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania;; 4) Current address: Department of Biology, 
Saint Joseph’s University, Philadelphia, Pennsylvania;; 5) Howard Hughes Medical Institute, Lulu and Anthony Wang 
Laboratory of Neural Circuits and Behavior, The Rockefeller University, New York, NY. 
   Electrophysiological recordings have enabled identification of physiologically distinct yet behaviorally similar states of 
mammalian sleep. In contrast, sleep states in non-mammalian animals have generally been described behaviorally, and 
therefore non-mammalian sleep is often identified as a homogenous state characterized by quiescence of feeding and 
locomotion, reduced responsiveness, and rapid reversibility. In C .elegans, sleep has been described under two conditions: 
developmentally timed sleep (DTS or lethargus) occurs during molting transitions, while stress-induced sleep (SIS) occurs in 
response to exposure to cellular stress during adulthood. Behaviorally, DTS and SIS appear identical, as during both states 
feeding and locomotion cease and arousal threshold is increased. We used optogenetic manipulations of neuronal and 
muscular activity, pharmacology, and genetic perturbations to uncover circuit and molecular mechanisms of DTS and SIS. 
We find that locomotion quiescence induced by DTS- and SIS-associated neuropeptides (NLP-22 and FLP-13, respectively) 
occurs via their action on the nervous system. However, in mutants with activated Gs signaling, overexpression of NLP-22 or 
FLP-13 causes distinct locomotion phenotypes, suggesting that their neuronal target(s) and/or molecular mechanisms differ. 
Feeding quiescence during DTS results from a loss of pharyngeal muscle excitability, whereas feeding quiescence during SIS 
results from a loss of excitability in the nervous system. Together these results indicate that, as in mammals, distinct types of 
sleep in C. elegans are subserved by different mechanisms. . 

548A. INX-4/Innexin in AFD sensory neurons is required to regulate thermotaxis behavior in C. elegans. S. Tsukamoto1, T. 
Emmei1, N. Nishio1,2, H. Sasakura1, M. Akasaka1,3, I. Mori1. 1) Group of Molecular Neurobiology, Division of Biological 
Science, Nagoya University, Japan; 2) NIPS, Okazaki, Japan; 3) Group of Developmental Cell Biology, Division of 
Biological Science, Nagoya University, Nagoya, Japan. 
   C. elegans can memorize environmental temperatures and migrate toward the cultivation temperature when they are placed 
on a thermal gradient. This behavior, called thermotaxis, provides an ideal model system to study neural mechanisms by 
which animals express behavior, since a simple neural circuit required for this behavior is identified previously (Mori & 
Ohshima, 1995). To investigate mechanisms that underlie thermotaxis, we previously performed genetic screens and isolated 
nj24 (Mohri et al., 2005). Further characterization of the mutant in this study revealed an interesting thermotaxis phenotype, 
in which nj24 migrates “slightly” higher temperature than its cultivation temperature, implying the existence of elaborate and 
delicate mechanisms that regulate thermotaxis. Genetic mapping of nj24 revealed that nj24 is a mutant for the inx-4 gene, 
which encodes a member of innexins that are thought to constitute gap junctions in C. elegans. To identify cells expressing 
INX-4, we observed the expression pattern of inx-4::gfp and found that INX-4 is expressed in the nervous system, including 
some neurons that are known to be important for thermotaxis (AFD, AWC, AIY, RIA). Cell-specific rescue experiments 
revealed that expressing INX-4 in AFD thermosensory neurons is sufficient to rescue the abnormal thermophilic phenotype 
of inx-4 mutants, suggesting that INX-4 in AFD is required to regulate thermotaxis behavior. Interestingly, while conducting 
AFD-specific rescue experiment, we introduced three different doses of inx-4 cDNA into AFD and found that higher dose 
causes strong cryophilic phenotype, implicating a possibility that the expression level of INX-4 in AFD is crucial to 
determine behavioral outputs. Our study showed that the innexin function in C. elegans major sensory neurons is important to 
regulate thermotaxis behavior. We believe that further analysis will elucidate fundamental functions of innexin, gap junction 
component, in the nervous system to control behaviors. 

549B. Ca2+ dependent negative feedback loop in AWC olfactory neurons: from mathematical viewpoint. Mamoru 
Usuyama1,3, Sayuri Kuge2,3, Takayuki Teramoto2,3, Takeshi Ishihara2,3, Yuishi Iwasaki1,3. 1) Ibaraki Univ., Ibaraki, Japan; 2) 
Kyushu Univ., Fukuoka, Japan; 3) JST, CREST, Tokyo, Japan. 
   AWC receptor neurons show inhibitory response for odor stimulus and transient excitement for odor removal. This means 
that AWC neurons have mechanism which suppresses neural activity by external stimulation and activates by removal of the 
stimulation. AWC neurons change [Ca2+] via cGMP as second messenger. However, how AWC neurons change [cGMP] by 
stimulation is still unclear. In order to reproduce odor response in AWC neurons, we propose the negative feedback system to 
control [cGMP] in stimulation. The mathematical model consists of biochemical reactions and ionic transports through ion 
channels. Each biochemical molecules in the model, such as Ca2+, cGMP and so on, give concentrations and reaction rate 



constants to describe the intracellular biochemical reactions. The model is designed to easily mimic genetic assay such as 
gene over expression and its knock out experiments. 
 We consider the two experimental features of odor response: (1) Peak [Ca2+] of off-response was linearly increased with 
duration of stimulus. (2)[Ca2+] was quickly decreased when neurons receive stimulus. Our previous work suggests that two or 
more Ca2+ dependent negative feedback loops for controlling cGMP production is necessary to reproduce odor responses in 
AWC (Usuyama, et. al 2012). In our study, however, further speculations in signaling pathway and parameter search show 
that only one negative feedback loop is enough to reproduce such experimental features. In addition to the experimental 
features, we consider the response of AWC neurons to successive stepwise stimulation. And we report “neural response” to 
odor stimulus in “wild type” and “mutant” in sillco, such as peak value and time constants of [Ca2+] change. 

550C. Contribution of protein localization to variability in salt chemotaxis behavior. Servaas van der Burght, Gert Jansen. 
Cell Biology, Erasmus MC, Rotterdam. 
   C. elegans perceives salt and shows attraction to NaCl concentrations between 0.1-200 mM NaCl but avoidance of higher 
concentrations. This response can be analyzed behaviorally with quadrant assays in which worms are presented with a choice 
between buffered agar with or without NaCl. When concentrations of 0 and 100 mM NaCl are used, WT worms move to the 
salt containing quadrants. However, a small fraction of (genetically identical) animals will end up on the quadrants without 
salt. We aim to explain the randomness in C. elegans behavior by examining stochasticity at a molecular and cellular 
level.Perception of NaCl probably occurs by receptors and channels in the sensory cilia of the ASE neurons. Stochasticity 
could be caused by variability in the localization of these proteins, the in- and export of proteins in the cilia, and by the 
intraflagellar transport (IFT) machinery. To study these processes we will use CRISPR/Cas9 technology to tag proteins of 
interest to visualize their in- and export dynamics and localization, and correlate this with the response to NaCl.The way in 
which a worm perceives salt, however, is not completely understood. Forward and reverse genetic approaches have identified 
several proteins involved, including the guanylate cyclase subunits gcy-22 and gcy-14 as possible receptors, the cyclic 
nucleotide-gated channel subunits tax-2, tax-4 and cng-3, the TRPV1 subunit osm-9, and the G protein alpha subunit odr-3. 
We are generating strains in which each of these proteins is tagged with GFP, specifically in the ASE neurons.In a forward 
genetic screen, we recently found that C. elegans chemotaxis to NaCl involves a degenerin-like/ENaC channel subunit. We 
are now in the process of generating knockout mutants to determine its contribution to NaCl perception. Additionally, we are 
creating animals in which the ENaC channel subunit is fused, in frame, to GFP. This GFP-fusion strain will be used to 
examine its expression pattern and the localization of the protein. Possible stochasticity in localization of the ENaC channel 
subunit could explain the randomness in C. elegans salt chemotaxis behavior. 

551A. Studying genetic control of yolk protein synthesis in relation to overall reproduction in C. elegans. Liesbeth Van 
Rompay, Charline Borghgraef, Jelle Caers, Isabel Beets, Liesbet Temmerman, Liliane Schoofs. Research group of 
Functional Genomics and Proteomics, KU Leuven, Leuven, Belgium. 
   Vitellogenesis, the process by which maternal yolk is formed, is thought to be a critical step in reproduction of all egg-
laying animals. In vertebrates, the well-characterized hormonal hypothalamus-pituitary-gonad regulatory system drives 
reproductive success, including yolk protein synthesis by the liver, in a time- and sex-dependent manner. Whether similar 
control mechanisms exist for invertebrate reproduction, is an open question in surprisingly unexplored scientific territory. It 
can be expected that genetic control of reproduction in invertebrates will to a certain extent be similar to the vertebrate 
system, conform genome sequencing data, whereas many invertebrate-, clade- or species-specific factors are thought to exist 
as well - e.g. depending on distinct reproductive cycles. Therefore, we reasoned intestinal yolk protein production to be a 
suitable downstream readout to unravel the nematode reproductive axis in more detail. Using a GFP-tagged yolk protein as a 
reporter, we performed a forward genetic screen in C. elegans, focusing on mutants overtly defective in yolk protein 
production. Via a combined mapping and whole-genome sequencing strategy we identified five mutant alleles, corresponding 
to three novel regulatory genes involved in C. elegans vitellogenesis. We further confirmed that indeed, mutations in genes 
encoding a vitellogenin regulating Caenorhabditis-specific, C. elegans homeobox and low-density lipoprotein receptor 
related protein disrupt yolk protein synthesis at the transcriptional and translational level. Our data on each of these molecular 
players support the view that parallel pathways, some of which contain evolutionarily unique regulators, exert control over 
vitellogenesis in C. elegans. As opposed to general assumptions, we show that a virtually absent yolk protein pool does not 
necessarily imply a severely affected reproductive potential. This raises questions on the relevance and quantitative needs of 
yolk for reproduction. Further research, e.g. concerning the consistency of the yolk-depleted eggs and other reproduction-
related defects, will be important to further raise our understanding of invertebrate control of reproduction. 

552B. Burrowing behavior of C. elegans used to study neuromuscular disorder models. Andres Vidal-Gadea1, Celia Beron2, 
Jesse Cohn2, Adhishri Parikh2, Grace Hwang2, Jonathan Pierce-Shimomura2. 1) Biological Sciences, Illinois State University, 
Normal, IL; 2) Neuroscience Department, The University of Texas at Austin, Austin, TX. 
   The nematode Caenorhabditis elegans is a powerful model system for the study of human neuromuscular function and 
disorders. However, many worm models of human disease only show mild crawling phenotypes. In their natural habitat, C. 



elegans likely spends much of the time burrowing through the soil matrix. We developed a burrowing assay to challenge 
motor output by placing worms in agar-filled pipettes of increasing densities. We find that burrowing involves distinct 
kinematics and turning strategies from crawling that vary with the properties of the substrate. We show that Duchenne 
muscular dystrophy model (dys-1) mutants crawl normally but are severely impaired in burrowing. In stark contrast with 
wild-type, muscular degeneration in the dys-1 mutant is hastened and exacerbated by burrowing. We performed a genetic 
screen and isolated several suppressor mutants with proficient burrowing in a dys-1 mutant background. Further study of 
burrowing in C. elegans will enhance the study of diseases affecting neuromuscular integrity, and provide insights into the 
natural behavior of this and other nematodes. 

553C. Investigating the neuromolecular mechanism for magneto-transduction in C. elegans. Chance Bainbridge1, Trevor 
Rickert1, Moe Khalil1, Kristi Ward2, Celia Beron2, Navid Ghoashian3, Sertan Gokce3, Ophelia Papoulas4, Daniel Boutz4, 
Edward Marcotte4, Adela Ben-Yakar3, Andres Vidal-Gadea1, Jonathan Pierce-Shimomura2. 1) Biological Sciences, Illinois 
State University, Normal, IL; 2) Department of Neuroscience, The University of Texas at Austin, Austin, TX; 3) Mechanical 
Engineering Department, The University of Texas at Austin, Austin, TX; 4) Center for Systems and Synthetic Biology, The 
University of Texas at Austin, Austin, TX. 
   A wide range of organisms use the earth’s magnetic field to orient. Much of our understanding about the molecular basis 
for this behavior comes from work on magnetotactic bacteria. These organisms build nanometer-sized “compasses” from 
magnetic iron extracted from their environment. Evidence of similar biological magnetite has been reported in many 
magnetotactic animals (including C. elegans). It remains unclear if and how animals may use these “biological compasses” in 
this exciting form of sensory transduction. We have recently found that C. elegans readily orients to the magnetic field of the 
earth in a way that is consistent with a magnetite-based mechanism. Worms appear to use the magnetic field during vertical 
migrations using an identified a pair of sensory neurons. These neurons are required for magnetotaxis and respond cell-
autonomously to earth-strength magnetic fields in calcium imaging experiments. We are attempting to identify the molecular 
machinery responsible for magnetotransduction using complementary biochemical, genetic and physiological approaches. To 
determine proteins associated with a hypothetical “worm compass”, we performed mass spectrometry on iron particles 
isolated from C. elegans. Next, to determine whether these proteins are required for magnetotaxis, we assayed the 
magnetotactic ability of the corresponding mutants. For the subset of mutants that display defective magnetotaxis, we are 
analyzing the subcellular localization of their respective proteins near candidate compass structures. In parallel, we are testing 
the requirement of these genes in physiological responses to magnetic fields via calcium imaging. The genetic and behavioral 
tractability of C. elegans makes this a promising model for elucidating potentially conserved mechanisms by which many 
animals detect and orient to magnetic fields. . 

554A. Identification of nematodes volatile sex pheromone and the molecular basis of sex pheromone perception. Xuan 
WAN, King L. CHOW. Division of Life Science, Hong Kong University of Science and Technology, Hong Kong. 
   Our lab studies the molecular basis of chemosensory behaviors. Sexually mature C. remanei females produce an attractant 
detectable by conspecific adult males and its relative C. elegans. The volatile attractant acts in a sex-, stage- and species-
specific manner and thus qualifies as a long-range sex pheromone. Analysis on GC-MS data suggested several chemicals and 
two among them were functionally verified by chemo-attraction assays. A mixture of the two exhibited stronger 
attractiveness than either one alone, suggesting a synergistic effect behind. On another focus, we search for the corresponding 
receptors. Previously we reported cell ablation experiments that demonstrated the necessity of CEM, AWA and AIZ neurons 
in this process. In AWA, SRD-1 was identified as a GPCR responding for sex pheromone perception, corroborated by the 
localization, single cell microarray data, mutation strain function examine and cell specific cDNA rescue experiments. 
Ectopically srd-1 expression from AWA to AWB elicits a distinct repulsive behavior towards pheromone in males, 
demonstrating its sufficiency as a pheromone receptor. Noticeably, the two pheromone candidates above could not attract 
srd-1 mutant worms, further strengthening the ties between the suggested ligands and receptor. To screen for potential 
receptors in the CEM, we conduct a cell-specific RNA pull down on transgenic hermaphrodites. Hermaphrodites without 
CEM neurons to carrying CEM neuron with increasing male-fated mutations show gradually increased attraction towards sex 
pheromones. We thus hypothesize CEM cells of the right fate must be expressing sets of molecules that confer masculinity. 
Comparison between transcriptome profiles should reveal key differences between non-functional and functional CEM 
neurons, and screen out relevant receptors. (The study is supported by Research Grants Council, Hong Kong.). 

555B. Investigating how glucose metabolism regulates neuromuscular circuit excitability in C. elegans males. Yufeng Wan1, 
L. Rene Garcia1,2. 1) Department of Biology, Texas A&M University, College station, TX; 2) Howard Hughes Medical 
Institute, Texas A&M University, College station, TX. 
   The feeding status of the C. elegans male can influence the excitability of his copulation circuitry. We hypothesize that 
metabolism, which can be modified by restricted or over-abundant nutrient intake, changes the composition or levels of 
specific ion channels and excitatory receptors on the surface of the male's copulation-specific neurons and muscles. This idea 
is consistent with our previous observations that the EGL-2 K+ channels on the male sex-muscles are upregulated when the 



males are transiently food deprived. Our previous research discovered a correlation between an upregulated expression of a 
specific hexokinase paralog and the increased excitability of the sex circuitry in aged males. This implies that changes in 
glucose metabolism may be related to the modification of cell excitability in aged or starved males. In this work, we will 
investigate the involvement of glycolysis in the function of the male intromission circuit, by using EMS mutagenesis to 
screen for mutants that show both modified metabolism and defects in intromission sensory and motor behaviors. Studying 
the altered phenotypes caused by the mutations will help us understand pathways that link the male's metabolic state with 
neuromuscular circuit excitability. In addition, we will generate cell type-specific knockouts of the hexokinase paralogs and 
examine the effects on the expression and function of ion channels and excitatory receptors in different male neurons and 
muscles. These experiments will help us understand whether different circuit components respond differently to the changes 
in glucose usage. . 

556C. A Neural Circuit of Caenorhabditis elegans for Memory-Dependent Na+ Chemotaxis. L. WANG1, M. TOMIOKA2, 
H. KUNITOMO1, Y. IINO1,2,3. 1) Department of Biological Sciences; 2) Molecular Genetics Research Lab, Graduate School 
of Science, The University of Tokyo; 3) CREST, JST. 
   Animals show various behaviors in response to environmental conditions, which are often plastic depending on previous 
experiences. C. elegans, which senses chemicals with a limited number of sensory neurons, is an ideal model for analyzing 
the role of each neuron in innate and learned behaviors. ASE neurons (ASE-Left neuron and ASE-Right neuron) play major 
roles for salt chemotaxis but have lateralized functions: ASER neuron is activated by decreases in NaCl concentrations and 
ASEL neuron is activated by increases in NaCl concentrations. So far, our lab and others have focused on the roles of ASER 
and its signaling pathways in salt chemotaxis plasticity, but whether and how ASEL regulates the plastic behaviors in salt 
chemotaxis remains less explored. In this study, chemotaxis assays and optogenetics combined with behavioral quantification 
with the worm tracking system were used to investigate the ASEL’s roles in worms’ behaviors and dissect the neural circuit 
underlying Na+ chemotaxis. Our results indicated that ASEL generates memory-dependent behaviors in Na+ chemotaxis: 
when worms were precultured in NaCl-free conditions, they showed no Na+ concentration preference, but when worms were 
precultured in NaCl-containing conditions, they migrated to higher concentrations of NaCl. Behavioral responses to 
optogenetic activation of ASEL neuron roughly recapitulated the chemotaxis responses: I) worms showed no response when 
they were transferred from NaCl-free preconditions to NaCl-containing conditions; II) worms showed reduction of 
reversal/turning frequency upon activation of ASEL when they were preconditioned in NaCl-present conditions, or when 
they were preconditioned in NaCl-free conditions and tested in NaCl-free conditions. The neural circuit to regulate the 
behavior (under condition II) was further examined and ASEL’s downstream interneurons AIY, AIA, and AIB were all found 
to be involved in regulating the behavioral responses. Based on our results, AIY is the most important downstream 
interneuron of ASEL, which is activated by ASEL and responsible for stimulating forward locomotion. AIA seems also 
activated by ASEL and stimulate forward locomotion, while AIB is inhibited by ASEL and stimulates the reversal/turning 
behavior. Therefore, under condition II, all three interneurons receive signals from ASEL to stimulate forward movement and 
reduce turning, driving the worms to higher concentrations. 

557A. TGFß mediates the feeding state-dependent expression of the food chemoreceptor ODR-10 in males. Emily R. 
Wexler, Deborah A. Ryan, Douglas S. Portman. Center for Neural Development and Disease,Department of Biomedical 
Genetics, School of Medicine and Dentistry, University of Rochester Medical Center, Rochester, NY. 
   The biological mechanisms by which neural circuits are modulated by an animal’s sex (“gender”) is poorly understood. We 
have previously found that C. elegans males and hermaphrodites differ in their response to several odorants detected by 
shared circuitry. In particular, hermaphrodites are more attracted than males to the odorant diacetyl, a food cue sensed by the 
chemoreceptor odr-10, expressed in the AWA sensory neuron. Recently, we have shown that regulated odr-10 expression 
underlies sex differences in diacetyl attraction. In adult males, odr-10 expression is significantly reduced compared to 
hermaphrodites, allowing these animals to prioritize exploratory behavior over feeding. Moreover, transient starvation 
upregulates odr-10 in males to promote feeding. Through a candidate screen, we identified the TGFβ ligand daf-7 as a 
regulator of odr-10 expression. Males with mutations in daf-7 or the downstream SMAD daf-8 have increased expression of 
odr-10. In contrast, these mutations have no apparent effect on odr-10 expression in hermaphrodites. Animals with mutations 
in daf-5, a transcription factor inhibited by DAF-7 signaling, show decreased expression of odr-10; moreover, daf-5 males 
show no increase in odr-10 expression in response to starvation. These findings suggest that DAF-7 regulates feeding-state-
mediated changes in odr-10 expression in a sex-dependent manner. We are currently working to understand how the sex 
determination pathway intersects with DAF-7 signaling to bring about state-dependent changes in odr-10 expression and 
behavior. 

558B. Long-term imaging of circadian locomotor rhythms in C. elegans induced by temperature cycles. Ari Winbush1, 
Matthew Gruner1, Grant Hennig2, Alexander van der linden1. 1) Biology, University of Nevada, Reno, Reno, NV; 2) 
Physiology and Cell Biology, University of Nevada, School of Medicine, Reno, Reno, NV. 
   Locomotor activity is used extensively as a behavioral output to study the underpinnings of the circadian clock in different 



animals. Our previous work has established the nematode C. elegans as a new attractive model to study temperature control 
of the circadian clock; it has a well-mapped brain circuitry that senses small changes in temperature, and exhibits circadian 
rhythms of both locomotor activity and gene expression entrained by temperature cycles. Despite this, the mechanisms 
underlying circadian rhythmicity in response to temperature cycles remains poorly understood. Previous systems designed to 
analyze locomotor circadian rhythms in the nematode utilized an infrared beam scattering approach similar to the Drosophila 
activity monitor (DAM) system in which swimming nematode activity was recorded based on beam crossings. This method, 
however, results in high variability in circadian parameters, and a non-robustness of rhythms. We developed a new imaging 
system for long-term automated recording and analysis of locomotion data of both a small population of free-crawling C. 
elegans animals on the surface of an agar plate, and individual swimming animals in a liquid drop assay. We devised novel 
image analysis software tools for measuring specific features related to movement and shape to identify circadian patterns of 
behavior in response to temperature cycles allowing for a more robust analysis of temperature-dependent locomotion and 
circadian behavior. Using our system, we show that 13°C:18°C (12:12 hr) temperature cycles are sufficient to entrain 
locomotor activity of wild-type animals, which persist but are rapidly damped during 13°C free-running conditions. We also 
show that mutants of tax-2, encoding a cyclic nucleotide-gated (CNG) ion channel, alter temperature responses and circadian 
locomotor activity. Our imaging system thus provides a powerful new tool for recording and quantification of circadian 
rhythmicity of C. elegans locomotion, and allows for a screening system of candidate circadian genes in this model organism. 

559C. G-protein β subunit mediated signaling defines steady state serotonin biosynthesis in C. elegans chemosensory 
neurons. Lu Xu, Sunju Choi, Yusu Xie, Jiying Sze. Albert einstein college of medicine, Bronx, NY. 
   In C. elegans, the tryptophan hydroxylase gene tph-1 is required for serotonin biosynthesis. Previous studies from our lab 
and others have identified three layers of regulation for tph-1 gene expression in the chemosensory neurons ADF. OCR-
2/TRPV channel-mediated Ca2+ signaling is required for steady state tph-1 expression[1]. Pathogen infection and aversive 
growth conditions that induce dauer formation further increase tph-1 transcription via UNC-43/TIR-1/MAPK signaling and 
IFT/Hh-related pathways, respectively[2,3,4]. To further delineate genetic pathways defining steady state 5-HT synthesis, we 
have carried out a genetic screen for mutants that display reduced tph-1 expression in ADF neurons under optimal growth 
conditions. We identified yz71, a loss-of-function point mutation of the G-protein β subunit gene gpb-1. The G162E 
substitution at the conserved site for Gβ interacting with the switch II sites of Gα does not alter ADF cell fates or affects tph-
1 expression in other 5-HT-producing neurons. In addition to setting the steady state tph-1 expression, gpb-1 is also required 
for pathogen-induced tph-1 upregulation in ADF, although it is dispensable for dauer-induced tph-1 upregulation. We will 
present data indicating that steady state and pathogen-induced tph-1 expression is mediated by distinct gpb-1 functions. First, 
gpb-1 acts in multiple amphid neurons to mediate pathogen-induced tph-1 upregulation, and in contrast, cell-autonomous 
gpb-1 is necessary and sufficient for OCR-2/TRPV channel-regulated steady state tph-1 expression. Second, while pathogen-
induced tph-1 upregulation requires Gqα EGL-30[5], we show that a GPB-1 signaling controls steady state tph-1 expression. 
These data revealed a Gβ signaling in neurons and indicate that steady state serotonin biosynthesis is regulated by neural 
activities in a cell-specific manner.References1. Zhang S, Sokolchik I, Blanco G, Sze JY. Development 131(7):1629-38, 
2004.2. Moussaif M, Sze JY. J Neurosci 29(13):4065-75, 2009.3. Shivers RP, Kooistra T, Chu SW, Pagano DJ, Kim DH. 
Cell Host Microbe 6(4):321-30, 2009.4. Xie Y, Moussaif M, Choi S, Xu L, Sze JY. PLos Genet 9(3):e1003324, 2013.5. Qin 
Y, Zhang X, Zhang Y. J Neurosci 33(3):925-935, 2013. 

560A. Characterization of a sensory integration and associative learning gene. Glenn Wolfe1, Vivian Tong1, Derek van der 
Kooy1,2. 1) Institute of Medical Science, University of Toronto, Toronto, Ontario; 2) Department of Molecular Genetics, 
University of Toronto, Toronto, Ontario. 
   We have characterized an EMS derived mutant strain, lrn-2, which shows deficits in both sensory integration and a wide 
variety of associative learning paradigms.  Our experiments suggest that while sensory integration and associative learning 
mechanisms share genes in common, they act within independent pathways.Snip-SNP mapping and genome sequencing 
suggested that the locus of the lrn-2 mutation was the gene scd-2, which is homologous to human anaplastic lymphoma 
kinase.  This was supported by lrn-2 and scd-2 failing to complement each other after a cross, and by a wild type scd-2 
containing fosmid successfully rescuing associative learning in a lrn-2 background.The test of associative learning used in 
this project involved learning about pathogenic bacteria. The N2 control strain learns to associate the pathogenicity of PA14, 
a strain of P. aeruginosa, with the odor of the bacteria after 4 hour exposure.  This results in N2 worms leaving the PA14, 
and migrating to a safe E. coli lawn on the other side of the plate. The lrn-2 mutants do not learn this association and remain 
on the pathogenic bacteria.  The sensory integration deficit is demonstrated by the mutant’s inability to integrate two cues by 
crossing an aversive copper barrier to reach an attractive diacetyl odorant.Both learning and sensory integration involve 
processing of multiple sensory cues leading to altered behavioral output.  While sensory integration does not require these 
changes to persist, learned behaviors do, as memories.  lrn-2/scd-2 plays a role in both sensory integration and associative 
learning; however, we have found that each of these psychological processes require lrn-2/scd-2 expression in different 
cells.  Furthermore, the gene fsn-1 has been shown to have an upstream suppressive effect on scd-2 sensory integration, but 
we have found that in an associative learning assay, fsn-1 may act differently, downstream of scd-2.  While a worm must 



integrate presented sensory cues, the process of associating these cues and remembering this association for later recall 
requires a different mechanism then the immediate response to integration of cues.  Further investigation will involve 
identifying the site of lrn-2/scd-2 activity in associative learning, identifying its place within the associative learning 
molecular pathway, and using pharmaceutical antagonists to disrupt scd-2 activity to identify its specific role in learning. 

561B. Elucidating the role of cGMP dynamics in behavioral plasticity. Sarah Woldemariam1, Michelle Krzyzanowski2, 
Mary Bethke1, Martin Schneider3, Jatin Nagpal3, Alexander Gottschalk3, Denise Ferkey2, Noelle L'Etoile1. 1) University of 
California, San Francisco, San Francisco, CA; 2) State University of New York at Buffalo, Buffalo, NY; 3) The Goethe 
University, Frankfurt, Germany. 
   cGMP is a ubiquitous second messenger implicated in many important biological processes. In neurons, cGMP dynamics 
can regulate the function of ion channels and kinases, resulting in physiological changes. In the context of learning and 
memory, these changes result in short-term and long-term behavioral changes based on the organism’s experience. We 
attempt to understand the molecular basis for long-term plasticity by studying the behavioral responses of the nematode C. 
elegans. Along with our collaborator Michelle Krzyzanowski from the Denise Ferkey lab in SUNY Buffalo, we are interested 
in how food might modulate behaviors.  One food-modulated behavior is repulsion from quinine.  This repulsion is mediated 
by the ASH neuron and it is down regulated by food withdrawal and the cGMP-dependent protein kinase EGL-4. This poses 
a conundrum since no guanylyl cyclases, which produce cGMP, are expressed in ASH. Genetic evidence suggests that 
guanylyl cyclases in other neurons are required for the food-modulated repulsion from quinine in ASH and that gap junctions 
are required for the transmission of cGMP from these neurons to ASH. In order to understand how cGMP dynamics in these 
neurons are modulated, we need a tool to visualize cGMP. To this end, we are using a cGMP sensor that will allow us to 
image cGMP dynamics in ASH and other neurons in the living behaving animal in the presence and absence of food. 

562C. Identifying neural signaling that cooperates with dopamine signaling in repulsive odor learning. Shuhei Yamazaki, 
Akiko Yamazoe, Kotaro Kimura. Department of Biological Sciences, Osaka Univ., Toyonaka, Osaka. 
   Dopamine in association with other neural signals plays crucial roles in various brain functions such as locomotory 
regulation, reward, emotion, learning and memory. However, the mechanism by which multiple neural signals cooperatively 
regulate brain functions is not well understood because of neural circuit complexity. To address this issue, we are studying 
repulsive odor learning regulated by dopamine signaling in C. elegans (Kimura et al., 2010, J. Neurosci.). Upon preexposure 
to 2-nonanone, the animals exhibit enhanced avoidance behavior to this odorant as a type of non-associative learning. This 
enhancement is regulated by dopamine signaling via the D2-like dopamine receptor, DOP-3, in a pair of RIC interneurons. 
Currently, we are working towards identifying genes that genetically interact with dopamine signaling for repulsive odor 
learning. We have identified several mutant strains that exhibit behavioral defects similar to those seen in dopamine mutants. 
We first plan to identify the site-of-action of identified genes by cell-specific rescue experiments. The physiological role of 
the gene will then be analyzed by our integrated microscope system to quantify the relationship between odor stimuli, neural 
responses, and behavior (Tanimoto et al., this meeting). These analyses will help us understand the interaction between the 
newly identified neural signaling and dopamine signaling in modulation of learning. 

563A. The effects of two neuropeptide receptors on general arousal level in C. elegans. Alex Yu1, Evan Ardiel2, Catharine 
Rankin1,2. 1) Department of Psychology, University of British Columbia, Vancouver, British Columbia; 2) Graduate Program 
in Neuroscience, University of British Columbia, Vancouver, British Columbia. 
       Habituation is a form of non-associative learning, the deficits of which have been associated with many psychiatric 
disorders. Animals are constantly bombarded with various stimuli in the environment, and habituation helps them to 
selectively attribute their attention, a limited resource. In C. elegans, a loss-of-function mutation in the AMPA ionotropic 
glutamate receptor subunit, glr-1, is known to disrupt habituation of ASH-mediated reversals. glr-1 loss of function mutants 
are unable to maintain their responses to ASH-stimulation towards the end of habituation training, and the latency of the 
response to a stimulus is longer. ASH sensory neurons detect aversive stimuli in the natural environment, such as osmotic 
pressure and chemical repellents that can harm or kill the worm. Therefore, normal functioning of these neurons is essential 
for the animal’s survival. Recent studies from our lab found that the defective behavioural phenotype in ASH-mediated 
habituation caused by loss of glr-1 can be suppressed by loss of egl-3, which encodes a proprotein convertase; a loss-of-
function egl-3 mutation knocks out neuropeptide synthesis. We are interested in identifying which neuropeptide signaling 
components cause the suppression of glr-1 behavioural phenotype. To investigate this, we conducted a systemic RNAi 
suppressor screen targeting 57 candidate genes, each encoding a known or predicted neuropeptide receptor. We observed 
suppressing effects in the proportion of animals responding with pdfr-1 knockdown, and in the latency of the initial response 
with npr-26 knockdown. pdfr-1 and npr-26 encode an ortholog of Drosophila pigment dispersing factor (PDF) receptor, and 
an ortholog of human urotensin-II receptor, respectively. We subsequently tested the behaviour of C. elegans with loss of 
function alleles of these two genes of interest. We found that pdfr-1 promotes dispersal behaviour following ASH-mediated 
habituation training, whereas npr-26 regulates the animal's arousal level, particularly affecting locomotion in the inter-
stimulus interval. Our unexpected findings have led us to scrutinize the role of neuropeptides in general arousal level. 



564B. Adaptation in an axenic nutritional environment. Liusuo Zhang, L. Rene Garcia. Howard Hughes Medical Institute, 
Department of Biology, Texas A&M University, College Station, TX 77843-3258. 
         Although diets affect growth and behavior, the adaptive mechanisms that coordinate these processes in non-optimal 
food sources are unclear. Here we show that the C. elegans tmc-1 channel, which is homologous to the mammalian tmc 
deafness genes, attenuates development and inhibits sexual behavior in non-optimal food, the synthetic CeMM medium. In 
CeMM, signaling from the pharyngeal MC neurons and body wall muscles slows larval development. However in the axenic 
diet, mutation in tmc-1 accelerates development, through impairing the excitability of these cells. The tmc-1 larva can 
immediately generate ATP when fed CeMM, and their fast development requires insulin signaling. Our findings suggest that 
the tmc-1 channel indirectly affects metabolism in wild-type animals.  In addition, we show that the pharyngeal expressed 
microRNA mir-251 is also required to attenuate development, suggesting that pharynx might play a regulatory endocrine role 
in coordinating behavior and metabolism. Furthermore, mutation in tmc-1 can relax diet-induced inhibition of male sexual 
behavior, including both appetitive (mating drive) and consumatory (spicule insertion) sexual behaviors in the axenic 
nutritional environment. 

565C. A tensin3 homolog SVH-6 regulates axon regeneration by stabilization of a MET-like receptor tyrosine kinase SVH-2. 
Tanimul Alam, Kazuma Asai, Naoki Hisamoto, Kunihiro Matsumoto. Div. of Biol. Sci., Grad. School of Sci., Nagoya 
Univ., Japan. 
   The Jun N-terminal kinase (JNK) MAP kinase (MAPK) pathway, which is composed of MLK-1 (MAPKKK), MEK-1 
(MAPKK) and KGB-1 (MAPK), plays a pivotal role in axon regeneration in C. elegans. Recently, we have identified an 
HGF-like growth factor SVH-1 and a Met-like receptor tyrosine kinase SVH-2 as positive regulators acting upstream of JNK 
MAPK pathway in axon regeneration. However, other molecular factors that regulate this pathway are not well understood. 
In this study, we identified the svh-6 gene, which encodes a homolog of mammalian tensin3, as a regulator of axon 
regeneration. In svh-6 mutants, frequency of axon regeneration was significantly reduced. This defect was rescued by the 
expression of the svh-6 gene under the D-type motor neuron specific promoter, suggesting that SVH-6 acts cell-
autonomously. SVH-6 contains an Actin Binding Domain (ABD), a Src Homology 2 (SH2) domain, and a Phospho-Tyrosine 
Binding (PTB) domain. We found that both SH2 and PTB domains, but not ABD, are required for SVH-6 function in axon 
regeneration. Further genetic analysis revealed that SVH-6 acts upstream of SVH-2 in axon regeneration. Biochemical 
analysis using mammalian cultured cells showed that SVH-6 lacking ABD (SVH-6 delta-ABD) associates with Tpr-SVH-2C, 
an activated form of cytoplasmic domain of SVH-2. This interaction is dependent on both the kinase activity of Tpr-SVH-2C 
and the SH2 domain of SVH-6, indicating that the SH2 domain of SVH-6 can interact with the activated form of SVH-2 
cytoplasmic domain. To evaluate the in vivo function of SVH-6, we overexpressed SVH-6 delta-ABD and determined the 
effect on the SVH-2 protein in severed axons. In wild-type animals, the SVH-2 protein fused to VENUS fluorescent protein 
(SVH-2::VENUS) is unstable and not visible by fluorescent microscope in both unsevered and severed neurons. However, 
SVH-6 delta-ABD overexpression enabled it to be visible at proximal retraction bulb in severed neurons. Thus, these results 
suggest that SVH-6 interacts with SVH-2 via SH2 domain and regulates axon regeneration by stabilizing the active SVH-2 
protein at retraction bulb. 

566A. SLO K+ channels couple gap junctions to inhibit Ca2+ signaling in olfactory neuron diversification. Amel Alqadah1,2, 
Hsieh Yi-Wen1, Schumacher Jennifer A.3, Wang Xiaohong3, Millington Grethel2, Bayne Brittany3, Chuang Chiou-Fen1. 1) 
Department of Biological Sciences, University of Illinois at Chicago, IL, USA; 2) Molecular and Developmental Biology 
Graduate Program, University of Cincinnati, OH, USA; 3) Division of Developmental Biology, Cincinnati Children’s 
Hospital Research Foundation, Cincinnati, OH, USA. 
   The nervous system generates a tremendous diversity of cell types that enable formation of functional neural circuits for 
information processing and mediating behaviors. Cellular diversity is especially important in the developing sensory system 
as it allows animals to detect different cues in the environment. However, the molecular mechanisms that generate neuronal 
diversification are not yet fully revealed. One way to generate cellular diversity in the nervous system is to specify different 
fates and functions of individual cell types across the left-right axis. Left-right asymmetry in the nervous system is present 
throughout the animal kingdom. The C. elegans AWC olfactory neuron pair communicates to specify asymmetric subtypes, 
AWCOFF and AWCON across the left-right axis. The default AWCOFF is specified by a Ca2+-regulated kinase cascade that is 
activated by influx of Ca2+ through the voltage-gated Ca2+ channel UNC-2/UNC-36.  Intercellular communication between 
AWC and other neurons in a transient NSY-5 gap junction network antagonizes UNC-2/UNC-36 calcium channels in the 
future AWCON cell, but how calcium signaling is downregulated by NSY-5 is only partly understood.We show that voltage- 
and calcium-activated SLO BK potassium channels mediate gap junction signaling to inhibit calcium pathways for 
asymmetric AWC differentiation. Activation of vertebrate SLO-1 channels causes transient membrane hyperpolarization, 
which makes it an important negative feedback system for calcium entry through voltage-activated calcium channels. 
Consistent with the physiological roles of SLO-1, our genetic results suggest that slo-1 and slo-2 act redundantly downstream 
of nsy-5 to inhibit unc-2/unc-36 Ca2+ signaling in the specification of AWCON. nsy-5-dependent asymmetric expression of 
slo-1/slo-2 in the AWCON neuron is necessary and sufficient for AWC asymmetry. SLO-1/SLO-2 localize close to UNC-2 in 



AWC, consistent with functional coupling between these channels in AWC asymmetry. Furthermore, slo-1/slo-2 regulate 
synaptic communication between AWC neurons to control AWC asymmetry. Together, these results provide an 
unprecedented molecular link between gap junctions and calcium pathways for terminal neuron differentiation. 

567B. Investigating the genetic basis of neuronal dimorphisms in C. elegans. Emily Bayer1, Meital Oren-Suissa2, Oliver 
Hobert2,3. 1) Department of Biological Sciences, Columbia University, New York, NY 10027, USA; 2) Department of 
Biochemistry and Molecular Biophysics, Columbia University Medical Center, New York, NY 10032, USA; 3) Howard 
Hughes Medical Institute. 
   Sexual dimorphism is a widely acknowledged biological phenomenon, yet the mechanisms underlying specific 
developmental dimorphisms are largely unknown. As a result of the defined connectome available for both C. elegans males 
and hermaphrodites, it is clear that there are dimorphic wiring differences in shared neurons between the adult animals of the 
two sexes (1). Several of these dimorphisms are found in the phasmid sensory neurons, whose synapses onto the command 
interneurons are sexually dimorphic, suggesting that they have sex-specific functions. I am confirming the predicted sex-
specific functions of the phasmid neurons using behavioral assays. To study how these dimorphic patterns of connectivity 
(and function) are established, I am using transsynaptic labeling (GRASP technology; 2) to visualize both male-specific and 
hermaphrodite-specific synaptic connections of phasmid neurons. Sexual determination is regulated across many invertebrate 
and vertebrate species by the highly-conserved doublesex/mab (DM) domain genes. In C. elegans, the DM domain class 
contains 11 paralogs, the majority of which have no known function. I analyzed expression patterns for 8 of the dmd genes in 
both larval and adult stages in the two sexes to identify dimorphisms, and identified dmd-4 as a candidate for dimorphic 
regulation in the PHA and PHB phasmid neurons. dmd-4 is an embryonic lethal gene, so I am generating a conditional 
knockout allele and perform mosaic rescue analysis to determine if dmd-4 is part of the genetic regulatory system for 
dimorphism in the phasmid neurons, and if this function is cell-autonomous. Ultimately, we will seek to elucidate the genetic 
regulatory logic of dimorphisms in shared neurons.1. Jarrell TA, Wang Y, Bloniarz AE, Brittin CA, Xu M, Thomson JN, 
Albertson DG, Hall DH, Emmons SW. 2012. Science 337, 437-444.2. Feinberg EH, VanHoven MK, Bendesky A, Wang G, 
Fetter RD, Shen K, Bargmann CI. 2008. Neuron 57(3), 353-363. 

568C. Finding Mutations that suppress the ciliary Degeneration Defect of ccpp-1 mutants in Caenorhabditis elegans. 
Sebastian Bellotti, Margaret Morash, Robert O'Hagan. Genetics, Rutgers University, Hillsburough, NJ. 
   Microtubules form dynamic networks in cells and display diverse post-translational modifications (PTMs), including 
polyglutamylation. The Tubulin Code posits that these PTMs regulate microtubule stability and the properties of molecular 
motors that use microtubules as tracks for intracellular transport (Verhey and Gaertig, 2007).  The enzymes that regulate 
polyglutamylation are now known: Tubulin tyrosine ligase-like (TTLL) proteins add glutamate side chains, while 
cytoplasmic carboxypeptidases (CCPs) deglutamylate microtubules (Janke 2011). We sought to find molecules that regulate 
the PTM enzymes themselves and the downstream molecules that mediate their effects on microtubule stability and 
traffic.Nematode sensory cilia, which contain highly modified microtubules, provide an ideal model for studying how 
microtubule PTMs function in vivo. Mutations in ccpp-1, encoding a CCP deglutamylase, result in progressively 
degenerating amphid cilia (O’Hagan et al 2011). To identify other molecules that function in polyglutamylation-mediated 
microtubule stability, we performed a standard EMS F2 Suppressor Screen in C. elegans for novel mutations that suppress 
the ciliary deterioration of ccpp-1 mutants. From our screen of over 100,000 haploid genomes, 15 isolates were confirmed to 
suppress the ciliary degeneration of ccpp-1.We performed complementation crosses with ttll-4, ttll-5, and ttll-11 mutants, all 
of which were previously shown to suppress the ccpp-1 defect. Many suppressors failed to complement mutations in multiple 
ttll genes. Recently, we found that ccpp-1 mutant worms that were heterozygous for all three ttll genes showed suppression of 
the ccpp-1 mutant phenotype. This is indicative of non-allelic non-complementation and suggests that dosage of TTLL 
components may be an important factor in maintaining cilium structure. These findings are also consistent with the idea that 
regulation of glutamylation levels is critical to cilia functionA better understanding of the CCPP-1 pathway and how 
polyglutamylation controls ciliary and microtubule stability will have important implications for human health, and provide 
potential drug targets for ciliopathies that cause symptoms such as blindness, respiratory issues, male infertility, and 
polycystic kidney disease.  We hope that identification of our mutations may shed light on ciliopathies for which genetic 
causes are currently unknown. 

569A. A novel role for AEX-3, a guanine nucleotide exchange factor (GEF) for the Rab3 GTPase, in axon guidance. Jaffar 
M. Bhat, Harald Hutter. Biological Sciences, Simon Fraser University, Burnaby, British Columbia, Canada, V5A 1S6. 
   During embryonic development neurons differentiate and extend axons and dendrites that have to reach their appropriate 
targets. This task is highly regulated and is achieved by using a set of conserved guidance cues and receptors. The first 
neurons which extend their processes are called ‘pioneer’ neurons. Pioneers establish the major axon tracts which are used by 
the latter outgrowing axons (followers) to extend along. In C. elegans the AVG neuron pioneers the right axon tract of the 
ventral nerve cord, the major longitudinal axon tract in the animal. The cues used by AVG for axonal outgrowth and 
navigation are not known yet as the available mutants for known guidance cues and receptors do not show significant defects 



in AVG navigation or outgrowth. Moreover, simple genetic screens have not yielded new mutants with penetrant AVG axon 
guidance defects. Nidogen (nid-1), a basement membrane component which plays a role in the positioning of longitudinal 
axons, has weakly penetrant AVG axon navigation defects.  We performed an enhancer screen in a nid-1 mutant background 
and isolated a novel allele (hd148) of aex-3. aex-3(hd148)  mutants have highly penetrant AVG axon navigation defects, 
which are nid-1 dependent. In addition aex-3(hd148); nid-1 mutant animals also show axon navigation defects in 
interneurons, DD/VD and DA/DB motor neurons as well as in AVK and HSN neurons. AEX-3 is a guanine nucleotide 
exchange factor (GEF) for the Rab3 and Rab27 GTPases thereby activating Rab3 and Rab27. These GTPases are important 
for trafficking of synaptic vesicle precursors as well as synaptic vesicle release. We found that rab-3 has nid-1 dependent 
AVG axon navigation defects whereas aex-6/Rab27 does not show these defects. Our genetic interaction data also suggests 
that aex-3 and rab-3 are in the same genetic pathway. This suggests that AEX-3 activates Rab3 but not Rab27 GTPase in the 
context of AVG axon navigation. Recently it has been shown that syntaxin 1 (unc-64) and DCC (unc-40) coassociate with 
each other and this interaction is required for Netrin (unc-6) dependent guidance of migrating axons.  We found that both 
unc-6 and unc-64 have AVG axon navigation defects which are nid-1 dependent and that both aex-3 and unc-64 are in the 
same genetic pathway. This suggests that UNC-64 likely plays a role in the fusion of AEX-3 activated vesicles which go 
through exocytosis. It is known that localized exocytosis and endocytosis is important for the steering and turning of growth 
cone. It is possible that AEX-3 is involved in localized exocytosis of vesicles at the growth cone thereby contributing to the 
correct navigation of the growth cone.  . 

570B. Heparan sulfate proteoglycans regulate cell migrations and organ polarity during development. Cassandra 
Blanchette1, Andrea Thackeray1, Paola Perrat1, Siegfried Hekimi2, Claire Bénard1. 1) Department of Neurobiology, UMass 
Medical School, Worcester, MA, USA; 2) Department of Biology, McGill University, Montreal, Canada. 
   The regulation of cell migrations is essential to animal development. Heparan sulfate proteoglycans (HSPGs) play key roles 
in the regulation of interactions between morphogens and guidance cues with their receptors to elicit appropriate cellular 
responses. Dysfunction of HSPG synthesis results in pleiotropic consequences, and human mutations in the two subunits of 
the heparan sulfate co-polymerase, EXT1 and EXT2, result in osteosarcomas known as multiple exostoses. In a screen for 
axon guidance mutants, we retrieved viable partial loss-of-function mutations in the two subunits of the C. elegans heparan 
sulfate co-polymerase, rib-1 and rib-2. We have characterized these rib-1 and rib-2 hypomorphic alleles, and found that these 
mutants exhibit abnormal cell migrations and defects in organ polarity. Our analysis of the expression pattern of the co-
polymerase reveals that it is dynamically expressed during development, consistent with the notion that HSPGs may be 
required at different levels during morphogenesis. We find that proper neuronal migrations are ensured by the coordinated 
production of HSPGs by the migrating neuron itself as well as by the adjacent hypodermis that secretes the extracellular 
matrix along which the growth cone extends. We also find that rib-1 and rib-2 exert their function in neuronal migrations 
through interactions with several guidance pathways. Our work highlights the importance of the coordinated action of 
HSPGs, and allows for a level of study of the HS co-polymerase and HSPGs not previously possible. 

571C. sax-7 functions with nema-1 to maintain the architecture of the nervous system. Cassandra Blanchette, Andrea 
Thackeray, Claire Bénard. Department of Neurobiology, UMass Medical School, Worcester, MA, USA. 
   A critical but poorly understood aspect of neurobiology is how the integrity and function of an established nervous system 
is protected throughout life, despite post-embryonic body growth, movement, and the incorporation of new neurons into 
existing neural circuits. Dedicated mechanisms must be in place to protect the nervous system in spite of these stresses, and a 
handful of molecules have been identified that maintain the precise organization of neural circuits after their initial 
establishment (1). SAX-7, the C. elegans ortholog of the L1CAM family of cell adhesion molecules (2 – 4), functions in 
neurons to maintain the position of neuronal soma and axons (3, 5). Despite their normal initial development, a subset of 
embryonically developed axons of the ventral nerve cord become defasciculated during the first larval stage in sax-7 mutant 
animals, and specific neuronal soma within ganglia become progressively displaced in later larval and adult stages of sax-7 
mutant animals (3 – 6). SAX-7/L1CAM is a transmembrane protein of the immunoglobulin superfamily with roles as a cell 
adhesion molecule (2 – 4). In vertebrates, L1CAM carries out developmental roles in migration and fasciculation, and in 
humans, mutations in L1CAM lead to neurodevelopmental disorders. Moreover, L1CAM plays a role in the adult vertebrate 
brain, as a conditional knock out in the adult mouse brain leads to behavioral deficits (7), highlighting that both C. elegans 
SAX-7 and vertebrate L1CAM have continued importance in the adult nervous system to promote its integrity and 
functionality. To elucidate the molecular mechanisms by which SAX-7 functions to maintain the nervous system and identify 
conserved neuronal protection molecules, we have carried out a forward genetic screen for modifiers of the sax-7 mutant 
maintenance phenotype of ASH/ASI soma displacement. We expect that the enhancer and suppressor mutations of this sax-7 
mutant phenotype will define genes that normally function to promote, or to antagonize neuronal maintenance, respectively. 
From screening 6,000 haploid genomes, we have successfully outcrossed and reisolated 5 suppressors and 2 enhancers of the 
sax-7 mutant phenotype. One isolated suppressor, nema-1, suppresses the sax-7 ASH/ASI maintenance defects, but not other 
phenotypes of sax-7 mutants. We are characterizing these suppressors and enhancers of sax-7.1) Bénard and Hobert , 2009; 



2) Chen et al., 2001; 3) Sasakura et al., 2005; 4) Wang et al., 2005; 5) Pocock et al., 2008; 6) Zhou et al., 2008; 7) Law et al., 
2003. 

572A. A 3D Analysis of the Mind of the Worm Connectome. Christopher Brittin1, Steven Cook2,3, Netta Cohen1, David 
Hall3, Scott Emmons2. 1) School of Computing, University of Leeds, Leeds; 2) Dept. of Genetics, Albert Einstein College of 
Medicine, Bronx, NY; 3) Dept. of Neuroscience, Albert Einstein College of Medicine, Bronx, NY. 
   A connectome is a comprehensive map of all neural connections in an organism's nervous system. The first connectome 
was published almost 30 years ago by White et al. (1986) and described the structure of the nervous system of the nematode 
C. elegans adult hermaphrodite. Subsequent network analyses of this data have focused only on the synaptic connectivity of 
the nervous system, while neglecting much of the spatial information in the data. Initial spatial analyses of the C. elegans 
connectome reported in (White et al., 1983; Durbin, 1987) used only a sparse sampling of physical neuron contacts. Using 
the original electron micrographs from (White et al., 1986), we have extended this analysis by performing a 3D 
reconstruction of every neuron in the C. elegans nerve ring in both the L4 and adult. This represents the first complete 
volumetric reconstruction of the main neuropil of any animal from multiple developmental stages. With this enriched data 
set, we have been able to do a comparative analysis of synaptic connectivity, characterize the spatial distribution of synapses 
for each neuron and analyse the relationship between neuron contact and synapse formation in the C. elegans nerve ring. 
Similar to (White et al., 1983), we found that ~40% of all possible physical contacts result in a synapse or gap junction. We 
also found a positive correlation between the frequency of synapse formation and the amount of physical contact between 
neurons. Specifically, the frequency of synapse formation between two neurons approaches ~0.7 as the amount of physical 
contact approaches 10% of a neuron's total measured surface area. However, like (Durbin, 1987), we find that synapse 
probability and synapse number between any pair neurons does not depend strongly on the amount of shared physical 
contact. Furthermore, synapse volumes appear to be conserved between the L4 and adult, while the number of synapses 
between any two neurons appear to be, on average, greater in the adult. This could suggest that during late nervous system 
development, synaptic partnerships are reinforced by creating additional small synapses between neurons rather than 
enlarging the volume of current synapses.    . 

573B. UNC-62 alternative transcripts differentially regulate UNC-55 expression and neural differentiation of GABAergic 
VD motor neurons. Richard Campbell, Walter W. Walthall. Biology Dept, Georgia State University, Atlanta, GA. 
   The animal’s sinuous locomotion is a direct result of a cross activational/inhibitory network of motor neurons in the ventral 
nerve cord (VNC). This is network is composed of cholinergic (excitatory) inputs and GABAergic (inhibitory) inputs that 
originate from distinct classes and subclasses of motor neurons. The excitatory motor neurons are comprised of the A (for 
backward locomotion) and B(for forward locomotion). The inhibitory motor neurons are comprised of the D class motor 
neurons which are predicted to be required for both backward and forward locomotion. Both cholinergic and GABAergic 
classes can be further subdivided by innervation type and developmental origin.  The GABAergic DD subclass is embryonic 
and innervates dorsal muscle in adult animals while the VD subclass is postembryonic and innervates ventral muscle. Both 
the DD and VD motor neurons express the transcription factor, UNC-30 which is necessary and sufficient for post mitotic 
differentiation GABAergic D class motor neurons. The VD motor neurons express a nuclear hormone receptor, UNC-55 
which prevents the VD motor neurons from innervating the dorsal muscle and assuming a DD like fate through the 
suppression of various UNC-30 transcriptional targets. Interestingly, UNC-55 is not transcriptionally regulated by UNC-30. 
Thus in the DD and VD motor neurons which share very similar developmental mechanisms, how is the expression of UNC-
55 regulated in the VNC?To address this question, the transcriptional activation of unc-55 and the differentiation of the VD 
motor neurons was tested utilizing bioinformatics, mutant analyses of candidate regulators, promoter dissection, exon 
specific disruption utilizing CRISPR/Cas9 and GFP constructs. Several putative transcription factor binding sites (cis sites) 
corresponding to the MEIS domain transcription factor, UNC-62 were found on the unc-55 promoter. Different mutant alleles 
of UNC-62 were found to repress, activate or have no effect on punc-55::gfp expression. Interestingly, each mutant allele of 
UNC-62 disrupts alternatively spliced or transcribed exons. Dissection of the unc-55 promoter identified multiple regions and 
putative cis sites that correlate with the UNC-62 mutant expression patterns. These data provide evidence that different 
isoforms of UNC-62 are required for activation and repression of unc-55 transcription and subsequently VD motor neuron 
differentiation. Isoform specific transcriptional regulation of differentiating neurons is a relatively unexplored area of 
research and represents an interesting mechanism for differentiation in neuronal subtypes. 

574C. Novel regulators of the C. elegans UNC-6/Netrin pathway. RANJAN DEVKOTA1, JASON CHIEN1, GIAN 
GARRIGA2, CATARINA MÖRCK1. 1) Department of Chemistry and Molecular Biology, University of Gothenburg, 
Gothenburg, Sweden; 2) Department of Molecular and Cell Biology, University of California, Berkeley, USA. 
   Precise targeting of axons is essential for the proper functioning of the nervous system. Axonal growth cones respond to 
various guidance cues and navigate through a complex environment to reach their synaptic targets1. Even though many 
guidance cues and receptors have been identified, there is less knowledge of how axons respond to different cues in different 
phases of their growth. The aim of this project is to enhance the understanding of axon guidance by focusing on the 



development of the bilaterally symmetric Hermaphrodite Specific Neurons (HSNs). Each HSN extends a single axon to the 
ventral nerve cord, which then turns anteriorly and extends to the nerve ring2. The HSNs innervate vulval muscles and the 
AVF neurons to stimulate hermaphrodite egg laying and locomotion, respectively3,4. We have isolated three mutants whose 
HSN axons fail to extend ventrally. Our preliminary mapping, complementation and genetic interaction data suggest that 
these mutations define three genes that function together to antagonize the conserved UNC-6/Netrin signaling pathway. Our 
initial goal is to identify the underlying mutations with whole genome sequencing and rescue experiments. The identification 
of these genes will shed light on how the UNC-6/Netrin pathway is modulated for proper axon guidance along the dorsal-
ventral axis.References:1. Dickson, B. J. Molecular mechanisms of axon guidance. Science 298, 1959–
1964(2002).2. Garriga, G., Desai, C. & Horvitz, H. R. Cell interactions control the direction of outgrowth, branching and 
fasciculation of the HSN axons of Caenorhabditis elegans. Development 117, 1071–1087(1993).3. Desai, C., Garriga, G., 
McIntire, S. L. & Horvitz, H. R. A genetic pathway for the development of the Caenorhabditis elegans HSN motor neurons. 
Nature 336, 638–646(1988).4. Hardaker, L. A., Singer, E., Kerr, R., Zhou, G. & Schafer, W. R. Serotonin modulates 
locomotory behavior and coordinates egg-laying and movement in Caenorhabditis elegans. J. Neurobiol. 49, 303–
313(2001). . 

575A. Role of DYF-7 in IL2 cell-body maintenance during dauer formation. K. M. Flatt, N. E. Schroeder. University of 
Illinois at Urbana-Champaign, Urbana, IL. 
   The IL2 neurons in C. elegans, are a set of 6 sensory neurons located posteriorly to the metacorpus. Throughout most of the 
animals’ life cycle, the IL2s maintain themselves as cell bodies with a single dendrite extending to the nose and an axon 
extending into the nerve ring. When exposed to environmental stress, the animals will enter the dauer-larval stage in which 
they exhibit many morphological changes. Included amongst these changes is the remodeling of the IL2 neurons. During the 
molt into dauer, the IL2 neurons undergo an extensive arborization phenomenon, in which the neurons will show a three-fold 
increase in dendritic length. During this stage-specific arborization, the dorsal and ventral dendrites extend processes up to 
the midline, anteriorly and posteriorly along the midline and down the body walls, and the cell bodies also form additional 
dauer-specific primary dendrites from the cell body1. The mechanisms by which these neurons and their newly formed arbors 
are maintained is a question that we are currently addressing. A screen of IL2 branching phenotype candidates revealed DYF-
7 as a gene of interest. DYF-7 encodes a transmembrane protein required to anchor dendritic tips during retrograde 
extension2. Though there were no obvious IL2 branching phenotypes associated with this mutant, we did observe dauer-
specific defects in cell-body maintenance. In dyf-7 dauer mutants, the cell bodies were observed to be unorganized and 
scattered throughout the anterior portion of the animal. However, cell-body maintenance assays of L1 larvae and young-adult 
animals that had not gone through dauer showed no statistical differences between mutant and wild-type animals.  This 
suggests that DYF-7 is required for maintenance of cell body position during dauer formation.  Ongoing experiments seek to 
determine the cause of this maintenance defect, and attempt to determine the role that DYF-7 plays in cell-body stabilization 
during dauer formation. In addition, we have begun exploring transmission electron microscopy as a tool to allow us to 
observe these neurons at the substructural level.1) Schroeder NE, Androwski RJ, Rashid A, Lee H, Lee J, et al. (2013) Dauer-
specific dendrite arborization in C. elegans is regulated by KPC-1/Furin. Curr Biol 23: 1527–1535. doi: 
10.1016/j.cub.2013.06.0582) Heiman MG, Shaham S (2009) DEX-1 and DYF-7 establish sensory dendrite length by 
anchoring dendritic tips during cell migration. Cell 137: 344–355 doi: 10.1016/j.cell.2009.01.05719344940. 

576B. Cellular and Molecular Mechanisms Underlying Neurite Termination and Refinement in C. elegans. Maria Gallegos, 
Monika Avina, Lorrayne Serra, Boshika Tara, Joshua Azevedo, Catherine Ndungu-Case, Alejandro Flores, Pranti Das. Dept 
Biological Sciences, Cal State Univ, East Bay, Hayward, CA. 
       In the posterior half of the worm, gentle touch is first detected by the mechanosensory neuron PLM. As expected for a 
spatially restricted function, the PLM dendrite occupies the posterior half of the animal. How is the termination point of the 
PLM dendrite established? Exuberant outgrowth followed by stereotyped pruning is a common feature in the development of 
neural circuits in vertebrates. In C. elegans, PLM also follows this pattern of growth (Gallegos and Bargmann 2004). 
Initially, the PLM dendrite extends rapidly, bypassing its target site then undergoes regulated shortening to terminate just 
posterior to the anterior mechanosensory neuron, ALM. My lab is interested in both molecular and cellular factors that 
contribute to this process. 
    To date we have identified worm orthologs of the yeast RAM pathway that function during the regulated shortening step of 
PLM development: SAX-1 (an NDR kinase), F09A5.4 (an NDR kinase cofactor) and SAX-2 (a scaffold protein). More 
recently, genetic evidence suggests that vesicle trafficking may regulate PLM length both within and in parallel to RAM 
pathway signaling. For example, rab-10, a GTPase involved in polarized secretion leads to PLM overextension, a defect not 
enhanced in the absence of sax-2. 
    We are also interested in identifying the cell or tissue that might initiate PLM dendrite termination. One candidate, BDU, is 
an interneuron that makes both gap junction and synaptic connections with mechanosensory circuit neurons. 
Interestingly, BDU extends a posterior neurite that makes contact with the PLM neurite tip at the right time and place to 
promote PLM termination (Gallegos unpublished data and Zhang et al 2013). To test the role that BDU might play in PLM 



termination, we created unc-86 mosaic animals that allow PLM development in the absence of ALM and BDU. Our 
preliminary data indicates that the PLM dendrite extends significantly longer on average in mosaic animals that lack ALM 
and BDU in comparison to non-mosaic controls suggesting that BDU is required to confine the PLM dendrite to the posterior 
half of the animal in a contact-dependent mechanism. In our initial experiments, however, BDU was not visible. We are 
redoing these experiments using GFP markers that light up both BDU and PLM to ensure that their development is normal in 
nonmosaic controls. We are also attempting to use the free Duplication qDp3 to confirm our findings. 

577C. Development of Caenorhabditis elegans GABAergic neurons. Marie Gendrel1,2, Emily Atlas1, Oliver Hobert1,2. 1) 
Biochemistry Dpt, Columbia University, NY; 2) Howard Hughes Medical Institute. 
   Gamma-aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the vertebrate brain, and dysfunction of 
GABAergic neurons can have profound pathological implications. In C. elegans, based on promoter fusion analysis, 26 
neurons are known to express conserved GABAergic terminal differentiation genes, such as the enzyme producing GABA 
(GAD/unc-25), the GABA-specific vesicular transporter (VGAT/unc-47) and the protein that targets VGAT to the synaptic 
membrane (a LAMP-like protein/unc-46). 25 of these worm GABAergic neurons are motoneurons and are involved in (i) 
head movements (4 RMEs), (ii) defecation (AVL and DVB), (iii) locomotion (19 D-type). Only one neuron, RIS, is an 
interneuron, like the dominant type of GABA neurons in vertebrates.Using fosmid recombinering technology, we studied the 
expression of unc-47 and found that the VGAT is expressed strongly in 28 other neurons and weakly in at least 30 other, just 
in the head. The current identification of all the neurons where unc-47 is expressed is under progress. In parallel, since the 
immunostaining may not be sensitive enough, we are generating an unc-25 CRISPR line in order to determine if these cells 
expressed GABA or if unc-47 is having another role not determined yet. In the course of improving the technique of anti-
GABA immunostaining, we have found an additional neuron on the dorsal side of the larvae head. In parallel, we have drawn 
a more precise picture of how the differentiation of the 26 classic GABAergic neurons is controlled. As published it is known 
that UNC-30 is required for expression of GABA terminal differentiation genes in the D-type neurons. It is currently 
unknown what the terminal selectors for the other GABAergic neurons are. Through a candidate gene approach, we 
confirmed with anti-GABA immunostaining that LIM-6 -a LIM homeobox transcription factor- controls RIS, AVL and DVB 
fate. In addition, we generated a null allele of nhr-67 –a Tailless/TLX ortholog– and also using anti-GABA immunostaining 
and marker analysis, we concluded that NHR-67 is involved in RIS, AVL and RMEs terminal differentiation, suggesting that 
NHR-67 and LIM-6 act together to control RIS and AVL GABAergic fate. We also confirmed that CEH-10 is involved in 
RME terminal differentiation. Moreover, after an EMS mutagenenesis screen, we found that TAB-1, a homeodomain 
transcription factor, is involved in RMEL/R GABAergic fate, suggesting that NHR-67, CEH-10 and TAB-1 work together to 
control RME fate.Together, these results will give us an updated picture of GABA neuron identification and developement. 

578A. UNC-6/Netrin Repulsive Axon Guidance Involves UNC-33/CRMP and Flavin Monooxygenases. Mahekta Gujar, 
Erik Lundquist. Molecular Biosciences, University of Kansas, Lawrence, KS 66045. 
   Developing axons are led by growth cones, which are dynamic actin-based structures that sense and respond to extracellular 
guidance cues, driving the forward motion of the axon towards the target of migration. The guidance cue UNC-6/Netrin 
regulates both attractive and repulsive axon guidance. Our previous work showed that the attractive UNC-6/Netrin receptor 
UNC-40/DCC stimulates growth cone protrusion, and that the repulsive receptor, an UNC-5/UNC-40 heterodimer, inhibits 
growth cone protrusion (Norris et al., 2011). Expression of an activated MYR::UNC-40 construct in the repelled VD axons 
constitutively inhibits protrusion. We used MYR::UNC-40 to delineate a pathway involving UNC-73/Trio, the Rac GTPases 
CED-10 and MIG-2, and the microtubule-interacting protein UNC-33/CRMP that inhibits growth cone protrusion 
downstream of MYR::UNC-40 (Norris et al., 2014). While CRMPs have been implicated in semaphorin-mediated collapse, 
our data suggest that they also control UNC-6/Netrin-mediated repulsion.In unc-33 mutants, excess microtubule plus 
ends were observed in growth cones, correlating with excess growth cone protrusion. The MICAL proteins are flavin 
monooxygenases that cause actin depolymerization involved in growth cone collapse downstream of semaphorin (Hung et 
al., 2010). The C. elegans genome does not encode a single MICAL-like gene. However, it encodes five flavin 
monooxygenases (fmo-1-5) (Petalcorin et al., 2005), similar to that found in MICAL, as well as an actin-interacting protein, 
ehbp-1 (Shi et al., 2010), which is similar to the non-FMO portion of MICAL. Here we show that the ehbp-1 and fmo genes 
may play a role in Netrin directed repulsive guidance mediated through UNC-40/DCC and UNC-5. A subset of the fmo genes 
and ehbp-1 showed VD/DD axon guidance and branching defects and enhanced unc-40 VD/DD guidance defects. When 
placed in a MYR::UNC-40 background these mutants partially suppressed myr::unc-40. Further studies will be directed at 
determining if these genes act downstream of the Rac GTPases and UNC-73/Trio, if they are expressed in and act cell-
autonomously in neurons to regulate axon guidance, and if they affect the actin cytoskeleton of the growth cone.In sum, we 
have defined a novel pathway that inhibits growth cone protrusion downstream of UNC-6/Netrin. While CRMP has been 
shown to mediate semaphorin induced growth cone collapse, our results implicate UNC-33/CRMP in UNC-6/Netrin 
repulsive axon guidance and that that the MICAL-like fmo genes and ehbp-1 also act in inhibition, possibly via the actin 
cytoskeleton. 



579B. Distinct microtubule organizations in ciliated and non-ciliated C. elegans neurons. Martin Harterink1, Bart de Haan1, 
Kah Wai Yau1, Lucas Kapitein1, Sander van den Heuvel2, Casper Hoogenraad1. 1) Cell Biology, Utrecht University, Utrecht; 
2) Developmental Biology, Utrecht University, Utrecht. 
   In neurons, differences in microtubule organization between axons and dendrites enable selective transport of cargo into 
these processes. However how cargo is distributed within such processes is not well understood. This is especially important 
for neurons with specialized sensory endings at the dendrite tip, such as the ciliated neurons in C. elegans, which have a 
sensory cilium at the tip of the dendrite.We found that RAB-8, an important factor for transport to the cilium, is differently 
transported in ciliated dendrites. Although this is not due to differences in dendrite microtubule polarity, we found a clear 
difference between ciliated and non-ciliated dendrites in their microtubule organization. Ciliated dendrites have strong 
microtubule nucleation at the dendrite tip, whereas non-ciliated neurons do not. Furthermore two mutants which were 
reported to have neuronal microtubule organization defects, unc-116/KHC and unc-33/CRMP, mainly affect the dendritic 
microtubules of non-ciliated neurons, further supporting their organization difference. We propose a microtubule organizing 
center at the dendrite tip, thus having numerous microtubule tracks all the way to the cilium, allows for efficient cargo 
transport to and from the cilium. 

580C. Postmitotic diversification of olfactory neuron types is mediated by differential activities of the HMG-box 
transcription factor SOX-2. A. Alqadah1,2,4, Y.-W. Hsieh1,4, B. Vidal3, C. Chang1, O. Hobert3,5, C.-F. Chuang1,5. 1) Biological 
Sciences, University of Illinois at Chicago, Chicago, IL; 2) Molecular and Developmental Biology Graduate Program, 
University of Cincinnati, OH; 3) 3Department of Biochemistry and Molecular Biophysics, Howard Hughes Medical Institute, 
Columbia University Medical Center, New York, NY; 4) Equal contribution; 5) Co-senior authors. 
   Neuronal diversification is essential for the function of the olfactory system.  One way to achieve neuronal diversification is 
to specify distinct neuronal subclasses through combinatorial control of gene expression mediated by cooperative binding of 
transcription factors. However, the molecular mechanisms of how combinatorial control of gene expression functions to 
diversify neuronal subclasses are only partly understood.  Here we describe a novel role of the highly conserved HMG-box 
transcription factor SOX-2 in postmitotic specification and alternative differentiation of the C. elegans AWC and AWB 
olfactory neurons. We show that SOX-2 partners with different transcription factors to diversify postmitotic olfactory cell 
types. SOX-2 functions cooperatively with the OTX/OTD transcription factor CEH-36 to specify an AWC “ground state”, 
and functions with the LIM homeodomain factor LIM-4 to suppress this ground state and drive an alternate AWB fate. Our 
findings provide novel insights into combinatorial codes that drive terminal differentiation programs in the nervous system 
and reveal a novel biological function of the deeply conserved Sox2 protein that goes beyond its well-known role in stem cell 
biology. 

581A. A negative relationship between pxn-1 and pxn-2 during neuronal development and aging in C. elegans. gyujin 
Hwang, Jeong Hoon Cho. Department of Biology Education, Chosun University, Gwangju, Korea. 
   C. elegans has two functional peroxidasins (PXN), PXN-1 and PXN-2. PXN-2 is essential to consolidate the extracellular 
matrix (ECM) during development and may interact with PXN-1 antagonistically. PXN-1 is involved in neuronal 
development and possibly maintenance; therefore, we investigated the relationship between PXN-1 and PXN-2 in neuronal 
development and in aging. During neuronal development, defects caused by pxn-1 overexpression were suppressed by 
overexpression of both pxn-1 and pxn-2. In neuronal aging process, pxn-1 mutants showed less age-related neuronal defects, 
such as neuronal outgrowth, wavy neuronal processes, and enhanced short-term memory performance. In addition, pxn-2 
overexpressing animals retained an intact neuronal morphology when compared with age-matched controls. Consistent with 
these results, overexpression of both pxn-1 and pxn-2 restored the severe neuronal defects present with pxn-1 overexpression. 
These results implied that there is a negative relationship between pxn-1 and pxn-2 and a suggestive role for pxn-1 as a 
negative regulator of pxn-2 in neuronal development and aging. Therefore, PXN-1 may function in neuronal development 
and age-related neuronal maintenance through PXN-2. 

582B. A Role for Peroxidasin PXN-1 in Aspects of C. elegans Development. gyujin Hwang, Jeong Hoon Cho. Dept of 
Biology Education, Chosun University,Gwangju, Korea. 
   The Caenorhabditis elegans peroxidasins, PXN-1 and PXN-2, are extracellular peroxidases; pxn-2 is involved in 
muscleepidermal attachment during embryonic morphogenesis and in specific axon guidance. Here we investigate potential 
roles of the other homologue of peroxidasin, pxn-1, in C. elegans. A pxn-1 deletion mutant showed high lethality under heat-
stress conditions. Using a transcriptional GFP reporter, pxn-1 expression was observed in various tissues 
including neurons, muscles, and hypodermis. A translational fusion showed that PXN-1::GFP was secreted and localized in 
extracellular matrix, particularly along body wall muscles and pharyngeal muscles. Various neuronal developmental defects 
were observed in pxn-1 mutants and in pxn-1 over-expressing animals, including andedness, branching, breakage, tangling, 
and defasciculation. These results suggest that pxn-1, like other peroxidasins, plays an important role throughout 
development. 



583C. Elucidating the Nervous System Role of UBC-1, an E2 Ubiquitin- Conjugating Enzyme in C. elegans. Qi Jin1,2, Maria 
Lim1, Jyothsna Chitturi1,2, Mei Zhen1,2. 1) Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital, Toronto, ON, 
Canada; 2) University of Toronto, Toronto, ON, Canada. 
   The ubiquitin-proteasome system mediates selective degradation of intracellular proteins. In this system, a cascade of 
enzymatic reactions by the ubiquitin-activating enzyme (E1), the ubiquitin-conjugating enzyme (E2), and the ubiquitin ligase 
(E3) leads to the covalent attachment of a single, or a chain of ubiquitin(s) to a lysine residue of a substrate, thus targeting the 
substrate for proteasomal degradation. The C. elegans genome encodes for one E1, roughly twenty E2s, and hundreds of 
E3s.  Among the E2 ubiquitin-conjugating enzymes is UBC-1; however, its function in C. elegans remains elusive. Studies of 
UBC-1 orthologs in human, fruit fly, and yeast suggest it may have significant function in the nervous system. UBC-1 
orthologs (RAD6a/Ube2a) have been shown to be necessary for mitochondrial function in neurons (Haddad et al., 2013). 
Moreover, mutations in human RAD6a/Ube2a have been associated with X-linked intellectual disability (XLID) (Budny et 
al., 2010; Honda et al., 2010).Here we elucidate the role of UBC-1 in nervous system development in a C. elegans ubc-1 
mutant isolated in the laboratory. ubc-1 mutants possess poor general health, decreased brood size, and synaptic defects. 
These defects can be rescued significantly, but not completely by expressing UBC-1 either in all neurons or in intestinal cells. 
These results suggest that UBC-1 has an important role in the nervous system, but also hints at possible cross-talk between 
the nervous system and intestine. This study sets the foundation for future studies to investigate the mechanisms by which 
mutations in UBC-1 may lead to disease.Budny, B., Badura-Stronka, M., Materna-Kiryluk, A., Tzschach, A., Raynaud, M., 
Latos-Bielenska, A., and Ropers, H.H. (2010). Novel missense mutations in the ubiquitination-related gene UBE2A cause a 
recognizable X-linked mental retardation syndrome. Clin. Genet. 77, 541–551.Honda, S., Orii, K.O., Kobayashi, J., Hayashi, 
S., Imamura, A., Imoto, I., Nakagawa, E., Goto, Y., and Inazawa, J. (2010). Novel deletion at Xq24 including the UBE2A 
gene in a patient with X-linked mental retardation. J. Hum. Genet. 55, 244–247.Haddad D.M., Vilain,S., Vos, M., Esposito, 
G., Matta, S., Kalscheuer, V.M., Craessaerts, K., Leyssen, M., Nascimento, R.M.P., Vianna-Morgante, A.M. De Strooper, B., 
Van Esch, H., Morais, V.A. and Verstreken, P. (2013). Mutations in the intellectual disability gene Ube2a cause neuronal 
dysfunction and impair Parkin-dependent mitophagy. Mol. Cell 50(6), 831-843. 

584A. Hypergravity induces axon outgrowth defects in GABAergic motor neurons. Saraswathi Kalichamy, Tong Young 
Lee, Jin Il Lee. Division of Biological Science and Technology, Yonsei University, Wonju, Gangwon-do. 
   Increased space travel and habitation are on the horizon with private companies competing to send people into space. 
However low gravity conditions are not without cost for the human body. Muscle and bone atrophy are a major problem 
especially for long-term travel and habitation in microgravity environments. Studies have mostly focused on gravity’s effect 
on muscle to curb the problems of bone and muscle wasting. However the effect that gravity has on motor neuron 
development and axonal outgrowth and pathfinding has been overlooked. Using C. elegans as a model for motor neuron 
development, we decided to look at the effect that hypergravity may have on axonal outgrowth and pathfinding in the D-type 
GABAergic motor neurons. We first designed and tested a worm hypergravity cultivation system in which C. elegans can be 
exposed to 100G force gravity for several days. Next, we used an unc-25::GFP strain that expresses GFP in the D-type 
motorneurons. The axon commissural projections run along the antero-posterior and ventrodorsal direction in response to 
guidance molecules. We investigated the trajectory of projections in hypergravity conditions by subjecting synchronized unc-
25::GFP eggs to 100G centrifugation for 3 days. At the end of the 3rd day, we analysed the worms and found branched and 
bent commissures that often moved away from the target instead of running towards the dorsal cord. To determine if there is 
a critical period of hypergravity’s effect on projections, we exposed the worms to centrifugation for 2, 2.5 and 3 days. Our 
preliminary data indicates that commissures showed increased branching, bending and failure to reach the dorsal cord after 
2.5/3 days of hypergravity exposure. Interestingly, most of the commissural defects occurred among the mid-body 
commissures, and we rarely observed defects at the most anterior or posterior commissures. We are currently performing 
genetic experiments to identify how the axonal defects arise from hypergravity. 

585B. The ENU-3 protein family works in a pathway parallel to UNC-6/Netrin to promote motor neuron axon outgrowth in 
C. elegans and localize to the ER and nuclear membrane or are plasma membrane associated when expressed in HeLa cells. 
Marie Killeen1,2, Roxana Florica1,2, Victoria Hipolito1, Homa Anvari1, Chloe Rapp1, Suzan ElRass1, Mohammed Asgherian1, 
Costin Antonescu1,2. 1) Chemistry and Biology, Ryerson University, Toronto, Ontario; 2) Graduate Program in Molecular 
Science, Ryerson University, Toronto, Ontario. 
   Development of the nervous system in C. elegans requires the ligand UNC-6 and its two receptors UNC-5 and UNC-40 as 
well as other molecules including members of the SLT-1 and the Wnt family pathways. Correct guidance of the axons of the 
DA and DB classes of motor neurons relies on UNC-6/Netrin and its receptor UNC-5.  A mutation in enu-3.1 enhanced the 
axon outgrowth defects of DB4, DB5 and DB6 in a strain lacking UNC-5. A mutation in enu-3.1 also enhanced guidance of 
the ventrally directed processes of the AVM and PVM touch receptor neurons in a strain lacking UNC-40 but did not 
enhance the defects of a strain lacking UNC-6. The data suggest that ENU-3.1 works downstream of UNC-6 and parallel to 
UNC-40 in touch receptor neuron guidance. ENU-3.1 is a member of a family that contains six proteins in C. elegans. Five of 
the ENU-3 proteins are transmembrane proteins and a sixth is not. We have investigated the genetic mechanism of action of 



the ENU-3 proteins. We show that the ENU-3 protein family members are all involved in the outgrowth of the DA and DB 
motor neurons and they work parallel to the Netrin pathway for this function.  When expressed in HeLa cells, two of the 
ENU-3 proteins were expressed in the ER and were localized in the nuclear membrane. The sixth member, ENU-3.6 was 
located proximal to the plasma membrane and resulted in the appearance of actin dependent processes on the surface of HeLa 
cells. It appears that the ENU-3 protein family is a part of a pathway that works parallel to the UNC-6 pathway of motor 
neuron axon outgrowth proteins and we continue to investigate function. 

586C. The evolutionary conserved LIM homeodomain protein LIM-4/LHX6 specifies the terminal identity of a cholinergic 
C. elegans sensory/inter/motor neuron-type. Jinmahn Kim1, Jihye Yeon1, Seong-Kyoon Choi2, Yang Hoon Huh3, Chris Li4, 
Kyuhyung Kim1. 1) Brain and Cognitive Science, DGIST, Daegu; 2) Division of NanoBio Technology, DGIST, Daegu; 3) 
Division of Electron Microscopic Research, KBSI, Daejeon; 4) Department of Biology, City College of the City University 
of New York, New York. 
   The differentiated features of postmitotic neurons are determined by expression of specific transcription factors. However, 
the mechanism by which specific molecules determine neuronal cell fate and the extent to which the functions of 
transcription factors are conserved in evolution are not fully understood. In C. elegans, the cholinergic and peptidergic SMB 
sensory/inter/motor neurons innervate muscle quadrants in the head, send processes posterior down the sub-lateral cords 
(White et al., 1986), and regulate the amplitude of sinusoidal movement (Gray et al., 2005). To identify the factors that 
specify the neuronal cell fate of SMBs, we performed genetic screens and isolated several lim-4 mutant alleles, in which flp-
12 neuropeptide gene expression was completely abolished only in the SMB neurons. We also found that the expression of 
other SMB markers, odr-2 (GPI-Anchored protein), cho-1 (choline transporter), and unc-17 (synaptic vesicle acetylcholine 
transporter), were abolished and the function of the SMB neurons is compromised in lim-4 mutant. To investigate the 
molecular mechanism of lim-4, we did promoter analyses and bioinformatics searches with the SMB marker genes and 
identified cis-regulatory motifs including putative LIM-4 binding sites. We confirmed that these regulatory elements were 
sufficient to drive the expression of a non-SMB marker gene in the SMB neurons. In addition, we expressed lim-4 cDNA 
under the control of the heat shock promoter which not only fully restored flp-12 gene expression in lim-4 mutants, but 
induced the ectopic expression of flp-12 in other cell-types. Two human LIM-4 orthologs, LHX6 and LHX8, also rescued the 
lim-4 mutant phenotypes. Furthermore, expression of either the human LHX6 or C. elegans LIM-4 induced cholinergic and 
peptidergic features in the human neuroblastoma cell line. Taken together, our results indicate that LIM-4/LHX6 are 
sufficient and required for specification of the distinct cholinergic and peptidergic neuronal fate. 

587A. Genetic screens for IL2 lineage-specific regulators in Caenorhabditis elegans. Sungjong Kim1, Soungyub Ahn1, 
Dongjun Park1, Peter Swoboda2, Junho Lee1,3. 1) Department of Biological Sciences, Seoul National University, Seoul, 
Korea; 2) Department of Biosciences and Nutrition, Karolinska Institute, Sweden; 3) Department of Biophysics and 
Chemical Biology, Seoul National University, Seoul, Korea. 
   Ciliated IL2 sensory neuron is important for nictation, a dauer specific behavior. We previously reported that dauers in 
which IL2 neurons were genetically ablated could not nictate(1). IL2 sensory neurons consist of six cell bodies. Each cell 
body has a unique embryonic lineage. Neural progenitors divide asymmetrically into two lineages; one lineage becomes IL2 
neurons and the other lineage divides into two sublineages, again. Two divided sublineages generate IL1 sensory neurons and 
apoptotic cells. However, no lineage-specific regulator has been identified in neurogenesis of IL2 yet. In this study, we tried 
to find genes that regulate these asymmetrical cell divisions. At first, We labeled IL1 and IL2 neurons with fluorescent 
markers dsRED and GFP, respectively. We treated worms with EMS for random mutagenesis. Then we sorted out candidate 
mutant worms with COPAS biosort. which optically analyzes and sorts living multicellular organisms on the basis of 
fluorescent protein expression patterns and other optical signatures, at rates up to about 100 organisms per second(2). We try 
to find out the genes which can regulate mutational phenomenon. Our study will contribute to elucidating the mechanism of 
IL2 development and/or differentiation.(1) H. Lee, M. Choi, et al., (2012) Nictation, a dispersal behavior of the nematode 
Caenorhabditis elegans, is regulated by IL2 neurons, Nature Neuroscience Volume 15, 107-112(2) Rock Pulak, (2006) 
Techniques for Analysis, Sorting, and Dispensing of C. elegans on the COPAS™ Flow-Sorting System, Methods in 
Molecular Biology Volume 351, pp 275-286. 

588B. Using optical and molecular approaches to understand M4 neuronal defects in ceh-28 mutants. Alena Kozlova, 
Kalpana Ramakrishnan, Peter Okkema. Department of Biological Sciences, University of Illinois at Chicago, Chicago, IL. 
900 S Ashland Ave, 60607. 
   C. elegans pharyngeal behavior consists of two distinct types of muscle contractions called pumping and isthmus 
peristalsis.  Peristalsis is a wave-like contraction in the posterior isthmus of the pharynx.  It is stimulated by the pharyngeal 
motor neuron M4, which synapses with muscles specifically in the posterior isthmus.  Mutants lacking the M4 specific 
transcription factor CEH-28 have abnormal and mispositioned synapses throughout the entire isthmus and exhibit a stuffed 
pharynx phenotype similar to that of animals lacking the M4 neuron.  We are examining how synaptic defects in ceh-28 
mutants contribute to abnormal feeding and identifying CEH-28 target genes required for normal synapse formation.  Using 



an M4-specific GCaMP3, we compared Ca2+ transients in this cell during peristalsis in wild-type animals and ceh-28 
mutants.  In wild type, Ca2+ concentration increases preferentially in the posterior half of M4, where it forms synapses on 
isthmus muscles.  In contrast, ceh-28 mutants exhibit Ca2+ increases that are both uniform along the entire length of M4 and 
reduced relative to wild type.  Thus Ca2+ concentrations increase in the regions where synapses are localized in both wild-
type animals and ceh-28 mutants, and we suggest reduced and improperly localized vesicle release underlies the feeding 
defects in ceh-28 mutants.  We hypothesize that CEH-28 activates target genes involved in synapse development and 
positioning.  To identify these genes we are comparing M4 gene expression in wild-type animals and ceh-28 mutants.  Using 
a FLAG-tagged poly-A binding protein expressed exclusively in M4, we have immunoprecipitated and purified M4 mRNAs 
from wild type and ceh-28 mutants, and we are currently using RNA-seq to compare the M4 transcript profiles in these 
animals. 

589C. The EAT-2 and GAR-3 acetylcholine receptors have distinct effects on pharyngeal muscle peristalsis. Alena Kozlova, 
Michelle Lotfi, Peter Okkema. Department of Biological Sciences, University of Illinois at Chicago, Chicago, IL. 900 S 
Ashland Ave, 60607. 
   Pharyngeal muscles exhibit two distinct types of contractions called pumps and peristalses.  A peristalsis is a wave-like 
contraction followed by rapid relaxation that travels posteriorly through the isthmus, so that only a small portion of the 
isthmus lumen is open at any time.  This contraction is remarkable, because it occurs within individual pm5 muscle cells that 
extend the entire length of the pharyngeal isthmus.  Peristalses occur only after several pumps, and they are dependent on 
signals from the M4 motor neuron.  We are examining how M4 and the isthmus muscles interact to produce these 
peristalses.  M4 is a cholinergic neuron, and we have found that cha-1 mutants lacking acetylcholine (ACh) fail to pump or 
peristalse.  Chemical stimulation of either muscarinic or nicotinic ACh receptors (mAChRs and nAChRs) in cha-1 mutants is 
sufficient to activate peristalsis.  We have examined several mutants affecting AChR genes expressed in the pharyngeal 
muscles and have found that mutants defective in the nAChR eat-2 and the mAChR gar-3 exhibit distinct peristaltic 
defects.  eat-2 mutants pump and peristalse less frequently than wild-type animals, but the eat-2 peristalses are prolonged 
suggesting that EAT-2 inhibits isthmus muscle contraction.  In comparison, gar-3 mutants fail to respond to the mAChR 
agonist arecoline indicating GAR-3 mediates peristalsis in response to exogenous arecoline.  In addition the gar-3 mutation 
suppresses the prolonged peristalses observed in eat-2 mutants, which suggests GAR-3 stimulates peristalsis even in the 
absence of exogenous arecoline. To understand how these AChRs affect peristalsis, we are examining Ca2+ dynamics in the 
isthmus muscles using GCaMP3.  Wild-type animals display a broad increase in Ca2+ in the center of the isthmus during 
pumps followed by a wave-like increase in Ca2+ in the posterior isthmus during peristalses.  We plan to analyze these 
dynamic Ca2+ changes in eat-2 and gar-3 mutants to understand how these different receptor types contribute to isthmus 
peristalsis. 

590A. The COE-type terminal selector UNC-3 cooperates with HOX proteins to generate motor neuron diversity. P. 
Kratsios, S.Y. Kerk, R. Mourao, O. Hobert. Department of Biochemistry, Columbia University, HHMI, New York. 
   The motor circuit of Caenorhabditis elegans provides an ideal model system to probe the question of how neuronal 
diversity is generated during development. Similarly to vertebrates, C.elegans motor neurons (MNs) are organized into 
distinct classes that display remarkable functional and anatomical diversity. The underlying basis of such diversity is the 
differential expression of MN class-specific terminal identity genes (e.g. ion channels, neurotransmitter receptors) that define 
the specific properties of a functional MN class throughout life. We have previously shown that the evolutionarily conserved 
COE (Collier, Olf, Ebf) - type terminal selector UNC-3 is required for diversity in the ventral nerve cord (VNC) MNs (SAB, 
DA, DB, VA, VB, AS) by directly regulating the expression of MN class-specific terminal identity genes. The ability of 
UNC-3 to activate directly – through its cognate binding site (COE motif) – distinct terminal identity genes in specific MN 
classes predicts the presence of other regulatory factors that cooperate with UNC-3 and can either act as repressors or 
coactivators. We have recently identified several MN class-specific transcription factors that act as repressors of UNC-3 
targets in distinct MN classes (Kerk SY, Kratsios P, & Hobert O, in preparation). Although this repressor regulatory 
principle can explain how several UNC-3 targets become excluded from certain MN classes, the question of how UNC-3 is 
able to activate its target (terminal identity) genes in distinct MN classes remains unexplored. Transgenic animals carrying a 
multimerized version of the COE motif fail to show reporter gene expression in any MN class, suggesting that other factors 
are needed to cooperate with UNC-3 and activate its targets in specific MN classes. To reveal the identity of such factors, we 
followed a candidate approach and found a novel role for HOX genes in MN diversity. Animals lacking gene activity of more 
anteriorly expressed HOX genes, such as lin-39/Scr/Dfd and mab-5 (Antennapedia-type HOX gene), failed to express 
terminal identity genes specific to MN classes (DA1-7, DB, VA, VB) positioned within the lin-39 and mab-5 expression 
domains. Similarly, the posterior HOX gene egl-5/Abd-B is required for expression of terminal identity genes specific to 
DA9 MN positioned at the posterior end of the VNC. Genetic removal of the HOX cofactor ceh-20/Exd/Pbx resulted in 
similar effects. The presence of HOX/PBX binding sites in proximity to COE motifs in the cis-regulatory region of UNC-3 
target genes point to a coactivation principle where UNC-3, HOX and PBX factors activate the expression of MN class-
specific terminal identity genes, thereby generating MN diversity. 



591B. KIN-20 stabilizes neuronal architecture. . Matt LaBella1, Kristin Moore2, Edward Hujber1, Randi Rawson1, Nels 
Jorgensen1, Michael Ailion3, Julie Hollien2, Erik Jorgensen1. 1) Biology, HHMI, University of Utah, Salt Lake City, UT; 2) 
Biology, University of Utah, Salt Lake City, UT; 3) Biochemistry, University of Washington, Seattle, WA. 
   KIN-20 is a conserved casein kinase required for axon stabilization in Caenorhabditis elegans. kin-20 mutants are severely 
uncoordinated. We performed a suppressor screen in the kin-20 null background selecting for improved fitness. We identified 
43 suppressor alleles of kin-20, mainly carrying missense mutations. To date we have identified the molecular identity of 
30/43 suppressors using whole genome sequencing, genetic mapping and rescue experiments. All of the suppressors, apart 
from one, are genes encompassing an RNA polymerase II complex involved in transcriptional elongation, termination and 3’ 
pre-mRNA processing.One suppressor is unrelated to transcription and appears to be an allele of unc-44. unc-44, the worm 
ortholog of ankyrin, stabilizes the actin cytoskeleton through contacts with both actin and beta spectrin. UNC-44 is expressed 
in both short and long isoforms. The long form of UNC-44 is required for synaptic stability in D. melanogaster. We 
demonstrated by RT-qPCR that the long isoform of unc-44 was reduced 15-20 fold in kin-20 mutant embryos compared to 
wild type. We also found that the kin-20 suppressors restored the long isoform of unc-44 back to wild type levels.We 
anticipate that KIN-20 normally acts by phosphorylating one or more substrates within the RNA pol II complex identified in 
our suppressor screen. KIN-20 kinase activity may alter 3’-end processing of transcripts that stabilize the neuronal 
cytoskeleton. We are currently validating the kin-20 suppressor mutations using CRISPR/Cas9 technology to reengineer the 
alleles identified in the screen. . 

592C. Redundant modular control of pan-neuronal gene expression in C. elegans. Nikolaos Stefanakis1, Inés Carrera1,2, 
Eduardo Leyva-Díaz1, Oliver Hobert1. 1) Department of Biochemistry and Molecular Biophysics, Howard Hughes Medical 
Institute, Columbia University Medical Center, New York, NY 10032, USA; 2) Worm Biology Laboratory, Institut Pasteur 
de Montevideo, Mataojo 2020, 11400 Montevideo, Uruguay. 
   While neuronal cell types in a nervous system display an astounding degree of diversity in their molecular composition, all 
neuron types share a panel of common features defined by the expression of pan-neuronal genes. Though a great deal is 
known about how the expression of neuron-type specific identity features is controlled in the nervous system, there is a 
striking dearth of insight into how pan-neuronal gene expression programs are controlled. We define here a set of 23 
conserved genes which are expressed throughout the entire nervous system of C. elegans, most of them encoding for genes 
involved in synaptic vesicle biology and neuropeptide processing. Through an extensive analysis of the cis-regulatory control 
region of this pan-neuronal gene battery, we address several distinct scenarios for how pan-neuronal gene expression could 
be achieved. We found that pan-neuronal gene expression is controlled through a surprisingly complex array of redundantly 
acting cis-regulatory modules that direct expression to broad, overlapping domains throughout the nervous system. These 
redundantly acting cis-regulatory modules are responsive to a host of distinct trans-acting factors. We found that terminal 
selector factors and HOX genes as some examples of these factors, however the identity of most of them remains unknown. 
We are currently conducting multiple genetic screens to identify these trans-acting factors that bind to those elements and 
control pan-neuronal gene expression. Neuronal gene expression programs therefore fall into two fundamentally distinct 
classes. Neuron type-specific genes are generally controlled by discrete and non-redundantly acting regulatory inputs, while 
pan-neuronal gene expression is controlled by diverse, redundant molecular mechanisms. These two fundamentally distinct 
strategies of controlling gene expression in the nervous system may be a reflection of the evolutionary history of neuronal 
cell types. 

593A. C. elegans serotonergic neuron subtypes are regulated by different combinations of transcription factors. C Lloret1, M 
Maicas1, A Jimeno1, L Chirivella1, P Weinberg2, O Hobert2, N Flames1. 1) Developmental Neurobiology Unit, IBV-CSIC, 
Valencia, Spain; 2) Department of Biochemistry and Molecular Biophysics, HHMI, Columbia University, New York, NY. 
   Serotonin dysfunction has been linked to several mental disorders some of them with a clear genetic component. However, 
the precise mechanisms underlying these pathologies are not well understood. The study of serotonergic (5HT) neuron 
specification could help us understand the molecular bases of these diseases. 5HT neurons are present in all eumetazoan 
groups and all of them share the expression of a battery of genes, termed the ‘5HT pathway genes’, that code for enzymes 
and transporters required for the synthesis, release and re-uptake of serotonin. Very little is known about the direct and 
coordinated regulation of the 5HT pathway gene expression in any organism. To address this question we take advantage of 
the amenability of the simple model organism C. elegans. The nematode hermaphrodites have three 5HT neuronal 
subclasses: the NSM, the HSN and the ADF neuron.To increase our understanding of 5HT terminal differentiation, we 
performed an in vivo cis-regulatory analysis of four 5HT pathway genes (tph-1, bas-1, cat-1 and cat-4). Our results show that 
independent cis-regulatory modules (CRM) are responsible for the expression of each gene in each serotonergic neuron 
subtype. This finding suggests that different transcription factors (TFs) regulate 5HT fate in each 5HT neuron subclass.We 
have focused our analysis on the HSN neuron and through a candidate approach we identified six different TFs that are 
required for the HSN terminal differentiation: unc-86 (a POU TF), ast-1 (an ETS TF), sem-4 (a Spalt TF), hlh-3 (a bHLH 
TF), egl-46 (an Insm TF) and egl-18 (a GATA TF). Moreover, we find functional binding sites for all these factors in the 
CRMs of the 5HT genes.Surprisingly, mouse homologs for four out of these six TFs are already known to be required in 



mammalian 5HT specification. We successfully carried out cell-specific rescue experiments using the corresponding mouse 
homolog of the worm TF mutant. Thus, our work offers a new strategy to identify new TFs that have a role in 5HT 
specification in superior organisms. We are currently exploring the possibility that vertebrate homologs of the two remaining 
C. elegans factors (UNC-86 and SEM-4) also play a role in 5HT terminal differentiation. 

594B. Completing the de novo synthesis pathway for the coenzyme tetrahydrobiopterin (BH4) in C. elegans by structural 
modeling and mutant screening. Joachim Lätzer1, Alec Knapp2, Aleks Vitomirov2, Curtis Loer2. 1) Chemistry & 
Biochemistry, Univ of San Diego, San Diego, CA; 2) Biology, Univ of San Diego, San Diego, CA. 
   The small molecule coenzyme tetrahydrobiopterin (BH4) is required in animals for the function of three enzymes that 
metabolize aromatic amino acids and another that breaks down ether lipids. BH4-deficient worms lack the neurotransmitters 
dopamine and serotonin, derived from Trp and Tyr, and have leaky, fragile cuticles caused by aberrant lipid metabolism in 
the hypodermis. The defective cuticle in BH4-deficient worms also alters a worm's susceptibility to bacterial pathogens (Loer 
et al., 2015, Genetics 200: in press). The first two steps of BH4 synthesis are performed by GTP Cyclohydrolase I (GTPCH1, 
gene cat-4) and 6-Pyruvoyl Tetrahydrobiopterin Synthetase (PTPS, gene ptps-1). The final two synthetic steps are typically 
carried out in animals by Sepiapterin Reductase (SR), although other reductases can perform the function in some cases. C. 
elegans lacks an SR ortholog, but has over 100 reductase/dehydrogenase genes with weak homology to known SRs. We are 
using computational methods to predict which reductase enzymes in C. elegans might be able to bind BH4-related molecules, 
generating structural homology models with I-TASSER, followed by docking a biopterin substrate with Chimera Autodock 
Vina. Using AMBER, binding free energies of BH4 bound to candidate protein structures are compared with those of a 
reference BH4-bound structure. At the same time, we are screening all available mutants in candidate reductase genes for 
dopamine and serotonin synthesis and cuticle strength to try to identify the genes(s) required for the final synthesis steps of 
BH4 in C. elegans.. 

595C. Identifying molecular drivers of neurogenesis. Neda Masoudi1, Oliver Hobert1,2. 1) Department of Biochemistry and 
Molecular Biophysic, Columbia University Medical Center, New York, NY; 2) Howard Hughes Medical Institute. 
   The decision of an undifferentiated cell to become a neuron is a crucial developmental process, precisely governed by an 
spatiotemporally orchestrated regulatory network. So far, except bHLH transcription factors, no other regulatory factors that 
can fulfill proneural activities have been reported. However, the phenotypes of bHLH knockouts in other organisms suggest 
that bHLH factors are not required for neurogenesis in all parts of the nervous system.In this sturdy we aim first to get a 
comprehensive and definitive picture on the role of proneural bHLH transcription factors in early neuronal specification in C. 
elegans. We started by analyzing HLH-2, the only worm orthologue of Da/E proteins, the conserved heterodimeric partner of 
other lineage-restricted bHLH factors. In order to reveal the spatial, temporal and differential pattern of HLH-2 expression 
during embryonic neurogenesis, we systematically lineaged the hlh-2 fosmid reporter, using 4D microscopy and imaging 
software (Schnabel R, et al, 1997). Our results indicate while hlh-2 is broadly expressed all through embryogenesis, it is not 
ubiquitously expressed thoughout the developing nervous system; that is, we could find neuronal lineages that never express 
HLH-2. Furthermore, we analyze the extent of neurogenesis in the absence of hlh-2 using pan-neuronal and lineage specific 
markers. Interestingly, similar to flies mutant for daughterless, we observed that while many neurons fail to generate a 
substantial number of neurons are still present in in hlh-2 maternal and zygotic null mutants.Both the mutant and expression 
analysis indicate that hlh-2 may not be required for global neurogenesis. Hence we hypothesize that some Asc/Ato-type 
bHLH factor can act independently of hlh-2. To get a conclusive picture of bHLHs function in regulating neurogenesis, we 
are currently analyzing the extend of neurogenesis in animals carrying null mutant alleles of various Asc and Ato-type bHLH 
genes (incl. Atonal, NeuroD and Neurogenin) in addition to analysis of their expression. So far, we have found relative 
restricted effects in neurogenesis in hlh-16, cnd-1, ngn-1 and lin-32  null mutants.Taken together, our preliminary phenotypic 
analysis of bHLH knockouts, and in line with data from other organisms, suggest the existence of other unidentified 
proneural genes. We are taking an unbiased forward genetic approach to uncover genes involved in driving neuronal 
specification in lineages that are bHLH independent. 

596A. The degenerin/epithelial sodium channel protein UNC-8 drives activity-dependent synaptic remodeling in GABAergic 
neurons. Tyne W. Miller-Fleming1, Sarah C. Petersen2,6, Laura Manning3, Cristina Matthewman4, Megan Gornet6, Sayaka 
Hori5, Shohei Mitani5, Laura Bianchi4, Janet E. Richmond3, David M. Miller III1,6. 1) Neuroscience Program, Vanderbilt 
University Medical Center, Nashville, TN; 2) Current Address: Department of Developmental Biology, Washington 
University School of Medicine, St. Louis, MO; 3) Department of Biological Sciences, University of Illinois at Chicago, 
Chicago, IL; 4) Department of Physiology & Biophysics, University of Miami, Miami, FL; 5) Department of Physiology, 
Tokyo Women's Medical University; 6) Department of Cell & Developmental Biology, Vanderbilt University Medical 
Center, Nashville, TN. 
   Developing neural circuits undergo extensive refinement mediated by transcriptional mechanisms and environmental cues; 
however, the specific molecules that mediate these interactions are uncharacterized. The Degenerin/Epithelial Sodium 
Channel (DEG/ENaC) family of proteins has been shown to play a role in mammalian and invertebrate plasticity and here, 



we identify the DEG/ENaC protein UNC-8 as a critical regulator of GABAergic synaptic remodeling in C. elegans. We see 
that UNC-8 is required in GABA neurons for the proper removal of synapses in a transcriptionally controlled and activity-
dependent remodeling mechanism. UNC-8 drives GABA neuron remodeling in parallel to the Iroquois family homeodomain 
transcription factor, IRX-1. Additionally, UNC-8 cation channel function is necessary to dismantle presynaptic domains. We 
find that UNC-8 functions in a common genetic pathway with neurotransmitter release. Our results suggest that UNC-8 
functions as a sensor of GABAergic activity to promote synapse disassembly, thereby serving as a potential link between 
genetic mechanisms and neurotransmission in the developing nervous system. . 

597B. Identification of the pathways by which post-translational microtubule glutamylation regulates ciliary maintenance in 
C. elegans. Robert O'Hagan, Maggie Morash, Sebastian Bellotti, Winnie Zhange, Maureen Barr. Genetics, Rutgers 
University, Piscataway, NJ. 
   Microtubules form dynamic networks in cells and display diverse post-translational modifications (PTMs), including 
polyglutamylation. The Tubulin Code posits that these PTMs regulate microtubule stability and the properties of molecular 
motors that use microtubules as tracks for intracellular transport (Verhey and Gaertig, 2007).  The enzymes that regulate 
polyglutamylation are now known: Tubulin tyrosine ligase-like (TTLL) proteins add glutamate side chains, while 
cytoplasmic carboxypeptidases (CCPs) deglutamylate microtubules (Janke 2011). We sought to find molecules that regulate 
the PTM enzymes themselves and the downstream molecules that mediate their effects on microtubule stability and 
traffic.Nematode sensory cilia, which contain highly modified microtubules, provide an ideal model for studying how 
microtubule PTMs function in vivo. Mutations in ccpp-1, encoding a CCP deglutamylase, result in progressively 
degenerating amphid cilia (O’Hagan et al 2011). To identify other molecules that function in polyglutamylation-mediated 
microtubule stability, we performed a standard EMS F2 Suppressor Screen in C. elegans for novel mutations that suppress 
the ciliary deterioration of ccpp-1 mutants. From our screen of over 100,000 haploid genomes, 15 isolates were confirmed to 
suppress the ciliary degeneration of ccpp-1. We are performing complementation tests to determine which suppressors are 
mutations in ttll genes and whole genome sequencing to identify causal mutations.A better understanding of the CCPP-1 
pathway and how polyglutamylation controls ciliary and microtubule stability will have important implications for human 
health and will provide potential drug targets for ciliopathies, which cause blindness, respiratory issues, male infertility, and 
polycystic kidney disease in humans.  We hope that identification of our mutations may shed light on ciliopathies for 
which genetic causes are currently unknown. 

598C. Towards the living connectome: generation of a 4D atlas of neurodevelopment. Mark Moyle1, Anthony Santella3, 
Ryan Christensen2, Natasha Gutierrez1, Ismar Kovacevic3, Abhishek Kumar1,2, Javier Marquina1, Pavak Shah3, Yicong Wu2, 
Zhirong Bao3, William Mohler4, Hari Shroff2, Daniel Colon-Ramos1. 1) Program in Cellular Neuroscience, 
Neurodegeneration and Repair, Department of Cell Biology, Yale University School of Medicine, New Haven, CT; 2) 
Section on High Resolution Optical Imaging, National Institute of Biomedical Imaging and Bioengineering, National 
Institutes of Health, Bethesda, MD; 3) Developmental Biology Program, Sloan-Kettering Institute, New York, NY; 4) 
Department of Genetic and Developmental Biology and Center for Cell Analysis and Modeling, University of Connecticut 
Health Center, Farmington, CT. 
   How neuronal networks develop during embryogenesis to generate a functional nervous system is a fundamental question 
in developmental biology and neuroscience. In C. elegans the entire wiring diagram of the adult nervous system (“the 
connectome”) has been mapped. However, it is unclear how the nervous system is organized during embryogenesis to 
correctly form the connectome. Through a multidisciplinary collaboration, we have established an imaging and analysis 
pipeline to generate and share a 4D atlas of C. elegans neurodevelopment throughout embryogenesis. To this end, we created 
a light-sheet microscope capable of prolonged time-lapse imaging with subcellular resolution. The dual-view selective plane 
illumination microscope (diSPIM) is capable of constant volumetric 350nm isotropic imaging at speeds 10-1000x faster than 
conventional 4D imaging techniques. Also, we have collected existing and are generating novel C. elegans strains that label 
sparse subsets of neurons to facilitate segmentation and are pioneering strategies for heat-shocking/photoactivation to allow 
for efficient use of pan-neuronal promoters. Furthermore, we developed novel image analysis software (StarryNite) capable 
of systematically tracking and identifying every developing cell, as well as software for segmenting individual neurons in 4D, 
and linearizing the twisted C. elegans embryo. Finally, to allow for widespread dissemination of these large data sets, we 
created iOS and Android applications, and an Internet-based viewing program called CytoSHOW, which allows the scientific 
community access to all the neurodevelopmental data. We envision a dynamic workspace where any researcher can visualize, 
integrate, and interrelate the diverse scope of C. elegans neurological and developmental data. 

599A. Activation of Target Gene Expression in Neurons by the RFX Transcription Factor DAF-19. Katherine Mueller1, 
Prasad Phirke2, Debora Sugiaman-Trapman2, Peter Swoboda2, Elizabeth A. De Stasio1. 1) Biology, Lawrence University, 711 
E. Boldt Way, Appleton, WI; 2) Karolinska Institute, Department of Biosciences and Nutrition, S-141 83 Stockholm-
Huddinge, Sweden. 
        DAF-19, the only RFX transcription factor found in C. elegans, is required for the formation of neuronal sensory cilia. 



Four isoforms of the DAF-19 protein have been reported, and the daf-19(m86) nonsense mutation affecting all four isoforms 
has been shown to prevent cilia formation. Transcriptome analyses employing microarrays of L1 or adult stage worms were 
completed using RNA from daf-19(m86) worms and an isogenic wild type strain to identify potential additional DAF-19 
target genes. Using transcriptional fusions with GFP, we compared the expression patterns of several potential target genes 
using fluorescence confocal microscopy.  Our data indicate that at least three new genes are activated by DAF-19 in both 
ciliated and non-ciliated sensory neurons.  One gene is activated in IL2 neurons, a class of ciliated sensory neurons while two 
genes are activated by DAF-19 in the URX neuron.  URX is through to be important for aerotaxis, lifespan regulation, and 
suppression of innate immunity. These results suggest a role for DAF-19 beyond that of ciliogenesis. We are currently 
exploring whether expression of these target genes is dependent on a particular isoform of DAF-19. 

600B. Genes Needed for Neuronal Ensheathment. eMalick Njie, Daniel Cabrera, Brian Cobiltz, Xiaoyin Chen, Martin 
Chalfie. Biological Sci, Columbia Univ, New York NY. 
   The ensheathment of cells by other cells occurs in many developing tissues ranging from the fruit fly gonad to the 
mammalian brain.  Perhaps the most well known example of ensheathment is the wrapping of Schwann cells around neurons 
to form myelin sheaths.  Poor understanding of its molecular basis has hindered study of ensheathment.  Moreover, 
ensheathment typically occurs very early in development giving a narrow window to observe biophysical modifications.  The 
ALM and PLM touch receptor neurons (TRNs) of C. elegans provide an excellent opportunity to study ensheathment.  ALM 
and PLM arise before hatching and function throughout larval development, yet they become ensheathed by the neighboring 
hypodermis late in development.  In larvae, the TRNs are wedged between the lateral bulge of the hypodermis and 
muscle.  As animals become adults the hypodermis intervenes between the TRNs and the muscle, surrounding the TRN 
process and separating the TRN process from the muscle.  Electron-dense apical junctions form where the hypodermis meets 
itself.  The lack of separation of mCherry-labeled muscle and GFP-labeled TRNs is a useful phenotype with which to identify 
ensheathment-defective (Ensh) mutants.  So far we have identified twenty-one genes that can be mutated to this 
phenotype.  A majority of the proteins from these genes, e.g., HIM-4/ hemicentin and VAB-19/Kank anchor 
hemidesmosomes and are likely to enable TRNs either to slide to a new position where juvenile anchorages are repurposed or 
to generate new protein at the new hemidesmosome anchorage sites.   The requirement of ensheathment for two other 
proteins, EGL-3, a serine protease that processes secreted neuropeptides, and RME-1, an endocytic gene that traffics 
extracellular molecules, suggests ensheathment may regulate or be regulated by the interaction of molecules, particularly 
neuropeptides, in the extracellular space.   Ensheathment physically isolates the TRNs since wild type larvae, but not adult 
TRNs are touch insensitive when exposed to the antimicrotubule drug colchicine, whereas both larval and adult ensh-1 
animals become touch insensitive.  This isolation likely requires the apical junctions since loss of proteins CRB-1/CRUMBS 
a junctional protein known in Drosophila to occlude extracellular fluid flow and NSY-1 a claudin pathway protein, makes 
animals sensitive to colchicine without affecting the separation of the TRNs from the muscle. . 

601C. The microRNA family mir-251/252 controls axonal guidance events in Caenorhabditis elegans. Steffen Nørgaard1,2, 
Roger Pocock1,2. 1) Biotech Research and Innovation Center, Copenhagen University, Ole Maaloes Vej 5, 2200 Copenhagen 
N, Denmark; 2) Department of Anatomy and Developmental Biology, Building 75, Level 3, Monash University, VIC 3800, 
Australia. 
   The human brain consists of billions of neurons that are ordered in a highly complex pattern. During development, each 
neuron “senses” its way through the extracellular environment by responding to different guidance cues. This process 
requires tight spatiotemporal regulation of these guidance signals for each neuron to reach its appropriate target position.We 
have identified a novel role of the microRNA (miRNA) family, mir-251/252, in neuronal development. More specifically, 
mir-251/252 controls axonal guidance events in the ventral nerve cord of Caenorhabditis elegans. Interestingly, the mir-
251/252 family is predicted to target several conserved genes known to be involved in neuronal development, such as sax-3 
(ROBO receptor), ddr-1 (Discoidin receptor) and ncam-1 (NCAM neural cell adhesion molecule homolog). In particular, 
both the seed sequence of the miRNA family and the target sequence in the 3’UTR of these genes are conserved in the 
invertebrates, suggesting that the mechanism through which the mir-251/252 family regulates these genes might be 
conserved. 

602A. The EGF-like transmembrane protein c-tomoregulin acts in the UNC-6/Netrin pathway to mediate dendrite self-
avoidance . Barbara O'Brien1, Timothy O'Brien1, Cody Smith1, Sayaka Hori2, Shohei Mitani2, David Miller1. 1) Cell and 
Developmental Biology, Vanderbilt University, Nashville, TN; 2) Department of Physiology, Tokyo Women's Medical 
University. 
   The dendritic processes of nociceptive neurons transduce external signals into neurochemical cues that alert the organism to 
noxious stimuli. The receptive field for each sensory neuron is defined by sister dendrites which occupy discrete domains and 
do not overlap. This phenomenon of dendrite self-avoidance constitutes a fundamental patterning mechanism during neural 
development. Two neurons in C. elegans, PVDL and PVDR are model nociceptors for studying the development of dendritic 
self-avoidance because they exhibit an elaborate but well-characterized dendritic arbor that is readily visible. We have shown 



that the diffusible cue, UNC-6/Netrin, mediates PVD self–avoidance in conjunction with its receptors UNC-40/DCC and 
UNC-5. An independent genetic screen showed that c-tomoregulin mutants show increased overlap of PVD dendritic 
branches (5% in wild type vs. 23% in mutants, p<0.001). Restoration of c-tomoregulin to PVD rescued this self-avoidance 
defect, indicating that expression of c-tomoregulin in PVD is sufficient to mediate self-avoidance. Further, c-tomoregulin 
tagged with GFP shows localization throughout the dendritic branches of PVD neurons. The mammalian homolog, h-
tomoregulin, is highly expressed in the nervous system; similarly, c-tomoregulin is also expressed in neurons in C. elegans. 
Double mutants of c-tomoregulin with either unc-5 or unc-40 do not show enhanced overlap compared to their single mutant 
counterparts, suggesting that c-tomoregulin functions in the UNC-6 pathway to mediate self avoidance. The goal of this work 
is to elucidate the cell biological pathways that regulate self-avoidance and the role of tomoregulin proteins in this 
evolutionarily conserved process.   . 

603B. gt1981 protects dopaminergic neurons from 6-OHDA-induced stress and ham-1 has a role in their specification. 
Sarah-Lena Offenburger1, Dalila Bensaddek1, Angus I. Lamond1, Ralf Schnabel2, Anton Gartner1. 1) University of Dundee, 
Dundee; 2) TU Braunschweig, Braunschweig. 
   Dopaminergic neurons modulate locomotion and learning and their degeneration is a hallmark of Parkinson’s disease. We 
conducted a genetic screen which revealed genes that are needed for the specification and maintenance of dopaminergic 
neurons, respectively. In the screen, environmental oxidative stress was modelled by exposing C. elegans to the 
neurodegenerative drug 6-Hydroxydopamine (6-OHDA). Two mutant strains were isolated that exhibit highly increased 
neurodegeneration. One of the two strains, gt1981, carries a mutation in a conserved residue in the acetylcholinesterase 
domain of a C. elegans neuroligin. Neuroligins are postsynaptic cell adhesion proteins which can alter the development and 
function of synapses. Another C. elegans neuroligin, nlg-1, has been shown to a target of the skn-1-mediated oxidative stress 
response (Staab et al., 2014). We are currently undertaking epistasis experiments with other dopamine pathway genes, with 
the second new mutant from the screen, gt1983, and with a previously isolated hypersensitive mutant, tsp-17 (Masoudi et al., 
2014) to further understand the function of gt1981 in protecting dopaminergic neurons. Preliminary data indicates a genetic 
interaction with cat-2, an enzyme which catalyses dopamine synthesis. Furthermore, gt1981 worms show increased paralysis 
upon exposure to exogenous dopamine and a decreased rate of egg-laying. Both phenotypes suggest an enhanced intrinsic 
dopamine signalling in the gt1981 mutant.In addition, a new allele of the transcription factor ham-1 was isolated in the 
screen. ham-1 mutant worms possess defective dopaminergic neurons without prior drug treatment. It was shown that HAM-
1 is involved in the asymmetric cell division of neuroblasts with an apoptotic daughter cell. We found that ham-1 has distinct 
defects and different genetic interactions with pig-1 and ced-4 in the lineages which give rise to dopaminergic neurons. To 
investigate the specificity of these effects in more detail, we are conducting lineage analysis experiments. Also, we found a 
putative conserved HAM-1 binding sequence and are following up some of the resulting possible transcriptional targets. 
Finally, we are using phosphoproteomics to determine the targets of one of the HAM-1 transcriptional targets, the kinase 
PIG-1. PIG-1 is a homolog of the vertebrate MELK which has been implicated in embryogenesis and cell cycle control. We 
found that pig-1 mutant worms also exhibit distinct defects in the specification of dopaminergic neurons. 

604C. Repression and Activation of Target Gene Expression in Polymodal Neurons by the RFX Transcription Factor DAF-
19. Haili Olson1, Prasad Phirke2, Peter Swoboda2, Elizabeth A. De Stasio1. 1) Biology, Lawrence University, 711 E. Boldt 
Way, Appleton, WI; 2) 2Karolinska Institute, Department of Biosciences and Nutrition, S-141 83 Stockholm-Huddinge, 
Sweden. 
        DAF-19, the only RFX transcription factor identified in C. elegans, is required for the development of neuronal sensory 
cilia.  Four isoforms of the DAF-19 protein have been reported, and the daf-19(m86) nonsense mutation affecting all four 
isoforms has been shown to inhibit cilia formation. Microarray analyses using RNA isolated from L1 or adult stage wild type 
and daf-19(m86) worms identified putative DAF-19 target genes regulated in these older animals.  The expression of 
transcriptional fusion constructs allowed us to compare expression patterns of several potential target genes in daf-19(m86) 
and wild type worms using confocal fluorescence microscopy.     We have shown that two new genes are activated by DAF-
19 in both ciliated and non-ciliated sensory neurons.  Our data indicate that at least one new gene appears to be activated by 
DAF-19 in a ciliated polymodal neuron, IL1, which acts as a mechanosensory, motor, and interneuron. Conversely, we have 
found another gene for which DAF-19 represses expression in a non-ciliated polymodal neuron, I5.  I5 is a pharyngeal 
interneuron and posterior-sensory neuron. We are currently exploring whether the expression of these target genes is 
dependent upon the presence of a particular isoform of DAF-19. 

605A. How does the KPC-1/Furin protease regulate dendrite arborization? Nelson Ramirez1, Yehuda Salzberg1, Julius 
Fredens2, Nils Færgeman2, Hannes Bülow1. 1) Department of Genetics, Albert Einstein College of Medicine, Bronx, NY. 
USA; 2) Department of Biochemistry and Molecular Biology, University of Southern Denmark, Odense, Denmark. 
   Proper dendrite morphogenesis is important for the establishment of functional neuronal circuitry, as evidenced by the 
defects in dendrite shape seen in human neurological disease. In a screen for genes required for shaping the elaborate 
dendritic PVD arbors in C. elegans, we have identified alleles of kpc-1, which encodes a proprotein convertase homolog of 



the kex2/furin family. Previous findings indicated that: 1.KPC-1 promotes branch extension and suppresses 2° branch 
formation, and requires convertase activity for this process. 2.KPC-1 expressed specifically in PVD is sufficient to rescue the 
mutant phenotype. 3.KPC-1 exhibits widespread neuronal expression, including in PVD neurons. Genetic interactions further 
indicated that kpc-1 acts in concert with the previously described menorin pathway, but whether this interaction is attributable 
to direct or indirect processing of MNR-1 or DMA-1 by KPC-1 remained unknown. To further dissect the pathway by which 
kpc-1 influences dendritic architecture, we pursued an unbiased proteomic approach to identify potential KPC-1 substrates 
and/or downstream interactors. Reasoning that the absence of a protease may manifest in a changed peptide profile, we 
compared the proteomes of wild-type animals, kpc-1 mutants and cell-specifically-rescued mutants. We identified 130 
proteins that were differentially expressed in the mutant, but indistinguishable between the transgenically rescued strain and 
wild type animals. RNAi and mutant analysis of these candidates identified mig-6/papilin, which encodes a large ECM 
protein. mig-6 loss of function mutations and RNAi experiments demonstrated that, similar to kpc-1, it functioned in proper 
1° branch localization  suggesting a potential role as a substrate/effector of KPC-1 activity. Genetic characterization of mig-6 
established that the observed phenotype is the result of haploinsufficiency, whereas missense mutations in conserved cystein 
residues in the lagrin repeat domains three and four produced a dominant antimorphic effect. Trans-heterozygous animals for 
mig-6 and kpc-1 showed enhanced defects in 1° branch localization compared to heterozygous singles mutants indicating that 
both genes genetically interact. Overall these data are consistent with a stepwise model for dendrite development where 
different sets of genes affect different steps of dendritc arbor formation and where kpc-1 seems to be involved at different 
levels during this process. 

606B. Genes involved in embryonic motor neuron positioning along the AP axis. Aysha C. Rankin1,2, Matthew Tanner2, 
Claire Robinson1, Cristina Slatculescu1, Theodore Perkins2, Antonio Colavita1. 1) Neuroscience, Ottawa Hospital Research 
Institute, Ottawa, Ontario; 2) Cellular and Molecular Medicine, University of Ottawa, Ottawa Ontario. 
   The six embryonically-derived DD motor neurons are born evenly spaced along the AP axis in newly hatched larvae and 
maintain this spacing into adulthood.  We have found that components of a planar cell polarity (PCP)-like pathway that 
includes prkl-1/Prickle and vang-1/Van Gogh are important for properly positioning DD motor neurons in the ventral nerve 
cord.  In prkl-1, and to a lesser extent, vang-1 mutants, DD neurons are shifted anteriorly and display distinctive cell spacing 
defects. These defects can be rescued by prkl-1 or vang-1 expression from a pan-neuronal promoter suggesting cell-
autonomous roles. DA and DB neurons are also mispositioned in prkl-1 and vang-1 mutants. Neuronal positioning defects are 
present in newly hatched larvae suggesting an embryonic origin for the defect. DD1,3,5 and DD2,4,5, derived from left and 
right sides of the embryo, undergo cell intercalation during the comma stage to form a single line of DD neurons at the 
midline.  prkl-1 and vang-1 mutants display DD intercalation defects that are suggestive of a delay in cell intercalation or 
improper cell-cell neighbor interactions during intercalation.  In order to identify new genes involved in cell intercalation and 
the proper positioning of motor neurons along the AP axis as well as new insight into PCP-like signaling we are in the 
process of performing a forward genetic screen for DD neuron spacing defects.  PCP signaling is known to play an important 
role in cell intercalation during neural tube and organ morphogenesis in vertebrates.  Our findings show for the first time that 
a PCP-like pathway involving the core components Prickle and Van Gogh is involved in some aspects of cell intercalation 
during C. elegans development. 

607C. FKH-8, a winged-helix transcription factor, modulates dopamine neuron function. Corey Roach1,2, Brian Nelms1. 1) 
Fisk University, Nashville, TN; 2) Vanderbilt University, Nashville TN. 
   In higher organisms, dopaminergic (DA) signaling facilitates normal locomotion, cognition, and regulation of mood, and 
DA neuron dysfunction is associated with disorders such as Parkinson’s disease, ADHD, and schizophrenia.  There is still a 
lot we do not know about the networks of transcription factors that maintain DA neuron identity and control DA neuron 
function.  Using C. elegans as a model, our lab has shown that the transcription factor forkhead-8 (FKH-8) is enriched in DA 
neurons and plays a role in DA signaling.  Worms lacking FKH-8 or the dopamine transporter (DAT-1) share motor defects 
caused by excess DA in the synaptic cleft. RT-PCR analysis suggests that FKH-8 does not regulate the expression of DAT-1, 
and therefore we hypothesized that FKH-8 may directly or indirectly modulate DAT-1 activity. To test this, we used a DAT-
1-specific neurotoxic substrate, 6-hydroxy-dopamine (6-OHDA) to assay for neurodegeneration, and to determine if a loss of 
FKH-8 alters DAT-1 activity. 6-OHDA is transported into the cell primarily through DAT-1, and induces neurodegeneration 
by eliciting oxidative stress. We originally predicted that DAT-1 activity would be diminished in fkh-8 mutants because the 
removal of either FKH-8 or DAT-1 is thought to result in increased synaptic dopamine. Our data suggest that fkh-8 mutants 
remain sensitive to 6-OHDA toxicity indicating that DAT-1 activity is unaltered in fkh-8 mutants. FKH-8 could be regulating 
many other independent components of the DA signaling pathway (synthesis, packaging, excitability, etc.).  To further clarify 
the role of FKH-8 in DA neurons we are currently carrying out cell-specific RNA-Seq in an effort to identify FKH-8 targets. 
We are isolating DA neurons from whole worm preparations using fluorescence-activated cell sorting and then extracting 
RNA. RNA-Seq data will be compared between strains with and without FKH-8 to assess changes in transcript abundance. 
By examining FKH-8 function and targets, we may uncover genes required for proper DA neuron function, and therefore 
identify new pharmaceutical targets or DA-neuron regeneration strategies for the treatment of DA-related diseases. 



608A. WormGUIDES: The Making of the Worm’s Nervous System. Anthony Santella1, Yicong Wu2, Ismar Kovacevic1, 
Abhishek Kumar2,3, Javier Marquina-Solis3, Raúl Catena1, Ryan Christensen2, Mark Moyle3, Daniel Colón-Ramos3, Hari 
Shroff2, William A. Mohler4, Zhirong Bao1. 1) Dev. Bio. Program, Sloan-Kettering Institute, NY, NY; 2) Section on High 
Resolution Optical Imaging, National Institute of Biomedical Imaging and Bioengineering NIH, Bethesda, MD; 3) Dept. of 
Cell Bio., Cellular Neuroscience Program,Yale School of Medicine, New Haven, CT; 4) Dept. of Genetics & Dev. Bio. & 
Ctr. For Cell Analysis and Modeling, UConn Health Ctr, Farmington, CT. 
   WormGUIDES is a 4D interactive atlas of C. elegans embryogenesis. Its purpose is to support the exploration and analysis 
of embryogenesis at the molecular, cellular, tissue and organism levels. The current WormGUIDES release contains a 
minute-by-minute record of nuclear positions for all cells until twitching. Current efforts focus on adding records of 3D cell 
morphology to reconstruct neural morphogenesis and the dynamics of neurite outgrowth. Our strategy consists of acquiring 
3D time-lapse images of embryogenesis using promoter-driven fluorescent markers to sparsely label subsets of 
neurons.  Ubiquitous histone markers enable automated lineaging to identify cells and align datasets acquired from different 
embryos into a digital composite record.Data from our initial set of markers reveals dynamic processes that contribute to the 
architecture of the major neural organs such as the nerve ring, ventral nerve cord and the head nerve bundles. Much of this 
morphogenesis occurs before twitching. Surprisingly, some morphogenetic modules are formed in neural progenitors and 
maintained through two cell cycles. Perturbations suggest novel collective cell behaviors and unexpected roles for 
surrounding tissue in shaping the nervous system.Lineage-based cell identification has yielded a list of approximately 50 
neurons that are currently being tracked and segmented. These cells account for about a quarter of embryonic neurons and 
include critical components of the major neural structures. To support the throughput needed for systematic reconstruction, 
we have developed computational pipelines for semi-automated segmentation and alignment of cell shapes from multiple 
embryos and markers. In addition, we have developed computational tools to untwist the elongating embryo and trace post-
twitching events. We are making additional markers, and developing a desktop application extending the current mobile app. 
Ultimately, the goal is to produce a complete, dynamic record of the assembly of the C. elegans connectome. 

609B. Additional dimensions of glutamatergic neurotransmitter identity in the nervous system of C.elegans. Esther Serrano 
Saiz, Meital Oren, Oliver Hobert. Dept Biochem, Columbia Univ, New York, NY. 
   We have previously used a detailed eat-4/VGLUT expression analysis to identify the complete glutamatergic 
neurotransmitter system in the hermaphrodite C. elegans, defining 38 glutamatergic neuron classes (Serrano-Saiz E et al, 
2013). Here we focus on potential dynamics of this neurotransmitter map over time, under different conditions and in the 
different sexes.The male tail has 89 male-specific neurons integrated in the shared nervous system circuitry. With the 
exception of dopamine, neither of the other major neurotransmitter systems (Glu, ACh, GABA, 5HT, Tyr, Oct) has been 
comprehensively analyzed in these 89 neurons. We have completed the glutamatergic map of the C. elegans, identifying 6 
more neuronal classes (PVV, PCA, HOA, CP1-6, CP7, R4A and 3 or 4 pairs of unidentified rays). Additionally, we have 
systematically quantified the expression of a fosmid-based reporter of eat-4 in the L1, L3, L4 and adults in both male and 
hermaphrodites and we have found dramatic changes at the expression level, particularly in sex-shared-neurons over time and 
between the sexes that could reflect changes in neurotransmitter usage as a consequence of their connectivity in the different 
conditions analyzed.Lastly, we have further probed the modularity of the cis-regulatory logic of glutamatergic neuron 
specification. To this end, we have continued our dissection of cis-regulatory elements of the eat-4 locus, defining elements 
with expression in single neuron types in sex-shared and sex-specific neurons. These modules may become powerful tools for 
optogenetics and other manipulations. 

610C. NCX-9 regulates calcium exchange at the mitochondrion and is required for neural circuit patterning in 
Caenorhabditis elegans. V. Sharma1,2, I. Seckler3, D. O'Halloran1,2. 1) Department of Biological Sciences, George 
Washington University, Washington, DC; 2) Institute for Neuroscience, George Washington University, Washington, DC; 3) 
Department of Physiology and Cell Biology, Faculty of Health Sciences, Ben-Gurion University of the Negev, Beer-Sheva, 
Israel. 
   Sodium calcium exchangers are antiporters that utilize energy stored in the transmembrane sodium gradient to facilitate the 
exchange of sodium ions for ionic calcium. The sodium calcium exchanger family is comprised of three subgroups, which 
differ in their stoichiometry. The three subgroups are:  Na+/Ca2+ exchangers (NCX), Na+/Ca2+/K+ exchangers (NCKX) and 
Na+, Li+/Ca2+, exchangers (CCX). In mammals there is a single CCX, which has been shown to function at the 
mitochondrion, and is an important regulator of neuronal physiology where it contributes to neurotransmission and synaptic 
plasticity. In Caenorhabditis elegans there are five CCX exchangers, and here we describe a novel role for one of these CCX 
proteins, NCX-9, in neural circuit patterning. Our research focuses on the VD and DD GABAergic motor neuron circuit and 
the DA and DB cholinergic motor neuron circuit in C. elegans. Together, these circuits facilitate a sinusoidal locomotion 
pattern in C. elegans. Our data reveal that ncx-9-/- mutant animals exhibit defective left/right patterning within the VD and 
DD neural circuit during development, and also provide data implicating NCX-9 in a RAC dependent signaling pathway to 
set left/right patterning. Finally, we also provide in vitro evidence supporting the role for NCX-9 in handling calcium 
exchange at the mitochondrion. These data provide the first description of Na+/Ca2+ exchange in circuit function in C. 



elegans, and also provide the first description of a signaling framework for left/right patterning within the VD and DD 
GABAergic motor neuron circuit in C. elegans.  Taken together our work reveals the specificity by which NCLX can map to 
circuit assembly. 

611A. Genetic Screens Reveal Genes Regulating Ventral Nerve Cord Asymmetry in C. elegans. Jesse Taylor, Thomas 
Unsoeld, Harald Hutter. Biology, Simon Fraser University, Burnaby, BC. 
   The ventral nerve cord (VNC) is the major longitudinal axon tract of the nematode C.elegans. The two fascicles of the 
VNC extend to the left and right of the ventral midline over a basement membrane. The majority of axons are found in the 
right tract resulting in a noticeable asymmetry between the two tracts. Interestingly the anterior most portion of the VNC is 
actually symmetrical in appearance, with all but four axons decussating into the right VNC tract just posterior to the nerve 
ring. Known guidance cues have little or no effect on the navigation at this point of decussation suggesting the existence of 
additional cues. Forward genetic screens in our lab identified four mutants displaying mildly penetrant symmetrical VNCs 
and midline crossing defects of axons extending in the VNC. Two of the four mutants, hd131 and hd133, have undergone 
preliminary mapping and whole genome sequencing and likely define previously uncharacterized axon guidance genes. A 
third allele, hd132, was identified as a loss of function mutation in unc-34 the enabled/VASP homolog. The fourth mutant 
from the screens was identified as an allele of a previously uncharacterized transmembrane collagen, col-99. col-99 encodes a 
type II transmembrane collagen consisting of a small intracellular domain and a large extracellular domain containing several 
collagen domain repeats. Sequencing revealed our allele (hd130) as an early nonsense mutation likely resulting in complete 
loss-of-function. Further characterization of axonal trajectories in col-99 mutant animals identified significant axonal defects 
in most VNC neurons. Axonal navigation defects were also observed in other longitudinal axon tracts including the dorsal 
nerve cord and the two dorsal sublateral tracts. During axonal outgrowth in the embryo, col-99::GFP reporter expression is 
prominent in the hypodermis but not the nervous system suggesting a non cell-autonomous role for COL-99. Sequence 
comparison with vertebrate homologs revealed a conserved cleavage site indicating that COL-99 may be shed from the cell 
surface for function. Presently we explore the idea that the ectodomain of COL-99 is shed by proprotein convertases and 
localizes to the basement membrane. Current evidence suggests COL-99 is likely acting as a guidance cue for outgrowing 
axons potentially through interactions with basement membrane components and discoidin domain receptors on extending 
axons. 

612B. The transcription factor pros-1 is expressed in glia and regulates the morphology and function of sensory neurons. 
Sean Wallace, Yun Lu, Shai Shaham. Laboratory of Developmental Genetics, The Rockefeller University, New York, NY. 
   Glia are found associated with neurons throughout animal nervous systems, and interactions between glia and neurons are 
critical for proper neuronal function. We are using the amphid sense organ as a model to study how glia regulate neuronal 
morphology and function. We previously showed that ablation of amphid sheath (AMsh) glia results in structural defects in 
sensory neuron receptive endings and corresponding behavioral defects in chemosensation. To investigate the nature of the 
glial-neuronal interactions underlying these defects, we carried out a post-embryonic RNAi screen of candidate glial genes, 
and found that downregulation of the prospero-related transcription factor pros-1 results in defects similar to those observed 
with AMsh glia ablation, including loss of the glial-dependent amphid channel, through which ciliated sensory neurons are 
exposed to the outside environment, and defective AWC wing-like cilia morphology. The Nemo-like kinase LIT-1, which 
normally promotes amphid channel expansion and is localized to the channel surface is mislocalized in pros-1 mutants, 
explaining, in part, the channel defects, and supporting a role for pros-1 in controlling expression of proteins that promote 
LIT-1 channel localization. pros-1 is expressed in AMsh glia, but not in the associated sensory neurons. We have used cell-
specific RNAi and mosaic rescue experiments to show that pros-1 acts in AMsh glia to control these aspects of neuronal 
function.            Prospero is a conserved homeodomain transcription factor with well characterized roles in cell fate 
determination during Drosophila nervous system development. Importantly, the defects we observe after pros-1 post-
embryonic RNAi are not a consequence of changes in glial cell fate or morphology, allowing us to uncover novel functions 
for this transcription factor in differentiated glia. To identify transcriptional targets of pros-1, we isolated AMsh glia from 
larvae by cell dissociation and fluorescence associated cell sorting (FACS) and carried out RNAseq analysis of gene 
expression. Using this approach we identified many genes expressed in AMsh glia, a subset of which depend on pros-1 for 
their expression. We are currently testing the role of these candidate pros-1 targets with secondary screens. Homologs of 
pros-1 are expressed in glia in a number of animals including mammals. The transcriptional network we have uncovered 
downstream of pros-1 in C. elegans has allowed us to further characterize the molecular nature of the conserved interactions 
between glia and neurons that are essential for nervous system function. 

613C. Glial igdb-2 promotes amphid channel morphogenesis.. Wendy Wang1, Elliot Perens1,2, Shai Shaham1. 1) 
Developmental Genetics, Rockefeller University, New York, NY; 2) Biological Sciences, University of California, San 
Diego, CA. 
   Sensory structures often consist of neuronal endings enclosed by neighboring glial cells, forming a specialized 
compartment important for neuronal function. To better understand how such neuronal-glial compartments form, we are 



using the C. elegans amphid, the primary chemosensory organ, as a model system for compartment morphogenesis. The 
amphid consists of sensory neurons and glial sheath and socket cells. These glia contribute discrete parts of the amphid 
channel, a tubular structure through which sensory neurons extend ciliated dendritic endings to reach the external 
environment. Previous work from our lab demonstrated that DAF-6, a Patched-related protein, is required in sheath glia for 
channel morphogenesis. daf-6 mutants have a bloated channel which does not allow sensory dendrite exposure to the 
environment, leading to sensory defects. However, the mechanism by which daf-6 contributes to amphid channel 
morphogenesis is unknown. To understand the mechanism, a screen for daf-6 suppressors was performed. Two suppressor 
alleles we identified correspond to lit-1, a Nemo-like kinase, and snx-1, a retromer component. Both genes function in glia 
and oppose DAF-6 in controlling morphogenesis of the amphid channel; lit-1; daf-6 and snx-1 daf-6 double mutant animals 
have grossly normal amphid channels. We recently showed that another suppressor inactivates the gene igdb-2, which 
encodes a single-pass transmembrane protein with two immunoglobulin (Ig)-like and five fibronectin type III domains. Like 
DAF-6, IGDB-2 is also expressed in amphid sheath glia. We are characterizing the role of igdb-2 in channel morphogenesis 
and its relation to daf-6, lit-1, and snx-1. Sensory organs are conserved in structure from nematodes to humans. Our studies, 
therefore, may identify conserved molecular mechanisms underlying sensory organ formation and function. 

614A. Investigation of the molecular mechanisms that mediate neural circuit formation. Aruna Varshney, Katherine 
Watters, Raakhee Shankar, Miri VanHoven. Biological Sciences, San Jose State University, San Jose, CA. 
   Our nervous system is a network of neuronal circuits that mediate perception, behavior, and thought. To form circuits, 
neurons must identify their correct synaptic partners among the many neurites in a target region, and proceed to form 
synapses. Elucidating the molecular mechanisms neurons employ to identify the correct partners and build synapses may help 
us to gain a better understanding of neurological disorders including autism and schizophrenia. To study synaptic partner 
recognition, we utilize a transgenic trans-synaptic marker called Neuroligin 1-mediated GFP Reconstitution Across Synaptic 
Partners (NLG-1 GRASP), which fluorescently labels synapses between specific sets of neurons in live animals. Utilizing 
this marker, our group previously found that the secreted UNC-6/Netrin ligand and its canonical receptor UNC-40/DCC 
regulate synaptic partner recognition between PHB sensory neurons and AVA interneurons in C. elegans. Our current 
research focuses on identifying molecules that may act downstream of these recognition molecules, to target synaptic 
components and assemble synapses.  We have tested a panel of molecules required for synapse formation in other neurons 
and in other organisms.  We found that two genes involved in axon outgrowth and synapse formation, rpm-1/Highwire and 
unc-69/SCOCO, are both required for normal PHB axon extension.  In both mutants, the region of contact between PHB 
sensory neurons and AVA interneurons is significantly reduced.  Interestingly, rpm-1/Highwire mutants have normal PHB-
to-AVA synapses, while unc-69/SCOCO mutants have severely reduced PHB-to-AVA synapses. This suggests that defects in 
synapse formation observed in unc-69/SCOCO may not be caused by defects in axon length. We are currently testing 
additional molecules to further elucidate the synaptic partner recognition pathway and placing them in order using molecular 
and genetic analysis.  Our ultimate goal is to elucidate the entire pathway from recognition of synaptic partners to synaptic 
assembly and maintenance. 

615B. Transcriptional regulation and cis-regulatory logic of axon guidance cue receptors. Peter Weinberg, Oliver Hobert. 
Biological Sciences, Columbia University, New York, NY. 
   Axon pathfinding is a process that involves the coordinated expression of a number of genes both intrinsic and extrinsic to 
the neuron. Guidance cue receptor genes like unc-40/frazzled/dcc and sax-3/robo are some of the most crucial cell-
autonomously acting players in axon guidance. In this project, we seek to understand how the expression of these receptors is 
transcriptionally regulated across the nervous system. Using a combination of promoter bashing and mutational analysis, we 
have determined that both unc-40 and sax-3 have multiple, redundant regulatory inputs acting in different combinations 
across neuron types, including early proneural transcription factors and late-acting terminal selectors. In the neurons 
examined so far, mutations in terminal selector transcription factors disrupt the expression of small, neuron-specific cis-
regulatory element reporters but do not affect the expression of full promoter and fosmid-based reporter constructs. Using 
narrowly-expressed cis-regulatory element reporters, we are now conducting forward genetic screens to uncover other factors 
involved in the initiation and maintenance of guidance cue receptor expression in specific neuron types. Uncovering the logic 
of guidance cue receptor regulation will allow for a tighter linkage between transcription factor expression identity, neuronal 
morphology and nervous system architecture. . 

616C. Regionalization of male-specific ventral cord neurons by Hox neighbors LIN-39 and MAB-5. Andrea K. Kalis, Maria 
C. Sterrett, John G.D. Cannon, Georgia Schmitt, Shraddha Raghavan, Jennifer Ross Wolff. Biology, Carleton College, 
Northfield, MN. 
   The specification of cell fates on along the anteroposterior axis by Hox transcription factors is a conserved feature among 
metazoans. In the C. elegans ventral cord, fates of male-specific CA and CP neurons are regionally specified by Hox 
proteins, with overlapping domains of LIN-39 and MAB-5 activity defining three zones of neuronal fate. Zone 1 is 
characterized by lin-39-dependent expression of tph-1::mCherry and flp-22::gfp in CPs 1-4; Zone 2 is characterized by lin-



39-dependent expression of tph-1::mCherry in CPs 5-6; Zone 3 is characterized by mab-5-dependent expression of flp-
21::gfp in CPs 7-9. In Zone 2, the absence of flp-22::gfp and flp-21::gfp depends on mab-5 and lin-39 respectively, indicating 
that both MAB-5 and LIN-39 act reciprocally to define aspects of CP fate. Thus Zone 2 provides an opportunity to explore 
how activity of neighboring Hox genes is coordinated.A screen for altered CP specification identified lin-39(ccc16), an 
unusual allele that lacks in which tph-1::mCherry is absent in Zone 2 CPs, but retained in Zone 1 CPs.  lin-39(ccc16) mutants 
express flp-22::gfp in Zone 1, but fail to repress flp-21 in Zone 2.  lin-39(ccc16) phenotypes differ from lin-39(n1760) null 
mutants, which lack ventral cord expression of tph-1::mCherry and flp-22::gfp entirely. They are also not typical of lin-39 
hypomorphs, which tend to lose expression of these reporters sporadically across Zones 1 and 2. Instead, lin-39(ccc16) seems 
to affect CPs in Zone 2 specifically. The lin-39(ccc16) lesion affects the splice acceptor for the final coding exon of lin-39. 
rtPCR analysis indicated that lin-39(ccc16) mutants make two abnormal splice isoforms, both likely truncating the protein 
after the homeodomain.  Our findings suggest a model in which the protein encoded by lin-39(ccc16) can specify CP fates in 
the absence of MAB-5 (Zone 1) but does not negotiate the MAB-5 interactions necessary to specify CP fates in Zone 2. In 
contrast, lin-39(ccc16) CAs display a phenotype similar to lin-39(n1760), suggesting a different mechanism at work in CAs. 
lin-39(ccc16) mutants also display regionally biased Pn.p fusion defects, with Pn.p cells in Zone 1 resembling WT and in 
Zone 2 demonstrating abnormal P cell fusion in both sexes. We are currently analyzing lin-39(ccc16) mab-5(-) double 
mutants to further explore Hox interactions in male ventral cord neurons.  . 

617A. Developmental specification of a polymodal nociceptor in C. elegans. Jordan Wood, Denise Ferkey. Biological 
Sciences, Univ at Buffalo, SUNY, Buffalo, NY. 
   All animals rely on their ability to sense and respond to the environment to survive. Nociception (the perception of 
noxious/painful stimuli) serves an important protective function, eliciting withdrawal and avoidance behaviors in response to 
potentially damaging stimuli. The primary nociceptors in C. elegans are the two ASH head sensory neurons, which detect 
multiple forms of aversive stimuli.  However, while the sensation of pain is particularly valuable in helping an organism to 
avoid potentially harmful stimuli, there are still large gaps in our understanding of the mechanisms that govern nociceptor 
development across species. Based upon previously published experiments from other groups, we hypothesized that the 
paired-like homeodomain transcription factor UNC-42 functions as a terminal selector of ASH identity.  However, our data 
indicate that although UNC-42 regulates a significant portion of the functionally mature ASH state, it does not function as the 
sole driver of the terminal ASH identity.  In addition to UNC-42, a diverse array of transcription factors are expressed in the 
ASH neurons, which in combination likely comprise the genetic program underlying ASH specification and thus drive 
expression of the sensory signaling apparatus that endows the adult ASHs with polymodal nociceptive sensitivity.  Using 
molecular, genetic and behavioral approaches, we have identified and are currently characterizing the function of several 
transcription factors in ASH specification. 

618B. A forward genetic screen identifies a modifier of a voltage- and calcium-activated K+ channel in left-right neuronal 
asymmetry. Rui Xiong1, Xiaohong Wang2, Chiou-Fen Chuang1. 1) Department of Biological Sciences, University of Illinois 
at Chicago, IL, USA; 2) Division of Developmental Biology, Cincinnati Children’s Hospital Research Foundation, 
Cincinnati, OH, USA. 
   The developing nervous system generates a large diversity of cell types with distinct patterns of gene expression and 
functions.  One way to establish neuronal diversity is to specify neuronal subtypes across the left-right axis.  The C. elegans 
left and right AWC olfactory neurons communicate to specify asymmetric subtypes, AWCOFF and AWCON.  The default 
AWCOFF is specified by a Ca2+-regulated kinase cascade that is activated by influx of Ca2+ through the voltage-gated Ca2+ 
channel UNC-2/UNC-36.  Intercellular communication between the two AWC neurons and other neurons through the NSY-
5/innexin gap junction network antagonizes unc-2/unc-36 Ca2+ signaling in the induced AWCON cell. Our recent data 
suggests that voltage- and calcium-activated SLO BK potassium channels slo-1 and slo-2 acts redundantly downstream of 
nsy-5 to inhibit unc-2/unc-36 Ca2+ signaling in the specification of AWCON.To identify the genes required for slo-1 function 
in inhibiting unc-2/unc-36 Ca2+ signaling for promoting AWCON, we performed a non-biased forward genetic screen to 
isolate mok (modifier of K+ channel) mutants that suppress the slo-1(gf) 2-AWCON-neuron phenotype.  mok-1(vy11) is one of 
the mutants identified from this screen. The 2-AWCOFF-neuron phenotype of mok-1(vy11) mutants is suppressed by loss-of-
function mutations in the Ca2+ channel gene unc-36, suggesting that mok-1 acts upstream of the unc-2/unc-36 Ca2+ signaling 
pathway. Together, our results suggest a model in which nsy-5 inhibits unc-2/unc-36 Ca2+ signaling through slo-1 and mok-1. 
We identified the mutation responsible for the vy11 phenotype using whole genome sequencing with the help of Alex 
Boyanov in the Oliver Hobert lab. Further genetic analysis and behavior analysis of the vy11 mutant, as well as molecular 
characterization of mok-1 will be presented in the meeting. 

619C. The mir-234 microRNA promotes axon guidance by regulating UNC-6 independent UNC-40 signaling. Yan Xu, 
Christopher Quinn. Dept of Biological Sciences, University of Wisconsin-Milwaukee, Milwaukee, WI. 
   MicroRNAs play essential roles in the development of the nervous system and dysregulation of microRNAs can contribute 
to neurodevelopmental and neurodegenerative diseases. Thus, understanding the mechanisms underlying microRNA function 



could contribute to the diagnosis and treatment of these diseases. However, the function of microRNAs in neuronal 
development is poorly understood. In C. elegans, the HSN axon is guided by the UNC-40 (DCC) receptor that can function 
with the UNC-6 (Netrin) guidance cue, or independently of the UNC-6 guidance cue. We find that loss of alg-1 function, 
which causes a partial loss of microRNA activity, enhances axon guidance defects in unc-6 null mutants, but not in unc-40 
null mutants, suggesting that microRNAs can promote UNC-6 independent UNC-40 signaling. Moreover, we find that the 
mir-234 microRNA is expressed specifically in the HSN neuron and genetic analysis suggests that mir-234 can promote 
UNC-6 independent UNC-40 signaling. The mir-234 microRNA is a homolog of human mir-137 that is associated with 
schizophrenia, suggesting that studies of these microRNAs could help to define the mechanisms underlying this disease. 
Future experiments may identify targets of mir-234 and determine the roles of these targets in regulating axon guidance. 

620A. The role of Hox genes in promoting both neuronal cell fate convergence and subtype diversification along the A-P 
axis. Chaogu Zheng, Felix Jin, Margarete Cuadros, Martin Chalfie. Biological Science, Columbia U, New York, NY. 
   When multiple neurons of the same type are generated at different places within an animal they are confronted with two 
challenges. First, although occupying different positions along the body axes, they need to adopt a common cell fate and 
express a common set of genes associated with specific cell functions (fate convergence). Second, because these cells are 
integrated into different local circuits, they differentiate further into subtypes that have various cell morphologies, distinct 
axonal trajectories and synaptic targets, and specific functional characteristics (subtype diversification). Using the touch 
receptor neurons (TRNs), we found that Hox genes promote both of these aspects of differentiation.First, different Hox genes 
promote the commitment of anterior and posterior cells towards the common TRN fate by increasing the probability of 
successful initiation of terminal selector mec-3. Mutations in the anterior Hox gene ceh-13/lab and the posterior Hox gene 
egl-5/Abd-B resulted in an incomplete loss of the TRN fate in the anterior (ALM) and posterior TRNs (PLM), respectively. 
Unlike unc-86 and mec-3, Hox genes were not absolutely required for the TRN cell fate; about 55% of the neurons still 
expressed the TRN genetic program in the absence of Hox proteins. To achieve this binary regulation, CEH-13 and EGL-5, 
although expressed in different TRN subtypes, commonly regulate mec-3 expression by ensuring its robust transcriptional 
initiation through a Hox/Pbx binding site in mec-3 proximal promoter. This direct regulation was further confirmed by mec-3 
promoter activation in a yeast transcription assay and by conversion of other neurons to a TRN-like fate upon Hox 
misexpression.Second, the Hox genes control TRN subtype diversification through a “posterior induction” mechanism. The 
anterior ALM maintains a default, general TRN state, whereas the posterior Hox genes, mainly egl-5, induce morphological 
and transcriptional changes in the posterior PLM neurons, which distinguish them from the ALM; misexpression of EGL-5 
transformed the ALM towards a posterior identity both morphologically and genetically. This subtype diversification requires 
the EGL-5-induced repression of anteriorly expressed TALE cofactors, which act as inhibitors of EGL-5 functions, in PLM 
neurons. Moreover, we identified RFIP-1, a protein associated with recycling endosome, as a downstream effector of Hox 
activities in promoting posteriorly directed neurite outgrowth. Our results suggest that neuronal subtype diversification along 
the A-P axis is mainly driven by the posterior Hox genes, which induces divergence of the posterior subtype away from the 
common state of the neuron type. 

621B. Using retinal analogs and microbial rhodopsins as genetically encoded voltage sensors. N. AzimiHashemi1, JF. 
Liewald1, E. Rauch2, M. Sheves3, L. Kattner2, A. Gottschalk1. 1) Goethe University Frankfurt, Germany; 2) Endotherm 
GmbH, Saarbrücken, Germany; 3) Weizmann Institute of Science, Rehovot, Israel. 
   One goal in optogenetics and neurobiology is to develop optical sensors for membrane voltage. Ca2+ indicators with very 
high signal-to-noise ratio and fidelity are available, but Ca2+ fluctuations remain an indirect readout, while voltage sensors 
directly report on activity of the neuron. Some improvements were achieved, yet, these sensors remain suboptimal. Strong 
and fast signals are still difficult to achieve, even in eukaryotic cells1,2. In C. elegans neurons, which do not even spike but 
have graded potentials of 10-20 mV only, such sensors can hardly detect any activity. Archaerhodopsin (Arch3) is a light-
driven proton pump that hyperpolarizes cells. Cohen et al. could show that all-trans retinal (ATR), the Arch3 chromophore, 
exhibits fluorescence that is sensitive to membrane potential, which could report on action potentials. Thus, pump-dead 
mutants of Arch3 can be used to track neuronal signals3,4. Flytzanis et al. showed that enhanced variants of Arch, expressed 
in AWC olfactory neurons, could track changes in the membrane voltage, in response to odorants5. However, the absolute 
fluorescence of ATR is dim, with a poor quantum yield, thus intense light is necessary to detect it. These light intensities are 
essentially incompatible with use in live animals. To overcome this problem, we sought for synthetic ATR analogs that 
would support a higher fluorescence, while still preserving the voltage sensing ability. These analogs, which we tested in 
different opsins such as ChR2, C1V1, Mac and Arch3, confer altered properties to opsins such as shifted excitation spectrum, 
and increased light sensitivity due to slower kinetics6. These features may enable combining different opsins with specific 
ATR analogs such as to operate them independent from each other. Interestingly, among 8 analogs tested, we identified 2 that 
showed a much brighter fluorescence when substituted for ATR in animals expressing Arch3 in body wall muscle. We 
tracked fluctuating fluorescence signals caused by spontaneous muscle activity. The observed signals increased and 
decreased reciprocally in dorsal and ventral muscles, in accordance with the forward locomotion. We are now determining 
fluorescence signals in response to discrete, electrically delivered voltage steps. An updated report will be presented at the 



meeting.1: Akemann et al. Nat Methods 7:643 (2010) 
2: Barnett et al. PLoS ONE 7:9 (2012) 
3: Kralj et al, Nat Methods 9:90 (2012) 
4: Maclaurin et al,  PNAS 110:5939 (2013) 
5: Flytzanis et al. Nat Commun 5:4894 (2014) 
6: AzimiHashemi et al. Nat Commun 5:5810 (2014). 

622C. Si elegans - A neuromimetic emulation platform for exploring C. elegans’ neurobiology and behavior. Axel Blau1, 
Frank Callaly4, Gorka Epelde3, Lorenzo Ferrara1, Finn Krewer4, Peter Leskovsky3, Pedro Machado5, Brian Mc Ginley4, 
Martin McGinnity2,5, Fearghal Morgan4, Andoni Mujika3, Alexey Petrushin1, (The members of the Si elegans consortium are 
listed in alphabetical order). 1) Italian Institute of Technology (IIT), Dept. of Neuroscience and Brain Technologies (NBT), 
16163 Genoa, Italy, www.iit.it; 2) University of Ulster (UU), Intelligent Systems Research Centre (ISRC), Derry BT487JL, 
Northern Ireland, isrc.ulster.ac.uk; 3) Vicomtech-IK4 (VT), Dept. of eHealth & Biomedical Applications (eHBA) and 
Interactive Computer Graphics, 20009 San Sebastián, Spain, www.vicomtech.es; 4) National University of Ireland (NUIG), 
Bio-Inspired Electronics and Reconfigurable Computing Group (BIRC), Galway, Ireland, birc.nuigalway.ie; 5) Nottingham 
Trent University (NTU), Computing and Informatics Research Centre (CIRC), Nottingham NG11 8NS, United Kingdom, 
www.ntu.ac.uk. 
   Despite being one of the five best-characterized model organisms, there is still only sparse knowledge on how C. elegans’ 
nervous system codes for its rich behavioral repertoire. The European Si elegans project aims at unravelling C. elegans‘ 
nervous system function (hermaphrodite) by its emulation with 302 parallelly interconnected field-programmable gate array 
(FPGA) neurons and by embodying this hardware nervous system with a biophysically accurate soft-body representation in a 
virtual behavioral arena. We critically discuss past and present neurocomputational approaches and pitfalls of simulating 
nervous system function. We then present the first Si elegans implementation and system integration steps with focus on its 
key components and challenges. The biophysics-based simulation platform shall allow scientists to test neural processing 
hypotheses and (un)published behavioral paradigms. Users will have access to all currently known and biologically relevant 
variables for the reverse-engineering of nervous system function to confirm or even anticipate some of the underlying 
principles. This contribution aims at opening a scientific discourse on the requirements, possibilities and limits of the faithful 
biomimetic emulation of an organism from both the biological and engineering perspectives.Acknowledgements: This project 
has received funding from the European Union’s Seventh Framework Programme for research, technological development 
and demonstration under grant agreement n° 601215, FET Proactive, call ICT-2011.9.11: Neuro-Bio-Inspired Systems 
(NBIS). www.si-elegans.eu. 

623A. Understanding Neurodynamics Through Light Field Microscopy. Christopher Carmona, Edward Polanco, Blake 
Madruga, Addam Hammond, Katsushi Arisaka. UCLA, Department of Physics and Astronomy, 475 Portola Plaza Los 
Angeles, CA, 90095. 
   Light field microscopy is a new technique that allows for quick volumetric imaging of fluorescent specimens. It utilizes a 
microlens array (MLA) as a key optical component that produces a light field and trades spatial resolution against angular 
resolution or axial resolution. The MLA is a matrix of lenses with diameters of 130μm that each resolve a visual perspective 
of a specimen being imaged at relative distances from the native object plane. As a result, recorded light-fields can be 
computationally reconstructed into full volumes. The volume reconstruction is formulated as an inverse linear transformation 
that is modeled using wave optics theory. Here, an epifluorescence light field microscope is designed and configured in order 
to resolve the neural activity of C. elegans during real-time inculcated behavior. The theoretical limits of the microscope’s 
lateral resolution in relation to optical design choices are discussed and compared with experimental results. The primary 
focus of this investigation is the utilization of light field microscopy in conjunction with computationally intensive image 
processing methods as a useful tool for analyzing the behavior and corresponding brain activity of C. elegans. Light field 
microcopy has the potential to offer real-time 3-D video data of the unrestrained behavior of C. elegans. 

624B. Untwisting the Caenorhabditis elegans embryo. Ryan Christensen1, Alexandra Bokinsky2, Anthony Santella3, 
Yicong Wu1, Javier Marquina4, Ismar Kovacevic3, Abhishek Kumar1,4, Peter Winter1, Evan McCreedy2, William Mohler5, 
Daniel Colón-Ramos4, Zhirong Bao3, Hari Shroff1. 1) NIBIB, National Institutes of Health, Bethesda, MD; 2) CIT, National 
Institutes of Health, Bethesda, MD; 3) Developmental Biology Program, Sloan Kettering Institute, New York, NY; 4) Cell 
Biology Department, Yale University, New Haven, CT; 5) Department of Genetics and Developmental Biology, University 
of Connecticut Health Center, Farmington, CT. 
   Despite identification of many key neurodevelopmental mechanisms from work on individual cells or simple, defined 
circuits, our understanding of how known mechanisms work together to direct the assembly of entire nervous systems 
remains limited. Examining the development of simple nervous systems, like the 302 neurons of Caenorhabditis elegans, 
offers one way to examine how a limited set of guidance cues can function to direct the assembly of complex neural 
circuits.  The majority of C. elegans neurons (222) are born during embryogenesis, but study of embryonic 



neurodevelopmental events has proven difficult due to changes in embryo morphology and muscular activity which cause 
rapid twisting and movement, interfering with imaging and analysis.  To examine this period of nematode development, we 
have developed a computer algorithm for the MIPAV software application which allows a user to computationally straighten 
images of twisted-up embryos, effectively canceling embryo movement and greatly simplifying the analysis of 
developmental events in moving embryos.  We have also added the capability to track the 3-dimensional position of user-
defined cells or structures over time, allowing for quantitative analysis of cell movement, growth and shape change.  We have 
used this annotation capability to track the position of seam cells (as a proxy for overall embryo morphology) from the 1.5-
fold stage through hatching in five embryos. We have found that position appears highly stereotyped, with the average 
anterior-posterior trajectory of a seam cell conserved to approximately 5 um.  We have also tracked the movements of the 
CAN, ALA, and AIY neurons, as well as ALA neurite outgrowth, as a proof-of-concept for neuronal tracking. We observed a 
clear difference in positional variability between CAN, which undergoes embryonic migration, and AIY/ALA, with CAN 
showing significantly greater positional variability along the anterior-posterior axis.  We plan to apply the untwisting and 
annotation capabilities we have developed to track the development of all 222 neurons in the embryo, which we anticipate 
will result in the first comprehensive map showing morphological development of an entire nervous system. 

625C. Directional trans-synaptic labeling of specific neuronal connections in live animals. Muriel Desbois, Steven J. Cook, 
Scott W. Emmons, Hannes E. Bülow. Genetics, Albert Einstein College of Medicine, Bronx, NY. 
   Understanding animal behavior and development requires visualization and analysis of their synaptic connectivity, but 
existing methods are laborious or, may not depend on trans-synaptic interactions. Here we describe a transgenic approach for 
in vivo labeling of specific connections in Caenorhabditis elegans, which we term iBLINC. The method is based on BLINC 
(Biotin Labeling of INtercellular Contacts) and involves trans-synaptic enzymatic transfer of biotin by the Escherichia coli 
biotin ligase BirA onto an acceptor peptide. A BirA fusion with the presynaptic cell adhesion molecule NRX-1/neurexin is 
expressed presynaptically, whereas a fusion between the acceptor peptide and the postsynaptic protein NLG-1/neuroligin is 
expressed postsynaptically. The biotinylated acceptor peptide::NLG-1/neuroligin fusion is detected by a monomeric 
streptavidin::fluorescent protein fusion transgenically secreted into the extracellular space. Physical contact between neurons 
is not sufficient to create a fluorescent signal suggesting that synapse formation is required. The labeling approach captures 
the directionality of synaptic connections, and quantitative analyses of synapse patterns display excellent concordance with 
electron micrograph reconstructions. Experiments using photoconvertible fluorescent proteins suggest that the method can be 
utilized for studies of protein dynamics at the synapse. Applying this technique, we find connectivity patterns of defined 
connections to vary across a population of wild type animals. In aging animals, specific segments of synaptic connections are 
more susceptible to decline than others, consistent with dedicated mechanisms of synaptic maintenance. Taken together, we 
have developed an enzyme-based, trans-synaptic labeling method that allows high-resolution analyses of synaptic 
connectivity as well as protein dynamics at specific synapses of live animals. 

626A. A Chemical-Genetic Approach to Unveil Mechanisms Underlying Autism Spectrum Disorders. Yasmin Fard 
Ghassemi, Kathrin Schmeisser, Claudia Maios, J Alex Parker. The University of Montreal Hospital Research Center 
(CRCHUM), University of Montreal, Montreal, Qc, Canada. 
   Autism spectrum disorders (ASD) are a group of neurodevelopmental disorders (autism, Asperger syndrome and persuasive 
development disorders) resulting in limited social interactions, repetitive and restricted behavior and a delay in cognitive 
development and language. The prevalence of ASD is increasing and there are no pharmacological therapies available that 
successfully treat core ASD deficits. Therefore, the development of novel therapeutics for ASD is urgently needed. To 
identify genes that are linked to ASD in humans, we used the SFARI Gene Scoring Module of the Simons Foundation 
Autism Research Initiative. This tool includes an evolving database that is centered on genes implicated in ASD 
susceptibility. It integrates different kinds of genetic data that are being generated by contributing researchers. Based on this 
system, we selected 27 genes that have orthologs in C. elegans and viable loss-of-function (LOF) mutants. These LOF 
mutants were screened for motor-deficiency phenotypes using an automated worm tracking apparatus to automatically 
measure swimming activity (swimming movements) of C.elegans strains. From the 27 genes tested, 11 LOF mutants showed 
a pronounced motor-deficient phenotype amenable for screening applications.Subsequently, 4 neuroprotective compounds 
(methylene blue, pimozide, salubrinal, guanabenz) previously identified in our lab were tested for their ability to rescue the 
motor-deficient phenotypes in these 11 LOF mutants. The promising results of this pre-screen, i.e. the correction of the 
motor-deficient phenotype into a wild type-like motility, prompted us to expand our approach perform a comprehensive, 
blind drug screen of ~3600 FDA approved compounds for several LOF mutants. The aim of this screen is to identify new 
compounds that allow us to directly gain insights into the mechanisms underlying neuronal dysfunction and ASD.ASD are 
complex and multifactorial neurodevelopmental disorders. Using C. elegans to study genes implicated in ASD in conjunction 
with well-characterized, FDA-approved compounds may identify underlying mechanisms that could be used to develop novel 
therapeutic approaches. . 



627B. A quenching-type of fluorescent Ca2+ indicator for detecting neuronal inhibition. Sayuri Kuge1,2, Tomonobu 
Nishihara1, Tomoki Matsuda3, Hironobu Furuie1, Takayuki Teramoto1,2, Takeharu Nagai3, Takeshi Ishihara1,2. 1) Department 
of Biology, Kyushu University, Fukuoka, Fukuoka; 2) CREST; 3) Department of Biomolecular Science and Engineering, 
The Institute of Scientific and Industrial Research, Osaka University. 
       Fluorescent Ca2+ indicators have been rapidly improved for the last several decades and now are indispensable tools for 
cell biology, especially neuronal science, because they enable us to monitor neuronal activities.  However, these fluorescent 
Ca2+ indicators including GCaMPs are ideal only for monitoring the activation of neurons.  To understand precise functions 
of the neuronal network, a fluorescent Ca2+ indicator that is suitable for monitoring the neuronal inhibition would be 
necessary.   We previously reported various “pericam” types of indicators that are based on circularly permuted green 
fluorescent protein (cpGFP) fused to calmodulin and calmodulin-target peptide, M13.  Among these, “inverse-pericam” has 
unique property; the fluorescence intensity gets 7-fold dimmer upon Ca2+ binding.  Although the dynamic range is relatively 
big among that of the reported Ca2+ indicators, it should be enlarged to effectively monitor the neuronal inhibition.   To this 
end, we first created a large mutant library of “inverse-pericam” by iterative error-prone PCR.  The mutant libraries of 
genetic variants of inverse-pericam indicators were expressed in the E. coli periplasm and were screened by comparing 
fluorescence intensity between high- and low-Ca2+ conditions.  After screening of about 20,000 bacterial colonies, we found a 
variant, which shows nearly 20-folds dynamic range in vitro.   When the inverse-pericam variant, which we named IP2.0 was 
expressed in HeLa cells, the fluorescence of IP2.0 was greatly quenched responding to histamine stimulation, indicating that 
IP2.0 is useful to detect change of the intracellular concentration of Ca2+.  Then we examined whether the decrease of Ca2+ 
concentration during the stimulation of isoamyl alcohol, as well as the increase of Ca2+ concentration after removing isoamyl 
alcohol can be monitored by expressing IP2.0 in AWCON neuron of C. elegans.  While the fluorescence of GCaMPs has 
known to be reduced slightly during the stimulation, we observed the increase of fluorescence of IP2.0 during the 
stimulation.  These results suggest that odor stimuli decreases Ca2+ concentration in AWCON neurons and so IP2.0 will be an 
indispensable tool for studying neuronal inhibition. 

628C. A Novel Worm Tracking Calcium Imaging System Utilizing a Mobile Microscope. Steve Mendoza, Tim Sherry, 
Karen Jiang, Brian Lam, Taejoon Kim, Blake Madruga, Michelle Kao, Nate Nowak, Katsushi Arisaka. Department of 
Physics and Astronomy, UCLA, Los Angeles, CA. 
   Worm tracking of freely moving worms is essential to study the connection between behavior and neural 
activity.  However, these microscopes are often limited in their ability to track worms under various behavioral 
simulations.  We present a fluorescence worm tracking microscope that has an open geometry and thus can track worms even 
if the behavioral platform is difficult or impossible to move via a motorized stage. As opposed to other automated worm 
tracking systems, our microscope is fully mobile—where all the optical components are mounted on top of a motorized xy 
stage—while the sample stage where C. elegans rests is stationary. This platform allows for ratiometric calcium imaging 
while also tracking a dark field worm image for behavioral analysis, running at 15 frames per second. The current 
configuration has three cameras, two for each of the YFP and CFP channels, and a dark field image showing the worm body, 
under a 10x magnification; the microscope can also be adjusted to image at 20x. Being able to track freely moving worms 
without moving the sample stage, allows our microscope to perform worm tracking in experimental conditions that similar 
systems have not been able to achieve. In addition, since the sample is stationary, we also avoid introducing confounding 
effects on the worms due to stage acceleration. To test this novel hardware, we run a thermotaxis experiment tracking a worm 
without moving the temperature platform.  Our worm was labeled with AIY::CAM and we find a correlation between the 
AIY activity and the temperature of the head location during isothermal behavior. Our methodology could also apply to other 
behavioral experiments where an external stimulus would be hard to move via a motorized stage, such as an electrotaxis 
experiment. 

629A. Optogenetic control of cGMP mediated signal transduction . Jatin Nagpal1,2, Shiqiang Gao3, Martin Schneider1,2, 
Mary Bethke4, Chantal Brueggemann4, Sarah Woldemariam4, Wagner Steuer Costa1,2, Noelle L'Etoile4, Georg Nagel3, 
Alexander Gottschalk1,2. 1) Buchmann Institute for Molecular Life Sciences, Frankfurt, Germany; 2) Institute of 
Biochemistry, Goethe University, Frankfurt, Germany; 3) Biocenter, University of Würzburg, Germany; 4) Department of 
Cell and Tissue Biology, UCSF, USA. 
   Cyclic guanosine monophosphate (cGMP) is a widely used 2nd messenger in cellular signaling, acting via protein kinase G 
(PKG), or cyclic nucleotide gated (CNG) channels. In sensory neurons, cGMP allows for signal modulation and 
amplification, before depolarization. Manipulating cGMP levels is required to access this signalling and provide insights into 
signal encoding. We achieve this by implementing two photo-activatable guanylyl cyclases - 1) guanylyl cyclase rhodopsin 
from Blastocladiella emersonii (BeCyclOp) and 2) a mutated version of Beggiatoa sp. bacterial light-activated adenylyl 
cyclase (BlaC), with specificity for GTP, termed BlgC or bPGC (Beggiatoa photoactivated guanylyl cyclase). BeCyclOp 
enabled rapid and precise light-triggered cGMP increases in heterologous cells (Xenopus oocytes) and in C. elegans. 
BeCyclOp exhibits an unusual 8 transmembrane topology and cytosolic N-terminus. Oocyte experiments revealed light/dark 
activity ratio of ~5,000 and no cAMP production. Via co-expression of the TAX-2/-4 CNG channel in C. elegans body wall 



muscle, BeCyclOp photoactivation induced rapid light-driven depolarization and contraction of muscle cells. In C. elegans 
O2/CO2 sensory BAG neurons, BeCyclOp activation rapidly triggered slowing of locomotion, consistent with the normal 
sensory function of BAG, and in agreement with previous BAG activation by channelrhodopsin (ChR2). Interestingly, a 
quick ‘recovery’ of the slowing response was observed both in ChR2 and BeCyclOp stimulation, despite ongoing 
photostimulation, arguing that this apparent desensitization is neither mediated at the level of cGMP nor the CNG channel, 
but at the output synapses or in downstream networks.Light activation of bPGC expressed in muscle cells along with TAX-2 
and TAX-4 caused a relatively slower and less pronounced contraction as compared to BeCyclOp. We could validate these 
differences in cGMP production from the two cyclases by directly imaging the cGMP rise, using a genetically encoded 
cGMP sensor, WincG2. WincG2 (or worm indicator of cGMP) is based on FlincG3, a circularly permutated EGFP fused to 
cGMP binding domain of PKG. Currently, we are expressing the cyclases in a variety of C. elegans sensory neurons that use 
cGMP as the 2nd messenger and are performing behavioural experiments that recapitulate cGMP mediated signal transduction 
in these sensory neurons using optogenetic activation of the cyclases. 

630B. Drug screening in C. elegans leads to a clinical trial for amyotrophic lateral sclerosis. D. Aggad1, K. Patten1, G. 
Armstrong1, C. Maios1, L. Korngut2, R. Robitaille3, P. Drapeau1, JA. Parker1. 1) Neuroscience, CRCHUM, University of 
Montreal, Montreal, QC, Canada; 2) Neurology, Hotchkiss Brain Institute, University of Calgary, Calgary, AB, Canada; 3) 
Neuroscience, University of Montreal, Montreal, QC, Canada. 
   Amyotrophic lateral sclerosis (ALS) is a fatal, incurable neurodegenerative disease characterized by a progressive loss of 
motor neurons in the brain and spinal cord. A better understanding of disease pathogenesis is crucial for disease diagnosis 
and intervention strategies. To this end, there has been a revolution in identifying the genetic causes of both sporadic and 
familial ALS. ALS is caused by mutations in a growing number of genes, one of which being TARDBP, which codes for 
TDP-43 and is a major component of neuronal inclusions. Since TDP-43 is evolutionarily conserved we turned to the model 
organisms C. elegans and zebrafish to learn more about their biological functions and screen for potential therapeutic 
modifiers. We generated C. elegans and zebrafish models expressing wild-type or mutant human TDP-43 that reflect aspects 
of ALS. To explore the potential of our models in identifying chemical suppressors of mutant TDP-43 neuronal toxicity, we 
screened a set of chemical libraries for FDA-approved compounds with potential neuroprotective properties. Chemical 
libraries were screened using motility and stress response assays with mutant TARDBP worms and hits were validated in 
zebrafish using motility assays. The expression of mutant TDP-43 in worm motor neurons produced robust, adult onset 
motility defects and in both models this was caused by motor neuron deficits. We isolated a number of chemical suppressors 
of mutant TARDBP toxicity. Under normal conditions TDP-43 regulates specific aspects of the cellular stress response. The 
transgenic models allowed us to isolate chemical suppressors of motor defects. In particular, several neuroleptics protected 
against development of motor phenotypes by maintaining neuromuscular transmission. One compound, pimozide, is also 
protective in a mouse model of ALS, and is currently being tested in a clinical trial (Health Canada PIMOZIDE_ALS-001). 
Together these data provide clues to help unravel the mechanism for TDP-43 toxicity that should also provide leads for early 
drug discovery.Supported by the US Dept. Defense CDMRP-USAMRMC/ALSRP, Canadian Institutes of Health Research, 
ALS Canada and the Muscular Dystrophy Association. 

631C. Cell-Specific Labeling of Neurons and Glia in the C. elegans embryo using Infrared Laser Illumination. Anupriya 
Singhal, Shai Shaham. The Rockefeller University, New York, NY. 
   Glial cells play critical roles in the development of the nervous system in C. elegans, but neuron-glia interactions during 
embryogenesis and intermediate stages of nervous system assembly are poorly understood. A major challenge in studying 
development of the embryonic nervous system is that most cell-specific reporters are not expressed early enough in 
embryogenesis to visualize the early stages of neurite outgrowth. To label neural and glial precursors in the embryo 
specifically, we are developing a method, based on a previously described setup (Kamei et al, 2009), which uses an infrared 
laser to localize the heat shock response to individual cells and labels them via a heat shock-driven transgene. We have 
adapted this method for use in embryonic cells, which are smaller than larval cells and more sensitive to heat toxicity, by 
using ratiometric fluorescent reporters to measure the temperature induced by the laser directly in vivo. Using our optimized 
method, cells are heated to physiological heat shock temperatures (32oC) for 5-10 minute durations, leading to high rates of 
induction (>50%) with no observable damage or off-target induction. Using our method, we are able to achieve cell-specific 
labeling of neuronal and glial precursors at the 100-200 cell stage, after which the daughters are labeled with a constitutive 
reporter generated by Cre-Lox recombination. With time-lapse imaging, we can observe dendrite extension and axon 
outgrowth of labeled cells during nervous system development. Heat-shock labeled cells produce complete axon and dendrite 
trajectories and subsequently express post-embryonic fate markers, indicating that development after heat shock proceeds 
normally. We are currently extending this method for use in embryonic cell-specific rescues. We plan to apply this method to 
study the morphogenesis of neuron and glial cells in quantitative fashion during the development of the C. elegans nervous 
system. 



632A. Computer simulation of neuronal signals controlling the pharyngeal pumping motion in Caenorhabditis elegans. Y. 
Hattori1, M. Suzuki1, T. Tsuji2, Y. Kobayashi1. 1) Radiation Biology Research Division, Japan Atomic Energy Agency, 
Takasaki; 2) Graduate School of Engineering, Hiroshima University. 
   The pharyngeal pumping in Caenorhabditis elegans is generated and controlled by the pharyngeal muscular cells and 
neurons. In this study, we proposed a simulation-based approach to estimate the control mechanisms of the pharyngeal 
pumping motion. To conduct the simulations, we previously developed a pharyngeal muscle model including 20 muscular 
cells and 9 marginal cells [1]. Output in each cell was represented by the membrane potential based on FitzHugh-Nagumo 
equations. These cells were connected by gap junctions based on the real connection structure of pharyngeal muscle in C. 
elegans. The gap junctions transmitted the outputs among cells. The electropharyngeogram (EPG), which shows the summed 
activity of the electrophysiological responses of pharyngeal muscle cells and neurons, was used to measure the biological 
signals from pharyngeal pumping in C. elegans. The model represented the EPG using the outputs of individual cells.We 
virtually input various electrical signals as neuronal signals to muscular cells in the model and calculated the EPG. As a 
result, some signal patterns induced the EPG which was similar to that observed in wild-type C. elegans. The cycle length of 
the EPG was synchronized with that of neuronal signals. These results suggest that neuronal signal could control the rhythm 
of pumping motion. Our approach shows potential for elucidating important signal factors (e.g., amplitude and cycle length) 
involved in the control of the pumping motion. Through a series of simulations, we confirmed the usefulness of the 
simulation-based approach for examining the control mechanisms of the pharyngeal pumping motion.[1] Hattori, Y., et al., 
Modeling of the pharyngeal muscle in Caenorhabditis elegans based on FitzHugh-Nagumo equations, Artificial Life and 
Robotics, Vol. 17, No. 2, pp. 173-179, 2012. 

633B. Optophysiological dissection of individual dopaminergic neuron pairs during food-dependent behavioral modulation. 
Ying Grace Zheng1, Yuki Tanimoto1, Xianfeng Fei2, Koichi Hashimoto3, Kotaro Kimura1. 1) Department of Biological 
Sciences, Osaka Univ., Toyonaka, Osaka, Japan; 2) Dept. Intel. Inf. Syst., Fac. Sci. Tech., Tohoku Bunka Gakuen Univ., 
Sendai, Japan; 3) Dept. Syst. Inf. Sci., Tohoku Univ., Sendai, Japan. 
     Dopamine (DA) functions as an important neuromodulator responsible for regulating various behaviors in animals. While 
DA signaling has been shown to play a significant role in behavioral regulation, the mechanism by which DA-releasing 
(DAergic) neurons are activated in response to environmental stimuli remains unclear. In C. elegans, DA functions as a 
“presence of food” signal responsible for modulating various food-dependent behaviors (Chase and Koelle, Wormbook, 
2007). Four pairs of DAergic neurons, CEPD, CEPV, ADE, and PDE neurons, work redundantly for behavioral modulation 
in response to a bacterial lawn, which is sensed as a mechanical stimulus (Sawin et al., Neuron, 2000). A previous calcium 
imaging study revealed that one class of DAergic neurons, the CEP neurons, are indeed activated by mechanical stimuli 
(Kindt et al., Neuron, 2007). However, the timing and manner of activation of specific DAergic neuron pairs in response to 
the bacterial lawn have not yet been revealed since functional dissection of DAergic neurons by calcium imaging and/or 
optogenetics is difficult. All the known DAergic neuron-specific promoters express genes in all DAergic neurons—not in just 
one or a subset of them. Therefore, sophisticated machine vision techniques are necessary to target one of the many DAergic 
neurons in a worm migrating upon an agar surface to enter a bacterial lawn.  In an attempt to understand how individual 
DAergic neuron pairs are activated by food stimuli and how this activation affects worm behavior, we conducted 
optophysiological analyses using our original auto-tracking integrated microscope system (Tanimoto et al., this meeting). 
First, we monitored the activation patterns of each DA neuron pair in freely moving worms by calcium imaging; we found 
that CEPD, CEPV, and PDE pairs were differently activated upon food-entry (The ADE pair was not analyzed because of 
dim fluorescence from the cells). At present, we are optogenetically stimulating individual DAergic neuron pairs in freely 
moving worms to test whether these differences in activation patterns reflect functional differences in the neurons. Our 
analysis will shed light on activities and functions of each of the genetically indistinguishable neurons in this small model 
organism. 

634C. Neuronal mechanisms for C. elegans olfactory navigation revealed by a highly integrated microscope system. Yuki 
Tanimoto1, Akiko Yamazoe1, Kosuke Fujita1, Yuya Kawazoe1, Yosuke Miyanishi1, Shuhei Yamazaki1, Keiko Gengyo-
Ando2, Junichi Nakai2, Xianfeng Fei3, Yuishi Iwasaki4, Koichi Hashimoto5, Kotaro Kimura1. 1) Department of Biological 
Sciences, Osaka Univ., Toyonaka, Osaka, Japan; 2) Brain Sci. Inst. Saitama Univ. Saitama, Japan; 3) Dept. Intel. Inf. Syst., 
Fac. Sci. Tech., Tohoku Bunka Gakuen Univ., Sendai, Japan; 4) Dept. Intel. Syst. Eng, Ibaraki Univ., Ibaraki, Japan; 5) Dept. 
Syst. Inf. Sci., Tohoku Univ., Sendai, Japan. 
   The nervous system of animals transforms dynamically changing sensory information from the environment into 
appropriate behavioral responses. In particular, olfactory information plays critical roles in adaptive behaviors in the form of 
long- and short-range chemical cues that encode spatiotemporal information and chemical identity. To elucidate the neuronal 
mechanisms underlying olfactory behavior, it is desirable to quantify behaviors and neural circuit activities under realistic 
olfactory stimulus. However, reproducing realistic spatiotemporal patterns in odor concentrations is challenging due to 
diffusion, turbulent flow, and measurability of odor signals. We have developed an integrated microscope system that 
produces a virtual odor environment to quantify behaviors and neural circuit activities of the nematode C. elegans. In this 



system, C. elegans is maintained in the view field of a calcium imaging microscope by an auto-tracking stage using a pattern-
matching algorithm. Simultaneously, odor stimulus is controlled with sub-second and sub-μM precision to reproduce realistic 
temporal patterns. Using this system, we have found that two types of sensory neurons play significant roles to choose a 
proper migratory direction for navigation in a gradient of the repulsive odor 2-nonanone. Calcium imaging and optogenetic 
analysis revealed that temporal increments of repulsive odor trigger turns that randomize the migratory direction, while 
temporal decrements of the odor suppress turning for migration down the gradient. Further mathematical analysis indicated 
that these sensory neurons are not only antagonizing, but also responding to odor concentration changes at different time 
scales for the efficient migration. Using this method will lead to comprehensive understanding of cellular mechanisms of 
decision making in a simple neural circuit. 

635A. Engineering the GAL4-UAS System for Transcriptional Control in C. elegans. Han Wang1,2, Jonathan Liu1,2, Shahla 
Gharib1,2, John DeModena1,2, Paul Sternberg1,2. 1) Division of Biology and Biological Engineering and; 2) Howard Hughes 
Medical Institute, California Institute of Technology, Pasadena, CA. 
   GAL4 is a modular protein that contains a DNA binding domain (DBD) and transcription activation domains; it binds to a 
UAS sequence (17 nucleotides long) in the promoter to activate the transcription of GAL genes in yeast. The GAL4-UAS 
system has been developed into a binary expression system for spatial control of transgene expression. A tissue specific 
promoter is used to drive the expression of GAL4 in one strain, and the UAS sequence is placed upstream of effector genes 
of interest in another strain. The cross progeny with these two transgenes will yield tissue specific expression of the desired 
effector genes. One major advantage this binary system affords is its combinatorial scalability: simply by crossing, a large 
collection of the GAL4 driver transgenes can be used to drive the expression of different effector genes under control of UAS 
in separate transgenic strains. This system has been shown to work in many different organisms. In particular, the GAL4-
UAS system has become the standard method for tissue specific expression in Drosophila. However, a reliable GAL4-UAS 
system has not yet been established for C. elegans. A Pmyo-2::GAL4(DBD)::VP16 transgene in a strain with 5xUAS::GFP 
drives weak GFP expression in the pharyngeal muscle; however, a stronger activation domain, Pmyo-2::GAL4(DBD)::VP64, 
drives bright GFP expression specifically in the pharyngeal muscle. Thus, we started to systematically engineer the GAL4-
UAS system to make it a reliable binary expression system for C. elegans research. To do this, we first compared the 
transcriptional activity of different transcriptional activation domains fused to GAL4 DNA binding domain. We then 
compared alternative GAL4 DNA binding domains from Saccharomyces species whose optimal growth temperature is close 
to that of C. elegans. Lastly, we further improved this system by increasing the UAS copy number in effector strains. The 
progress of the optimization and several applications of the GAL4-UAS system in C. elegans will be discussed. 

636B. Automated Neural Identification in C. elegans. Eviatar Yemini, Oliver Hobert. Department of Biochemistry and 
Molecular Biophysics, Columbia University Medical Center, Howard Hughes Medical Institute, New York, NY, USA. 
   Stereotypy of the C. elegans nervous system affords single-neuron registration across animals and, consequently, robust 
statistics for neuronal transcriptomics and neural coding for behavior. Fast methods of whole-brain imaging in worm exist 
but, unfortunately, determining the identity of neurons within these images remains a long, difficult, ad hoc process. We are 
developing 2 landmark strains with accompanying software to perform automated neural identification. These strains 
will provide an unambiguous label for each neuron while preserving a channel free for signals reporting transcription 
(GFP and RFP) and neural activity (GCaMP and RCaMP); thus permitting whole-brain, single-neuron registration 
across animals for these signals. At present, we have tried 15 potential fluorescent colors as landmarks and settled on 3 per 
strain that perform well within the given constraints: differentiable, bright, stable without confounding the signal channel. 
Moreover, we have developed an initial landmark strain, using targeted promoters driving fluorescent proteins, that 
unambiguously identifies nearly 80% of C. elegans neurons. 

637C. Finding Neuro: Automating calcium image analysis. Amelia Parmidge1, Chantal Brueggemann2, Noelle L'Etoile2, 
Jared Young1. 1) Dept Biol, Mills Col, Oakland, CA; 2) Departments of Cell and Tissue Biology and Medicine, University 
of California, San Francisco. 
   In recent years, fluorescent imaging has been used more and more to capture the state of biological systems at different 
moments in time. For many researchers, analysis of the fluorescent image data has become the limiting factor of this new 
technique. We have developed NEPIC, a semi-automated tool for finding and tracking the soma of a single neuron over an 
entire movie of grayscale calcium image data. When tested on calcium image movies of the AWC neuron in C. elegans under 
highly variant conditions, NEPIC correctly identified the neuronal soma in 95.48% of the movie frames, and successfully 
tracked this soma feature across 98.60% of the frame transitions. Although support for finding and tracking multiple 
fluorescing Regions of Interest (or fROIs) has yet to be implemented, NEPIC displays promise as a tool for assisting 
researchers in the bulk analysis of fluorescent imaging data. 



638A. DAPK-1: A Mediator of Excitotoxic Neurodegeneration. Uzair Amjad1, Chantal Henry2, Christy Chon3, John S. Del 
Rosario4, Itzhak Mano5. 1) Undergraduate program in Biochemistry, The City College of New York (CCNY) - The City 
University of New York CUNY); 2) Undergraduate program in Biology, CCNY, CUNY; 3) Bs/MD program, Sophie Davis 
School of Biomedical Education, CCNY - CUNY, New York, NY; 4) Graduate program in Biology, CCNY, CUNY; 5) 
Physiology, Pharmacology, and Neuroscience, The Sophie Davis School of Biomedical Education, CCNY, CUNY. 
   Neuronal cell death is a fundamental pathology seen in many nervous system diseases. We are particularly interested in a 
form of neuronal cell death called Excitotoxicity, a prevalent neurodegenerative condition seen in stroke/brain ischemia. In 
excitotoxicity the buildup of excessive concentrations of the excitatory neurotransmitter Glutamate in the synapse causes 
over-stimulation and exaggerated influx of calcium ions into the postsynaptic neuron.  The mechanism of cell death that 
follows the Ca2+ overload remains a mystery. We examine the possibility that the Ca2+ -regulated, Death Associated Protein 
Kinase (DAPK) might be a key participant in excitotoxicity, and we study how it might interact with other components in 
this cell specific death pathway. To address these questions we use our C. elegans model of excitotoxicity. We have recently 
demonstrated that DAPK is indeed a central mediator of nematode excitotoxicity, and we are now searching for its 
downstream effectors. Extensive study of suggested substrates/targets of DAPK that might mediate neuronal death in 
excitotoxicity (such as glutamate receptors or regulators of autophagic cell death) showed that these factors are not central 
mediators of DAPK’s effect in excitotoxicity. In contrast, the DAPK interaction partner Pin1 collaborates with DAPK in 
nematode excitotoxicity.  We now focus on potential partners common to DAPK and Pin1 that are known to be involved in 
other forms of cell death. Using our genetic system to scan through many known conserved DAPK targets can sharpen our 
understanding of the core-conserved processes that contribute to excitotoxicity. These studies might help bring new insights 
to our understanding of excitotoxic pathway and contribute to the development of new therapeutic intervention approaches in 
stroke/brain ischemia. 

639B. Decreased SOD-1 function in a precise C. elegans ALS model leads to defective synaptic transmission and stress-
induced neurodegeneration. Saba Baskoylu, Jill Yersak, Patrick O’Hern, Jonah Simon, Anne Hart. Neuroscience Graduate 
Program, Brown University, Providence, RI. 
   Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder characterized by the loss of cortical and 
spinal motor neurons. The second most common cause of familial ALS (fALS) is mutation of Cu/Zn superoxide dismutase 1 
(SOD1). These mutations likely confer – as yet unidentified, toxic properties. Consistent with this idea, fALS-SOD1 
overexpression recapitulates some end-stage aspects of disease, including dramatic SOD1 aggregation, neuronal dysfunction 
and death. However, overexpression models may obscure early-stage defects and the potential impacts of diminished fALS-
SOD1 activity. Indeed, reminiscent of SOD1 null mice, a precise fALS-SOD1 knock-in mouse model results in peripheral 
neuropathy (PMID:25468678).To investigate whether SOD1 loss of function contributes to disease and early-stage events, 
we generated single-copy fALS SOD-1 models in C. elegans. We inserted conserved patient alleles H71Y and G85R into the 
C. elegans sod-1 gene. fALS sod-1 alleles increased aggregation of human wild-type SOD1-YFP in motor neurons. Both sod-
1 loss and fALS sod-1 mutations led to decreased lifespan and hypersensitivity to oxidative stress. Interestingly, both sod-1 
null animals and fALS sod-1 animals were hypersensitive to the cholinesterase inhibitor aldicarb. Examination of the 
fluorescently labeled pre-synaptic proteins in cholinergic motor neurons revealed perturbations in the synaptic transmission 
machinery of sod-1 loss of function animals. Oxidative stress was sufficient to increase aggregation of human wild-type 
SOD1-YFP and exacerbated aldicarb hypersensitivity. Intriguingly, stress also induced neurodegeneration of glutamatergic 
neurons and cholinergic motor neurons in both fALS sod-1 and sod-1 loss of function animals. Our results suggest that 
exposure to exogenous stress may unmask or aggravate defects observed in fALS sod-1 animals.In summary, we have 
generated a non-overexpression fALS SOD1 model in C. elegans that may reflect early stage events in ALS pathogenesis. 
These animals greatly differ from those over-expressing human fALS SOD1 (PMID:19165329). Analysis of sod-1 loss of 
function and fALS sod-1 animals suggests that loss of SOD-1 function impairs neuromuscular junction activity, impairs 
stress resistance, and contributes to neurodegeneration. 

640C. Molecular requirements of axonal regeneration in diapause . Mauricio Caneo1, Mark Alkema2, Andrea Calixto1. 1) 
Universidad Mayor, Santiago; 2) University of Massachusetts Medical School. 
   Neurons are particularly refractile to repair when demaged. Therefore, models of axonal regenration are important to 
unravel the molecular mechanisms of neuronal repair. C. elegans is a powerful model to test genetic factors affecting axonal 
regeneration, since its axons can regrow upon injury (Mehmet Fatih Yanik et al 2004, Hammarlund et al, 2007). The 
expression of the mec-4d mutation causes degeneration of the touch receptor neurons soon after their birth. We previously 
showed that the TRN neurons in mec-4d mutants are fully protected in animals that have been in diapause for over a week, 
(Calixto et al, 2012). By analyzing the TRN morphology and functionality throughout the dauer stage we made the surprising 
finding that the observed protection is due to complete and functional regeneration of damaged axons during diapause.We 
found that DAF-2 downregulation and dietary restriction, which occur during diapause are neuroprotective (Calixto et al, 
2012) but are not sufficient to produce neuronal regeneration. A key regulator of regeneration is DLK-1 (Dong Yan et al, 
2009). To test whether regeneration in dauer required DLK-1, we evaluated axonal degeneration and regrowth in dlk-1;mec-



4d animals during normal development and in diapause. At 12 hours post hatching neurons are born and begin to degenerate, 
similar to mec-4d animals. However, the dlk-1; mec-4d axons fail to completely degenerate once they are truncated, and 
remain truncated at later times during adulthood, consistently with roles of dlk-1/Wallenda in Drosophila (Miller et al, 2009) 
Additionally, we observed irregular neurite outgrowth, and defects in pathfinding, at different stages of development, which 
does not occur in the dlk-1 mutant alone, where growth and extension are normal after hatching. At the fist day in dauer dlk-
1; mec-4d mutants displayed an increase in wild-type neurons (30-35%) in contrast to non-dauer conditions at the time of 
dauer entry (7-9%), which indicates a regenerative effect independent of DLK-1. Full regeneration in dauer however requires 
DLK-1, for axons do not regrow beyond the initial regeneration. To better understand the gene networks underlying 
regeneration in dauer, we performed a genetic screen for animals that failed to regenerate the TRNs during diapause. Of the 
initial 1000 mutants, we found 58 candidates who do not regenerate in dauer and group in three categories: axons that remain 
protected in absence of regeneration, progressive decline of protection and accelerated axonal death. We believe that the 
characterization of these mutants will provide novel insight into the genetic factors and metabolic state that promotes axon 
regeneration during diapause. 

641A. The LIN-14 transcription factor regulates axonal maintenance in C. elegans neurons. Rhianna Knable1, Justin 
Chaplin1, Rhiannon Gurnsansky1, Marie Gallegos2, Brent Neumann3,1, Massimo Hilliard1. 1) Queensland Brain Institute, 
The University of Queensland, Brisbane, Australia; 2) Department of Biological Sciences, California State University East 
Bay, California; 3) Department of Anatomy and Developmental Biology, Monash University, Melbourne, Australia. 
   The disproportionate length of an axon makes its structural and functional maintenance a major task for any neuron, and 
our knowledge is still limited regarding the molecular mechanisms that allow this extended neuronal compartment to remain 
intact over the life of an organism.  The heterochronic gene lin-14 has been extensively studied for its role in regulating the 
timing of key developmental events in a variety of cell types and lineages in the nematode C. elegans.  Here, we report a 
previously unknown function of LIN-14 in ensuring neuronal maintenance and preventing axonal degeneration.  Animals 
lacking lin-14 exhibit axonal degeneration and guidance errors in both sensory and motor neurons.  Using cell-rescue 
experiments, we demonstrate that LIN-14 functions cell-autonomously in the PLM mechanosensory neurons, and show that 
the temporal regulation of LIN-14 expression during a short period early in development is a key factor required for the 
maintenance of axonal structure later in life.  Finally, using genetic analysis, we provide evidence of a synergistic effect 
between LIN-14 and the MAPKKK DLK-1 as well as the α-tubulin acetyltransferase MEC-17, revealing a novel network of 
molecules with an axonal protective function. . 

642B. The role of a novel genetic factor (SLC30A10) in manganese-induced toxicity in C. elegans. Pan Chen1, Dinorah 
Leyva-Illades2, Aaron Bowman3, Somshuvra Mukhopadhyay2, Michael Aschner1. 1) Department of Molecular 
Pharmacology, Albert Einstein College of Medicine, Bronx, NY; 2) Division of Pharmacology and Toxicology, University of 
Texas at Austin, Austin, TX; 3) Department of Neurology, Vanderbilt University Medical Center, Nashville TN. 
   Environmental or occupational exposure to manganese (Mn) causes a neuropathy, resembling idiopathic Parkinson’s 
disease (PD). In cells, high Mn levels can result in oxidative stress, mitochondrial dysfunction, protein aggregation and 
disruption of iron homeostasis. However, the mechanisms of Mn-induced neurotoxicity remain largely unknown. Recently, 
newly identified mutant alleles in human SLC30A10 have been found to cause Mn accumulation in the basal ganglia. Patients 
with mutations in SLC30A10 show symptoms of hepatic cirrhosis, dystonia, polycythemia and hypermanganesemia. 
Although clinical studies indicate the potential role of SLC30A10 in cellular Mn efflux, the exact function of this protein is 
unknown. Here, we present novel data on the role of SLC30A10 in C. elegans. We generated transgenic animals expressing 
either wildtype (WT) or mutant (L89P) SLC30A10. Expression of WT SLC30A10 increased survival rate upon Mn exposure. 
Whereas, expression in dopaminergic (DAergic) neurons attenuated Mn-induced DAergic neurodegeneration. In both cases 
mutant SLC30A10 showed no protection. Moreover, WT protein also improved DAergic neuron-specific behavior upon Mn 
exposure, while the mutant did not. In HeLa cells and GABAergic cells, only WT protein protected against Mn-induced cell 
death, consistent with our results in C. elegans. The Mn level was significantly lower in HeLa cells expressing WT 
SLC30A10. To explore why mutant SLC30A10 loses its Mn-protecting activity, transgenic worms were generated, 
expressing SLC30A10 with a C-terminal green fluorescent protein (GFP) tag. We found that WT SLC30A10 localized to the 
cell surface, while the mutant form accumulated in the endoplasmic reticulum (ER) and cytosol. Together, these results 
suggest that WT SLC30A10 protects cells from Mn-induced toxicity, while the mutant protein fails to do so, likely due to its 
failure to localize to the cell surface. Furthermore, SLC30A10 is likely a Mn-specific transporter although it was first posited 
to be a zinc transporter, as it did not protect from zinc-induced lethality in C. elegans. Our results provide novel insights into 
the mechanisms involved in the onset of a familial form of parkinsonism and highlight the possibility of using enhanced Mn 
efflux as a therapeutic strategy for the management of Mn-induced parkinsonism, including that occurring as a result of 
mutations in SLC30A10. (supported by National Institutes of Health Grants R01-ES010563 and R00-ES020488). . 

643C. Cyclic AMP and an Ets transcription factor are required for the transcriptional induction of svh-2 by axon severing. Li 
Chun, Hisamoto Naoki, Matsumoto Kunihiro. Div. of Biol. Sci., Grad. School of Sci., Nagoya Univ., Japan. 



   Axon regeneration is an evolutionarily conserved process from nematodes to humans. Recently, we have identified a 
growth factor SVH-1 and its receptor tyrosine kinase SVH-2 as positive regulators of axon regeneration in Caenorhabditis 
elegans. Axon cutting by laser microsurgery induces the transcription of the svh-2 gene specifically in severed neurons. 
However, the mechanism by which how the svh-2 gene is induced in response to axon cutting is not well understood. In this 
study, we identified ets-4, an Ets transcription factor, as a regulator involved in the transcriptional induction of the svh-2 
gene. In ets-4 null mutants, svh-2 induction by axon cutting did not occur, and frequency of axon regeneration was greatly 
reduced. This reduction can be suppressed by forced expression of the svh-2 gene in severed neurons by the constitutive 
promoter. As the svh-2 promoter region contains the consensus sequences of the Ets-binding site, we executed mutational 
analysis of these sites and found that one of them is required for the transcriptional induction of the svh-2 gene. Previous 
studies revealed that cyclic AMP (cAMP) and Protein kinase A (PKA) promotes axon regeneration in many organisms, 
including C. elegans. As ETS-4 protein contains a PKA phosphorylation consensus sequence (Arg-Arg-Xxx-Ser) at Ser-73, 
we performed in vitro kinase assays and found that PKA can phosphorylate ETS-4 on Ser-73. Further functional analysis 
revealed that the phosphorylation of this residue is important for the function of ETS-4 in the activation of the regeneration 
pathway. Furthermore, we found that the cAMP synthesis gene acy-1 is also required for the transcriptional induction of svh-
2 in severed neurons. These results suggest that the cAMP–PKA signal induces the svh-2 transcription via phosphorylation of 
ETS-4 in axon regeneration. . 

644A. Delaying aging is neuroprotective in C. elegans models of Parkinson’s disease. Jason Cooper1, Dylan Dues1, Katie 
Spielbauer1, Emily Machiela1, Megan Senchuk1, Jeremy Van Raamsdonk1,2,3. 1) Center for Neurodegenerative Science, Van 
Andel Research Institute, Grand Rapids, MI; 2) Department of Genetics, Michigan State University, East Lansing, MI; 3) 
Department of Translation Science and Molecular Medicine, Michigan State University, Grand Rapids, MI. 
   Parkinson’s disease (PD) is the second most common neurodegenerative disease and is characterized by the degeneration of 
dopamine neurons in the substantia nigra and the formation of α-synuclein aggregates called Lewy bodies. While aging is the 
greatest risk factor for the development of PD, the role of aging in the pathogenesis of PD is not known and it is currently 
uncertain why the symptoms take many decades to develop when the disease-causing mutations can be present from birth. 
We hypothesize that there are specific changes that take place during the aging process that make cells susceptible to disease-
causing mutations that are well-tolerated at younger ages. If so, then interventions that increase lifespan should be beneficial 
in the treatment of PD. To test this hypothesis, we used the powerful genetics of C. elegans, as this worm has been used 
extensively in aging research. We crossed transgenic worm models of PD expressing either human mutant α-synuclein 
(A53T) or LRRK2 (G2019S) with the long-lived insulin-IGF1 receptor mutant, daf-2. The daf-2 mutation increased the 
lifespan of both PD mutants. The resulting increase in lifespan ameliorated the degeneration of dopamine neurons in both PD 
strains and rescued deficits in the dopamine-dependent behaviors including basal slowing and ethanol avoidance. Increasing 
lifespan through daf-2 mutation also delayed aggregation in a worm model of PD expressing α-synuclein in the body wall 
muscle. Examining potential mechanisms by which delaying aging reduced dopamine neuron loss, we found that the daf-2 
mutation rescued deficits in resistance to different stresses that were present in the PD mutant worms. Overall, we show that 
delaying aging through decreasing the activity of the insulin-IGF1 signaling pathway is beneficial in animal models of PD. 

645B. C. elegans model of PGRN-deficient FTLD. James-Julian Doyle1,2, Andrew Bateman1, Hugh Bennett1, Alex Parker2. 
1) Research Institute of the McGill University Health Centre, Montreal, QC, Canada; 2) Centre de Recherche du Centre 
Hospitalier de l'Université de Montréal, Montreal, QC, Canada. 
   Frontotemporal lobar degeneration (FTLD) is a devastating neurodegenerative disease, characterized by the progressive 
atrophy of the frontal and temporal lobes of the brain. Advances in genetic testing have identified many of its underlying 
genetic causes. Among the genes identified are mutations in the GRN gene encoding for Progranulin (PGRN). To date over 
70 different mutations have been identified, most resulting in a haploinsufficiency of the protein. Recent studies have shown 
that PGRN has neuroprotective properties, protecting against mutant TDP-43 and polyglutamine toxicity, and plays a 
significant role in cell survival and stress resistance. Nonetheless, its normal function in the brain, as well as its pathogenic 
mechanism, remain poorly understood. In order to understand the mechanism of PGRN-deficient FTLD, our lab has turned to 
the C. elegans nematode as a model. Given that C. elegans have an orthologue of the human GRN gene, pgrn-1, we used the 
pgrn-1(tm985) deletion mutant to model the loss-of-function.  We began by characterizing the C. elegans pgrn-1(tm985) 
phenotype. This revealed that the worms present a motility defect when assessed in liquid culture. In order to better 
understand the action of PGRN-1 in the worms, we used RNAi knockdown technology to supress gene expression in the 
worms’ muscle, intestinal, and neuronal cells. Furthermore, we have expressed GFP in the mutant worms’ GABAergic motor 
neurons to assess neuronal health. Finally, we have taken advantage of the worm as a genetic tool to study the interactions 
between pgrn-1 and the worm orthologues of other known FTLD-causative genes. Based on our findings thus far, we will 
utilize the worm motility defect to our advantage by performing a high-throughput drug screen to identify potential 
therapeutics. Together, our findings will increase current understandings on the cause of PGRN-deficient FTLD. 



646C. Is mitochondrial dysfunction a prerequisite for aging-related neurodegeneration? Using the PVD neuron as a model to 
study dendrite degeneration. Lezi E1, Dong Yan1,2. 1) Department of Molecular Genetics and Microbiology, Duke 
University, Durham, NC, USA; 2) Department of Neurobiology and Duke Institute for Brain Sciences, Duke University, 
Durham, NC, USA. 
   Aging-related neurodegenerative diseases, such as sporadic Alzheimer’s disease, have drawn huge public and academic 
attention due to their increasing prevalence, irreversibility but lack of effective treatment. With amyloid beta or tau proteins 
serving as the pharmacologic targets, majority of the drug development clinical trials have resulted in failures. Aging is one 
of the most influential factors affecting the onset of these diseases, while it is unclear how the biological mechanisms of 
aging are related to neuronal aging and neurodegeneration. We are currently investigating neurodegeneration, specifically 
dendrite degeneration, during normal aging and its underlying molecular mechanisms. Here we demonstrate that the PVD 
nociceptive neuron is a great model to study dendrite degeneration in C. elegans, as it projects a single axon but a complex 
dendritic arbor that envelops most part of the body with extensive thin branches. With GFP labeling the entire PVD neuron 
including its cell body and all the neurites, we have found that in wild-type animals, during normal aging, approximately 30% 
of them start to show dendrite degeneration on day 5 after entering the adult stage, and almost 100% of the animals have 
obvious dendrite degeneration on day 7. Aiming at exploring the molecular mechanisms underlying aging-associated PVD 
dendrite degeneration, we then have conducted a candidate screen for genes that may alter the normal progression and/or 
severity of the dendrite degeneration. Mitochondrial dysfunction has long been associated with aging in general as well as 
with aging-related neurodegenerative diseases, though the causal relationships between them are still controversial. We, 
therefore, selected a group of genes associated with mitochondrial function to examine whether their mutants have abnormal 
PVD dendrite degeneration during aging. These included the genes involved in 1) mitochondrial respiration and oxidative 
stress: isp-1, and sod-4; and 2) mitochondrial morphology and dynamics: arf-1.2, chch-3, drp-1, eat-3, fis-1, fzo-1, and pink-
1. Surprisingly, none of these mutants had abnormal onset, speed, or severity of PVD dendrite degeneration during aging. 
Our results suggest that mitochondrial dysfunction may not be an upstream or the sole cause of aging-associated 
neurodegeneration. In addition, despite the fact that the mutation in some of these genes is known to increase lifespan in C 
elegans, they did not show any altered progression of dendrite degeneration during aging, indicating that neuronal aging 
might be an independent event from the overall aging process. 

647A. Repression of Neuronal Gene Expression by the RFX Transcription Factor, DAF-19. Zabdiel Ek-Vazquez1, 
Savannah Vogel1, Alex Hurlburt1, Debora Sugiaman-Trapman2, Peter Swoboda2, Elizabeth A. De Stasio1. 1) Biology, 
Lawrence University, 711 E. Boldt Way, Appleton, WI USA; 2) Karolinska Institute, Department of Biosciences and 
Nutrition, S-141 83 Stockholm-Huddinge, Sweden. 
   A degenerative disease-like phenotype, specifically reduction in synaptic protein levels in adult worms, is correlated with 
loss-of-function of the only RFX transcription factor gene, daf-19, in C. elegans. This gene encodes four known transcription 
factor isoforms, two of which are correlated with particular functions. The DAF-19C isoform activates genes responsible for 
cilia development, while DAF-19M is needed for cilia specification in males. A comparison of the transcriptome of daf-19 
null and isogenic wild type adult worms suggests both positive and negative regulation of gene expression is correlated with 
the presence of DAF-19 proteins. We have assessed DAF-19 regulation of gene expression using transcriptional fusion 
constructs of putative target genes in daf-19 wild type and mutant worms. We have found that at least three genes are 
repressed by the DAF-19 transcription factor in particular nerve cells. In one case, differential gene expression is seen in 
sensory neurons while differential expression of two other genes is limited to interneurons. Interestingly, none of these genes 
have been shown to contain an X-box, the cis-acting sequence used to activate genes involved in cilia formation. These data 
suggest that DAF-19 has an additional role beyond that of sensory neuron development and specification. Because the daf-19 
gene produces at least four related proteins, further experimentation is required to determine which DAF-19 isoform(s) are 
responsible for repression of gene expression. We are currently using new alleles of daf-19 to whether the largest DAF-19 
proteins, DAF-19A/B have a role in repressing target gene expression. 

648B. The role of CRTC-1 in Abeta induced transcriptional dysregulation. Caroline Escoubas, William Mair. Department of 
Genetics and Complex Diseases, Harvard T.H. Chan School of Public Health, Boston, MA. 
   The major risk factor for the development of Alzheimer’s disease (AD) is age, and the biological hallmarks of AD are the 
accumulation of extracellular deposits of amyloid beta (Abeta) plaques as well as intracellular neurofibrillary tangles of 
phosphorylated tau. However, the role of Abeta in the development of the disease remains unclear, and efficacy of clinical 
trials targeting Abeta plaques has been low, leaving only symptomatic treatments available to patients. Dysregulation of 
calcium homeostasis due to enhanced intracellular calcium liberation from the endoplasmic reticulum has been suggested to 
link Abeta load to AD pathogenesis. This loss of calcium homeostasis dysregulates the function of calcium dependent 
proteins, such as the phosphatase calcineurin. We have shown previously in C. elegans that a key target of calcineurin and its 
effects on aging is the transcriptional regulator CREB regulated transcriptional coactivator (CRTC)-1. In mouse CRTC1 
function is dysregulated in the brain in AD models and its overexpression in the hippocampus can reverse Abeta induced 
spatial learning and memory deficits. However, the specific genes targeted by CRTC1 to promote this effect have not been 



described. We aim to study the downstream transcriptional changes mediated by CRTC-1, before neuronal loss, during Abeta 
induced neurodegeneration, using a worm model of AD, which expresses Abeta 1-42 specifically in glutamatergic neurons, a 
neuronal subtype particularly vulnerable in AD. We have found that the knock out of tax-6/calcineurin impairs neuronal 
survival in the Abeta expression strain. This result is opposite to the effect of calcineurin on aging, as inhibition of tax-6 
promotes longevity. We therefore hypothesize that the calcineurin/CRTC-1 pathway has opposing roles in aging and 
neurotoxicity. Here we will discuss our work aimed toward defining the transcriptional network downstream of calcineurin 
and CRTC-1 responsible for their effects on the pathogenicity of Abeta, with the goal of elucidating novel targets to treat 
AD. . 

649C. Mechanism of CREB Activation in Excitotoxicity-Induced Neuroprotection. K. Genevieve Feldmann1,2, Itzhak 
Mano1,2. 1) The Graduate Center, The City University of New York, New York, NY; 2) Sophie Davis School of Biomedical 
Education, The City College of New York, CUNY. 
   Excitotoxicity is a major cause of neurodegeneration, as seen in stroke and other neurodegenerative diseases. Excitotoxicity 
is caused by excess glutamate (Glu) in the synapse; the glutamate causes hyperactivation of the glutamate receptors (GluRs) 
on the postsynaptic cell, causing a toxic influx of calcium (Ca2+), ultimately causing cell death.  However, this glutamate 
signaling can also activate neuroprotective pathways. One neuroprotective pathway involves the activation of the 
transcription factor CREB.   As critical transcription factor, CREB can be activated by at least 300 different stimuli. The 
purpose of this research is to discover the specific mechanism of CREB activation that confers neuroprotection in 
excitotoxicity.   We are examining several suggested models of activation for neuroprotection, including CREB 
phosphorylation, the necessity of nuclear calcium, and the activation of CRTC. Our research shows that CRTC/crtc-1 and 
CREB/crh-1 are important factors in neuroprotection, and their absence significantly increases the levels of 
neurodegeneration in our excitotoxicity model.   Establishing the specific mechanism of CREB activation and CREB-
mediated genes in neuroprotection may help us to discover new therapeutic targets for treating patients experiencing stroke 
and brain ischemia. 

650A. Diet affects neurodegenerative processes in C. elegans. A. Fuentes, V. Garcia, MF. Palominos, A. Calixto. 
Universidad Mayor, Santiago, RM. 
   C. elegans has been used to understand the dietary impact on development and behavior (Macneil & Walhout., 2013), but 
very little is known about the role of diet on neurodegenerative processes. To study the effect of diet on neuronal 
degeneration, we use animals expressing the hyperactivated degenerins mec-4d expressed in the touch receptor neurons 
(TRNs) and deg-1 expressed in the PVC neurons. We measured the impact of different bacterial diets on neuronal integrity in 
the respective degeneration models. mec-4d animals with GFP marked TRNs were fed with E. coli OP50, B, HT115 and 
K12; Commamonas aquatica, Commamonas testosteronii and Bacillus megaterium and their TRN integrity assessed both 
morphologically (by visual inspection) and functionally (by the touch response) at 72 hours where most axons are 
degenerated (Calixto et al., 2012). The maximum protection was elicited by E. coli HT115 diet, with up to 50% wild type 
axons while the control strain E. coli OP50 and its precursor B only protects 3% at 72 hours post hatching. Like in the mec-
4d animals, deg-1 animals PVC show a higher percent of functional response when animals are fed E. coli HT115. E. coli 
HT115 is capable of protecting neurons during large periods of time after adulthood since animals at 168 hours post hatching 
still showed 16.5 % of wild type axons. E. coli K12, Comammonas aquatica, testosteronii and Bacillus megaterium protected 
less (between 10 and 17% of wild type axons) than E. coli HT115 and more than E. coli OP50. E. coli HT115 is still capable 
of generating neuroprotection when diluted 1:100 in E. coli OP50, showing that E. coli OP50 does not produce 
neurodegeneration. Additionally, this shows that a very small amount of the protective food is necessary to elicit neuronal 
protection. E. coli HT115 does not produce dietary restriction and supports well animal growth, with 100% animals reaching 
adulthood at 72 hours vs 100% in E. coli OP50. Dead bacteria produce the same levels of neuronal protection than live 
bacteria, indicating that the interaction between bacteria and intestine is not required. Our data suggest that E. coli HT115 is 
capable of triggering pathways involved in neuroprotective processes early in animal development (first 12 hrs after 
hatching), highlighting the relevance of developmental time when the protective diet is ingested. We are currently performing 
transcriptomics analysis to identify the bacterial components from E. coli HT115 that mediate neuroprotection. 

651B. Activity dependent modulation of neuronal regeneration. Lin Sun, James Shay, Sam Chung, Christopher Gabel. Dept 
Physiology & Biophysics, Boston Univ Sch Medicine, Boston, MA. 
   Neuronal activity plays a critical role during development modulating neurite outgrowth and the formation of synaptic 
connections. Following traumatic cellular damage, neuronal activity can also have a profound effect on the ability of a neuron 
to regenerate. Employing laser surgery, fluorescent calcium imaging and optogenetic techniques in C. elegans, we can 
optically damage individual nerve processes, measure and manipulate their activity levels and quantify the regenerative 
response. We find highly varied results dependent on neuron type, damage location and pattern of excitation. Periodic 
excitation of laser damaged ALM and PLM neurons with Channelrhodospin-2 results in an increase in regeneration that is 
dependent on the frequency of stimulation. In addition this enhance regeneration is link to cellular calcium signaling as it is 



block by disruption of either unc-68/RyR (encoding an ER calcium release channel) or L-type voltage gated calcium channels 
(VGCC). In contrast we find that innate sensory signaling of the ASJ amphid neuron restricts a DLK-1 independent 
regenerative pathway. Disruption of this sensory activity through laser severing of the sensory dendrite or genetic disruption 
of egl-19/VGCC results in robust neurite sprouting following axotomy. Interestingly, the mechanisms modulating this 
outgrowth appear similar to that of activity dependent ectopic outgrowth observed in the same neurons during 
development.  Taken as a whole our work is elucidating how activity mediated mechanisms controlling regeneration are 
highly dependent on temporal characteristics and cellular context.   . 

652C. AFF-1 fuses terminal branches non cell-autonomously during dendritic regeneration. Tamar Gattegno1, Meital Oren-
Suissa1,2, Veronika Kravtsov1, Benjamin Podbilewicz1. 1) Department of Biology, Technion-Israel Institute of Technology, 
Haifa 32000, Israel; 2) Department of Biochemistry and Molecular Biophysics, Columbia University Medical Center, New 
York, NY 10032, USA. 
   We wish to reveal the basic requirement for dendritic regeneration after injury in order to better understand neuronal 
plasticity and maintenance. Our model is the PVDs, a pair of highly arborized mechanosensory neurons that are responsible 
for sensation of strong mechanical stimuli, temperature and posture. PVDs develop through a dynamic process forming its 
structural units termed "menorahs" that define the resolution of its receptive field (Oren-Suissa et al., 2010). Two cell-cell 
fusion proteins (EFF-1 and AFF-1) have been identified in C. elegans and they act to mediate different cell fusion events in 
the hypodermis, pharynx, vulva, uterus, and other organs. EFF-1 has a function to regenerate broken axons by auto-fusion 
(Ghosh-Roy et al., 2010) and to sculpt PVD dendrites by branch fusion and retraction during development (Oren-Suissa et 
al., 2010). AFF-1 mediates fusion events of cells whose fusion does not require EFF-1 e.g. anchor cell to utse syncytium and 
seam cells fusions (Sapir et al., 2007). 
To understand how dendrites regenerate following injury, we used a femtosecond laser to sever PVD dendrites and followed 
their regeneration in wild-type and mutant animals. We demonstrate that the reconnection of broken branches occurs through 
fusion using Kaede photoactivation. PVD dendritic regeneration process involves branch sprouting along with loss of self-
avoidance of the menorahs thus allowing fusion of terminal branches to bypass the site of injury.  As opposed to wild type, 
where most of PVD regeneration occurred through terminal branches fusion, in aff-1 mutants PVD regeneration occurred 
mainly through primary branch fusion. Our results suggest that AFF-1 fuses terminal branches to enable efficient 
regeneration. 
We tested whether AFF-1 acts cell autonomously to fuse broken dendrites using tissue-specific rescue experiments. Although 
AFF-1 expresses in sheath cells of chemosensory neurons in the head we did not observe its expression in the PVD, before or 
after injury. Moreover, following PVD regeneration of transgenic aff-1 null mutants that express AFF-1 only in the PVD 
compared to their siblings, we confirmed that AFF-1 can fuse terminal branches; however AFF-1 expression in the PVD 
could not elevate the number of fused menorahs to wild type level, thus implying that AFF-1 acts non cell-autonomously to 
reconnect terminal dendrites. This is in contrast to EFF-1, that is expressed in the PVD and acts cell-autonomously to sculpt 
PVD dendrites. We are currently analyzing PVD regeneration in aff-1 mutants that express AFF -1 in the seam cells and in 
the hypodermis. 

653A. Modulation of Transthyretin Degradation Alters Proteotoxicity in Caenorhabditis elegans Models of Degenerative 
Disease. Erin Greiner1, Diana Porras-Gonzalez1, Joseph Genereux1, Johan Paulsson1,2, Andrew Dillin2, Jeffery Kelly1, 
Sandra Encalada1,3,4. 1) Department of Molecular and Experimental Medicine, The Scripps Research Institute, La Jolla, CA; 
2) Howard Hughes Medical Institute, Department of Molecular and Cell Biology, University of California, Berkeley, 
Berkeley, CA; 3) Department of Molecular and Cellular Neuroscience, The Scripps Research Institute, La Jolla, CA; 4) 
Dorris Neuroscience Center, The Scripps Research Institute, La Jolla, CA. 
   The transthyretin (TTR) amyloid diseases, including Familial Amyloid Polyneuropathy (FAP), are the most common 
autosomal-dominantly inherited systemic amyloidoses, wherein mutant TTR leads to peripheral and autonomic nervous 
system degeneration, cardiac dysfunction, or both. The tetrameric TTR protein is primarily secreted by the liver and 
undergoes dissociation and partial monomer denaturation, followed by extracellular TTR aggregation onto distal postmitotic 
tissues such as the neurons and heart. However, the mechanism(s) of this cell non-autonomous TTR proteotoxicity have not 
been elucidated in any model organism. To dissect the mechanism(s) of TTR secretion, degradation, and age-dependent 
aggregation on TTR cell non-autonomous proteotoxicity, we generated and characterized C. elegans transgenic lines 
expressing human WT TTR, or the destabilized TTR variants V30M or D18G expressed in the body wall muscle under the 
unc-54 promoter. We find that expressing WT TTR and V30M TTR in the muscle significantly reduced the mean lifespan 
and increased age-dependent paralysis in these strains. To scrutinize TTR toxicity mechanisms, we are using TTR 
conformational probes (small molecules and antibodies) to monitor the changes in the levels of TTR conformers generated 
(i.e., tetramer, misfolded oligomers) throughout the lifespan of these strains in order to formulate TTR structure–
proteotoxicity relationships. Using a fluorogenic probe that selectively binds and reacts with TTR tetramers, we show that 
TTR tetramers are secreted from the muscle in WT TTR and V30M TTR strains and are taken up by coelomocytes, six 
macrophage-like cells in the body cavity where endocytosis and degradation usually takes place. Genetic ablation of 



coelomocytes appears to increase V30M TTR tetramer levels in the body cavity, suggesting that TTR degradation occurs in 
these cells. Moreover, coelomocyte ablation significantly exacerbated V30M TTR proteotoxicity resulting in increased 
sterility and reduced viability, suggesting that modulation of V30M TTR degradation influences its toxicity. Characterization 
of these models points toward protein degradation as a relevant factor for modulating toxicity in degenerative diseases of 
postmitotic tissues. 

654B. Insulin Modulates the Outcome of alpha Synuclein Aggregation via Daf-2/Daf-16 Signaling Pathway by Acting as 
Antagonist for DAF-2 Receptor in Transgenic C. elegans Model of Parkinson’s Disease. Rizwanul Haque, Lalit Kumar, 
Shamsuzzama Shamsuzzama, Soobiya Fatima, Pooja Jadiya, Aamir Nazir. CSIR-Central Drug Research Institute, Lucknow, 
Uttar Pradesh (India). 
   Insulin signaling is an important pathway in multiple cellular functions and organismal aging across the taxa. Recent 
findings have linked defective insulin signaling to neurodegenerative Parkinson’s disease (PD). In genetic model system 
Caenorhabditis elegans, insulin signaling is regulated by DAF-2, a tyrosine kinase receptor orthologous to the mammalian 
insulin/IGF receptor, which phosphorylates downstream transcription factor DAF-16 via AKT protein kinase activation. 
Despite crucial evidences on association of insulin signaling with PD, the exact nature of molecular events and genetic 
associations are yet to be understood. We employed transgenic C. elegans strain harboring human α-synuclein::YFP 
transgene, towards studying the aggregation pattern of α-synuclein, a PD associated endpoint, under 10 and 15 U/ml biphasic 
isophane insulin (Huminsulin®) treatment and DAF-16/DAF-2 knockdown conditions, independently and in combination. 
We observed that the aggregation was increased when DAF-16 was knocked down independently or alongwith a co-
treatment of insulin and decreased when under DAF-2 was knocked down independently or alongwith a co-treatment of 
insulin; whereas Insulin treatment per se, reduced the aggregation and associated effects in a concentration dependent 
manner. Our results depicted that Human insulin decreases α-synuclein aggregation via DAF-2/DAF-16 pathway by acting as 
an antagonist for DAF-2 receptor. Knockdown of reported DAF-2 agonist (INS-6) and antagonists (INS-17 and INS-18) also 
resulted in a similar effect on α-synuclein aggregation. Further by utilizing bioinformatic tools, we compared the structural 
differences among agonists and antagonists including human insulin. Our results suggest that any deviation from the normal 
insulin signaling may greatly affect the α-synuclein aggregation pattern; further human insulin treatment and DAF-16 
expression play a protective role against α-synuclein aggregation and its associated effects, thus providing interesting avenues 
for further research and possible therapeutic interventions. 

655C. Age-related deterioration of neurons in male C. elegans. Michael Hart1, Oliver Hobert1,2. 1) Department of 
Biochemistry and Molecular Biophysics, Columbia Univ, New York, NY; 2) Howard Hughes Medical Institute. 
   Aging neurons undergo changes in structural and functional integrity that result in neuronal dysfunction associated with 
both normal aging and neurodegenerative diseases. C. elegans provide a powerful model for studying the development of the 
nervous system, and have been instrumental in the study of pathways and processes involved in aging. Neurons in 
hermaphrodite C. elegans show mild morphological changes with increasing age, including neurite sprouting and branching, 
axon beading and defasciculation, and synapse deterioration (1, 2, 3). The nervous system of male C. elegans shares 294 
neurons in common with hermaphrodites, but also contains 89 additional sex-specific neurons and a significantly more 
complex connectivity, resulting in the male-specific mating behavior (4). With these differences in mind, we analyzed aging 
male C. elegans for neuronal age-related changes. Using fluorescent neuronal reporters, we found that the posterior male 
nervous system can undergo dramatic age-related changes prior to death, including progressive axon denervation and 
degeneration, which is not seen in hermaphrodites. This male-specific neuronal degeneration occurs in different neuron types 
at different frequencies. We have identified neuron specification and signaling mutants that can rescue the age-related 
neuronal degeneration phenotype in males, independent of general tissue deterioration. We are currently testing the 
hypothesis that inherent excitability of the male-mating circuit may contribute to these male-specific age-related neuronal 
changes (5).1) Tank EM, Rodgers KE and Kenyon C. 2011, J. Neurosci 31(25):9279-9288. 2) Toth ML et al. 2012, J. 
Neurosci 32(26): 8778-8790. 3) Pan C-L et al. 2011, PNAS 108: 22 2010. 4) Jarrell TA et al. 2012, Science 337, 437.  5) Guo 
X et al. 2012, Neurobiol Aging 33(7):1483. 

656A. Statins in management of Neurodegenerative Parkinson’s disease: Studies employing Transgenic C.elegans Model.. 
SUPINDER KAUR, AAMIR NAZIR. TOXICOLOGY, CSIR-CDRI, LUCKNOW, UTTAR PRADESH. 
   Parkinson’s disease (PD) is the second most common form of neurodegenerative disease associated with alpha synuclein 
aggregation, dopaminergic neurodegeneration, reduced dopamine levels leading to impaired motor functions. Presently 
management of PD is restricted to providing symptomatic relief only. In the light of beneficial effects observed upon chronic 
use of statins in PD, statins are being looked upon as possible candidates for its management. However, various studies have 
resulted in mixed conclusions pointing towards both positive and negative implications of statin use. Modulation of PD 
through chronic statin use is often attributed to the cholesterol independent i.e. pleiotropic effects of statins. In order to 
investigate the current scientific notion, we took up this study in a cholesterol auxotroph organism, C. elegans. In the present 
study using the C.elegans model of PD, we have studied the effect of statins on α synuclein accumulation. To begin with we 



studied the three common types of statins viz. Atorvastatin, Simvastatin and Rosuvastatin for their effect on α synuclein 
levels. Rosuvastatin being the most potent candidate was carried forward for further studies including estimation of dopamine 
levels through repellent assay and HPLC, lifespan assay, motor functions, autophagy and mRNA expression of genes linked 
to autophagy and protein sorting/packaging machinery. Rosuvastatin was found to be most potent of all statins and exhibited 
significant lowering of α-synuclein levels as checked through fluorescence microscopy and Western Blotting. Rosuvastatin 
treatment showed increased levels of autophagy in terms of punctate LGG-1::GFP expression,  increased motility in terms of 
increased number of thrashes and elevated dopamine levels. The dopamine levels were found elevated in both wild-type 
worms and worms expressing α-synuclein levels. A moderate extension in mean life span was also observed which was 
specific to the disease condition.    Our studies establish the beneficial effects of Rosuvastatin through its pleiotropic effects 
and we hypothesize that Rosuvastatin being a safe lipid drug should be explored further to accomplish therapeutic or 
supportive roles in PD management. . 

657B. A forward genetic screen for adult-onset motor deficits in C. elegans. K. Kawamura, T. Murayama, H. Goto, I. 
Maruyama. Okinawa Institute of Science and Technology, Okinawa. 
   The causes of adult-onset motor function disorders such as amyotrophic lateral sclerosis and late-onset myopathies remain 
largely unknown. Although age is a major risk factor for these disorders, it is unclear how each disease interacts with the 
aging process. The identification of novel genes and biochemical pathways that are involved in motor function decline 
specifically after reaching adulthood may provide insights into novel pathogenic mechanisms and their interactions with the 
aging process. Forward genetic screens in C. elegans enable an unbiased approach to identify genetic factors involved in 
various phenotypes. However, there are currently no screening procedures to identify adult-onset motor deficit mutants 
following large-scale mutagenesis. Here we report a novel screening procedure to identify mutants that demonstrate normal 
motor activity until young adulthood, but accelerated onset of motor deficits in late adulthood compared to wild-type 
animals. The screening procedure is conducted on 9-cm circular agar plates with E. coli bacterial feed located only on the 
outer edge. When adult worms are placed on the center of the plate, motile worms reach the E.coli and remain close to the 
edge but slow or paralyzed worms can be found in the center of the plate. By conducting successive screens on adult day 1 
and day 5, we can remove developmental motor deficit mutants on day 1 and select for adult-onset motor deficit mutants on 
day 5. We conducted ethyl methanesulfonate-induced mutagenesis and identified 22 viable mutants from the screening 
procedure. We further characterized the behavioral phenotype of one of the strains and confirmed the significant loss of 
motor function on adult day 5. Further analysis of the isolated mutants may reveal new insights to understand adult-onset 
motor function disorders. 

658C. The role and regulation of a transcription factor, CEBP-1 in axon regeneration. Kyung Won Kim1, Phoenix Ying1, 
Thijs Koorman2, Mike Boxem2, Yishi Jin1,3. 1) Division of Biological Sciences, University of California, San Diego, La Jolla, 
CA; 2) Department of Biology, Utrecht University, Netherlands; 3) Howard Hughes Medical Institute. 
   Neuronal regeneration after nerve injury requires activation of pro-regenerative transcription programs. The DLK mitogen-
activated protein kinase (MAPK) pathways play key roles in axon regeneration from C. elegans to mammals.  In C. elegans, 
a critical downstream target of the DLK-1 cascade is CEBP-1, a member of C/EBP (CCAAT/enhancer-binding protein) of 
the basic leucine zipper (bZIP) transcription factor superfamily.  Like the mammalian homologs, CEBP-1 is expressed in the 
nucleus of many types of neurons.  To define the function of CEBP-1, we have performed ChIP-seq analysis and identified a 
set of ~200 candidate target genes.  We validated a number of genes for their function in axon regeneration using RNAi 
screen and axotomy using genetic mutants, and have identified multiple genes that are either promoting or inhibiting 
regrowth of injured axons.To activate new transcription program for pro-regenerative response, retrograde injury signaling 
must be transmitted from axonal lesion sites to the soma and nucleus.  Importin-dependent retrograde transport is one of the 
pathways to be activated upon nerve injury and critical to axon regeneration.  We have therefore investigated how CEBP-1 
nuclear localization is regulated.  We have identified multiple nuclear localization signals (NLS) in the CEBP-1 
protein.  Moreover, we show that an Importin-alpha protein (IMA-3) is a putative binding partner of CEBP-1 and that IMA-3 
promotes axon regeneration, as does CEBP-1.  Our study provides new insights into the cellular and molecular network of 
the intrinsic regulators for axon regeneration. 

659A. Axon regeneration in mitochondrial mutants. Wendy Knowlton1, Thomas Hubert1, Andrew Chisholm1, Yishi Jin1,2. 1) 
Division of Biological Sciences, Section of Neurobiology; 2) Howard Hughes Medical Institute, University of California, San 
Diego, La Jolla, CA. 
   Neuronal regeneration is a complex process requiring the cell to respond and assess damage, to synthesize and rebuild 
proteins and structures, and ultimately to reconnect to functional neural circuits.  Many of these steps require the expenditure 
of energy in the form of ATP, the bulk of which is produced in mitochondria by action of the electron transport chain 
(ETC).  A variety of genetic mutants of the many genes that make up the complexes of the ETC have been defined, and here 
we investigate their role in axon regeneration.  In C. elegans, the PLM touch neuron regenerates rapidly when severed using 
femtosecond laser ablation, allowing for measurement of either enhanced or reduced regenerative capacity in vivo.  We have 



tested many of the ETC mutants and found that several genes affecting different steps of ETC, such as isp-1, nduf-2.2, gas-1, 
and rad-8, have reduced axon regeneration as compared to controls.  The intrinsic regenerative capacity of C. elegans PLM 
neurons decreases with age, and many of the ETC mutants have reported lifespan phenotypes.  However, we found no 
correlation between lifespan phenotype and axon regeneration, indicating that the general mechanism(s) of organismal 
longevity are separate from intrinsic regenerative capacity.  Together these data show that a functional ETC is vital for proper 
neuronal regeneration and that the roles of mitochondria in regeneration and in longevity are independent. 

660B. Identification of Dopamine Signaling Pathway Components that Modify Tau Neurotoxicity in Tau Transgenic 
Caenorhabditis elegans. Rebecca Kow1,2, Jeanna Wheeler3, Brian Kraemer1,2,3,4. 1) Geriatrics Research Education and 
Clinical Center, Veterans Affairs Puget Sound Health Care, Seattle, WA; 2) Division of Gerontology and Geriatric Medicine, 
Department of Medicine, University of Washington, Seattle, WA; 3) Seattle Institute of Biomedical and Clinical Research, 
Seattle, WA; 4) Department of Psychiatry and Behavioral Sciences, Neuroscience Division, University of Washington, 
Seattle, WA. 
   The human protein tau can accumulate into toxic aggregates seen in multiple neurodegenerative diseases such as 
Alzheimer’s disease and frontotemporal lobar degeneration. Expression of human tau in Caenorhabditis elegans causes 
significantly reduced locomotor ability, tau aggregation, progressive loss of neurons, and shortened lifespan. We have 
previously shown that loss of dop-2 and dop-3 dopamine receptors significantly ameliorated tau transgene-induced 
phenotypes and reduced accumulation of toxic forms of tau. To determine the key signaling components that link dopamine 
receptor activity to tau regulation, we generated C. elegans strains containing the tau transgene and loss of function mutations 
in known dopamine signaling pathway genes. Candidate modifier genes span the entire pathway, from dopamine metabolism 
enzymes to the ultimate downstream transcriptional regulators.  We are currently assaying these worms for enhancement or 
suppression of tau transgene-induced locomotor dysfunction. One candidate enhancer of tau transgene-induced locomotor 
dysfunction identified so far is egl-8. Identified enhancers and suppressors of tau transgene-induced locomotor phenotypes 
will be examined for neuron loss, lifespan changes, and toxic tau accumulation. 

661C. Single copy mutant TDP-43 and FUS transgenics cause age-dependent paralysis and neurodegeneration in C. elegans. 
Audrey Labarre1,2, Julie Veriepe1, Claudia Maios1, J Alex Parker1,2. 1) The University of Montreal Hospital Research 
Center (CRCHUM), University of Montreal, Montreal, Qc, Canada; 2) Department of neurosciences, University of Montreal, 
Montreal, Qc, Canada. 
   Mutations in the DNA/RNA binding proteins TDP-43 and FUS are associated with amyotrophic lateral sclerosis (ALS), a 
neurodegenerative disorder causing the loss of motor neurons. Moreover, cytoplasmic accumulations of wild type TDP-43 
and FUS are observed in an important number of late-onset diseases suggesting that TDP-43 and FUS proteinopathies may 
contribute to multiple neurodegenerative diseases. Nevertheless, there is still a lack in understanding mechanisms of TDP-43 
and FUS toxicity and due to the implication of these proteinopathies in various diseases, the development of novel 
therapeutic avenues is needed more than ever. Previous work done in the lab showed that worms expressing full-length, 
untagged human multiple copies of TDP-43 and FUS in their GABAergic motor neurons have adult-onset, age-dependent 
loss of motility, progressive paralysis and neuronal degeneration that is distinct from wild type alleles. With the aim of 
developing a more accurate model, we created single copy transgenic worms expressing human TDP-43 and FUS in 
GABAergic motor neurons. Our TDP-43 and FUS worms show motility defects leading to age-dependant paralysis and 
neurodegeneration in the GABAergic motor neurons comparable to the previous model. Thus, single copy mutation seems to 
be efficient to cause the neurodegeneration phenotype associated with ALS in C. elegans. This new model may be used for 
rapid genetic and pharmacological suppressor screening, leading to the discovery of new therapeutic avenues in 
neurodegenerative disorders associated with TDP-43 and FUS proteinopathies. 

662A. Necrotic Cells Actively Attract Phagocytes through the Collaborative Action of Two Distinct PS-exposure 
Mechanisms. Zao Li1, Victor Venegas1, Yuji Nagaoka2, Eri Morino3, Prashant Raghavan1, Anjon Audhya5, Yoshinobu 
Nakanishi2,3,4, Zheng Zhou1. 1) Verna and Marrs McLean Department of Biochemistry and Molecular Biology, Baylor 
College of Medicine, Houston, TX 77030; 2) 2the Graduate School of Natural Science and Technology, Kanazawa 
University, Shizenken, Kakuma-machi, Kanazawa, Ishikawa 920-1192, Japan; 3) the School of Pharmacy, Kanazawa 
University, Shizenken, Kakuma-machi, Kanazawa, Ishikawa 920-1192, Japan; 4) the Graduate School of Medical Sciences, 
Kanazawa University, Shizenken, Kakuma-machi, Kanazawa, Ishikawa 920-1192, Japan; 5) Department of Biomolecular 
Chemistry, University of Wisconsin-Madison, School of Medicine and Public Health, Madison, WI 53706. 
   Necrosis is the premature death of cells caused by cell injury and genetic alternations and is closely related to human 
diseases including neuron degeneration, stroke, and cancer. Like apoptotic cells, necrotic cell also need to be swiftly removed 
from the organisms to prevent inflammatory and autoimmune responses. However, unlike apoptosis, the programmed cell 
death, necrosis is a caspase-independent cellular event and necrotic cells show morphologically distinct features from the 
button-like apoptotic cells. In the nematode Caenorhabditis elegans, gain-of-function mutations in certain ion channel 
subunits result in necrotic-like cell death of six touch neurons. Necrotic touch neurons are subsequently engulfed and 



degraded inside engulfing cells. However, it is unclear of how necrotic cells are recognized by 
phagocytes. Phosphatidylserine (PS) is an important apoptotic cell surface signal that attracts engulfing cells. Using 
ectopically expressed MFG-E8, a high-affinity PS-binding protein, we observed that PS was actively present on the surface 
of necrotic touch neurons. In addition, we found that CED-1, the phagocytic receptor could also recognize necrotic cells by 
associating with PS.  We further found CED-7, the worm homolog of mouse ABC1 transporter, was necessary for PS-
exposure on necrotic cell surfaces. In addition to CED-7, ANOH-1, the C. elegans homolog of the mammalian Ca2+-
dependent phospholipid scramblase TMEM16F, plays an independent role in promoting PS exposure on necrotic cells.  The 
combined activities from CED-7 and ANOH-1 ensure sufficient exposure of PS on necrotic cells to attract their 
phagocytes. Our work indicates that cells killed by different mechanisms (necrosis or apoptosis) expose a common “eat me” 
signal to attract their phagocytic receptor(s); furthermore, unlike what was previously believed, necrotic cells actively present 
PS on their outer surfaces through two distinct molecular mechanisms rather than leaking out PS passively. 

663B. Role of TDP-1 in RNA metabolism and heterochromatin formation. Chris Link1, Tassa Saldi2, Patrick Gonzales1, 
Vishantie Dostal3, Christine Roberts1. 1) Integrative Physiology, Univ Colorado, Boulder, CO; 2) SOM-BioChem & 
Molecular Genetics, University of Colorado Denver - Anschutz Medical Campus,Aurora CO 80045; 3) Structural Biology 
and Biochemistry, niversity of Colorado Denver - Anschutz Medical Campus,Aurora CO 80045. 
   TDP-1 is the C. elegans ortholog of mammalian TDP-43, an RNA-binding protein believed to play a central role in 
Amyotrophic Lateral Sclerosis (ALS).  We have previously shown that loss of TDP-1 leads to the accumulation of double-
stranded RNA and altered chemotaxis. We have now found that deletion of the tdp-1 gene results in increased sensitivity to 
exogenous RNA interference (RNAi) in the soma by enhancing transcriptional gene silencing (nuclear RNAi).  As 
transcriptional gene silencing involves heterochromatin formation, we used chromatin immunoprecipitation and deep 
sequencing  (ChIP-seq) to globally assay the repressive H3K9me3 histone modification in the tdp-1 mutant.  Unexpectedly, 
H3K9me3 was reduced at many loci throughout the genome, and this reduction could not be accounted for by increased pools 
of endogenous silencing RNAs. Co-immunoprecipitation studies revealed that TDP-1 directly interacts with HPL-2, a C. 
elegans homolog of HP1, an essential heterochromatin component.  These studies identify a novel role for TDP-1 in the 
maintenance of heterochromatin, which may account for phenotypes previously attributed to tdp-1 mutants and molecular 
changes observed in ALS tissue. 

664C. Studying EFF-1 fusogen localization during C. elegans axonal regeneration. Casey Linton1, Rosina Giordano-
Santini1, Brent Neumann1,2, Sean Coakley1, Massimo Hilliard1. 1) The University of Queensland, Queensland Brain Institute, 
QLD 4072, Australia; 2) Department of Anatomy and Developmental Biology, Monash University, VIC 2800, Australia. 
   Understanding the molecular mechanisms that mediate nerve regeneration is crucial for developing novel therapies for 
nerve and spinal injuries.  In the C. elegans mechanosensory neurons, it is now established that regeneration of the axon can 
occur through a mechanism of axonal fusion, whereby, following axotomy with a UV laser, the proximal regrowing fragment 
is able to directly fuse with its severed distal fragment, re-establishing both cytoplasmic and membrane continuity1,2. Our lab 
has recently characterized a pathway of molecules that are critical for this fusion process3, ultimately converging on the 
downstream effector EFF-1, a C. elegans membrane fusogen.  We have shown that this transmembrane protein functions 
cell-autonomously in the regenerating PLM axon to fuse axonal fragments.  We have also shown that, as in other tissues4, 
EFF-1 displays a dynamic subcellular localization pattern in these neurons.  In intact PLM neurons, EFF-1::GFP is 
distributed in a punctate pattern throughout the axon, but following axotomy, it actively mobilizes to the membrane of the 
regenerating growth cone.  We hypothesize that EFF-1 localization is tightly regulated to mediate these rapid changes during 
regeneration.  Based on a candidate gene approach and using a combination of confocal and structured illumination 
microscopy (SIM), we aim to identify the genetic pathways that control the localization of EFF-1 before and after injury.  In 
addition, by visualizing the axonal membrane using a myristoylated version of mCherry, we are elucidating how EFF-1 
interacts with the regenerating membrane.  This experimental platform will reveal the spatiotemporal regulation of EFF-1, 
which in turn opens the possibility of harnessing axonal fusion in a clinical setting.1Neumann et al., Dev Dyn, 2011, 2Ghosh-
Roy et al., J. Neurosci., 2010, 3Neumann et al., Nature, 2015, 4del Campo et al., Curr Biol, 2005. 

665A. Contribution of DEG/ENaC channels conductance versus Ca2+ permeability to neuronal death. Cristina 
Matthewman, Laura Bianchi. University of Miami Miller School of Medicine, Miami. 
   DEG/ENaCs are voltage-independent channels composed of three identical or homologous subunits. DEG/ENaCs are 
involved in a wide variety of physiological functions including mechanosensitivity, learning and memory, and epithelial 
sodium transport. When they become hyperactivated though, DEG/ENaCs cause neuronal death both in mammals and in C. 
elegans. DEG/ENaCs induced cell death is mediated by calcium overload and activation of Ca2+- dependent proteases. Both 
mammalian ASIC1a and C. elegans MEC-4(d) neurotoxic channels are calcium permeable raising the possibility that direct 
Ca2+ influx through these channels contributes to the intracellular calcium overload. However, we recently discovered that C. 
elegans DEG/ENaC neurotoxic channel UNC-8(d) is not Ca2+ permeable suggesting that cation influx is sufficient to induce 
toxicity. Interestingly though, UNC-8(d) channels appear less toxic than MEC-4(d). Even though UNC-8(d) causes swelling 



of most the motor neurons in which it is expressed, it causes death of only a fraction of them (~35%). The selectivity and 
toxicity features of UNC-8(d) versus MEC-4(d) provide the unprecedented opportunity to test the contribution of current 
amplitude versus Ca2+ permeability to neurotoxicity. We thus undertook a chimeric approach, and in vitro and in vivo 
analyses for these studies. So far, we found that toxicity strongly correlates with both current amplitude and Ca2+ 
permeability in Xenopus oocytes. Analysis of the MEC-4/UNC-8 chimeras also revealed that Ca2+ permeability is a feature of 
MEC-4 channels independent of the (d) mutation (A713T) and that it is conferred by the second transmembrane domain. 
Experiments are in progress on additional chimeras and to confirm these findings in vivo. By gaining insight into functional 
properties of neurotoxic DEG/ENaC channels we can better target neuroprotective strategies in conditions in which these 
channels become hyperactivated such as stroke, injury, and neurodegenerative diseases. 

666B. Alaskan blueberry and Sirtuin 1-mediated neuroprotection in a Caenorhabditis elegans model of Parkinson's disease. 
Malabika Maulik1, Sally Kuhn2, Barbara E. Taylor1,2. 1) Department of Chemistry and Biochemistry,900 Yukon Drive Rm. 
194 University of Alaska Fairbanks, Fairbanks, AK 99775-6160; 2) Department of Biology and Wildlife,101 Murie ,982 N. 
Koyukuk Dr., University of Alaska Fairbanks, Fairbanks, AK 99775. 
   Parkinson's disease (PD) is a neurodegenerative disorder characterized by the loss of dopaminergic neurons and 
aggregation of alpha-synuclein (AS) protein leading to motor and cognitive impairment. The current study investigates the 
role of Alaskan bog blueberry (Vaccinum uliginosum), on alpha synuclein aggregation using a transgenic model of 
Caenorhabditis elegans expressing human alpha-synuclein [NL5901 (P(unc-54)::alpha-synuclein::YFP+unc-119)].The 
current study also examines the role of Sirtuin 1, a histone deacetylase, in reducing the toxicity of alpha-synuclein aggregates 
and whether this effect is mediated via expression of molecular chaperones, HSP1 and HSP70. The Alaskan bog  blueberry 
was chosen for  its high phenolic content, because phenolics have been shown to modulate sirtuin-mediated molecular 
pathways. Our experiments showed that the crude extract of low bog blueberry (400 and 800 ug/ml) reduced alpha-synuclein 
aggregation. For high-dose blueberry extract (800 ug/ml), the protection was mediated by sirtuin and HSF-1, which is 
independent of HSP 70.  These findings encourage further studies on these Alaskan botanicals as possible therapeutic agents 
for Parkinson's disease, specifically of interest are the identification of active ingredients within the extracts and their optimal 
doses. 

667C. Identification of neuroprotective molecules using a C. elegans model of Spinal Muscular Atrophy. N. Mazzarella1, I. 
Gallotta1,2, M.A. Hilliard3, E. Di Schiavi1. 1) Institute of Bioscience and Bioresources, CNR, Napoli, Italy; 2) Telethon 
Institute of Genetics & Medicine, Pozzuoli, Italy; 3) Queensland Brain Institute, The University of Queensland, Brisbane, 
Australia. 
   Spinal muscular atrophy (SMA) is a neuromuscular disorder characterized by the selective degeneration of lower spinal 
cord motor neurons, which leads to progressive muscle atrophy and death.  SMA is caused by mutations of the Survival of 
Motor Neuron gene, Smn1, and although the genetic bases of SMA have been extensively studied, no effective treatment is 
available. Unbiased chemical screens using in vivo animal model systems can be a powerful approach to identify potential 
therapeutic compounds, as well as to elucidate the molecular basis of a disease. In C. elegans a SMA model has been 
developed by classical genetic approach (allele cb131) and has been used to screen a library of chemicals, allowing the 
identification of three compounds (Sleigh et al., Hum. Mol. Gen. 2010). In this genetic mutant, however, no variations in the 
number of motor neurons have been detected, thus hampering the possibility to identify neuroprotective drugs. In order to 
find molecules preventing the neurodegeneration caused by smn-1 loss, we took advantage of a genetic model based on 
neuron-specific silencing of smn-1. Our new SMA model was generated by using a modification of the RNA-interference 
(RNAi) technique (Esposito et al., Gene, 2007), which is transgene driven and is based on the expression, under a cell-
specific promoter, of sense and antisense RNA molecules corresponding to fragments of a gene of interest. This RNAi 
strategy enabled us to efficiently reduce the function of smn-1 gene specifically in GABAergic motor neurons. Transgenic 
strains in which smn-1 is knocked down, present an age-dependent and progressive degeneration of the GABAergic motor 
neurons that results in altered backward movement and in neuronal cell death. By using this genetic model we screened a 
small panel of chemicals and found that valproic acid, a compound successfully used in other neurodegenerative models 
(Kautu BB et al., Neurosci. Lett. 2013), can partially prevent neuronal death. Interestingly, two out of three molecules, 
identified by the previous screening on the genetic mutant, were not active on our model, thus confirming the power of our 
alternative approach. Moreover, we have screened 15 natural extracts from various plants and from various part of them, 
which were cultivated under different growth conditions, and we have observed interesting results with 5 of them, which are 
capable of preventing up to half of neuronal deaths observed in our model.  Finally, we are setting up the conditions to carry 
out an automated high-content screening of a chemical library, consisting of  FDA-approved compounds. 

668A. The identification and characterization of SKN-1-associated acetylation pathways involved in dopamine 
neurodegeneration in Parkinson’s disease models. Richard Nass1, Jonathan Trinidad2, Jing Shi1, Karen Ren1. 1) 
Pharmacology & Toxicology, Indiana Univ Sch Med, Indianapolis, IN; 2) Chemistry, Indiana University, Bloomington, IN. 
   Background: Idiopathic Parkinson’s disease (PD) is an oxidative stress-related disorder that result in abnormal dopamine 



(DA) signaling and cell death. Although the origin of the pathogenesis in PD remains unclear, corollary evidence suggests 
both genetic and environmental contributions. The overlapping molecular determinants involved in the neuropathology in 
both genetic- and toxicant-associated PD models are largely ill defined. Aims: In this study we asked what are the common 
genes, molecular pathways and mechanisms involved in PD-associated DA neuron vulnerability. Methods: We utilized 
reverse genetics, biochemical assays, immunofluorescence, transgenic C. elegans, RT-PCR, Western analysis, LC/MS, and 
neuronal morphology analysis to characterize expression and localization of the PD-associated transcription factor SKN-1 
and a gene involved in protein acetylation play in several genetic- and toxicant-associated C. elegans PD models. Results: In 
this study we demonstrate that a gene involved in protein acetylation renders the DA neurons up to 15-fold more resistant to 
PD-associated genetic mutations or neurotoxicants, and that overexpression results in a 2-fold increase in DA 
neurodegeneration. We have also generated a C. elegans mutant that results in highly dysfunctional protein acetylation and 
an age dependent complete loss of DA neurons in young adult nematodes. The generation of the first C. elegans acetylome as 
well as reverse genetics and biochemical assays indicates SKN-1 modulates the protein acetylation that effect PD-associated 
DA neuron vulnerability. Conclusions: This study identifies novel genes and molecular pathways involved in DA neuron 
vulnerability, and provides in vivo evidence that a common epigenetic mechanism likely plays a significant role in PD-
associated neurodegeneration. Support: NIH, BRG, Alzheimer’s Disease Foundation, and FNDR Fund to RN, IUCRG to RN 
and JT. 

669B. The role of miRNAs at the C. elegans neuromuscular junction: relevance to SMA. Patrick O'Hern, Jonah Simon, 
Anne Hart. Neuroscience, Brown University, Providence, RI. 
   Spinal Muscular Atrophy (SMA) is a neurological disorder characterized by loss of lower motor neurons. This degeneration 
is almost exclusively caused by mutations in the SMN1 gene that lead to decreased levels of Survival of Motor Neuron 
(SMN) protein. smn-1 is the C. elegans ortholog of SMN1, and its' disruption results in motor defects (Briese et al. 2009).  It 
is unknown how decreased SMN protein levels perturbs motor neuron function, however evidence suggests that miRNA 
misregulation may play a role (Mourelatos et al. 2003). miRNAs are small non-coding RNAs predicted to regulate protein 
expression of messenger RNAs (mRNAs). The RNA helicase Gemin3 is found in numerous complexes with SMN and also 
pulls down with miRNAs in cultured mouse motor neurons (Dostie et al. 2003). I hypothesize that Gemin3-associated 
miRNAs are misregulated in smn-1 loss-of-function animals leading to NMJ defects. Animals lacking SMN or MEL-46, the 
C. elegans Gemin3 ortholog, are defective in their response to aldicarb, suggesting perturbed NMJ function. Using tissue-
specific rescue analysis, I have identified a single miRNA that impacts NMJ function, similar to SMN-1 and MEL-46. I will 
compile a list of potential mRNA targets for this candidate miRNA utilizing online bioinformatics tools, assigning priority to 
conserved targets with known synaptic function. For each potential mRNA target, I will verify miRNA regulation and 
investigate whether target levels are altered in smn-1(lf) and mel-46(lf) animals. Additionally, I have shown that 
overexpression of MEL-46 improves smn-1(lf) NMJ defects. Given the potential role of Gemin3 in the miRNA pathway, I 
plan to determine whether this rescue results from restoration of miRNA function. These experiments will delineate miRNA 
function at the NMJ, advance our knowledge of how loss of SMN protein impacts neuronal function, and inform our 
understanding of how miRNA misregulation may contribute to neurodegeneration. 

670C. Molecular and cellular characterization of SKN-1 and the multidrug resistance protein MRP-7 that inhibits toxicant-
associated dopaminergic neurodegeneration. Karen Ren1, Jonathan Trinidad2, Jing Shi1, Martina Rudgalvyte3, Garry Wong3, 
Richard Nass1. 1) Pharmacology and Toxicology, Indiana University School of Medicine, Indianapolis, IN; 2) Chemistry, 
Indiana University, Bloomington, IN; 3) Health Sciences, University of Macau, Macau, China. 
   Background: Methylmercury (MeHg) is a ubiquitous environmental toxicant that primarily targets the central nervous 
system and has been associated with the development of the dopamine (DA) neurodegenerative disorder Parkinson’s disease 
(PD).  We have previously developed a Caenorhabditis elegans (C. elegans) model of MeHg toxicity that shows that low, 
chronic exposure confers DA neuron degeneration that is largely dependent on the transcription factor SKN-1/Nrf2 and the 
multidrug resistance protein MRP-7. Aims: In this study we asked how SKN-1 and MRP-7 modulates whole animal and DA 
neuron vulnerability to MeHg. Methods: We utilize a reverse genetic screen, immunofluorescence, transgenic C. elegans, 
RT-PCR, Western analysis, and neuronal morphology to characterize the role that SKN-1, MRP-7, and post-translational 
modifications play in MeHg-associated toxicity. Results and Conclusion: Over 17,000 genes were screened for whole animal 
sensitivity to MeHg, and 92 genes were identified that affect whole animal and/or DA neuron pathology. These genes are 
strongly biased towards molecular mechanisms that affect the mitochondria and the ubiquitin-proteosome system (UPS). We 
also show that genetic knockdown of MRP-7 results in a 2-fold increase in Hg levels and a loss of DA neuron integrity. 
Chronic exposure to low concentrations of MeHg induces MRP-7 gene expression athat affects transporter localization, 
organelle vulnerability, and specific post-translational modifications that modulate cellular toxicity. Furthermore, we 
demonstrate that SKN-1 regulates DA neuron synaptic neurotransmission-associate gene expression that modulates the DA 
neuron vulnerability. These studies show that a DA neuron-associated multidrug resistance protein and post-translational 
modifications play a critical role in neuronal vulnerability. Support: NIH, BRG, Alzheimer’s Disease Foundation, and FNDR 
Fund to RN, IUCRG to RN and JT. 



671A. Neuroprotective role of C. elegans sir-2.3 knock-out in neuronal death. Rachele Sangaletti1, Jeff Grant1, David Della 
Morte2, Laura Bianchi1. 1) Department of Physiology and Biophysics, Miller School of Medicine, University of Miami, 1600 
NW 10th Ave, Miami, FL, 33136; 2) Department of Neurology, Miller School of Medicine, University of Miami, 1120 NW 
14th Street, Miami, FL, 33136. 
   Stroke is the third cause of death in the United States. Ischemic stroke triggers a complex series of cellular events that result 
in degeneration of neurons and long-term neurological damages. To this day pharmacological approaches aimed at 
preventing neuronal death in stroke and at protecting patients at high risk are still not available or poorly effective. Sirtuins 
are protein deacetylases that influence the extent of neuronal death in stroke. However, their mechanism of action is currently 
largely unknown. We are investigating the role of sirtuins in neuronal death in C. elegans and have been focusing on 
mitochondrial SIR-2.3, homologous of mammalian SIRT4.We are using well-known models of neuronal death in C. elegans 
including mec-4(d)-induced cell death of touch neurons and damage of amphid sensory neurons induced by chemical 
ischemia. We compared the extent of cell death both in cell culture and in vivo in sir-2.3 wild type and knock out 
backgrounds and found that knock out of this mitochondrial sirtuin affords neuroprotection in both models of 
neurodegeneration. Importantly rescue experiments demonstrated that the effect is mediated by sir-2.3. Since sirtuins have 
been involved in ageing, which is in turn influenced by caloric restriction, we tested whether caloric restriction influenced 
neuroprotection afforded by sir-2.3 knock-out. We thus treated cultured neurons with 2-deoxyglucose (2-DG) which mimics 
caloric restriction. We found that treatment with 2-DG enhanced the neuroprotective effect of knock out of sir-2.3, but had no 
effect on basal level of neurodegeneration. These data suggest a synergistic effect of caloric restriction and knock-out of 
mitochondrial sir-2.3. Experiments are under way to establish whether neuroprotection induced by the combination of caloric 
restriction and sir-2.3 knock out is mediated by reduced Ca2+ overload in these neurons. Other pathways influenced by caloric 
restrictions and sirtuins are being tested for involvement in this mechanism of neuroprotection. Our work will likely identify 
novel targets for the treatment and the prevention of neuronal damage in stroke and other neurological disorders. 

672B. A novel target protects against APP-induced age-related neurodegeneration . L.L. Scott1, J. Sahn3, S.V. Iyer4, G. 
Zuniga1, P. Satarasinghe1, S. Mondal2, S. Martin3, A. Ben-Yakar2, J. Pierce-Shimomura1. 1) WCAAR, The University of 
Texas at Austin, Austin, TX; 2) Mechanical Engineering Dept., The University of Texas at Austin, Austin, TX; 3) Dept. of 
Chemistry, The University of Texas at Austin, Austin, TX; 4) Perlstein Lab. 
   Alzheimer’s disease (AD) is the sixth leading cause of death in the US, affecting more than 5 million people with sadly no 
treatment in sight. AD is a neurodegenerative disorder characterized by protein aggregates and selective degeneration of 
cholinergic neurons. The sigma receptor family has been implicated as mediators of cell death, though a specific role for the 
sigma receptor 2/progesterone receptor membrane component 1 (Sig2R/PGRMC1) in neurodegeneration has not been shown. 
To test for a neuroprotective role of Sig2R/PGRMC1, we used a C. elegans model of neurodegeneration with a single copy 
insertion of the human Amyloid Precursor Protein (APP) gene. This SC_APP strain displays progressive, age-dependent 
changes in APP protein regulation in specific cholinergic neurons that subsequently die. Moreover, Sig2R/PGRMC1, or 
VEM-1, has a highly conserved sequence and function in this animal. We found that Sig2R/PGRMC1 null alleles 
significantly reduced the selective degeneration of cholinergic neurons in older adult SC_APP animals but had little effect on 
baseline neurodegeneration in control animals. To find molecules that might influence the Sig2R/PGRMC1 pathway we 
screened novel compounds for the ability to reduce neurodegeneration. We found two compounds that increase 
neurodegeneration in both the SC_APP model and control strains. More importantly, we found two compounds that decrease 
neurodegeneration in the SC_APP model. The latter compounds do not further reduce neurodegeneration when coupled with 
Sig2R/PGRMC1-directed knockdown suggesting that these compounds act in a Sig2R/PGRMC1-mediated pathway. 
Together, our results indicate that Sig2R/PGRMC1 can be targeted to reduce neurodegeneration and that small molecules that 
bind to Sig2R/PGRMC1 may be developed into promising therapeutic leads for age-related neurodegenerative diseases.  In 
order to accelerate the speed of drug screening in our SC_APP model we are currently developing an automated large scale 
microfluidic imaging platform in a high-throughput manner. 

673C. Identification of MOAG-2/LIR-3 as a regulator of protein aggregation. Olga Sin1,2, Tristan de Jong2, Michelle 
Kudron3, Hai Hui Wang2, Roméo Willinge Prins2, Renée Seinstra2, Alejandro Mata Cabana2, Céline Martineau2, Valerie 
Reinke3, Victor Guryev2, Ellen Nollen2. 1) Graduate Program in Areas of Basic and Applied Biology, University of Porto, 
Porto, Portugal; 2) University of Groningen, University Medical Centre Groningen, European Research Institute for the 
Biology of Aging, Groningen, The Netherlands; 3) Department of Genetics, Yale University School of Medicine, New 
Haven, USA. 
   Aging-related protein aggregation is one of the hallmarks of neurodegenerative disorders such as Alzheimer, Parkinson and 
polyglutamine diseases. The cellular processes that drive protein aggregation in these diseases have remained largely 
unknown. Using a genetic screen in a C. elegans model for polyglutamine aggregation, we here identified modifier of 
aggregation 2 (moag-2). Mutation or partial deletion in this gene decreased the number of aggregates in our model. 
Additionally, moag-2/lir-3 mutants reduce the amount of SDS-resistant aggregates without changing total polyglutamine 
expression levels. We discovered that the causative gene of moag-2 is lir-3. moag-2/lir-3 encodes a protein with a predicted 



nuclear localization signal and two non-canonical C2H2 domains, which are homologous to the transcription factor for RNA 
polymerase III. The molecular function of MOAG-2/LIR-3 is unknown. Chromatin immunoprecipitation followed by 
sequencing data revealed that MOAG-2/LIR-3 is preferentially bound to promoter regions of non-coding RNA, namely 
tRNAs and snoRNAs. The consensus DNA sequence to which MOAG-2/LIR-3 is bound to corresponds to Box A and Box B 
motifs, which are recognized by the RNA Polymerase III machinery to initiate tRNA and snoRNA transcription. In fact, 
MOAG-2/LIR-3 is positioned in the same binding positions as the RNA Pol III complex, further suggesting a role for LIR-3 
in non-coding RNA transcription. We are currently performing total RNA sequencing to reveal whether the aggregation 
phenotype displayed by the MOAG-2/LIR-3 mutants can be due to imbalanced RNA metabolism. By unraveling the role of 
moag-2/lir-3 we hope to get insight into how cells cope with aggregation-prone proteins. 

674A. Glia engulf AFD neuron receptive endings. Aakanksha Singhvi, Andrea Bae, Shai Shaham. Laboratory of 
Developmental Genetics, Rockefeller University, New York, NY. 
   Glia participate in pruning of neuronal receptive endings during development and in response to plastic changes in the 
nervous system. We present evidence that glial engulfment of neuronal receptive endings also takes place in C. elegans. We 
find that animals expressing GFP targeted to the sensory receptive ending of the AFD sensory neuron also display GFP 
fluorescence in punctate structures within the amphid sheath glia that wrap around these receptive endings. Importantly, 
ablation of the AFD neuron abrogates glial GFP accumulation, suggesting that glia are taking up neuronal material. We show 
that this engulfment process is independent of known apoptotic engulfment genes, suggesting that glia employ a novel 
machinery to regulate uptake of neuronal content. We have previously demonstrated (see abstract by Singhvi and Shaham, 
this meeting) that AFD-glia interactions are molecularly similar to interactions in the mammalian retina between 
photoreceptor neurons and the glia-like retinal pigmented epithelium (RPE). Strikingly, outer segments of photoreceptor cells 
are regularly engulfed by the RPE, suggesting deep parallels between the C. elegans and retinal sensory structures, and also 
suggesting that C. elegans could be used to understand retinal outer segment pruning. To begin to test this idea, we 
performed candidate and forward genetic screens that together uncover eleven independent mutants that disrupt glial 
engulfment of AFD neuron material. We present preliminary characterization and cloning of some of these mutants. Our 
work suggests that pruning of receptive endings may be an evolutionarily conserved function of sensory glia to regulate the 
structure and function of sensory receptive endings. 

675B. Modelling Alzheimer’s disease: transgenic expression of human Aβ peptides in Caenorhabditis elegans neurons. Neha 
Sirwani1, Kirsten Grant1,2, Warwick Grant1, Gawain McColl2. 1) Centre for AgriBiosciences, La trobe University, Bundoora, 
3086, Australia; 2) The Florey Institute of Neuroscience and Mental Health, University of Melbourne, Parkville, 3010, 
Australia. 
   Alzheimer’s disease (AD) is an age-related neurodegenerative disorder that is the most common cause of dementia in 
humans. A characteristic feature of AD is the formation of neuronal extracellular senile plaques composed of aggregates of 
fibrillar amyloid β (Aβ) peptides. The senile plaques are found in a range amino-truncated and post translationally forms, 
with Aβ1-42 peptide being the most abundant species. These Aβ peptides have been proposed to contribute to the 
pathophysiology of the disease; however, there are few tools available to test this hypothesis directly. This project aims to use 
the model organism, Caenorhabditis elegans, as an in vivo system to study the toxicity associated with these Aβ species. 
Although C. elegans has been used previously, this is the first report of pan-neuronal transgenic expression of human Aβ1-
42. C. elegans strains generated carrying transgenic Aβ1-42 were initially characterized to determine the number of copies of 
Aβ, from which a number of strains with different level of variation in copy number were identified. A selected strain was 
subsequently analyzed at the transcript level by quantitative real time PCR (qRT-PCR), which confirmed that that Aβ was 
being expressed. The effect of neuronal Aβ expression was further characterized using a chemotaxis behavioral assay, which 
demonstrated minor chemotactic defects in the transgenic C. elegans strains, for all the chemo-attractant compounds tested. 
Current work is focused on investigating different pan-neuronal gene promoter systems to influence the timing and level of 
Aβ expression. This work demonstrates the feasibility of expressing human Aβ1-42 in a tractable in vivo system, and in turn, 
provides a new tool to investigate the in vivo toxicity of Aβ to further enable the study of the molecular and cellular 
mechanisms underlying AD progression. These strains may also be used in subsequent screens to develop novel therapeutics 
to treat Alzheimer’s disease. 

676C. Understanding the regulation of TDP-43 phosphorylation in a C.elegans model for diseases with TDP-43 positive 
lesions. Laura Taylor1,2, Nicole Liachko1,2, Aleen Saxton2,3, Pam McMillan4, Tim Strovas2,3, Brian Kraemer1,2,3,4. 1) 
Department of Medicine, Gerontology Division, University of Washington, Seattle, WA; 2) Geriatrics Research Education 
and Clinical Center, Veterans Affairs Puget Sound Health Care System, Seattle, Washington,; 3) Seattle Institute of 
Biomedical and Clinical Research, Seattle, Washington; 4) Department of Psychiatry and Behavioral Sciences, Neuroscience 
Division, University of Washington. 
   Phosphorylation and aggregation of TAR-DNA binding protein of 43kDa (TDP-43) is a hallmark of many aging-related 
disorders including amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration with TDP-43 inclusions 



(FTLD-TDP). In transgenic C. elegans aberrantly phosphorylated TDP-43 drives pathological changes associated with these 
diseases including protein aggregation, neuronal dysfunction, and motor neuron degeneration. To better understand what 
triggers TDP-43 phosphorylation during disease progression, a screen was performed to identify kinases that are capable of 
phosphorylating TDP-43. The kinases TTBK1 and TTBK2 were two candidates identified in the screen that were found to be 
sufficient to directly phosphorylate TDP-43. Additionally, TTBK1 and 2 are co-expressed with phosphorylated TDP-43 in 
human postmortem tissues of both FTLD and ALS cases as well as upregulated in several other neurodegenerative disease 
states. Currently, the roles and regulatory mechanisms of TTBK1 and 2 in the brain are unknown. To address the question of 
how TTBK 1 and 2 are being misregulated in aging and disease, we are screening for TTBK1 and 2 protein binding partners. 
To gain insight into the consequences of TTBK1 and 2 hyperactivation, transgenic C. elegans lines of TTBK1 and TTBK2 
overexpression will be created to study direct effects on aging related phenotypes including lifespan, proteostatic function, 
and neurodegeneration in C. elegans. Null mutants of proteins that are identified during the yeast two-hybrid screen will be 
crossed with these TTBK1 and 2 transgenic lines to deduce the means of regulation for each protein interaction. The results 
of this study will help to dissect the molecular mechanisms by which TTBK1/2 controls aging related protein aggregation and 
elucidate the basic biological mechanisms for TDP-43 pathology underlying age-related neurodegeneration. . 

677A. Drug screening for C9ORF72 toxicity. Martine Therrien1,2, Simon Girard1, Guy A. Rouleau3, Patrick A. Dion2,3, J. 
Alex Parker1,2. 1) CHUM research center, Montreal, Québec; 2) University of Montreal, Montreal, Quebec; 3) Montreal 
neuroogical institute, McGill University, Montréal, Québec. 
   Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease affecting upper and lower motor neurons. 10% of 
the cases are familial and the GGGGCC expansion in C9ORF72 gene is the most common known cause of ALS thus far. 
Many hypotheses have been speculated to explain the toxicity of the pathogenic GGGGCC repeat, including loss and gain of 
function mechanisms. This project aims to identify potential molecules that could alleviate C9ORF72 toxicity. We have 
previously shown that worms exhibiting a loss of function of alfa-1, the orthologue of C9ORF72 in C. elegans, show motor 
dysfunction and specific motor neuron degeneration, recapitulating key features of ALS. Also, expression of the pathogenic 
GGGGCC50 RNA sequence causes neuronal toxicity, resulting also in motor dysfunction. Suggesting that in worms, gain of 
function of the GGGGCC repeat and loss of alfa-1 are toxic to neurons. Since motor dysfunction in worms can be easily 
assess in liquid culture, we have screened more than 4,000 FDA approved compounds using this technique in the alfa-
1(ok3062) worms. The most promising compounds are now being confirmed on solid media to evaluate if they affect the 
toxicity caused by the loss of function of alfa-1(ok3062) and in the worms expressing the pathogenic GGGGCC50 repeat 
RNA. Finally, the compounds that can alleviate both loss and gain of function toxicities in our models will be tested in 
patient fibroblast cell lines. These cell lines exhibit nuclear RNA foci and whole RNA sequencing analysis have revealed 
abnormal RNA expression of many genes in the C9ORF72 positive patients compared to non affected individuals. With this 
project, we aim to identify compounds that reduce C9ORF72 toxicity in different in vitro and in vivo models. If our project is 
successful, our results could open a new therapeutic avenue for ALS patients. . 

678B. Probing the Mechanisms by Which Exercise Enhances Axon Regrowth. Guoqiang Wang, Christopher Reina, Isaac 
Song, Monica Driscoll. Molecular Biology and Biochemistry, Rutgers, Piscataway, NJ. 
   In mammalian neuronal injury models, exercise improves neuronal regeneration, although the cellular and molecular 
mechanisms operative remain largely unclear. We found that pre-axotomy swim training of young age Caenorhabditis 
elegans can enhance axon regrowth consequent to single neurite severing. Even more striking is that a short period of post-
axotomy exercise can also significantly enhance regrowth. C. elegans is thus a novel model with which to define the genetic 
pathways that link exercise to neuronal regeneration capacity.We have initiated our studies with a focus on the classical 
signaling pathways that confer mammalian exercise adaptation, such as those involving Ca2+, AMPK, PGC-1α and p38 
kinase. A common outcome of different activating pathways is enhanced mitochondrial biogenesis. We have found that 
increased mitochondrial biogenesis via limiting the activity of the gei-8/NCoR gene, which encodes a negative regulator of 
mitochondrial biogenesis, can significantly enhance axon regrowth. On the other hand, genetically uncoordinated animals 
exhibit basically wild type levels of axon regrowth after laser axotomy—so baseline crawling activity does not seem to 
induce any particular regeneration signal. Taken together, our results indicate exercise might potentiate regrowth by 
activating physiological stress responses to intensive exercise. We have found that aak-2/AMPK is normally required for 
exercise strength adaptation. Interestingly, an aak-2/AMPK mutation does not suppress the increased regrowth of severed 
ALM neurons in the post-axotomy exercise paradigm. This observation indicates that the AMPK signaling pathway is not 
essential for potentiating axon regrowth by post-injury exercise. An alternative hypothesis is that exercise enhances axon 
regrowth by increasing stimulation to the injured neuron. For example, the mec-4 mec-10 double mutant, defective for gentle 
and harsh touch responses, is strongly inhibited for axon regrowth of ALM neurons, although the effect of exercise on the 
mec-4 mec-10 mutant is waiting to be tested. In general, we will report on findings relevant to the cellular and molecular 
mechanisms of exercise-enhanced neuronal regeneration of individual axotomized neurons. 



679C. The common neighbor rule as an organizing principle in the C. elegans neural network. Aharon Azulay, Eyal 
Itskovic, Alon Zaslaver. The Hebrew University, Jerusalem. 
   Background:A major goal of Systems Neuroscience is to decipher the structure-function relationship in neural networks. 
Recently, a new organizing principle–the Common Neighbor Rule-was found in the rat cortex. According to this rule, the 
more common neighbors a pair of neuron has, the more likely that this pair of neurons will be connected. Same principle is 
found in social networks (e.g. Facebook) where two individuals sharing multiple mutual friends are more likely to be friends 
as well. While the emergence of this principle in social networks may be intuitive, it is not clear why would this rule prevail 
in neural networks.Results:To address this question we studied the C. elegans neural network for which a fully-mapped 
wiring diagram of its 302 neurons is available. Strikingly, we find that the CNR is a prominent feature of the C. elegans 
connectome. Moreover, as common neighbor sets are made of neural triads, network analyses algorithms revealed highly 
homogeneous structures that consist of almost only one triad. Furthermore, these homogeneous sets are embedded in the 
network in defined functional layers; specifically, in a set consisted of mutually synapsing neurons, these two neurons will 
reside on the same layer while their common neighbors will be on a different layer. Such mutually-regulating and mutually-
regulated structural blocks are enriched in the sensory- and motor-neurons, respectively, and can therefore serve as 
integration and synchronization devices. In addition, neurons connected in a Feed-forward fashion tend to reside on different 
layers of the network underscoring their role in signal propagation. Finally, coarse-graining the network based on the 
common neighbor sets revealed previously overlooked key functionalities of the network.Conclusion:These results can 
explain the emergence of the common neighbor rule as an organizing principle in neural networks. 

680A. Neuropeptide signaling sets the timing of C. elegans egg-laying.. Navonil Banerjee, Raja Bhattacharya, Michael M. 
Francis. Neurobiology, UMass Medical School, Worcester, MA. 
   Complex behaviors are often composed of discrete, more short-lived behavioral states. However, we have only a limited 
understanding of the neural mechanisms responsible for establishing the duration of specific behavioral states and for 
orchestrating transitions between them. Neuropeptides are attractive candidates to orchestrate transitions between states and 
neuropeptide signaling mechanisms are highly conserved throughout the animal kingdom. We have been using the 
Caenorhabditis elegans egg-laying circuit as a model to investigate neuropeptidergic control of behavioral transitions. C. 
elegans egg-laying involves transitions between active and inactive phases, and the relatively simple circuit provides an 
experimentally tractable model. By analysis of loss-of-function mutants, we found that neuropeptides encoded by the genes 
nlp-7 and flp-11 act redundantly to inhibit transitions from the inactive to the active phase of egg-laying. Thus, our analysis 
suggests these neuropeptides set the duration of the inactive phase. Reporter gene expression studies revealed that both genes 
are expressed in cells involved in the control of egg-laying, including the VC4 and VC5 motor neurons and the 
neurosecretory uv1 cells, raising the interesting possibility that local secretion of these neuropeptides may provide temporal 
control over neural activity in the egg-laying circuit. To gain insights into potential NLP-7 mechanism of action, we used 
cell-specific overexpression of nlp-7 to demonstrate that expression in the uv1 cells is both necessary and sufficient to inhibit 
egg-laying. The inhibitory effects of nlp-7 overexpression were completely suppressed by combined loss of egl-47 and goa-1 
function, 2 genes previously implicated in HSN control of egg-laying (Moresco, J.J. & Koelle M.R., 2004, Tanis J.E. et. el., 
2008). nlp-7 overexpression also eliminated egg-laying responses to photostimulation of the HSNs, suggesting either a deficit 
in serotonin (5-HT) release from the HSNs or reduced responsiveness of vulval muscles to 5-HT. Exogenously supplied 5-
HT reversed the inhibitory effects of nlp-7 overexpression, providing evidence that vulval muscle function is unaffected. 
Together, our results support a model where neuropeptide secretion from a group of non-neuronal cells (uv1 cells) regulates 
the transition between distinct phases of egg-laying by inhibiting neurotransmitter release from egg-laying output neurons. 

681B. Molecular and Behavioral Studies of Sexually Dimorphic Electrical Synaptic Connectivity. Emily Berghoff1, 
Abhishek Bhattacharya1, Meital Oren-Suissa1, Oliver Hobert1,2. 1) Department of Biochemistry and Molecular Biophysics, 
Columbia University, New York, NY; 2) Howard Hughes Medical Institute. 
   Sexual dimorphisms are traits that vary between males and females.  These traits can manifest in terms of morphological, 
cellular, molecular, and behavioral differences.  There are many examples of sexual dimorphisms in the nervous system, yet 
very little is known about both the molecular mechanism that controls these sexually dimorphic features and the behavioral 
output on a neuronal circuit level.  The nematode C. elegans is a great model system to explore sexual dimorphisms in the 
nervous system as a neural connectome for both the male and the hermaphrodite has been determined. These studies have 
revealed that the two sexes have “shared” neurons that have different patterns of both chemical and electrical synaptic 
connectivity, which suggests differences in molecular regulation and behavior.   For example, there are 125 predicted “all-or-
nothing” electrical dimorphic connections, meaning that there is electrical connectivity between one sex and not the 
other.  We are specifically studying dimorphic electrical synaptic connectivity and have looked at the neuronal expression of 
19 out of 25 innexins, which form electrical synapses, using transcriptional and translational fosmid-based reporters.  We are 
currently investigating dimorphic innexin expression and have found that two of the innexins are dimorphically expressed in 
the nematode tail.  In terms of molecular regulators of dimorphic connectivity, preliminary studies from our lab have shown 
that some DMD (Doublesex/MAB-3 domain) transcription factors are dimorphically expressed in neurons.  We have found 



predicted DMD binding sites in the innexin genes and will assess their effect on dimorphic innexin expression.  In 
conclusion, we are studying dimorphic electrical synapses in sensory neuronal circuits that we anticipate to reveal a unique 
molecular signature for dimorphic neurons and illuminate behavioral consequences. 

682C. The atypical MAP kinase SWIP-13 exerts cell-autonomous control of dopamine signaling and behavior. Daniel P. 
Bermingham2, J. Andrew Hardaway2, Sam L. Snider3, Sean P. Moran1, Sarah M. Sturgeon1, Randy D. Blakely1. 1) 
Department of Pharmacology, Vanderbilt Univ Med Ctr, Nashville, TN; 2) Neuroscience Graduate Program, Vanderbilt 
University, Nashville, TN; 3) Undergraduate Neuroscience Program, Vanderbilt University, Nashville, TN. 
   Dopamine (DA) modulates motor function and behavioral plasticity across phylogeny including in C. elegans.  The 
presynaptic DA transporter (DAT) exerts powerful control over DA signaling in terminating DA signaling and limiting DA 
spillover to extrasynaptic DA receptors.  In C. elegans, loss of function dat-1 mutations results in a hyperdopaminergic 
paralytic phenotype expressed when worms are placed in water termed Swimming-induced paralysis (Swip). Using Swip as 
the basis for a forward genetic screen to identify novel regulators of DA signaling, we identified an as yet uncharacterized 
gene that we designate as swip-13. Swip-13 mutants display paralysis that is reversed by the VMAT inhibitor reserpine as 
well as by genetic loss of DA biosynthesis (cat-2), vesicular packaging (cat-1) and D2 type DA receptor signaling (dop-3). 
Additionally, we find that swip-13 mutations result in significantly reduced sensitivity to the neurotoxic dat-1 substrate 6-
OHDA, suggesting a possible role for swip-13 in sustaining DAT-1 protein expression, surface trafficking and/or DA 
transport activity.  Importantly, DA neuron-specific expression of the wild-type swip-13 gene restores normal swimming 
behavior in swip-13 mutants, supporting cell autonomous modulation of DA signaling.  Functional, GFP-tagged swip-13 
protein localizes to DA terminals, consistent with a presynaptic contribution to DA signaling.  Using a fluorescence recovery 
after photobleaching (FRAP) approach to monitor DA neuron synaptic vesicle fusion rates, we found that swip-13 animals 
display normal basal vesicle fusion. Epistasis studies indicate that swip-13 and dat-1 function in the same pathway, possibly 
via kinase-modulation of DAT-1 trafficking or function.  Sequence analysis indicates that SWIP-13 is orthologous to atypical 
MAP kinases (ERK8 in humans).  Excitingly, human DAT protein expression, surface expression and DA transport activity 
are increased in DAT-transfected SHSY5Y cells effects lost with transfection of a kinase-dead mutant.  Ongoing studies seek 
to elucidate the mechanism by which SWIP-13/ERK8 regulates nematode and mammalian DAT expression and function 
with an eye to whether kinase function can be manipulated for potential therapeutic benefit in disorders linked to perturbed 
DA signaling. 

683A. Competing activation and inhibition in the Caenorhabditis elegans egg-laying behavior circuit. Kevin Collins1,2, 
Addys Bode1, Robert Fernandez2, Jessica Tanis2, Matt Creamer2, Michael Koelle2. 1) Department of Biology, University of 
Miami, Coral Gables, FL; 2) Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, CT. 
   Our fundamental goal is to understand how neurons communicate in circuits to establish an appropriate level of activity 
that produces a robust, stable behavior. Our approach is to analyze in detail the C. elegans egg-laying behavior circuit. We 
have developed GCaMP Ca2+ reporters, optogenetic, and chemical tools that allow us to record and manipulate activity in the 
HSNs, VCs, uv1s, and vulval muscles in freely behaving animals. We can clearly see rhythmic Ca2+ transients at the large 
(~10µm) HSN and VC presynaptic termini. The serotonergic HSNs show continuous rhythmic activity with each body bend 
punctuated by short (~3 minute) periods of inactivity that follow egg-laying events. In contrast, the cholinergic VCs only 
show activity during egg-laying events. Optogenetic activation of the HSNs is sufficient to induce VC neuron and vulval 
muscle activity that allows egg release. Acute silencing of the VCs using histamine-gated chloride channels decreases this 
response. Unlike for the HSNs, optogenetic activation of the VCs is unable to drive vulval muscle contraction and egg laying. 
Because we only see VC activity during the egg-laying active phase, we will test how acute optogenetic activation of the VCs 
modulates the vulval muscle serotonin response. Together, our results show that the HSNs act as a command motor neuron to 
initiate the egg-laying active phase and suggest that the VCs have more complex regulatory functions in the 
circuit.            What turns the egg-laying circuit off?  We found that release of eggs through the vulva deforms the 
tyraminergic uv1 cells, triggering a Ca2+ transient that may signal egg release. Optogenetic activation of the uv1 cells during 
an active phase blocks subsequent egg laying events. We are testing a model where released tyramine signals through the 
LGC-55 tyramine-gated chloride channel to inhibit HSN activity. Exogenous tyramine inhibits egg-laying behavior, this 
response is lost in lgc-55 mutants, and this defect can be rescued through re-expression of lgc-55 in the HSNs. We find that 
optogenetic activation of the uv1 cells blocks subsequent egg-laying events, and we are presently testing whether this 
inhibition is lost in tdc-1 and lgc-55 mutants defective for tyramine signaling.  This would show that uv1 releases tyramine 
that signals through the LGC-55 receptor to terminate the active phase. Together, our results suggest the uv1 cells provide 
mechanosensory feedback of successful egg release, driving acute cessation of HSN activity to terminate the active phase. 

684B. Elucidating the role of the novel transcription factor FKH-8 in regulating dopaminergic signaling levels.. Kai 
Bracey1,2, Brian Nelms1,2. 1) Fisk University, Nashville, TN; 2) Vanderbilt University, Nashville, TN. 
   FKH-8 is a member of the fork head transcription factor family, which plays wide and important roles in regulating the 
expression of genes involved in cell growth, proliferation, differentiation, and longevity. Research in our lab has identified a 



role for FKH-8 in regulating C. elegans dopaminergic (DA) neuron function, which is vital for coordination of movement 
and learning behaviors.  The 8 DA neurons of the hermaphrodite worm share a high degree of conservation in key 
biosynthetic and signaling components with human DA neurons. Mutant worms that are devoid of the fkh-8 gene display a 
swimming-induced paralysis (SWIP) phenotype that suggests extrasynaptic dopamine is inhibiting the cholinergic motor 
neuron circuits through the DOP-3 receptor, as occurs with loss of the dopamine transporter gene, dat-1.  To test if fkh-8 
mutants also display the SWIP phenotype through this mechanism, we tested fkh-8;dop-3 double mutants for rescue of the 
SWIP phenotype.  We found that without dop-3, the fkh-8 mutants do not have the SWIP phenotype, suggesting that the 
SWIP phenotype displayed in fkh-8 mutants is dependent on the DOP-3 receptor.Extrasynaptic dopamine could result if 
FKH-8 normally dampens the synthesis of dopamine, such that fkh-8 mutants have increased production of dopamine, 
resulting in the SWIP phenotype. I am also generating a double mutant fkh-8;bas-1 strain (bas-1 encodes the enzyme 
aromatic amino acid decarboxylase that converts L-dopa to dopamine), among others, to evaluate the dependence of the fkh-8 
SWIP phenotype on levels of dopamine synthesis.  Our study aims to identify a role of FKH-8 in the dopamine pathway and 
allow investigation of gene targets. 

685C. The HSN command neuron co-releases serotonin and NLP-3 neuropeptides to coordinate egg-laying activity. Jacob 
Brewer, Michael R. Koelle. Dept. of MB&B, Yale University, New Haven, CT. 
   It remains unclear exactly how serotonin regulates neural circuit activity in the brain or how changes in serotonin signaling 
might cause mental disorders. The C. elegans egg-laying system is well-suited for studying the basics of how serotonin 
functions in a circuit. The serotonergic HSN motor neurons initiate ~2.5 minute egg-laying active phases that occur every 
~20 minutes. The evidence for this is that rhythmic HSN Ca2+ activity measured using a GCaMP reporter always 
accompanies egg-laying active phases, and optogenetic activation of HSN neurons is sufficient to stimulate activity of the 
egg-laying circuit.We knocked out serotonin biosynthesis and showed that optogenetically stimulating the HSNs still caused 
animals to lay eggs. We hypothesized that the HSNs release a signal in addition to serotonin to stimulate egg laying. We 
found that neuropeptides encoded by the nlp-3 gene, which is known to be expressed in the HSNs, are such a signal. 
Knocking out either nlp-3 or serotonin biosynthesis alone caused mild egg-laying defects, but knocking out both caused a 
strong egg-laying defect that phenocopies that of animals lacking HSNs. Interestingly, co-release of serotonin and a 
neuropeptide also occurs in the mammalian brain, although the function of such co-release is unknown.Serotonin stimulates 
egg-laying through the G-protein coupled receptors (GPCRs) SER-1 and SER-7 that are expressed on the egg-laying 
muscles.1,2,4 Consistent with this previous work, we found that double-mutant worms lacking NLP-3 and either SER-1 or 
SER-7 show a strong synthetic egg-laying defect. NLP-3 neuropeptides were previously reported to act in an aversive 
response circuit through the GPCR NPR-17.3 Using a fosmid-based GFP reporter, we observed additional previously 
unreported expression of NPR-17 in cells of the egg-laying circuit.We found that animals lacking HSNs, serotonin, or NLP-3 
neuropeptides, which all lay eggs less frequently than wild type, surprisingly all show increased activity of the egg-laying 
circuit as measured using GCaMP recordings in freely-behaving animals.  We therefore hypothesize that co-release of 
serotonin and NLP-3 from the HSNs is not essential for activity of the circuit, but is required to coordinate muscle activity, 
allowing the animal to productively lay eggs.1Carnell et al. (2005) J. Neurosci. 25:10671-81; 2Hapiak et al. (2009) Genetics 
181:153-63; 3Harris et al. (2010) J. Neurosci. 30:7889-99; 4Hobson et al. (2006) Genetics 172:159-69. 

686A. Spatial aggregation of neurons contributes to network structure in the nematode C. elegans. Christopher Brittin1, 
Steven Cook2,3, Netta Cohen1. 1) School of Computing, University of Leeds, Leeds; 2) Dept. of Genetics, Albert Einstein 
College of Medicine, Bronx, NY; 3) Dept. of Neuroscience, Albert Einstein College of Medicine, Bronx, NY. 
   Previous studies of real-world networks have suggested that networks motifs, defined as connectivity patterns that are 
significantly over-represented when compared to random networks with the same degree distribution, may arise due to 
evolutionary design principles and serve as computational units. For neural networks and other spatially embedded systems, 
where network connections form between physically proximate nodes, this approach carries a risk of overstating the 
statistical significance of connectivity patterns. Previous studies have attributed a number of network motifs to the C. elegans 
neuronal network and suggested that the worm's nervous system may be constructed from these computational modules (Milo 
et al., 2002; Reigl et al. 2004). However, other groups have conjectured that the high frequency of observed connectivity 
patterns may simply be a consequence of the organization and localized connectivity of the neuropile (White et al., 1983; 
Artzy-Randrup et al. 2004). To test these two hypotheses, we measured the spatial aggregation of neurons in the nematode C. 
elegans and used the data to construct a statistical model with a spatially constrained null-hypothesis. We found that a 
number of motifs, including the 3-node feed forward loop, are no longer over-represented in our spatially constrained model. 
Thus, the observed network structure in the C. elegans nervous system may simply be the consequence of how the neuropile 
is organized. 

687B. Determining the role of the transcription factor FKH-8 in C. elegans dopamine-dependent behaviors. Ke'Ara Brown-
Smith, Dr. Brian Nelms. Biology, Fisk University, Nashville, TN. 
   The neurotransmitter dopamine (DA) is involved in a number of vital functions including memory, cognition, and motor 



control. Imbalances in DA are associated with several diseases including Parkinson’s disease (PD), which is characterized by 
neurodegeneration leading to severe tremors and a loss of motor control. A more complete understanding of the components 
necessary to generate and maintain functional, healthy DA neurons could lead to better medical treatments for illnesses 
involving DA imbalances. Using C. elegans as a model, our lab has discovered a role for the transcription factor FKH-8 in 
controlling DA neuron function.The goal of my project is to identify and measure multiple dopamine-mediated phenotypes in 
fkh-8 mutants. Behavioral analyses could shed light on where FKH-8 is acting in the DA pathway and the gene networks it 
may control. I have performed experiments to test the effects of the loss of FKH-8 on egg-laying rate, exogenous DA-
induced immobilization, and the transition from swimming-to-crawling. Like dat-1 mutants, fkh-8 mutants have a heightened 
sensitivity to exogenous DA compared to wildtype. Preliminary results suggest that fkh-8 animals also display a hyperactive 
egg-laying rate compared to the wildtype. I am also analyzing the response of fkh-8 mutants to oxidative stress, particularly 
oxidative stress induced by manganese exposure. Oxidative stress and manganese exposure have been associated with an 
increased risk for PD and damage/loss of neurons.  A more complete phenotypic analysis will help shed light on the function 
of FKH-8 in C. elegans and may give insight into different DA pathway components in humans. This will also establish 
control behaviors that we can use for comparison to candidate FKH-8 gene targets in future experiments.Funding: National 
Institutes of Health R25 GrantAward # 1R25GM107754-01“The Fisk-Vanderbilt Biomedical Bridge to the Doctorate”. 

688C. Molecules involved in the biogenesis of dense-core vesicles. Jerome Cattin, Irini Topalidou, Michael Ailion. 
Biochemistry, University of Washington, Seattle, WA. 
   The regulated release of neuromodulators is mediated by a specialized type of cellular vesicle, the dense-core vesicle 
(DCV). The biogenesis, maturation, and trafficking of DCVs are not well characterized, mainly because few proteins specific 
to DCV function are known. In a genetic screen for suppressors of constitutively active Gαq we identified mutations in the 
small GTPase RAB-2, the RAB-2 effectors RUND-1 (a RUN domain protein) and CCCP-1 (a coiled-coil protein), and an 
uncharacterized WD40 domain-containing protein (Y87G2A.11). Here we investigate the specific function of these proteins 
both in C. elegans and in neuroendocrine cell lines. We show that mutants of these genes have the characteristic 
“unmotivated” phenotype characterized by little spontaneous movement on food but capable of coordinated locomotion once 
stimulated. All proteins function in the same genetic pathway, in a cell-autonomous way, and are required for trafficking of 
DCV but not SV (synaptic vesicle) cargos. We show that all these proteins are expressed in neuroendocrine cell lines. With 
the exception of Y87G2A.11, which localizes to the cytoplasm, the three other players co-localize with each other in a 
perinuclear region both in C. elegans and in neuroendocrine cells. Co-localization experiments in insulinoma cells (INS-1) 
show that these proteins partially co-localize with the trans Golgi and with proinsulin, suggesting a role in the biogenesis or 
early transport of secretory vesicles. We have successfully knocked out the Y87G2A.11 ortholog TSSC1 in INS-1 cells using 
the CRISPR technology and are now performing insulin secretion assays to investigate its role in DCV secretion. CRISPR-
induced knock out of CCCP-1 and RUND-1 orthologs is underway. We are also performing in vitro binding assays of these 
proteins to characterize their physical interactions and yeast two hybrid and mass spec experiments to identify new 
interactors. Finally, we have characterized biophysical properties of CCCP-1. CCCP-1 is predicted to have long coiled-coil 
domains like golgins. We show that it forms oligomers and has an elongated shape, raising the possibility that it may act as a 
tether that links together yet unknown membranes. We are assaying its ability to bind lipids and tether membranes. 

689A. Investigating the Potential Role of the Transcription factor FKH-8 in Dopamine Metabolism. Bryan Cawthon, Brian 
Nelms. Fisk University, Nashville, TN. 
   Signaling through the neurotransmitter dopamine (DA) is critical for fundamental life processes across the animal kingdom, 
including motor control, behavior, and cognition. Disruption of DA function is associated with problems in motor activity 
(tremors, rigidity, etc.) such as occurs with the progressive neurodegeneration of DA neurons in Parkinson’s 
disease.  Understanding the modulation of DA neuron function, which can occur through control of DA synthesis, vesicle 
packaging, release, reception, reuptake, and/or metabolism, will give insight into new therapeutic strategies for DA-
associated disorders.We are using Caenorhabditis elegans as a model to investigate the modulation of DA signaling. Our lab 
has discovered an important role for the transcription factor FKH-8 in C. elegans DA neuron function, as evidenced by a DA-
dependent swimming-induced paralysis (SWIP) phenotype in mutants lacking FKH-8. The forkhead gene family encodes 
winged-helix transcription factors.  One potential aspect of DA signaling regulation that I am exploring is regulation of DA 
metabolism by monoamine oxidases (MAOs), which help to degrade DA by clearing it from the synapse.  It is possible that 
the hyper-dopaminergic phenotype of fkh-8 mutants is due to a downstream loss of MAOs.  Our initial data suggests that 
mutants for any of the 3 MAO-encoding genes (amx-1, -2, or -3) display a SWIP phenotype, and we are currently generating 
fkh-8;amx double mutant strains to determine if these genes are in the same pathway.Grant Number: 1R25GM107754-01 
(NIH)Project Title: The Fisk-Vanderbilt Biomedical Bridge to the Doctorate. 

690B. Spatio-temporal regulation of RAB-3 localization and activity by SNT-1. Yunsheng Cheng1,2, Jiaming Wang1,2, Yu 
Wang1,2, Mei Ding1. 1) Institute of Genetics and Developmental Biology,CAS, Beijing; 2) University of Chinese Academy of 
Sciences. 



   A synapse needs to release neurotransmitters fast as a function of Ca2+ and meanwhile is able to fire repeatedly. How this 
harmonization is achieved is not known. Previous studies demonstrated that Synaptotagmin1 could sense and transduce Ca2+ 
influx signal to promote assemble of SNARE complex to achieve the synchronize release of synaptic vesicles. Here, we 
provide evidences for a new function of Synaptotagmin1 in orchestrate the membrane association/disassociation cycle of 
RAB-3, which functions in activity-dependent recruitment of synaptic vesicles. We found that SNT-1, the C.elegans 
homolog of Synaptotagmin1, regulates RAB-3 localization and activity. SNT-1 functions as an upstream regulator of GTPase 
activating protein (GAP) and negatively regulates RAB-3 hydrolysis. RBG-1 resides on synaptic vesicles in a SNT-1 depend 
manner. SNT-1 could directly interact with RBG-1. The interaction between SNT-1 and RBG-1 could be diminished by Ca2+ 
treatment. Ca2+ binding activity of SNT-1 is essential for RAB-3 dissociation from synaptic vesicle. Without SNT-1, the tight 
coupling between vesicle exocytosis and RAB-3 membrane disassociation is disrupted. So we proposed the hypothesis that in 
the absence of Ca2+, SNT-1 binds to RBG-1 and inhibits the GTP hydrolysis of RAB-3 protein. In the presence of Ca2+, SNT-
1 discharges RBG-1 and promotes RAB-3 membrane disassociation. Together, we uncovered the long-sought molecular 
apparatus linking the vesicle exocytosis to RAB-3 cycle and also revealed the important function of Synaptotagmin1 in 
repetitive synaptic vesicle release. 

691C. A two-immunoglobulin-domain transmembrane protein mediates an epidermal-neuronal interaction to maintain 
synapse density. Salvatore Cherra1, Yishi Jin1,2. 1) Division of Biological Sciences, Section of Neurobiology, Univ of Calif, 
San Diego, La Jolla, CA o, La Jolla, CA; 2) Howard Hughes Medical Institute. 
   Maintenance of synaptic connections throughout the lifetime of an organism is important for learning, memory, decision-
making, and adaptive behavioral outputs. Synaptic connectivity is regulated not only by neurons, but also by adjacent non-
neuronal cells. In the C. elegans locomotor circuit both excitatory and inhibitory motor neurons can form direct contacts with 
the epidermis. Previous studies have shown that epidermis can regulate synaptic transmission at neuromuscular junctions (1). 
Here, we have taken advantage of a gain of function mutation in the acetylcholine receptor 2, acr-2(gf), to further investigate 
the role of epidermal cell surface proteins in regulating synapse maintenance and circuit function. The acr-2(gf) mutation 
causes an imbalance between excitatory and inhibitory neurotransmission that results in an uncoordinated locomotion and 
spontaneous convulsions (2). We performed an epidermal-specific RNAi screen in acr-2(gf) animals targeting cell surface 
proteins, and found that knockdown of zig-10 (zwei-immunoglobulin domain protein 10) significantly increased convulsion 
frequency. ZIG-10 was selectively expressed in non-synaptic regions of cholinergic motor neurons and on the epidermal cell 
surface. zig-10 null mutants formed more cholinergic excitatory synapses and exacerbated the convulsion behavior in acr-
2(gf) animals. Mis-expression of zig-10 in GABAergic inhibitory motor neurons reduced GABAergic synapse number, 
dependent on the presence of ZIG-10 in the epidermis. Together these data suggested that ZIG-10 mediates an epidermal-
neuronal interaction that is necessary and sufficient to modulate synapse number. Furthermore, we found that ZIG-10 
interacted with the tyrosine kinase SRC-2 and that the ZIG-10 pathway regulates phagocytic activity of the epidermis to 
restrict cholinergic synapse density. Our studies demonstrate the highly specific roles of non-neuronal cells in modulating 
neural circuit function, through neuron-type specific maintenance of synapse density.1. T. M. Stawicki et al., Curr Biol. 21, 
883-888 (2011).2. M. Jospin et al., PLoS Biol. 7, e1000265 (2009). 

692A. INX-1 is a Negative Regulator of the Expulsion Step of the Defecation Motor Program. Ukjin Choi1,3, Han Wang2, 
Derek Sieburth3. 1) Department of Biochemistry and Molecular Biology, Keck School of Medicine, University of Southern 
California, Los Angeles, CA; 2) Howard Hughes Medical Institute, California Institute of Technology, Pasadena, CA; 3) 
Zilkha Neurogenetic Institute, Keck School of Medicine, University of Southern California, Los Angeles, CA. 
   The defecation motor program is a rhythmic behavior that is accurately and rigidly regulated by endogenous biological 
clocks. The motor program consists of three steps involving contraction of the posterior body-wall muscles (pBoc), anterior 
body-wall muscles (aBoc), and enteric muscles (Exp). The Exp step is controlled by the release of the neuropeptide like 
protein NLP-40 from the pacemaker (intestine), which rhythmically activates the GABAergic neurons (AVL and DVB) 
through the AEX-2/GPCR-KIN-1/PKA pathway, leading to enteric muscle contraction. To identify factors that negatively 
regulate Exp, we conducted a screen for suppressors of the Exp phenotype nlp-40 mutants. nlp-40 mutants have normal pBoc 
frequency but lack Exp in nearly all cycles. One suppressor we identified encodes the innexin/pannexin family member, inx-
1. inx-1 is defined by two putative null mutations, vj46 and tm3524 which are predicted to truncate the protein. Both inx-1 
mutants restore Exp to nlp-40 mutants from a frequency of < 5% to about 50%. Tissue-specific expression of full length inx-1 
cDNA specifically in GABAergic neurons, but not in enteric muscles or the intestine, fully reverts the Exp frequency of nlp-
40;inx-1 double mutants back to the nlp-40 the phenotype. inx-1 mutations restore Exp to aex-2/GPCR mutants, but they fail 
to restore Exp to dominant negative PKA mutants, or exp-1 mutants, which encodes the enteric muscle GABA receptor. 
Together these results suggest that inx-1 functions upstream of PKA in the GABAergic neurons to negatively regulate Exp. 
inx-1 is likely to regulate DVB function and not DVB development because expression of inx-1 cDNA under the hsp-16.2 
heat shock promoter in adults is sufficient to fully revert the Exp frequency of nlp-40; inx-1 double mutants to that of nlp-40 
mutants. Consistent with this, GCaMP3.0 imaging reveals that inx-1 mutations restore calcium influx in DVB axons to nlp-40 
mutants. inx-1 mutants have largely normal Exp frequency but occasionally display ectopic Exp and calcium influx in 



between cycles. Finally, functional INX-1::GFP fusion proteins adopt a highly punctate pattern of localization in GABAergic 
axons. We propose that INX-1 functions to negatively regulate DVB activation during the defecation motor program by 
inhibiting the generation of rhythmic calcium spikes in DVB. 

693B. The UNC-7 gap junction mediates a D2-like signaling pathway in a sensory motor recurrent circuit during C. elegans 
copulation. Paola Correa1, Luis Rene Garcia1,2. 1) Texas A&M, College Station, TX; 2) Howard Hughes Medical Institute. 
   Neuro-modulation of self-amplifying circuits directs context-dependent behavioral executions. Although, recurrent 
networks are found throughout the C. elegans connectome, few reports describe the mechanisms that regulate reciprocal 
neural activity during a complex behavior. We used C. elegans male copulation to dissect how a goal-oriented motor 
behavior is regulated by recurrently wired sensory-motor neurons. As the male tail presses against the hermaphrodite’s vulva, 
cholinergic and glutamatergic reciprocal innervations of post-cloaca sensilla (PCS) neurons (PCA, PCB and PCC), hook 
neurons (HOA, HOB) and their post-synaptic sex muscles execute rhythmic copulatory spicule thrusts. These repetitive 
spicule movements continue until the male shifts off the vulva or genital penetration is accomplished. However, the signaling 
mechanism that temporally and spatially restricts repetitive intromission attempts to vulva chemical and/or mechanical cues 
was unclear. Here, we report that confinement of spicule insertion attempts to the vulva is facilitated by D2-like receptor 
modulation of gap-junctions between PCB and the hook sensillum. We isolated a missense mutation in an UNC-7L gap-
junction isoform, which perturbs DOP-2 signaling in the PCB neuron and its electrical partner, HOA. Further 
pharmacogenetic analysis suggests that the AVR-14 glutamate-gated channel partially introduces chloride ions into HOA to 
mediate DA downmodulation of the spicule circuit.  Consistently, our analysis of the unc-7(rg396) mutant allele indicates 
that when DOP-2 promotes UNC-7 electrical communication, AVR-14-mediated inhibitory signals pass from HOA to PCB. 
As a consequence, the cholinergic PCB neuron is less receptive to be stimulated by its recurrent glutamatergic synaptic 
partner, PCA. Behavioral observations suggest that DA neuromodulation of UNC-7 ensures attenuation of recursive 
intromission attempts when the male disengages or is dislodged from the hermaphrodite genitalia. . 

694C. The appetite control circuit in C. elegans. Kristen Davis, Young-Jai You. Biochemistry & Molecular Biology, 
Virginia Commonwealth University, Richmond, VA. 
   Satiety quiescence is a behavioral state defined as a lack of movement or feeding following satiation. ASI is important for 
worms to enter satiety quiescence. We found the nutrients directly activate ASI. The nutrient rich stimulus we use in the lab 
is Luria broth (LB) and we are working to identify the active component by testing individual components of LB. Feeding is 
stimulated or suppressed depending not only on metabolic needs but also on environmental cues. To understand how feeding 
is controlled by environmental cues, we treated worms with nutrients mixed with noxious stimuli such as a high 
concentration of NaCl (4 M). 1 We found that these noxious stimuli override the ASI activation by nutrients, suggesting 
feeding, a potential result after sensing nutrients via ASI, can be suppressed in the presence of noxious stimuli. Furthermore, 
ASI suppression by noxious stimuli is entirely dependent on ASH function, a pair of neurons required for sensation of 
noxious stimuli. In an ASH genetic ablation background, ASI continue to respond to LB in the presence or absence of 
noxious stimuli. We believe there is a circuit between ASH, ASI, and an interneuron pair, AIA, which regulates ASI 
activation to nutrients. Our behavioral data show in an AIA genetic ablation background and an ASH genetic ablation 
background that satiety quiescence is enhanced when compared to concurrent controls, suggesting the signals from these 
neuron pairs inhibit ASI and satiety quiescence when they are intact. Recent work by others has identified a potential circuit 
between ASH and ASI that included three other neuron pairs RIM/RIC and ADF, although this circuit was not tested in the 
context of feeding or nutrient availability. 21.        Chatzigeorgiou M, Bang S, Hwang SW, Schafer WR. tmc-1 encodes a 
sodium-sensitive channel required for salt chemosensation in C. elegans. Nature. 2013;494(7435):95–9. 
doi:10.1038/nature11845.2.        Guo M, Wu T-H, Song Y-X, et al. Reciprocal inhibition between sensory ASH and ASI 
neurons modulates nociception and avoidance in Caenorhabditis elegans. Nat Commun. 2015;6:1–13. 
doi:10.1038/ncomms6655. 

695A. Modulation of habituation and neurotransmitter vesicle release by a D2-like dopamine auto-receptor. Rosaria 
Formisano, Mahlet Mersha, Courtney McClure, Sailaja Mandalapu, Harbinder S. Dhillon. Dept Biological Sci, Delaware 
State Univ, Dover, DE. 
   Endophenotypes represent simpler cues to complex diseases than the actual full-blown pathological symptoms. Specific 
deficits in habituation and motor control have been designated as endophenotypes in several neurological disorders 
associated with dopamine imbalance including schizophrenia, autism and Parkinson’s disease. Habituation is a basic form of 
non-associative behavior that correlates with a change in neuronal excitability or change in synaptic strength whose cellular 
correlates have remained remarkably conserved from simple invertebrates to mammals. Considering the importance of 
habituation as a neurological endophenotype in disorders with dopamine imbalances, it is important to dissect its biological 
correlates so as to gain fundamental insights into the actual pathologies. The phenomenon of mechanosensory habituation has 
been particularly well studied in C. elegans and various studies indicate a central regulatory role for dopamine as a key to 
understanding the neural basis of motor control in habituation. In C. elegans, the D2-like dopamine receptor DOP-2 has been 



proposed to be the dopamine auto-receptor that modulates dopamine release during the process of associative learning. Our 
goal is to understand the auto-receptor functional of DOP-2 in modulating dopamine levels in the synaptic cleft. Work in our 
lab has shown that DOP-2 physically interacts with GPA-14 an inhibitory G-alpha (Gαi) subunit, and that both dop-2 and 
gpa-14 deletion mutants habituate at a significantly faster rate as compared to wild-type. Furthermore, gpa-14 deletions also 
show associative learning deficits similar to those reported for dop-2 previously. Additionally, our anterior touch based 
habituation assays indicate that a TRP cation channel may be modulating DOP-2 auto-receptor function. Preliminary results 
for the dop-2 and trp-4 mutants show that these mutants habituate faster and the habituation rate of trp-4;dop-2 double 
mutants is the same as either of the single mutants. We thus hypothesize that dop-2 and trp-4 act in the same pathway to 
modulate neurotransmitter release. Besides the genetic and behavioral approach outlined above, we are also using 
fluorescence recovery after photo-bleaching (FRAP) as a surrogate to study vesicle release. Results from our experiments 
provide an insight into the molecular and neural mechanisms involved in the modulation of neurotransmitter release and 
habituation. 

696B. Molecular and cellular mechanisms regulating axonal compartmentalization in C. elegans RIA interneurons. A. 
Donato1, J. Ren2, Y. Zhang2, M. A. Hilliard1. 1) The University of Queensland, Queensland Brain Institute, QLD 4072, 
Australia; 2) Harvard University, Department of Organismic and Evolutionary Biology, Centre for Brain Science, MA 
02138, USA. 
   Neurons are highly compartmentalized cells consisting of three main structural and functional domains, cell body (soma), 
axon, and dendrites.  In the last decade, increasing experimental evidence has revealed that additional levels of 
compartmentalization are in place within the processes, providing higher computational potential than previously 
thought.  However, little is known on the molecular and cellular mechanisms that regulate the establishment of these 
subcellular compartments during development and their maintenance during the lifetime of the animals.  A recent study from 
Yun Zhang’s laboratory has shown that the unipolar RIA interneurons display distinct compartmentalized activity in different 
axonal domains.  Remarkably, calcium activity in specific axonal domains is correlated with the direction of the dorsal-
ventral head bending and the compartmental activity regulates the amplitude of the head bending (Hendricks et al., 
2012).  These results reveal the properties and function of RIA axonal compartmentalization.  Here, we propose to elucidate 
the underlying molecular and cellular mechanisms.  First, we tested the hypothesis that the functional compartmentalization 
of RIA results from compartmentalized localization of the muscarinic acetylcholine receptor GAR-3.  Previously, it has been 
shown that the axonal compartmentalized activity of RIA requires the synaptic output of the cholinergic head motor neurons 
SMDD/V and the function of GAR-3 in RIA (Hendricks et al., 2012).  Thus, we analysed the distribution of the GAR-3 
receptor in RIA, and found that its localisation is diffused and does not correlate with compartmentalized calcium activity, 
suggesting different underlying mechanisms.  Second, we tested the hypothesis that specific localization of mitochondria in 
RIA may regulate RIA compartmental activity by buffering calcium waves in certain axonal domains.  We found that 
mitochondria distribution in RIA is not consistent with a potential role in generating calcium compartmentalisation in this 
cell.  Finally, using the GFP reconstruction across synaptic partners (GRASP) (Feinberg et al., 2008), we have specifically 
labelled the synaptic contacts between SMDs and RIAs, which will allow us to investigate if the calcium 
compartmentalisation is governed by the precise synaptic organisation in the RIA axon and how changing in the synaptic 
organisation can affect neuronal activity and therefore the animal behaviour. . 

697C. G-Protein Coupled Receptor Signaling: a Role for Small Interfering RNAs in Stimulus Specific Adaptation. Trang 
Duong, Noelle L'Etoile. Cell & Tissue Biology , University of California, San Francisco, San Francisco, CA. 
   A significant portion of currently approved drugs target G Protein Coupled Receptors (GPCRs) but most have off-target 
effects and many of these include dental sequelae. Such side effects can arise when distinct GPCRs in one cell signal through 
similar second messengers. Thus, the stimulation of one GPCR affects the down-stream signaling pathway and adaptation of 
the cell's other GPCRs. Indeed, one key question in the field is how different GPCRs, though they activate many of the same 
second messengers, signal independently without cross adaptation of their signals. Understanding how this signaling is 
segregated may lead to the ability to develop interventions that limit crosstalk and off-target effects. My overarching goal is 
to understand how adaptation of GPCR pathways can be independently regulated.This question will be studied in the C. 
elegans model system, where signaling from multiple GPCRs can be studied in individual olfactory neurons. Our lab recently 
discovered that an endogenous RNAi (endo-siRNA) pathway promotes adaptation to GPCR signaling by odorants. This 
observation provides a framework to explain how multiple odors sensed by a single sensory neuron are adapted to 
independently. This may thus constitute one mechanism by which highly similar signal transduction pathways are insulated 
from each other in the same cell. This leads me to the hypothesis that the specificity of adaptation to G protein signaling in 
olfactory neurons is directed by the engagement of different endogenous RNAi biosynthetic pathways acting downstream 
of olfactory GPCR stimulation. I will test this hypothesis in 3 aims: In aim 1, I will use behavioral assays to identify 
endogenous RNAi processing factors that act downstream of GPCRs to promote adaptation specifically to either isoamyl 
alcohol (IAA) or butanone (BU). Preliminary data suggests that the exonuclease ERI-1 is one such factor as it is required for 
adaptation only to IAA. In aim 2, I will use biochemical and visual means to determine whether ERI-1 is, in fact uniquely 



required for adaptation to IAA and if so, by what mechanism. In aim 3, I will use high-resolution endo-siRNA sequencing of 
either IAA or BU adapted populations to determine if specific siRNA species are produced in adaptation to each odor. I will 
then determine whether any of these sequences or removal of their targets are sufficient to promote IAA adaptation.Together, 
these results will provide insight into how GPCR signaling can remain separated within the same cell, and how endogenous 
siRNA mediates this process.. 

698A. Whole-animal C. elegans connectomes. S Emmons1,2, S Cook2, T Jarrell1, Y Wang1, M Yakovlev1, K Nguyen2, D 
Hall2. 1) Dept Gen, Albert Einstein Col Med, Bronx, NY; 2) Dept Neuroscience, Albert Einstein Col Med, Bronx, NY. 
                   We have assembled for the first time complete wiring diagrams of the entire nervous systems of C. elegans adults 
of both sexes.  For the hermaphrodite, we reanalyzed the electron micrographs that served as the basis for the 1986 
publication “The Mind of a Worm” (White et al, 1986).  For the male, we combined the posterior connectivity we published 
previously (Jarrell et al, 2012), obtained by analyzing Cambridge electron micrographs (Sulston et al, 1970), with data from 
our own series through a male head.  For the pharynx we reanalyzed the micrographs analyzed previously by Donna 
Albertson (Albertson and Thomson, 1976).  For some neurons, we added data from new electron micrographs of legacy 
grids.  Notably, we added connectivity of SAB motorneurons to body wall muscles in the head (muscles 1-7); these neurons 
contribute 37% of the total input to these muscles.  Finally, significant gaps still remained: to our knowledge, a region 
posterior of the vulva (posterior of the N2U series, anterior of the male N2Y series) has never been examined by electron 
microscopy.  To fill in these areas, we added connections to complete the chains of motor neurons and muscles by assuming 
a regular structure.  Connectivity matrices, neuron maps, and synapse lists are available on our website: 
WormWiring.org.                 Analysis of the complete, quantitative datasets by graph layout algorithms yields biologically 
meaningful displays.  When an algorithm is applied that utilizes the “spring-electric” approach, in which nodes repel each 
other uniformly and attract according to the strength of their connectivity (Allegro Layout, allegroviva.com), neurons of 
similar or related function are grouped together.  At the next higher level, clear modules are separated.  When the 
arrangement is graphically illustrated using the display tools of Cytoscape, the functional pathways and hierarchical 
arrangement of the entire worm neuromuscular system are revealed—the layout closely matches the worm’s anatomy.  The 
overall arrangement is the same in both sexes, with the addition in the hermaphrodite of the vulva muscles and circuits and to 
the male “tail” of the enormous copulatory circuits.  Along with the sensory pathways for head contact and for odorants and 
chemicals, pathways leading from pheromone sensing neurons reveal a sexual circuit in the head, elements of which (AVF, 
PVQ, and RIM interneurons) are shared by both sexes, along with, in the hermaphrodite, the HSN neurons, and in the male, 
the CEM sensory neurons and the EF and MCM interneurons (for the new MCM interneurons, see the Abstract by Sammut et 
al). 

699B. Defining interactions between neurotransmitter transporters and proton pumps. G. Ernstrom, D. Jenkins, L. Folger. 
Department of Biology, Program in Molecular Biology and Biochemistry, Program in Neuroscience, Middlebury College, 
Middlebury, VT. 
   The processes involved in loading neurotransmitters into synaptic vesicles may also regulate fusion competence. 
Neurotransmitters are loaded into synaptic vesicles by secondary active transport: a vesicular proton pump acidifies vesicles, 
and neurotransmitter transporters use the proton gradient to drive active transport of cytosolic transmitters into vesicles. 
Previous work found that proton pump mutations lead to less acidic vesicles and reduce endogenous vesicle fusions. We 
tested whether mutations in the vesicular GABA transporter (UNC-47) would similarly deacidify vesicles. Using a synapto-
pHluorin assay, we did not detect a change in vesicle pH between unc-47(e307) mutants and the control strain. This result 
corroborates an acidification regulatory mechanism for vesicle fusion because membrane fusion is normal in unc-47(e307) 
mutants. Because the locomotion defect in proton pump mutants is associated with a reduced fusion rate with normal quantal 
size, we also tested whether the locomotor defect in the proton pump mutants would be exacerbated by combining the proton 
pump mutations with unc-47 mutations. We discovered non-allelic non-complementation between unc-47(e307) and proton 
pump mutant alleles: the locomotion in animals heterozygous for unc-47 and proton pump alleles was severely impaired 
compared to any heterozygote alone. This genetic interaction is consistent with a dosage effect where reduced levels of 
proteins working in the same pathway can reveal a mutant phenotype. However, in many cases where non-allelic non-
complementation has been observed at the synapse, alleles that interact in this way are known to encode proteins that 
physically interact. To explore the possibility of a physical protein interaction, we are in the process of tagging subunit a of 
the Vo domain with dronpa, a photoconvertible fluorophore, via the Type-II CRISPR/Cas9 genome editing system. Such a 
reagent can be used for FRET or super-resolution analysis with a fluorescently tagged VGAT. 

700C. A functional screen for homologs of the dopamine-gated chloride channel LGC-53. Alice Fok, Niels Ringstad. The 
Helen L. and Martin S. Kimmel Center for Biology and Medicine at the Skirball Institute of Biomolecular Medicine, 
Molecular Neurobiology Program, and Department of Cell Biology, NYU Langone Medical Center, New York, NY, USA. 
   Dopamine (DA) plays a key role in reward behavior, voluntary movement and addiction. Furthermore, therapeutics for 
many neurologic and psychiatric illnesses such as schizophrenia, Parkinson’s disease, and ADHD target the DA signaling 



pathway.  Canonical receptors for DA are G-protein-coupled receptors. However, it is possible that in the brain DA signals 
through other mechanisms. In the nematode worm C. elegans, a ligand chloride channel LGC-53, which is a cys-loop ion 
channel similar to the human GABAA receptor, is a receptor for DA.  I performed a functional screen for LGC-53-like 
receptors encoded by the human genome by cloning and co-expressing the 24 known human ligand-gated chloride channel 
subunits in X. laevis oocytes.  Preliminary results show that 200 μM DA evokes a 40 nA current in oocytes expressing this 
pool of receptor subunits. The DA-evoked current is insensitive to calcium chelation using intracellular BAPTA suggesting 
that it is not mediated by calcium-activated channels endogenous to oocytes. I have also found that DA-evoked currents are 
resistant to picrotoxin, a broad-spectrum antagonist of ligand-gated chloride channels. Currently I am performing whole-cell 
patch clamp recordings of HEK293T cells expressing the same ensemble of receptors to study this putative DA receptor at 
higher resolution with the ultimate goal of determining the identities of a minimal set of channel subunits that constitute a 
functional DA receptor. . 

701A. Elucidating conserved neural mechanisms underlying defective motor pattern transitions. Dawn Guzman, Jonathan 
Pierce-Shimomura. Department of Neuroscience, University of Texas at Austin, Austin, TX. 
   For many animals, the ability efficiently navigate through their natural environments by using different forms of 
locomotion is critical for various aspects of survival – such as predator evasion and food seeking. Common forms of motion 
–such as swimming, walking, crawling or running – are governed by distinct rhythmic neural outputs. Dopamine has been 
found to play a conserved role in switching between such motor programs in a variety of species. One such example of this in 
humans can be seen in Parkinson’s disease (PD) patients. Humans with PD lose the ability to initiate or switch between 
movements as a subset of their dopamine neurons degenerate. Our lab has recently demonstrated that C. elegans displays two 
distinct forms of locomotion – crawling and swimming – and that dopamine is necessary and sufficient for the transition 
from swimming to crawling. Despite this knowledge, it remains unknown how motor transition dysfunction may be overcome 
in the absence of dopamine. We are addressing this issue with two approaches that take advantage of the powerful genetics of 
C. elegans. First, we are conducting an unbiased forward genetic screen for novel mutations that suppress the swim-to-crawl 
transition defect of the dopamine deficient mutant cat-2.  This gene encodes the dopamine synthesizing enzyme tyrosine 
hydroxylase conserved in all animals including humans. Mapping and cloning genes that can be mutated to enable locomotor 
transitions in the absence of dopamine may reveal insight into repair of dopamine-deficient circuitry in higher animals. 
Second, we are testing the hypothesis that an imbalance in the dopamine-serotonin ratio contributes to motor transition 
defects. We will test this hypothesis in the cat-2 mutant by impairing specific serotonergic pathways via mutation and 
pharmacological agents. If our hypothesis is correct, induced serotonin deficiency should restore normal motor transitions in 
the cat-2 mutant. Repair of motor transition deficits with strategies that do not rely on the presence of intact dopamine 
signaling is important because current treatments for Parkinson’s disease only depend on boosting the signal of residual 
dopamine neurons (e.g. L-dopa & deep brain stimulation) and fail once dopamine neurons are depleted.  . 

702B. Long-term associative memory in Caenorhabditis elegans. Satomi Ito, Saori Nishigima, Ichiro Maruyama. Okinawa 
institute of science and technology, Onna-son, Kunigami-gun, Okinawa. 
   Sensory neurons perceive information from the environment, which affects animal’s behavior. C. elegans is an excellent 
model organism for the study of neuronal circuits that regulate the behavior, because of its relatively simple nervous system. 
The animal can also learn and store memory of non-associative memory like habituation and associative memory of two 
environmental stimuli. We are interested in molecular mechanisms and cellular networks underlying the associative memory, 
and have developed protocols for induction of short-term and long-term olfactory appetitive memories, STM and LTM, 
respectively, in C. elegans.     We used 1-nonanol, a weak, volatile aversive chemical to C. elegans, as a conditioned stimulus 
(CS) and potassium chloride (KCl), a strong attractive substance, as an unconditioned stimulus (US). We conditioned animals 
with massed and spaced trainings to induce STM and LTM, respectively. Young adult animals in a small plastic tube sealed 
the bottom with a 30 um-nylon mesh sheet were stimulated with 1-nonanol vapor in a beaker, and then with KCl solution. 
For the massed training, animals were repeatedly conditioned as described above eight times without an inter-trial interval 
(ITI) between the conditionings. For the spaced training, on the other hand, animals were conditioned in the similar way to 
the massed training with ITI, during which animals were rested on an NGM plate. Immediately or hours later after the 
conditioning, animals were analyzed by chemotaxis assay on an agar plate spotted with 1-nonanol. As results, the trained 
animals successfully learned and retained the memory for 6 hours by the massed training and for 48 hours after the spaced 
training. We have also examined whether the training induces CS-specific memory by using 2-nonanone as a CS, instead of 
1-nonanol. After training with 2-nonanone and KCl, animals formed 2-nonanone-specific, but not 1-nonanol-specific, 
associative memory. These results demonstrate that the protocols can successfully induce associative STM and LTM in C. 
elegans. We are currently trying to elucidate neuronal circuits responsible for the learning and memory. 

703C. Testable hypothesis generation via directed analysis of plausible information flow in the connectome. Rex Kerr. 
Biochemistry and Biophysics, UCSF, San Francisco, CA. 
   C. elegans is the only animal with an approximately complete connectome.  Although initial hopes that connectivity alone 



would allow a deep understanding of nervous system function have gone unfulfilled, the connectome has proven to be an 
essential tool for the experimentalist in generating hypotheses and planning experiments.  Nonetheless, the majority of 
computational analysis of the connectome has focused either on attempts at whole-animal simulation, or on topology-based 
graph-theoretic measures that apply to graphs of all sorts.  Neither approach seeks to emulate the directed inquiry of the 
experimentalist.Graph-theoretic measures take no advantage of our knowledge of the function of a nervous system as a time-
varying computational system that propagates information, and thus discards much valuable information about the 
system.  But the success of a full simulation depends on detailed knowledge of the biophysical properties of neurons and 
synapses that exceeds what we have, and it is unclear whether optimization techniques can suffice to fill in the missing 
pieces.  Here, a middle path is taken: the connectome is used to define routes of plausible information 
flow, which neither discards information we have nor requires information that we do not.Information flow is then used to 
compute a variety of metrics of particular interest to experimentalists. Flow-similarity groups neurons that seem to have a 
similar pattern of impact on the nervous system, suggesting that they function in similar behaviors.  For example, ASE and 
AWC, which sense salt and volatile attractants respectively, are scored with very high similarity, as we would hope given that 
they both drive chemotaxis behavior. Flow-compensability measures the extent to which information flow to muscles can be 
preserved after ablating one or more neurons by up- or down-regulating the responsiveness of other neuron(s); as expected, 
right and left neurons are typically very good at compensating for reach other.  Flow-persistence detects neurons in recurrent 
loops where ongoing state may be maintained; this metric gives high scores to command neurons.  Thus, these and other 
similar computation-based metrics provide a rich view of possible neuronal function, and are a promising source of novel 
hypotheses for experimentalists.(Note: some of this work was performed at, and all of it was supported by, the Howard 
Hughes Medical Institute's Janelia Farm Research Campus.). 

704A. A gene expression-analysis approach to identify the genetic code for synaptic connections in the C. elegans nervous 
system. Byunghyuk Kim1, Bangxia Suo1, Maria Lazaro-Pena1, Olha Ivashkiv1, Scott W, Emmons1,2. 1) Department of 
Genetics, Albert Einstein College of Medicine, Bronx, NY, USA; 2) Department of Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY, USA. 
   We are constructing an expression map of cell adhesion and recognition genes to identify genes or combinations of genes 
whose expression patterns correlate with nervous system connectivity. In spite of much effort, how precise patterns of 
synaptic connectivity are established during development remains to be determined. Our recent reconstruction of the circuits 
for mating in the C. elegans male tail (Jarrell et al., 2012) points up the complexity of this problem. The male mating network 
comprises 144 neurons and 64 muscles creating about 3,200 connected cell pairs with over 8,000 synapses. Most of the 81 
male-specific neurons located in the tail are born during a short interval at the end of larval development, when, together with 
the remaining shared neurons, they generate the large number of synapses specific to the male, nearly doubling the size of the 
nervous system. How these complex and non-random connections are genetically specified in a timely manner is unknown. 
We are testing the hypothesis that, to direct fasciculation and synapse formation, each neuron and muscle cell expresses on its 
surface an abstract cell-label comprised of multiple cell-recognition or cell-adhesion proteins. We hypothesize that the 
probability of adhesion and synapse formation between any pair of cells will depend on the interactions between such 
molecular cell labels. The C. elegans genome contains over 100 genes encoding transmembrane or secreted proteins with 
extracellular immunoglobulin, fibronectin, cadherin and other motifs found in proteins known to be involved in the formation 
of synapses. So far we have examined the expression of 58 of these genes, selected in part by their enriched expression in the 
male during synaptogenesis (see Kim, Suo, and Emmons Abstract). Forty-three are expressed in the male neural circuits and 
muscles. Consistent with their function as abstract, combinatorial labels, each gene is typically expressed in multiple neurons 
and muscles (n=1~43), and each neuron and muscle cell type expresses multiple genes (n=1~9). While a nearly complete 
expression matrix may be necessary before it becomes possible to discern correlations between connectivity and 
combinations of genes, we have already found an interesting correlation for the single neuroligin gene nlg-1. nlg-1 is 
expressed in a small, select subset of neurons which are almost all postsynaptic partners of one sensory neuron pair 
PCA(L/R). By visualizing specific synapses of PCA in a nlg-1 mutant, we will test the roles of nlg-1 in defining specific 
synaptic connections in the male mating neural circuits. 

705B. An atlas of G protein-coupled neurotransmitter and neuropeptide receptor expression patterns in C. elegans. 
Seongseop Kim1,2, Robert Fernandez1,2, Judy Pepper1,2, Michael R. Koelle1. 1) Yale University; 2) Equal contribution. 
   Many neurotransmitters and neuropeptides signal by activating G protein-coupled receptors (GPCRs), but there is a limited 
understanding of the biological purpose of such signaling in large part because there are mutant phenotypes for only a tiny 
fraction of the GPCRs. The few C. elegans GPCRs that have been studied in detail are expressed in a very limited number of 
cells, and mutants show very specific defects in the behaviors controlled by those cells. Although it is now possible to get 
knockout mutations for any receptor, it has not been possible to identify any defects since we do not know what very specific 
defects to look for. If we knew the expression patterns for all the neural GPCRs, then we could analyze in detail knockouts of 
just the GPCRs expressed within the circuit that controls a behavior of interest for specific defects in that behavior. This 
strategy would provide a path to finally understand the functions of neurotransmitter/neuropeptide signaling through 



GPCRs.We are analyzing the cellular expression patterns of the ~100 neuropeptide receptor homologs and ~23 GPCRs for 
small molecule neurotransmitters that are found in C. elegans. We are using C-terminal translational gfp fusion transgenes 
generated by Sarov et al. (2012). These fosmid-based transgenes contain long stretches of 5’ and 3’ regulatory sequences and 
thus should show accurate and complete expression patterns. We are generating high-copy transgenes by microinjection to 
get bright GFP expression and also to generate possible over-expression phenotypes. We identify GFP-expressing cells by 
confocal microscopy, using several RFP transgenes to label specific cells as landmarks.Our pilot experiments have confirmed 
and added to previously known expression patterns of several neurotransmitter receptors. For example, our egl-6::gfp fosmid 
transgene showed expression in the HSN and GLR cells, as did a smaller transgene used by Ringstad and Horvitz (2008). 
However our fosmid transgene also showed additional expression in head, vulval, anal sphincter muscles, the gonadal sheath 
cells, and several additional neurons.Our receptor expression atlas will help identify neurotransmitter signaling events in all 
neural circuits, but we will first demonstrate its utility by focusing on the egg-laying circuit. This circuit consists of just four 
cell types, and we hope to identify all the neurotransmitter receptors that act in this circuit and to characterize their functions 
in generating the pattern of activity by which this circuit controls egg-laying behavior. 

706C. The G protein-coupled receptor FSHR-1 regulates the balance of excitatory to inhibitory transmission at the C. elegans 
neuromuscular junction. Allyson Munneke, Sarah Olofsson, Amy Wasilk, Julie Kolnik, Erica Damler, Jennifer Kowalski. 
Biological Sciences, Butler University, Indianapolis, IN. 
   Regulation of excitatory and inhibitory synaptic transmission is critical for nervous system function; misregulation of this 
signaling occurs in neurological disorders1. G protein-coupled receptors (GPCRs) are mediators of neuronal signaling and 
may directly or indirectly control synaptic transmission2. Here, we report a novel role for the conserved GPCR FSHR-1 as a 
key regulator of synaptic signaling at the C. elegans neuromuscular junction (NMJ) where a balance of excitatory cholinergic 
and inhibitory GABA signaling from presynaptic motor neurons controls muscle activity. In addition to controlling C. 
elegans innate immunity and germline differentiation3,4, the glycopeptide hormone receptor FSHR-1 was previously shown to 
regulate cholinergic signaling for muscle excitation and hypothesized to act as neuropeptide receptor5. The specific 
mechanism and site of FSHR-1 activity at the NMJ, however, are unknown. We recently identified FSHR-1 as a candidate 
substrate of the Anaphase-promoting complex (APC), an ubiquitin ligase that promotes GABA signaling at the NMJ6. FSHR-
1 contains an APC recognition motif and the reduced muscle excitation seen in fshr-1(ok778) mutants suppresses the 
enhanced muscle excitation of APC loss of function mutants. Rescue of fshr-1 expression only in GABA neurons (where the 
APC functions) restores near wild type muscle contraction. Consistent with a role for FSHR-1 in both cholinergic and GABA 
signaling, fshr-1 mutants not only exhibit synaptic vesicle accumulation at cholinergic presynapses5, indicative of decreased 
acetylcholine release, but also show decreased synaptic vesicle accumulation at GABA presynapses, consistent with 
increased GABA release. These effects may involve canonical Gαs and adenylyl cyclase signaling4, as gain of function (gf) 
mutations in gsa-1(ce81) and acy-1(md1756), which cause increased muscle excitation, suppress the reduced muscle 
excitation of fshr-1 mutants, suggesting these genes act downstream of fshr-1. Neuronal activation of this pathway is 
important, as neuronal overexpression of an ACY-1 gf construct suppresses the fshr-1 loss of function phenotype. Current 
work involves further elucidating the role of FSHR-1 signaling in each motor neuron class, the APC-FSHR-1 relationship, 
and potential FSHR-1 interactions with neuropeptides. 1) Casillas-Espinosa PM et al. 2012. Epilepsia, 53:41–58; 2) Betke 
KM et al. 2012. Prog Neuro, 96: 304-21; 3) Powell JR et al. 2009. PNAS, 106:2782–87; 4) Cho S et a.l 2007. Curr Biol, 
17:203-12; 5) Sieburth D et al. 2005. Nature, 436:510-17; 6) Kowalski JR et al 2014. Mol Cell Neuro, 58:62–75. 

707A. Cold habituation is regulated by the tissue network including neuron and sperm. Satoru Sonoda, Tomoyo Ujisawa, 
Akane Ohta, Atsushi Kuhara. Inst. for Integral Neurobiology & Dept Biology, Grad. school of Sci., Konan University, 
Kobe JAPAN. 
   Temperature is a critical stimulus and causes biochemical impact in animals. We are studying habituation mechanism to 
environmental temperature changes in C. elgans. After cultivation at 20 degree, wild-type were destroyed by cold stimuli. In 
contrast, after cultivation at 15 degree, most of animals can survive. We recently found that this cold habituation is regulated 
by ASJ temperature sensing-neuron, which releases insulin that is received by intestine and neuron (Ohta, Ujisawa et al., 
Nature commun, 2014). To identify novel mechanisms of cold habituation, we analyzed mutants impairing genes isolated 
from our DNA microarray analysis. We found that sperm genes as well as neuron genes affect cold habituation. Sperm 
mutants, such as gsp-3, gsp-4, ife-1 and fem-1, showed abnormal enhancement of cold habituation. Also, laser ablation of 
sperm in wild-type induced similar abnormality in cold habituation. Our genetic epistasis analysis and quantitative PCR 
analysis suggested that sperm affects cold habituation in downstream of insulin signaling of intestine. We unexpectedly 
found that abnormal cold habituation of gsp-4 was strongly suppressed by the mutations in temperature signaling of ASJ 
neuron. This speculates that sperm affects neuronal activity of ASJ temperature sensing-neuron. We therefore monitored 
neuronal activity of ASJ in gsp-4 mutant, by using calcium imaging under temperature changes. Temperature stimuli-
dependent calcium concentration changes in ASJ of gsp-4 was lower than that in wild-type. These results hypothesized that 
sperm affects temperature signaling in ASJ through any feedback system such as secretory signaling. To investigate what 
molecules are reacquired for the secretory systems, we focused on hormonal signaling. Our DNA microarray analysis 



identified that the expression levels of 58 genes encoding nuclear hormone receptor (nhr) were significantly changed by 
temperature stimuli. We found that nhr-88 and nhr-114 mutants showed abnormal cold habituation. We are now using 
genetic epistasis analysis and calcium imaging of ASJ to investigate whether these mutations affect temperature signaling in 
ASJ. 

708B. Calcium imaging and computational simulation for the spatio-temporal dynamics of the neural coding in a C. elegans 
chemotaxis circuit. Masahiro Kuramochi1,2, Motomichi Doi1,2. 1) Life Sci. & Bioeng., Grad. Sch. of Life & Env. Sci., Univ. 
of Tsukuba, Ibaraki, Japan; 2) Biomedical RI., AIST, Ibaraki, Japan. 
   To understand the neural information processing navigating animal behaviors, integration of the in-vivo observation of 
neuronal activity and the computational modeling using observation data is quite useful. This strategy gives us important 
information to characterize the spatio-temporal dynamics of the activity in each single neuron and their roles on information 
processing through synaptic integration. Recent studies have succeeded to apply the integrated analysis into C. 
elegans sensory neurons [Kato et al., 2014]. We have focused on a C. elegans chemosensory circuit and are conducting an 
integrational analysis to understand the neural information processing during salt-chemotaxis behavior. By using calcium-
sensitive fluorescent proteins, in this study, we monitored the activities of the ASE salt-sensing neurons and their 
postsynaptic interneurons, and using these data, we have developed a novel simulation model to estimate their activities in-
silico.The calcium-sensitive fluorescent proteins GECO were expressed in either ASE neurons or their postsynaptic neurons 
such as AIY, and the transgenic animals were stimulated by the decrease or increase of NaCl concentration. To monitor and 
collect the patterns of neuronal activities close to worm's living conditions, we applied various types of stimuli to the 
transgenic animals, such as long or short duration of stimulation, tiny or large concentration change, and the rapidly-
flickering concentration change. These imaging analyses imply several characteristics about one of the salt-sensing ASE 
neurons ASER. First, the ASER neuronal activity is described by a leaky integrator which includes an exponential decay 
occurred after initial activation process. Second, the activity of the ASER neuron has a nonlinear relationship with the 
concentration change of NaCl. Thirdly, the ASER can response reliably to rapidly-flickering stimuli as the temporal 
dynamics observed in the AWC neuron [Kato et al., 2014]. For the computational modeling of the ASER neuronal activity, 
we have developed a kind of 'leaky integrate-and-fire model', in which neuronal cells are described as multi-compartments. 
We confirmed that this model reproduces the neuronal activity of the ASER neuron in agreement well with imaging data. Our 
integrated strategy will help to understand how neurons are responded and how these responses do contribute to the spatio-
temporal dynamics of the postsynaptic neuronal activity, as worms sense various types of stimulation. 

709C. Adaptation to cholinergic agonist levamisole, a new insight of AChR regulation at neuromuscular junctions. Viviane 
Laine, Luis Briseno-Roa, Maelle Jospin, Jean-Louis Bessereau. UMR5534, CGPhiMC, Villeurbanne. 
   Myasthenia gravis is the most prevalent form of neuromuscular transmission disorders. This pathology, characterized by a 
fluctuating muscle weakness and an excessive fatigability, is often due to a downregulation of the acetylcholine receptors 
(AChR) expressed at the surface of muscle cells. Current treatments use acetylcholinesterase inhibitors to restore efficient 
neuromuscular transmission. Unfortunately these inhibitors can sometimes lead to a cholinergic overstimulation, called 
cholinergic crisis: a respiratory failure can be observed as muscles stop responding to acetylcholine. To prevent cholinergic 
crises, alternative therapeutic strategies relying on the modulation of AChR metabolism or function are considered. So far, 
however, only few cellular factors are known to regulate AChRs. As these receptors are conserved in many organisms, we 
use the model organism Caenorhabditis elegans to better understand the regulation mechanisms of AChRs at excitatory 
neuromuscular junctions.As levamisole-sensitive AChRs (L-AChRs) do not desensitize to the cholinergic agonist levamisole, 
prolonged muscle activation with this drug induces fast worm paralysis and death in a few hours. Yet some mutants are able 
to recover locomotion while they are exposed to levamisole. This phenotype, referred as levamisole-mediated adaptation, is 
observed in mutants of L-AChR regulators. Thus the levamisole-mediated adaptation provides a suitable experimental 
approach to investigate pathways involved in AChR regulation.As AChRs are permeant to calcium we monitored the Ca2+ 
time course over adaptation using a GCaMP indicator expressed in muscle cells. We showed that the long-term adaptation is 
determined by early variations of Ca2+ levels in muscle cells. We elaborated a model for levamisole-mediated adaptation, in 
which the AChR cluster signaling is decoupled from the downstream mechanisms leading to intracellular Ca2+ variations. We 
suggest that a negative modulator being part of the clusters inhibits AChR signaling pathway. Finally, using a large-scale 
genetic screen, we isolated several mutants displaying a levamisole-adaptation phenotype. Among them, a shorter product of 
lev-10 gene, described in the clustering of L-AChRs at synapses, discloses a role of LEV-10 at the interface between 
scaffolding components and Ca2+ signaling pathways. 

710A. Functional and anatomical analysis of the L1 motor circuit. Sway Chen1, Steven Cook2, Asuka Guan3,4, Yangning 
Lu3,4, Valeriya Laskova3,4, Jeff Lichtman1, Ben Mulcahy3, James Mitchell1, Marianna Neubauer1, Aravinthan Samuel1, 
Manusnan Suriyalaksh1, Richard Schalek1, Quan Wen5, Daniel Witvliet3,4, Mei Zhen3,4. 1) Center for Brain Science, Harvard 
University, Cambridge, MA; 2) Dominick P. Purpura Department of Neuroscience, Albert Einstein College of Medicine, NY; 
3) Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital, Toronto, ON, Canada; 4) Departments of Physiology, 



and Molecular Genetics, University of Toronto, Toronto, ON, Canada; 5) School of Life Sciences, University of Science and 
Technology of China, Hefei, Anhui Province, China. 
   At all developmental stages, C. elegans navigates its environment by generating and propagating bending waves along its 
body. The neuronal circuit controlling locomotory behavior, however, changes significantly at the end of the L1 larval stage. 
During the L1 stage, B- and A-type cholinergic motor neurons innervate dorsal body wall muscles but not ventral muscles. 
D-type GABAergic motor neurons innervate ventral muscles but not dorsal muscles. Calcium imaging and optogenetic 
stimulation suggest that D-type neurons are inhibitory at the L1 stage, causing ventral muscles to relax. At the L2 stage and 
beyond, both ventral and dorsal muscles are symmetrically innervated by cholinergic and GABAergic motor neurons, and 
phasic excitation coupled to contralateral inhibition is thought to be responsible for the propagation of undulatory waves. So 
how does the worm produce undulatory behavior at the L1 stage given the profound ventral/dorsal asymmetry in excitatory 
cholinergic and inhibitory GABAergic inputs? To answer this question, we have reconstructed the L1 motor circuit using 
serial section electron microscopy. We are now using targeted cellular ablation, calcium imaging, and optogenetics to 
pinpoint the mechanism for ventral muscle contraction, and understand how alternating waves of excitation and relaxation 
drive undulation during the L1 stage. Our goal is a detailed mechanistic model of L1 locomotion. Comparing the circuit basis 
of L1 with adult worm locomotion should shed light on conserved principles of rhythmic locomotion and development of 
motor circuits. 

711B. Line scanning fluorescent confocal microscope for a 3D multi-neuron imaging of C. elegans. Alexey Lyashenko, 
Edward Polanco, Katsushi Arisaka. Physics and Astronomy, UCLA, Los Angeles, CA. 
   Conventional confocal microscope uses a physical aperture to reduce the amount of out of focus light to the image sensor. 
We developed a line scanning confocal microscope that utilizes a software controlled rolling shutter on a CMOS camera for a 
high-speed 3D volume imaging of dozens of active neurons. The microscope setup allows for a real time worm tracking for 
freely navigating C. elegans under a localized external stimulation for phototaxis and thermotaxis. An external photo 
stimulation for optogenetics was also realized. 

712C. Investigating the synaptic role of the Gαs pathway. Laura Manning, Ashley Martin, Om Bhetuwal, Janet Richmond. 
Biological Sciences Dept., University of Illinois at Chicago, Chicago, IL. 
   The Gas pathway has been studied as an important modulator of neurotransmission and a molecular substrate for learning 
and memory in a variety of organisms. Studies of C. elegans Gas pathway mutants have demonstrated the importance of this 
signaling cascade in locomotion (Reynolds et al, 2005). Loss-of-function mutations in the major Gas effector, adenylyl 
cyclase (acy-1), result in severe uncoordinated locomotory phenotypes and low survival rates. Conversely, gain-of-function 
mutations in this gene confer hyperactivity in worm locomotion. Cyclic AMP (cAMP) generated by ACY-1 binds to the 
regulatory of subunit of PKA, KIN-2, causing it to disassociate from the catalytic PKA subunit, KIN-1, thereby activating the 
enzyme. Loss-of-function mutations in kin-2, which result in constitutively active PKA, mimic the enhanced locomotion seen 
in acy-1(g.o.f.) animals. Despite evidence that the Gas pathway converges on the core Gaq pathway that is required for UNC-
13-dependent priming of synaptic vesicles, precisely how the Gas pathway regulates synaptic function remains to be 
resolved.To understand the molecular mechanisms of neuromodulation due to Gas, we have begun a detailed characterization 
of synapses in acy-1(neuron null), acy-1(g.o.f.) and kin-2 loss-of-function mutants. We first examined their sensitivity to the 
acetylcholinesterase inhibitor, Dylox, as an initial readout of synaptic function. We found kin-2 and acy-1(g.o.f.) mutants to 
be Dylox-hypersensitive, where as acy-1 mutants showed wild-type responses to the drug. Despite these apparently strong 
indications of altered acetylcholine release, maximal evoked synaptic response amplitudes, recorded from the neuromuscular 
junctions (NMJs) of acy-1 and kin-2 mutants were not significantly affected, although a trend toward faster synaptic 
depression in stimulus trains was observed in acy-1 mutants. Additional experiments under conditions that lower release 
probability will be conducted to complete this analysis and to examine the potential role of PKA in the regulation of calcium 
influx, as recently reported at enteric NMJs (Wang and Sieburth, 2013). However, the lack of an obvious synaptic defect is 
consistent with the preliminary EM analysis of synaptic vesicle density and docking at the NMJs of these mutants, which 
appear close to wildtype. One notable difference that we have observed at the ultrastructural levels is a differential change in 
the number of dense core vesicles (DCV) at acy-1 and kin-2 synapses, suggesting that the Gas pathway may preferentially 
regulate this secretory pathway. This is consistent with previous data, showing that Gas acts in the same pathway as the DCV 
priming factor, UNC-31(CAPS) (Charlie et al, 2006). Ongoing experiments will complete this analysis and further probe the 
potential effects of the Gas pathway on peptide release from DCVs. 

713A. Regulation of the nicotinic acetylcholine receptor ACR-16. Ashley Martin, Feyza Sancar, Janet Richmond. Biology 
Dept., University of Illinois at Chicago, Chicago, IL. 
   At the C. elegans body wall neuromuscular junctions (NMJs) there are two cholinergic ionotropic receptor types, one that 
is heteromeric and activated by levamisole (LAChR) and one that is homomeric, alpha-7-like, and activated by nicotine 
(NAChR). LEV-9, LEV-10, and OIG-4 have been implicated in the clustering of LAChRs, but the expression of the 
colocalized NAChR appears completely normal when these genes are perturbed. The only receptor subunit known to be 



required for the C. elegans NAChR is ACR-16, which can form functional homo-pentameric receptors. Rapsyn is a possible 
regulator of the alpha-7 receptor, but we find the levels of ACR-16::GFP and evoked responses of rpy-1 mutants to be the 
same as wild type. This suggests that other, unidentified proteins play a role in the regulation of the ACR-16 receptor.A 
forward genetic screen was performed to isolate candidate genes involved in ACR-16 regulation. The screen utilized a single-
copy integrant of ACR-16::GFP to isolate mutants that decrease the level of ACR-16::GFP expression. From this screen 3 
mutants were identified. Electrophysiological recordings demonstrated a reduction in the evoked NMJ responses in these 
mutants. Further characterization suggested that LAChRs are unaffected as there was no change in response to pressure 
ejected-levamisole in the mutants and the fluorescence level of RFP-tagged LAChRs was also normal. Behavioral assays 
performed on the EMS mutant lines in an unc-63 mutant background revealed a more severe uncoordinated phenotype when 
compared to unc-63 alone, similar to an unc-63;acr-16 double mutant. These mutant phenotypes do not appear to be due to a 
synaptogenesis defect, as immunostaining for the cholinergic vesicular marker, UNC-17, appeared to be wild type in the 
majority of the EMS mutant backgrounds. Responses to pressure-ejected nicotine revealed a reduction in amplitude for two 
of the mutants, while the amplitude remained wild type in the third. This may relate to different roles in the regulation of 
ACR-16 in these mutants. Whole genome sequencing, using the Variant Density Mapping approach, has revealed 3 candidate 
genes for these mutations. Reference mutant strains for all 3 genes phenocopy the ACR-16 expression defects, and two 
strains fail to complement their respective EMS mutants; a complementation assay for the third mutant is underway. Further 
characterization of these genes is ongoing and should reveal mechanisms regulating the ACR-16 receptor. 

714B. Understanding motor circuit regulation through genetic suppressor analyses of acr-2(gf) . Katherine McCulloch, 
Yishi Jin. Division of Biological Sciences, Neurobiology Section, University of California-San Diego, La Jolla, CA. 
   Sinusoidal movement in C. elegans requires the coordinated opposing functions of excitatory cholinergic and inhibitory 
GABAergic motor neurons. A genetic screen for mutants defective in GABA signaling identified a gain-of-function mutation 
in acr-2 [acr-2(gf)], which causes a Valine-to-Methionine missense mutation in the highly conserved TM2 domain of a non-α 
nicotinic acetylcholine receptor subunit. acr-2 is expressed and functions specifically in cholinergic motor neurons to 
modulate motor circuit activity. C. elegans mutants defective in GABAergic transmission shrink in response to touch due to 
reductions in inhibitory signaling; however, acr-2(gf) animals shrink spontaneously. This novel convulsion behavior is the 
result of both increased cholinergic excitation and decreased GABAergic inhibition in the motor circuit, causing 
simultaneous contraction of the body wall muscle. Interestingly, mutations similar to acr-2(gf) in a human acetylcholine 
receptor subunit CHNRB2 have been associated with human familial epilepsies. A genetic suppressor screen for the acr-2(gf) 
convulsion phenotype led to the identification of its co-subunits. Analyses of other suppressors have also recovered roles for 
the GTL-2 TRPM channel protein, as well as novel genes, that regulate neuron activity. Further characterization of acr-2(gf) 
suppressors will continue to expand our understanding of the genes and pathways that regulate motor circuit function. In 
addition, we are complementing these classical genetic approaches with transcriptome analyses to identify genes that are 
differentially expressed in response to activity imbalances caused by acr-2(gf) relative to wild-type animals. These studies 
will advance our understanding of the molecular pathways that regulate and respond to chronic hyperactivity in motor 
circuits. 

715C. Locating synaptic calcium channels. Sean Merrill1, Shigeki Watanabe1, Alex Cherry1, Erik Jorgensen1. 1) Biology, 
University of Utah, Salt Lake City, UT; 2) HHMI. 
   Neurotransmission occurs when calcium triggers exocytosis of synaptic vesicles primed at release sites. The number, 
position and activity of nearby calcium channels determine the perdurance of free calcium at a release site. To understand the 
synapse we must identify the location of calcium channels in relation to synaptic vesicles, fusion proteins, and subcellular 
structures such as the dense projection. In the simplest model, calcium enters through a single source at the center of the 
synapse. However, calcium entry through multiple sources within a synapse has been studied only indirectly. In C. elegans 
unc-68 (RyR), egl-19 (L-type), and unc-2 (N-type) channels are each encoded by a single gene and contribute the calcium for 
synaptic vesicle exocytosis at neuromuscular junctions. We are determining the colocalization of calcium channels with other 
synaptic proteins at nanometer resolution. CRISPr and miniMos create single-copy transgenes that attach to each channel an 
enzymatic tag that covalently binds organic fluorophores suitable for imaging by biplane 3D super-resolution fluorescence 
microscopy. Transgenic animals are crossed with mutations that test the contributions of the vesicle priming proteins unc-13, 
unc-10 (RIM), and rimb-1 (RIM-binding protein) in localizing each synaptic calcium channel and its adjoining vesicles. 

716A. UNC-16 (JIP3) acts through synapse assembly proteins to inhibit the active transport of cell soma organelles to motor 
neuron axons. Stacey Edwards, Logan Morrison, Rosalina Yorks, Christopher Hoover, Soorajnath Boominathan, Kenneth 
Miller. Genetic Models of Disease Laboratory, OMRF, Oklahoma City, OK. 
   The conserved protein UNC-16 (JIP3) inhibits the active transport of some cell soma organelles, such as lysosomes, early 
endosomes, and Golgi, to the synaptic region of axons. However, little is known about this regulatory function of UNC-16, 
which does not require the kinesin KIF5 that interacts with UNC-16. We used an unc-16 suppressor screen in Caenorhabditis 
elegans to discover that UNC-16 acts through three conserved synapse assembly proteins: CDK-5 (Cdk5), SAD-1 (SAD-A 



Kinase), and SYD-2 (Liprin-a). Genetic analysis of all combinations of double and triple mutants in unc-16(+) and unc-16(-) 
backgrounds revealed that the three proteins are all part of the same organelle transport regulatory system, which we named 
the CSS system based on its founder proteins. Further genetic analysis revealed roles for the conserved proteins SYD-1 and 
STRD-1 (STRADa) in the CSS system. In an unc-16(-) background, loss of the CSS system improved the sluggish 
locomotion of unc-16 mutants, inhibited axonal lysosome accumulation, and led to the dynein – dependent accumulation of 
lysosomes in dendrites. Time lapse imaging of lysosomes in CSS system mutants in unc-16(+) and unc-16(-) backgrounds 
revealed active transport defects consistent with the steady state distributions of lysosomes. UNC-16 also uses the CSS 
system to regulate the distribution of early endosomes in neurons and, to a lesser extent, Golgi. The data reveal a new and 
unprecedented role for synapse assembly proteins in mediating an organelle transport regulatory function for UNC-16 that 
does not require the kinesin KIF5. 

717B. An INX-16 mediated calcium wave is required for normal NLP-40 release. Samuel McCright, Gabriel Moore, 
Christopher Ayoub, Lisa Learman, Maureen Peters. Department of Biology, Oberlin College, Oberlin, OH. 
   The C. elegans digestive motor program occurs every 45-55 seconds and consists of three sequential muscle contractions. 
This cycle’s timekeeping mechanism resides in the intestine. Calcium release in the most posterior intestinal cells initiates a 
posterior to anterior calcium wave. This wave triggers the release of signals that directly or indirectly control the motor 
program’s contractions. The intestinal wave’s rapid progression depends on intercellular communication via gap junction 
connections. Innexin-16 (INX-16) is a subunit of these intestinal gap junctions. Loss-of-function inx-16 mutation causes 
slowed calcium waves, demonstrating that INX-16 facilitates intestinal calcium wave propagation. In the absence of INX-16 
the posterior intestine loses its pacemaker status since aberrant wave initiation sites are common. The abnormal inx-16 waves 
cause dramatic defects in the motor steps, though the effect on each contraction varies. Posterior body contraction frequency 
is normal, yet the directionality is often altered to reflect the intestinal calcium wave orientation. Enteric muscle contractions 
are absent in most motor programs. This disparity in inx-16's effects on the downstream muscle contractions suggests that 
these signaling pathways are differentially sensitive to the remaining intestinal calcium flux in the mutants. We have been 
investigating what aspect(s) of the signaling pathway between the intestine and the enteric muscles is defective in the inx-16 
mutant. We propose that inx-16's loss of enteric muscle contraction is due to faulty release of the neuropeptide NLP-40. NLP-
40 co-localizes to synaptotagmin-2 tagged vesicles and is required to activate the neurons, AVL and DVB, that control 
enteric muscle contraction. These neurons subsequently release GABA, an excitatory neurotransmitter for enteric muscles. 
Optogenetic stimulation of GABAergic neurons can restore normal enteric muscle contraction frequencies in inx-16 
animals.  This finding demonstrates that inx-16’s enteric muscles can respond to GABA properly and that AVL and DVB are 
capable of GABA release.  To analyze if NLP-40 is released from the intestine, NLP-40::YFP levels were quantified in the 
intestine and coelomocytes of normal and mutant worms. A significant decrease in coelomocyte fluorescence was observed 
in the inx-16 mutant.  Lastly, the localization of vesicle fusion proteins and the NLP-40 receptor, AEX-2, are being 
examined. The reduced NLP-40 levels in inx-16 mutants suggests that enteric muscle contraction fails due to ineffective 
fusion of NLP-40 containing dense core vesicles. Our findings suggest that inx-16 intestinal calcium waves cannot trigger 
this particular calcium stimulated event. 

718C. Genetic analysis of a synapse to nucleus feedback mechanism coupling synaptic glutamate receptor levels with 
transcription. Benjamin Moss, Peter Juo. Graduate Program in Neuroscience, Tufts University School of Medicine, Boston, 
MA. 
   Chronic changes in synaptic activity result in compensatory alterations in AMPA-type glutamate receptors (AMPARs), but 
the mechanisms underlying this process have not been fully elucidated. Here, we investigate a feedback mechanism that 
bidirectionally regulates transcription of the AMPAR GLR-1 in response to chronic changes in synaptic activity. We 
previously found that trafficking mutants with decreased synaptic GLR-1, such as animals with mutations in the kinesin klp-4 
or the deubiquitinating enzyme usp-46, exhibit increased levels of glr-1 transcript  (1,2). This increase in glr-1 mRNA is due 
in part to increased glr-1 promoter (Pglr-1) activity based on a glr-1 transcriptional reporter (Pglr-1::gfp). glr-1 null mutants 
exhibit similar increases in glr-1 transcription, suggesting that decreased synaptic GLR-1 is sufficient to trigger the feedback 
pathway. Increased glr-1 transcriptional activity could be due to decreased synaptic GLR-1 protein levels or decreased 
glutamatergic transmission. Thus, we measured Pglr-1 activity in mutants with reduced synaptic activity such as animals 
with mutations in the presynaptic vesicular glutamate transporter eat-4/VGLUT or the SV priming protein unc-13/Munc13, 
and found similar increases in Pglr-1 activity. These data suggest that chronic reduction of synaptic activity is sufficient to 
trigger the feedback pathway. We next tested whether increased GLR-1 levels or activity could repress glr-1 transcription. 
We found that unc-11/AP180 clathrin adaptin endocytic mutants, which accumulate synaptic GLR-1 (3), exhibit decreased 
glr-1 transcription. Animals with increased GLR-1 signaling, such as animals expressing a dominant-active version of the 
receptor (GLR-1(A/T)) or animals with mutations in plasma membrane glutamate transporters, glt-1;glt-3, also exhibit 
decreased glr-1 transcription, suggesting that the feedback mechanism is bidirectional. Investigation of signaling pathways 
that may mediate the synapse to nucleus feedback pathway revealed that the CMK-1/CaM kinase I pathway normally 
functions to repress glr-1 transcription. Analysis of cmk-1;glr-1 double mutants suggests that CMK-1 functions in the same 



pathway as decreased synaptic activity to regulate glr-1 transcription. In support of this, we found that the subcellular 
distribution of GFP-tagged CMK-1 shifts from the nucleus to the cytoplasm in glr-1 mutants. Together, our results reveal a 
compensatory feedback mechanism where changes in synaptic activity trigger CMK-1 translocation between the nucleus and 
cytoplasm to regulate glr-1 transcription. 1. Monteiro et al. (2012) Mol Biol Cell. 2. Kowalski et al. (2011) J Neurosci. 3. 
Burbea et al. (2002) Neuron. 

719A. The mind of an L1 worm – how do neuronal circuits function and remodel throughout development?. Daniel Berger1, 
Andrew Chisholm2, Steven Cook3, Scott Emmons3, David Hall3, Douglas Holmyard4, David Kersen1, Valeriya Laskova4, Jeff 
Lichtman1, James Mitchell1, Ben Mulcahy4, Marianna Neubauer1, Angie Qu4, Aravinthan Samuel1, Richard Schalek1, Daniel 
Witvliet4, Mei Zhen4, (names in alphabetical order). 1) Center for Brain Science, Harvard University; 2) Division of 
Biological Sciences, Section of Cell and Developmental Biology, University of California, San Diego; 3) Dominick P. 
Purpura Department of Neuroscience, Albert Einstein College of Medicine; 4) University of Toronto and Lunenfeld-
Tanenbaum Research Institute. 
   When humans and worms are born, they have neuronal circuits in place to integrate sensory cues and effect appropriate 
behavioural or homeostatic responses. During the course of development, a substantial amount of remodelling occurs in the 
nervous system. New neurons are born and integrated into existing circuits, and existing neurons and circuits are remodelled. 
The rules of this remodelling are poorly characterised, because in order to investigate neuronal circuit development one needs 
a connectome-level analysis of the circuit across multiple time points, in multiple animals. This strategy requires serial-
section electron microscopy, which has been very low-throughput and labour-intensive.C. elegans represents an ideal 
organism to perform these studies on, because of their small size and stereotypical development – some of the reasons they 
were chosen for the original adult serial-section EM reconstruction that culminated in the acquisition of the adult 
connectome, dubbed ‘The mind of a worm’. Since the publication of this landmark paper, new technologies have been 
developed that improve the fidelity and throughput of the connectome reconstruction, including better fixation methods, 
increased computational power and more advanced microscopes.We are reconstructing the entire nervous system of multiple 
L1 worms using serial-section transmission and scanning electron microscopy. The L1 worm is of special interest because of 
the major remodelling that occurs at the end of L1, including the birth of new major classes of motor neurons. We are finding 
both conserved and unreported structure and connectivity from the published adult wiring diagram. This dataset will be used 
as a framework to functionally interrogate the interplay between developing circuits and sensorimotor behaviours, and the 
mechanisms that allow this dialogue to take place. 

720B. Electrophysiological properties of ASE neurons. Tomomi Shindou1, Mayumi Shindou1, Takashi Murayama2, Jeffery 
Wickens1, Ichiro Maruyama2. 1) Neurobiology research unit, Okinawa Institute of Science & Technology Graduate 
University, Okinawa; 2) Information Processing Biology unit, Okinawa Institute of Science & Technology Graduate 
University, Okinawa. 
   A pair of ASE chemosensory neurons, ASEL and ASER, are major salt sensors, and play critical roles in chemotaxis to 
NaCl. Calcium imaging has previously revealed that ASEL and ASER are activated by an increase and decrease in NaCl 
concentrations, respectively (Suzuki et al., 2008; Ortiz et al., 2009). These asymmetric responses by ASEL and ASER to 
changes of NaCl concentrations are crucial to efficient chemotaxis of C. elegans toward higher concentrations of NaCl. 
While Goodman et al. (1998) reported in situ whole-cell patch-clump recording of ASER, electrophysiological 
characterisation of ASE neurons is still required to understand how the neurons respond to the NaCl concentration 
changes.Toward the goal, we have investigated electrophysiological properties of ASE neurons in wild-type C. elegans by in 
vivo whole-cell patch-clamp recordings, and have found that both of ASE neurons showed resting membrane potentials of 
approximately -60 mV and membrane resistances of about 2 GΩ. In both of ASE neurons, voltage responses to current 
injections showed solitary action potentials. Depolarization of wild-type ASEL was observed when a puff of 150 mM NaCl 
was applied to the animal’s nose in bath solution containing 50 mM NaCl. On the other hand, a puff of NaCl-free buffer 
induced ASER depolarization. These results are consistent with those of calcium imaging. To understand roles of the action 
potentials in ASE, we are currently trying to analyse electrophysiological properties of ASE neurons in various 
mutants.References1. Suzuki et al., Nature 454: 114-118 (2008)2. Ortiz et al., Current Biology 19: 996–1004 (2009)3. 
Goodman et al., Neuron 20: 763–772 (1998). 

721C. Thermal memory and behavioral regulation revealed by calcium imaging of the cultured neurons and neural circuits. 
Kyogo Kobayashi1, Shunji Nakano1, Mutsuki Amano2, Daisuke Tsuboi2, Tomoki Nishioka2, Shingo Ikeda2, Genta 
Yokoyama1, Kozo Kaibuchi2, Ikue Mori1. 1) Graduate School of Science, Nagoya University; 2) Graduate School of 
Medicine, Nagoya University. 
   C. elegans shows a memory-based behavior called thermotaxis, in which the animals memorize the cultivation temperature 
and migrate to this temperature on a temperature gradient (Hedgecock and Russell 1975). Previous studies have revealed a 
neural circuit that regulates thermotaxis. In this circuit, the thermosensory neuron AFD plays a prominent role and responds 
to warming by increasing intracellular calcium concentration around the cultivation temperature, implicating the possibility 



that the AFD neuron itself remembers cultivation temperature (Kimura et al., 2004). Here, we established in vitro calcium 
imaging system for primary cultures of C. elegans neurons and showed that cultured AFD neuron isolated from the circuit 
responded to temperature stimuli in a culture-temperature depending manner, indicating that AFD neuron cell-autonomously 
remembers the temperature. We also found that the response temperatures of AFD varied from animal to animal and 
distributed within a range of 1.5 ºC when cultured at 20 ºC. To gain the detailed insight into the molecular mechanism 
underlying this variability and its consequence in the regulation of the behavior, we performed in vivo calcium imaging of 
AFD neuron and the downstream interneuron AIY in several mutants. The loss of CaMKI/IV homolog CMK-1 in AFD 
neuron broadened the distribution of the responding temperatures of AFD and consequently perturbed AIY activity. We also 
performed proteomic analysis and identified LIN-45 as a substrate of CMK-1. In sharp contrast to cmk-1 mutants, the 
responding temperatures of AFD in lin-45 mutants distributed in a narrower range than that of wild-type animals. These 
results suggest that CMK-1 and LIN-45 form a signaling pathway, regulate variability of single-cell memory, and 
consequently elicit activity in the downstream neural circuit to shape the memory-based behavior. Our results revealed a 
molecular and neural mechanism of the regulation of innate difference of individual memories and its contribution to the 
circuit dynamics and animal behaviors. 

722A. Identifying and characterizing odor receptors in C. elegans. Sara Nathan1, Alesha Cox-Harris1, Cassidy Dalton1, 
Berenice Mosqueda1, Sherrlyne Apostol1, Riva Morton1, Elizabeth Newman1, Chantal Brueggemann2, Noelle L'Etoile2, Jared 
Young1. 1) Mills College, Oakland, CA; 2) Departments of Cell and Tissue Biology and Medicine, University of California, 
San Francisco. 
   Although scientists have been studying olfaction in C. elegans for decades, olfactory receptor proteins remain largely 
uncharacterized. To address this knowledge gap, we are pursuing localization of candidate odor receptor proteins, and 
studying odor responses in genetically altered worms. We are producing lines with GFP-tagged putative odor receptors using 
constructs obtain from the Transgeneome project, and looking for proteins that localize to sensory cilia. We are testing 
chemotaxis to a variety of odors of worms in which expression of putative odor receptors have been reduced using RNA 
interference. We are also generating knockout worms for putative odor receptors using the CRISPR technique, to be tested in 
chemotaxis assays.. 

723B. Distinct pharyngeal glutamate determinants underpinning the context dependent modulation of feeding behaviour. 
Vincent O'Connor1, Nicolas Dalliere1, Bhatla Nikhil2, Horvitz Robert2, Holden-Dye Lindy1, Walker Robert1. 1) Centre for 
Biological Sciences, University of Southampton, Southampton; 2) Dept. of Biology, Dept. of Brain and Cognitive Science, 
MIT. 
   Pharyngeal pumping mediates the filter feeding of C.elegans. In the presence of bacteria, worms maintain high pump rates 
(250 pumps per minute). Although the modalities that control this sensory dependent increase are unknown, removal of 
bacteria reduces pumping. We show reduced pumping OFF food is not simply loss of an activating ON food cue. Mutants 
that exhibit high pump rates (>100 pumps per minute) OFF food suggest an important transmitter-mediated reduction of 
pumping. eat-4 mutants, deficient in glutamate, produce an antonymous regulation in the ON and OFF food contexts. 
Compared to N2, eat-4 mutants have a reduced pumping ON food while OFF food their pumping is raised. The reduction ON 
food is consistent with the loss of glutamate release from the pharyngeal neuron M3. Screening glutamate receptor mutants 
ON food identified the pharyngeal muscle receptors glc-2 and avr-15 have a reduced pumping. In addition, the ceh-2 mutants, 
disrupted in M3 motor neuron function, phenocopy eat-4 ON food. This reinforces that M3 release of glutamate onto 
inhibitory glutamate-gated chloride channels that relax muscle after contraction acts as the critical determinants of pumping 
ON food. In contrast, these determinants of pharyngeal glutamate function do not change the OFF food pumping. 
Surprisingly, a distinct glutamate gated chloride receptor, avr-14, that has no effect on the pumping ON food, replicate the 
OFF food phenotype of eat-4. This receptor was not known to be expressed in the pharynx, but re-analysis indicates 
pharyngeal neuron expression. OFF food signalling has been identified at the level of the extrapharyngeal sensory nervous 
system but our studies indicate the pharyngeal neuron I2 is a dominating determinant in the OFF food glutamate dependent 
response. Selective expression of eat-4 in I2 suppresses the elevated pumping of eat-4 mutants, restoring OFF food pumping 
to wild-type levels. Further, selective ablation of this neuron imparts an eat-4 like phenotype OFF food.  This suggests that 
I2-mediated glutamate release underpins the OFF food imposition of an inhibitory tone. This conclusion is reinforced by the 
observation that optogenetic activation of I2 mediates a powerful reduction in pharyngeal pumping occluded in the OFF food 
context. Overall this indicates that major determinants of ON and OFF food behaviour are mediated by discrete  pharyngeal 
microcircuits. Although proprioceptive feedback inhibition from mechnosensory cues in the gut can explain how glutamate 
transmission is engaged ON food, the upstream modality for the distinct OFF food response is unknown. 

724C. CREB facilitates a replacement of temperature experience-linked cold tolerance. Akane Ohta1,2, Makoto Ioroi1, 
Natsune Takagaki1, Atsushi Kuhara1,2. 1) Dept. Biology, Konan Univ, Kobe; 2) Inst. for Integral Neurobiology. 
   Environmental situation can be changed continuously, therefore animals adapt to environment such as high or cold 
temperature, humidity and smell. One of environment adaptabilities is cold tolerance. C. elegans stores temperature 



experiences and can induce temperature memory-linked cold tolerance, which is a phenomenon that 15°C -cultivated animals 
can survive at 2ι°C, however, 20°C- or 25°C-cultivated animals can not survive after cold shock. We have recently reported 
that one pair of sensory neuron ASJ, which is known as a pheromone and light-sensing neuron, causes cold tolerance by 
sensing temperature (1). Temperature signals from ASJ are transmitted to downstream neurons of ASJ and intestine through 
insulin (1).We show here that cAMP response element binding protein (CREB) is required for building a new memory of the 
cold tolerance. Almost wild-type animals lost cold tolerance within three hours after temperature shift from 15 to 25 degree. 
However, a half of crh-1/CREB mutants kept cold tolerant even three hours after temperature shift from 15°C to 25°C. This 
abnormality of crh-1 mutant was rescued by the expression of CREB in neurons. We are going to determine a set of neurons, 
in which CREB contributes to make memory for cold tolerance.Our recent Ca2+-imaging analysis for monitoring ASJ 
activities revealed that Ca2+ concentrations of ASJ were changed at around cultivated temperature when wild-type animals 
were cultivated 20 or 25 degree. Similar phenomenon was found in snb-1 mutant, that is a mutant defective in synaptic 
connection between neurons. In addition, the ratio changes of Ca2+ concentrations of ASJ in crh-1/CREB mutant cultivated 
at 20°C were smaller than wild-type animals. This abnormality of crh-1 mutant was rescued by the expression of crh-1 
cDNA in ASJ specifically, suggesting that ASJ sensory neuron can memorize cultivated-temperature cell-autonomously that 
could be modified by CRH-1/CREB.In order to identify the downstream molecules of CREB, we performed DNA microarray 
analysis comparing between before and after temperature shift in wild-type animals. The expression levels of 112 genes were 
changed thee hours after temperature shift from 15 to 25 degree. The mutants of 19 genes were existed in stock center. Some 
mutants of the genes such as MAP kinase activated kinase, transmembrane glycoprotein, hypersensitive to pore forming toxin 
protein, and sphingomyelin synthetase showed abnormal phenotypes in speed of cold tolerance. We are analyzing whether 
these molecules are controlled by CREB in modulating the pathways on forming cold tolerance memory. (1) Ohta, Ujisawa et 
al., Nature commun., 2014. 

725A. The Role of Post-Translational Modifications in the Regulation of Serotonin Signaling. Andrew C. Olson, Michael R. 
Koelle. Yale University, New Haven, CT. 
   C. elegans uses serotonin as a neurotransmitter to slow locomotion, and we have used this model system to discover that 
post-translational modifications appear to regulate serotonin signaling. Through large-scale genetic screens for mutants that 
fail to paralyze in response to exogenous serotonin, we found that C. elegans mutants for either of two subunits of the ELPC 
ELongator Protein Complex are defective for serotonin signaling. Conversely, transgenic animals overexpressing ELPC are 
hypersensitive to the effects of exogenous serotonin. ELPC is conserved from C. elegans to humans and functions as a 
cytoplasmic lysine acetylase to reversibly modify other proteins. This is the first time that ELPC or lysine acetylation has 
been implicated in regulating serotonin signaling.We used two-dimensional gel electrophoresis to show that in C. elegans 
lysates, Gαo, a neural G protein encoded by the goa-1 gene through which serotonin signals to slow locomotion, exists as a 
complex series of species of differing charge. Acetylation eliminates the positive charge on a lysine side chain, and 
differential acetylation on several lysines could produce the complex pattern of Gαo species we see. Our preliminary results 
suggest that the series of differentially charged Gαo species in wild-type lysates shifts to a less complex and more positively 
charged set of Gαo species in lysates of ELPC mutants, as would be predicted if Gαo is acetylated by ELPC.We isolated Gαo 
from both mouse brain and C. elegans lysates and analyzed the proteins for post-translational modifications using mass 
spectrometry. In both species, Gαo is acetylated on several conserved lysine residues. We note that the signaling defects in 
ELPC mutants are much more restricted than those of Gαo null mutants. Both ELPC and Gαo mutants are defective for 
response to exogenous serotonin, but Gαo null mutants have additional defects not seen in ELPC mutants, including defects in 
response to exogenous dopamine as well as in many behavioral assays.  Thus we hypothesize that ELPC may reversibly 
acetylate Gαo to specifically regulate its ability to be activated by serotonin receptors, while not strongly affecting its ability 
mediate signaling by other receptors.We are using CRISPR-Cas9 technology to mutate the acetylated lysine residues of Gαo 
to the similar but non-acetylatable amino acid arginine to determine if acetylation at specific positions is responsible for 
regulating serotonin signaling. 

726B. Investigation of spine-like synaptic structures on GABAergic DD neurons. Alison Philbrook1, Steven J. Cook2, David 
H. Hall2, Michael M. Francis1. 1) Neurobiology, UMASS Medical School, Worcester, MA; 2) Dominick P. Purpura 
Department of Neuroscience, Albert Einstein College of Medicine, Bronx, NY. 
   Synapses are dynamic structures that undergo selective strengthening or weakening to refine their patterns of connectivity. 
Even after the nervous system has developed, dendritic spines grow and retract, and the placement of synapses can be 
reengineered to form new neural circuits. In order to investigate molecular mechanisms by which particular synapses are 
either remodeled or stabilized, we are studying C. elegans GABAergic circuits. We previously identified an ionotropic 
acetylcholine receptor (ACR-12) that is expressed at synapses onto GABAergic neurons and regulates their activity. In order 
to investigate mechanisms underlying receptor clustering and synapse dynamics, we sought to establish a system in which we 
could examine the subcellular localization of ACR-12 receptors in individual neurons in vivo. We generated a transgenic 
strain expressing GFP-tagged ACR-12 receptors in the GABA DD motor neurons and focused our efforts on a single neuron, 
DD1. The DD1 cell body and processes are spatially separated from the other DD neurons, enabling in vivo visualization of 



synapse dynamics on the single DD1 neuronal process. We find that ACR-12 clusters are restricted to the dorsal side in first 
larval stage (L1) animals. In contrast, punctate ACR-12-GFP fluorescence is localized within a defined spatial domain of the 
ventral DD1 process in adult animals. These results are consistent with previous studies suggesting that synapses onto the DD 
neurons undergo developmental remodeling at the end of the L1 stage. In adults, ACR-12 clusters are concentrated at the tips 
of spine-like dendritic protrusions and are apposed by presynaptic vesicle markers, consistent with a synaptic localization. 
Spine-like structures are also apparent in volumetric reconstructions of the ventral DD1 dendrite from electron micrographs. 
Finally, genetic manipulations that reduce cholinergic transmission decrease spine number, suggesting mechanisms for their 
activity-dependent regulation. Together, our findings raise the interesting possibility that these spine-like structures in DD1 
represent an evolutionary precursor to mammalian dendritic spines. We are now working to investigate molecular 
requirements for the development and maintenance of these synapses and will present our findings. 

727C. An Investigation into the Affect of Neuronal Activity on Proper Neural Connectivity in C. elegans. Kristine 
Andersen*, Benjamin Barsi-Rhyne*, Jacqueline Pyle, Kristine Miller, Christopher Vargas, Aruna Varshney, Bryan 
Tsujimoto, Alan Tran, Alex Duong, Joori Park, Emma Holdrich, Miri VanHoven. Biological Sciences, San Jose State Univ, 
Fremont, CA. 
   Neuronal activity has been implicated in the establishment and maintenance of appropriate synaptic connections in 
vertebrate and invertebrate systems. However, the molecular mechanisms by which neuronal activity affects connectivity are 
poorly understood. To understand this process, we have focused our studies on the PHB phasmid sensory neurons. We have 
begun to elucidate the pathway by which sodium dodecyl sulfate (SDS) is sensed by the phasmid neurons using a high 
throughput assay adapted from the method developed by Hilliard and colleagues (Current Biology, 2002).  Briefly, SDS is 
sensed by the PHB neurons, which terminate backward movement via their connections with AVA interneurons.   Using this 
assay, we find that odr-3/Gαolf and tax-2/CNG-channel β subunit, in addition to previously discovered tax-4/CNG-channel α 
subunit (Hilliard et al., Current Biology, 2002), are required for SDS chemosensation.  To determine if defects in sensory 
signaling affect sensory synapses, we utilized the split-GFP-based trans-synaptic marker NLG-1 GRASP (Neuroligin-1 GFP 
Reconstitution Across Synaptic Partners) to visualize synapses between PHBs and AVA interneurons in live animals. 
Interestingly, we find that neuronal activity is required for maintaining these sensory synapses. Time course experiments 
indicate that odr-3/Gαolf mutant L1s have normal synapses, but synapses are significantly reduced in later larval stages, 
although phasmid neuron morphology appears to be unaffected. Cell-specific rescue experiments indicate that odr-
3/Gαolf  likely functions in PHB neurons. Subcellular localization of odr-3/Gαolf  shows localization to the PHB cilia, 
consistent with a role in sensory signaling being required to maintain synaptic integrity.  These results indicate that C. 
elegans may be a powerful model organism for elucidating the molecular mechanisms by which sensory activity affects 
synaptic connectivity. Our future goal is to further characterize the mechanism by which sensory activity maintains synapses 
using molecular genetic and physiological approaches.  Funded by NIH (1R01NS087544 to MV at SJSU and NL at UCSF, 
5T34GM008253 MARC undergraduate fellowship to CV, 2R25GM071381 RISE undergraduate fellowships to CV and JP), 
HHMI (SCRIBE 52006312 undergraduate fellowship to BB and KM), and NSF (RUMBA REU 1004350 fellowship to KA 
and EH). 

728A. Development of activity in the Caenorhabditis elegans egg-laying circuit. Bhavya Ravi1, Kevin Collins1,2. 1) 
Neuroscience Program, University of Miami School of Medicine, Miami, FL; 2) Department of Biology, University of 
Miami, FL. 
   Early activity has been shown to be important for the proper development and assembly of neural circuits. Activity is also 
required for the coordinated patterns in mature neural circuits that drive efficient behaviors. We are interested in studying the 
functional importance of early activity using the developing C. elegans egg-laying behavior circuit. The egg laying circuit 
contains two HSN serotonergic motor neurons which synapse onto vulval muscles and promote entry into the egg laying 
active phase.  Six VC neurons release acetylcholine to regulate the activity of two pairs of vulval muscles that contract to lay 
eggs. We are using GCaMP calcium imaging in freely behaving animals to record activity in cells of the egg laying circuit at 
the late L4 stage and in adults after development. We found that HSN neurons have rhythmic calcium transients in the late L4 
stage even before eggs are produced, but this activity lacked the characteristic burst-firing pattern of adults during egg laying. 
The vulval muscles also show spontaneous transients in the late L4 stage before they complete their development. In order to 
understand the functional consequences of circuit connectivity, we are analyzing how the observed activity correlates with 
morphological changes observed during circuit development. We hope to test how acute and/or developmental perturbations 
in cell activity drive functional and behavioral plasticity. Together, these results will help us to understand how normal 
patterns of cell activity allow for proper development of neural circuits that drive robust, stable behaviors. 

729B. Exposure to Nicotine or the Putative GABA agonist Toluene Differentially Modulates Expression of GABA Signaling 
Elements and Alters Mobility in C. elegans. . Jacqueline Rose, Parker Stafford, Nicole Stankowicz, Amanda Leonti. 
Behavioral Neuroscience Program and Dept Psychology, Western Washington University, BELLINGHAM, WA. 
   In mammalian studies of nicotine addiction, nicotinic acetylcholine receptor activation reportedly acts to disinhibit reward 



signaling by suppressing GABA release (D’Souza and Markou, 2011). As well, it has been recently reported that a subset of 
neurons in the rodent hippocampus co-release GABA and acetylcholine (Saunders et al, 2015). Thus, it is of interest to 
describe how nicotinic receptor activation and GABA signaling may interact in neurons. C. elegans is an ideal model as both 
GABA and acetylcholine receptors are co-expressed at the NMJ. Mobility resulting from NMJ signaling has been well-
described as relying on alternating activation of cholinergic and GABA receptors to produce contraction and simultaneous 
relaxation of opposing body wall muscles, respectively. Thus, the C. elegans NMJ is a site where direct interaction between 
excitatory cholinergic and inhibitory GABAergic signaling likely occurs. Studies from other labs confirm that cholinergic 
NMJ signaling can be modulated, seen as altered surface expression of acr-16 nicotinic Ach receptors (Jensen et al., 
2012).  Previous studies from this lab have quantified changes in nicotinic Ach and GABA receptor transcripts in adult 
worms following exposure to nicotine during development (Rose et al., 2013). More recently, we have found in adult worms 
that application of nicotine (30 µM) for 24 hours significantly increases UNC-49::GFP GABA receptor expression (p<0.05) 
while SNB-1::GFP synaptobrevin expression in motor neurons appears relatively unchanged. Conversely, exposure to the 
inhalant drug toluene (a GABA agonist) results in increased SNB-1::GFP expression in motor neurons (p<0.05) with 
seemingly no change in UNC-49::GFP expression. This increase in presynaptic GABA elements was further supported using 
qRT-PCR where a significant increase in unc-47 (vesicular GABA transporter) transcripts was found (p<0.01). With regards 
to mobility, these differences in expression appear to correlate with decreased swim motion (measured as body bends) 
following application of either nicotine or toluene (p<0.05 compared to controls). Interestingly, application of nicotine 
following toluene exposure seems to rescue the toluene-induced decrease in mobility. This suggests that the effects of one 
drug may offset the effects of the other potentially by returning to balance the drug altered pre- and post-synaptic GABA 
signaling elements. Taken together, these results demonstrate a potential role for GABA in both nicotine and toluene 
addiction. Funding support from WWU Research and Sponsored Programs Project Development Award.. 

730C. C. elegans touch neurons express plasma membrane innexin channels. Rachele Sangaletti, Gerhard Dahl, Laura 
Bianchi. Department of Physiology and Biophysics, Miller School of Medicine, University of Miami, 1600 NW 10th Ave, 
Miami, FL, 33136. 
   In vertebrate gap junctions mediate intercellular communication by regulating diffusion of ions and small molecules 
between two neighboring cells. Single gap junction channels are formed by two connexons hemichannels, each one residing 
in a plasma membrane of opposite cells and consisting of six homo or heteromultimers of connexin proteins. In invertebrates 
gap junctions are formed by evolutionarly-unrelated proteins called innexins. Although innexins exhibit high structural 
similarity to connexins, they share molecular homology with another family of proteins in vertebrates, named pannexins. 
Unlike connexin, pannexins have been shown to form non-junctional membrane channels (pannexons), allowing regulated 
diffusion of ions and signaling molecules like ATP into the extracellular space. Given, the sequence similarity between 
innexins and pannexins, it was postulated that innexins may function as unpaired channels. While some evidence exist that 
this might be the case, no activity of innexins as unpaired channels has been documentated in native C. elegans cells. 
Pannexins have been also shown to play a crucial role in signaling injury during an inflammation/ischemia episode, but their 
function and regulation has just begun to be explored.Using a combination of electrophysiological and molecular techniques, 
we report here that C. elegans touch neurons in situ and in culture express a plasma membrane channel that shares with 
innexins biophysical and pharmacological features. We show that this channel is activated exclusively by mechanical stimuli, 
is non-selective and it has a large conductance (1 nS). The channel is also blocked by pannexins/innexins inhibitors and 
displays voltage-dependent and K+-selective subconductance states. Pannexins are also permeable to fluorescent dyes, thus 
we performed dye uptake experiments on cultured touch neurons. We report here that C. elegans touch neurons take up 
Ethidium Bromide through a mechanism that is blocked by pannexins/innexins inhibitors demonstrating that is mediated by 
innexins . Interestingly, we found that unpaired innexin channels in C. elegans touch neurons mediate cell death induced by 
chemical ischemia. The identification of innexins that function as plasma membrane channels in genetically tractable model 
system such as C. elegans, will be the first step towards the development of new tools for furthering our understanding of 
homologous vertebrate pannexins. 

731A. Rab G-protein regulation of Neurexin localization in C. elegans neurons. Sanil Sansar, Komla Segagbe, DiAnna 
Hynds, Tina Gumienny. Biology, Texas Woman's University, Denton, TX. 
   Synapse formation and stabilization are key processes involved in learning and memory formation. Synaptic proteins play 
crucial roles in synaptogenesis, signaling across synapse and specifying synaptic function. Neurexin is a presynaptic trans-
membrane protein that interacts with postsynaptic neuroligin to form a trans-synaptic cell adhesion complex. Variants of 
neurexins and neuroligins recruit specific proteins to the synaptic membrane to determine the type of synapse that is formed 
(excitatory or inhibitory). An imbalance of excitatory and inhibitory synapses results in neuropsychiatric disorders like 
autism spectrum and Intellectual disability. Although the functional roles of Neurexin are being widely explored, how they 
are localized to the presynaptic membrane is not well elucidated. Transport of membranous proteins is regulated by the Rab 
family.  Rab proteins are molecular switches that cycle between guanosine triphosphate (GTP)-bound, active forms and 
guanosine diphosphate (GDP)-bound, inactive forms to transduce intracellular signals and regulate membrane trafficking. We 



propose that specific Rabs direct the localization of Neurexin, a membrane protein, to presynaptic membranes, because 
studies in nematode model organism Caenorhabditis elegans have demonstrated fundamental mechanisms that direct cargo 
sorting, vesicle budding and membrane localization. We employed RNA interference for specific Rab proteins in C. elegans 
expressing fluorescently tagged neurexin to determine which Rab proteins are involved in Neurexin localization along the 
nerve cord. Using confocal microscopy we demonstrate differential distribution of Neurexin along the nerve cord as a result 
of Rab knock down. In future experimentation, we will test Rab involvement in transport and localization of neurexin in 
primary cell cultures from C. elegans using RNAi and live-cell imaging. This work will contribute to a better understanding 
of the mechanism involved in formation of different types of synapses, potentially leading to novel strategies to treat autism 
and other cognitive disorders. 

732B. Glial cues and neuronal cGMP together regulate sensory neuron receptive ending shape and function. Aakanksha 
Singhvi, Shai Shaham. Laboratory of Developmental Genetics, Rockefeller University, New York, NY. 
   Neural circuit information processing is initiated when a neuron receives input through its receptive endings from either the 
environment or other neurons. Receptive endings of central nervous system neurons (e.g. dendritic spines) in mammals are 
highly malleable and their shapes are regulated by experience. Dynamic morphological properties of sensory neuron 
receptive endings are much less understood. We have used the microvilli comprising receptive ending of the C. elegans AFD 
sensory neuron as a model for studying sensory neuron receptive ending shape control. We demonstrate that while neuronal 
activity does not directly regulate AFD microvilli elongation, glia provide important cues that modulate AFD receptive 
ending morphology. The glial K-Cl co-transporter KCC-3 and the thrombospondin-domain protein FIG-1 both promote 
neuronal receptive ending growth. These glial cues require the AFD-expressed receptor guanylyl cyclase GCY-8. GCY-8, 
along with the phosphodiesterases PDE-1 and PDE-5, in turn regulates receptive ending shape by modulating levels of the 
second messenger cGMP in AFD. Structure-function studies show that the extracellular domain of GCY-8 plays an important 
role in inhibiting guanylyl cyclase activity, and biochemical studies bolster our genetic results suggesting that increased 
cGMP signaling leads to receptive ending regression. Finally, we show that cGMP acts through the actin polymerizing 
protein WSP-1 to regulate receptive ending elongation. The detailed mechanistic framework we uncover for glial control of 
receptive ending shape appears to parallel interactions between the glial-like retinal pigmented epithelium and sensory 
photoreceptor cells in the vertebrate eye. Our work thus reveals that glial regulation of receptive ending shape and function 
may be a conserved feature of sensory, and perhaps central, receptive endings across species. 

733C. Identifying neuronal dynamics of short-term associative memory in C. elegans. A. Sylvain1, M. Rahimi2, G. Stein3, 
C.T. Murphy1,2,3. 1) Princeton Neuroscience Institute, Princeton University, Princeton, NJ; 2) Lewis Sigler Institute for 
Integrative Genomics, Princeton University, Princeton, NJ; 3) Molecular Biology, Princeton University, Princeton, NJ. 
   All animals make decisions based on the information they learn and remember about their environment, which requires 
neural plasticity. C. elegans is able to remember an association between food and odor (butanone) for a short time (less than 
2 hours), an ability that is equivalent to classical short-term associative memory (STAM). We have defined many of 
the molecular components of this process through genetic analyses, but the circuit dynamics of STAM are not yet known. We 
have found that AWCon exhibits increased odor-evoked Ca2+ responses upon STAM training, and that the number of animals 
responsive to the odorant decreases with increased post-conditioning time in close parallel to that observed in population 
STAM assays. We developed a novel microfluidic chip to simultaneously assay AWCon activity and animal behavior to test 
whether the enhanced neuronal response correlates with the behavioral changes, and have identified neurons required for 
STAM performance. Finally, we have used these tools to begin to address the mechanism underlying daf-2's three-fold 
increased STAM duration. These studies provide the framework for comprehensively understanding molecular and 
neural circuit mechanisms of short-term associative memory. . 

734A. Plasticity of cold habituation and isolation of genes involved in temperature experience storage. Natsune Takagaki1, 
Tomohiro Ishiwari2, Yohei Minakuchi3, Atsushi Toyoda3, Akane Ohta1,2, Aysushi Kuhara1,2. 1) Dept.Biology, Konan Univ, 
Japan; 2) Inst. for Integral Neurobiology,Konan Univ; 3) National Institute of Genetics, Japan. 
   Animals can survive and proliferate under continual environmental temperature changes, by receiving temperature 
information and processing to previous temperature experience. We are aiming at the elucidation of temperature habituation 
mechanism by using cold tolerance. Wild-type animals can survive at 2°C for 48 hours after cultivation at 15°C (15°C > 
2°C(48h)), however, 25°C-cultivated animals can not survive at 2°C for 48 hours (25°C > 2°C(48h)). We previously reported 
that ASJ sensoryneurons sense temperature and regulate temperature habituation through insulin signaling (Ohta, Ujisawa et 
al., Nature Commun, 2014). We also previously found that 25°C-cultivated animals are shifted to and stayed at 15°C for 3 
hours, and then these animals can survive at 2°C (25°C > 15°C(3h) > 2°C(48h)). This data indicates that temperature 
experience for cold habituation has been established within 3 hours.          To analyze whether this habituation has a plasticity 
aspect, we utilized multiple steps temperature shift assay. For example, 15°C-cultivated animals were exposed to 2°C for 12 
hours, and then transferred to and stayed at 25°C for 8 hours, finally exposed to 2°C for 48 hours again (15°C > 2°C(“12h”) > 
25°C(8h) > 2°C(48h)). We found that about 60% of animals survived after this multiple steps temperature shift. By contrast, 



most of animals did not survive after 15°C > 2°C(“0h”) > 25°C(8h) >2°C(48h). These results suggest that previous cold 
experience is memorized and plastically affects cold habituation. Similarly, after 25°C > 15°C(12h) > 25°C(5h) > 2>(48h) 
shift, only 5% of wild-type can survive. By contrast, without first 25°C experience (15°C > 25°C(5h) > 2°C(48h)), the 
survival rates of wild-type animals were 30%. These results suggest that previous temperature experiences affects the time 
needed for habituation to new temperature. We found that crh-1/CREB mutants showed abnormality in the assay.            In 
order to isolate molecules involved in formation of temperature experience in the cold habituation, we performed DNA 
microarray analysis. The expression levels of 112 genes were significantly changed 3 hours after temperature shift from 15 to 
25°C. Of these, mutants defective in a transmembrane glycoprotein and a nuclear hormone receptor at least showed abnormal 
temperature habituation speed.         We are also going on another study. flp-17 gene was isolated by our DNA microarray 
analysis. Although flp-17(ok3587) null mutant showed abnormal cold habituation, another null mutant flp-17(n4894) showed 
normal phenotype. We speculated that background mutation causes this abnormality. We are now performing SNP analysis 
of this mutation based on whole genome DNA sequence of flp-17(ok3587) mutant, which was decoded by next generation 
DNA sequencer.                       . 

735B. A novel mutation in the ligand-gated ion channel lgc-46 affects excitation-inhibition imbalance in the C. elegans 
locomotor circuit. Seika Takayanagi-Kiya1, Salvatore Cherra1, Yingchuan B. Qi1,2, Yishi Jin1. 1) Division of Biological 
Sciences, Section of Neurobiology, Howard Hughes Medical Institute, University of California San Diego, La Jolla, CA, 
USA; 2) Institute of Developmental and Regenerative Biology, Hangzhou Normal University, Hangzhou, China. 
   Sinusoidal locomotion of C. elegans requires coordinated activity of excitatory and inhibitory motor neurons. The ACR-2 
acetylcholine receptor is expressed in the cholinergic motor neurons, and an acr-2(gf) mutation disrupts locomotion and 
causes spontaneous convulsion behavior (Jospin et al. 2009). acr-2(gf) mutants display over-excitation of the cholinergic 
motor neurons accompanied by decreased activity of GABAergic motor neurons at the neuromuscular junctions, resulting in 
an imbalance in excitation (E) and inhibition (I) within the locomotor circuit. Interestingly, some human patients with 
Autosomal Dominant Nocturnal Frontal Lobe Epilepsy carry an identical missense mutation in the neuronal acetylcholine 
receptor β2 subunit as in acr-2(gf) (Marini & Guerrin, 2007). By analyzing a large number of genetic suppressors of acr-
2(gf), we have characterized several molecular pathways that modulate activity of the locomotor circuit. Here, we have 
identified a missense mutation in the pore-lining transmembrane domain of lgc-46, which causes suppression of acr-2(gf) 
convulsion. LGC-46 is a previously uncharacterized ligand-gated ion channel, closely related to the ACC ACh-gated chloride 
channel subfamily. lgc-46(ju825) behaves as a gain-of-function mutation, as lgc-46(null) does not show effects on acr-2(gf) 
convulsion. lgc-46 is expressed in the nervous system, and transgenic neuron-specific expression studies support that lgc-46 
function is required in cholinergic neurons. Pharmacological analysis suggests that lgc-46(ju825) affects cholinergic release 
at the neuromuscular junction. We are currently determining the channel activity of LGC-46 and its functional interaction 
with the ACR-2 receptor.  Our findings will lead to a further understanding of the regulation of E/I imbalance, and thus help 
conceptual advance in the treatments for human diseases caused by the impairment of neuronal activity.Ref: Jospin et al. 
2009. PLoS Biol. 7(12):e1000265.; Marini and Guerrin 2007. Biochem. Pharmacol. 74:1308-1314.; Stawicki, Takayanagi-
Kiya et al. 2013. PLoS Genet. 9(5):e1003472. 

736C. A forward genetic screen for regulators of neuronal two-pore domain potassium channel. Philippe Tardy1,2, Mélissa 
Zouak1,2, Thomas Boulin1,2. 1) Université Claude Bernard Lyon 1, Villeurbanne, France; 2) CNRS UMR 5534, Villeurbanne, 
France. 
   Two-pore domain potassium channels (K2P) are the largest family of potassium-selective ion channels in C. elegans. 
Highly conserved across evolution, they play a central role in the control of cellular excitability by establishing and 
maintaining the resting membrane potential. In the vertebrate nervous system, various neuromodulators regulate K2P 
activity, which modifies action potential firing, synaptic transmission and network activity.Despite their fundamental role, 
comparatively little is known about the cellular processes that regulate K2P channels in vivo. In particular, we know only of a 
limited number of factors that directly control the number, the activity and the localisation of K2Ps at the cell surface. In 
order to identify new regulators of neuronal K2Ps in C. elegans, we have performed a genetic screen targeting the UNC-58 
channel.Gain-of-function mutants of unc-58 are unable to move forward or backward, consistent with the channel's 
expression in inter- and motoneurons. This phenotype is ideally suited for large-scale genetic suppression screens since 
mutants in potential regulatory factors can be identified by isolating moving worms among a majority of paralyzed animals. 
Using Mos1- and EMS-based mutagenesis, we have obtained 139 suppressor mutants of unc-58(e665): 98 intragenic and 41 
extragenic suppressors. We have found that complete loss of UNC-58 function (mutants from our screen and deletion 
mutants generated by CRISPR/Cas9 engineering) is associated with a significant decrease in thrashing frequency. This 
suggests a role of UNC-58 in the proper function of the neuromuscular system.The remaining 41 extragenic suppressors 
define at least 5 complementation groups. Half of these extragenic suppressors are alleles of tag-68, the sole inhibitory 
SMAD (I-SMAD) of C. elegans. In vertebrates, I-SMADs negatively regulate TGF-β pathways by acting at different levels 
of the signalling cascade. Surprisingly, although TGF-β pathways (daf-7, dbl-1 or unc-129-dependent) are well characterized 
in C. elegans, tag-68 has never been implicated in any of them. To our knowledge, suppression of the unc-58(e665) paralysis 



phenotype is therefore the first phenotype associated with a loss of tag-68 function, opening the way for its functional 
characterization. 

737A. Cloning and characterization of three new players in the Gαq and Rho signaling pathways. Jill Hoyt, Irini Topalidou, 
Brantley Coleman, Michael Ailion. Biochemistry Department, University of Washington, Seattle, WA. 
   Gαq (egl-30) is a heterotrimeric G protein subunit that activates phospholipase C (PLC, egl-8). In a forward genetic screen 
in C. elegans we identified the RhoGEF Trio (unc-73) as a direct effector of Gq acting in parallel to PLC. Trio activates the 
small GTPase Rho. Preliminary data suggest that Rho activates the sodium leak channel NCA but it’s not known how this 
activation occurs. From our screen we identified four new mutations that have phenotypes suggesting a role in the Gαq/Rho 
pathway. Using whole genome sequencing, we show that two of the mutations correspond to early stop codons of the 
MEK/RAF scaffolding protein KSR-1. KSR-1 promotes MEK and RAF phosphorylation and activity through assembly of an 
activated signaling complex, suggesting a possible interaction of the MEK/RAF signaling pathway with the Gq pathway. We 
showed that ksr-1 mutants suppress Rho(gf) but not nca-1(gf), genetically placing ksr-1 downstream or parallel to Rho. We 
also showed that mutations in lin-45 (RAF) also suppress egl-30(gf) and Rho(gf) suggesting that other components of the 
MEK/RAF pathway interact with the Gq pathway. We are examining the subcellular localization and expression of ksr-1 in 
neurons. An additional mutation from the screen is a deletion allele in sek-1, the worm homolog of MKK3, a Mitogen 
Activated Protein Kinase Kinase (MAPKK). SEK-1 acts downstream of NSY-1 (homolog of Ask1, a MAPKKK) to activate 
PMK-1 (homolog of p38, a MAPK). We showed that sek-1 mutants suppress Rho(gf) and nca-1(gf) mutants, placing sek-1 
genetically downstream of these genes. We are investigating if the NSY-1/SEK-1/PMK-1 pathway as a whole is involved in 
the Rho/NCA pathway. We will also investigate SEK-1’s function in the Rho/NCA pathway by examining expression 
patterns and its subcellular localization. The last mutation described here corresponds to a missense mutation in the kinase 
domain of GRK-2, a GPCR kinase. We show that grk-2 null mutants suppress Rho(gf) but not nca-1(gf). We also show that 
grk-2 mutants have a slow locomotion rate and that the kinase activity but not the Gαq binding domain of GRK-2 are 
required for proper locomotion. We show that expression of grk-2 solely in the head cholinergic neurons suppresses the grk-2 
locomotion phenotype suggesting that GRK-2 acts in these neurons to regulate locomotion. These studies will guide future 
experiments regarding the function of KSR-1, SEK-1, and GRK-2 in the novel Gαq/Rho/NCA pathway, which will in turn 
shed light on how this signaling pathway contributes to neuronal function. 

738B. GLB-33: when a globin hooks up with a G-protein coupled receptor. M. Vangheel1, S. De Henau1, L. Tilleman2, F. 
Germani2, I. Beets7, S. Helbo4, F. Desmet3, H. Berghmans2, S. Van Doorslaer3, D. Hoogewijs5,6, L. Schoofs7, A. Fago4, L. 
Moens2, S. Dewilde2, B. P. Braeckman1. 1) Department of Biology, Ghent University, Ghent, Belgium; 2) Department of 
Biomedical Sciences, University of Antwerp, Antwerp, Belgium; 3) Department of Physics, University of Antwerp, Antwerp, 
Belgium; 4) Department of Bioscience, Zoophysiology, Aarhus University, Aarhus, Denmark; 5) Institute of Physiology and 
Zürich Center for Integrative Human Physiology ZIHP, University of Zürich, Zürich, Switzerland; 6) Institute of Physiology, 
University of Duisburg-Essen, Essen, Germany; 7) Functional Genomics and Proteomics, K.U. Leuven, Leuven, Belgium. 
   Globin-folded proteins are present in a wide range of life forms and crucial in a variety of physiological processes. Here, 
we characterize globin 33 (GLB-33) of Caenorhabditis elegans, a soil dwelling nematode. The glb-33 gene encodes a globin 
domain which is preceded by a G-protein coupled receptor domain (GPCR), making it the longest of all the C. elegans 
globins [1]. GLB-33 is expressed in sensory, inter- and motor neurons possibly linking sensory input with the animal’s 
locomotion [1]. GLB-33’s presence in the ALN and PLN neuron pairs hints at oxygen sensing. This hypothesis is 
strengthened by the biochemistry of the globin domain, which appears to have features of a typical O2 sensor with high O2 
affinity, next to a fast nitrite reductase activity [2]. At present, the neuropeptide ligand of the GPCR still needs to be 
identified, but its similarity with the FMRFamide receptor of another nematode (Ascaris suum) is apparent [2]. Both ligands 
are likely influencing the conformation of the entire molecule, making it difficult to predict any biological effect purely based 
on biochemical information. Therefore the study of the protein’s function needs an integrated approach, ranging from 
biochemical to physiological techniques. Preliminary experiments have indicated that GLB-33 is not required for survival 
and fecundity under normal or induced oxidative stress conditions. However animals lacking GLB-33 have a slower recovery 
rate after a 24-h oxygen deprivation period.[1] Hoogewijs D., Geuens E., Dewilde S., Vierstraete A., Moens L., Vinogradov 
S. &  Vanfleteren J.R. (2007)  BMC Genomics, 8:356[2] Tilleman L., Germani F., De Henau S., Helbo S., Desmet F., 
Berghmans H., Van Doorslaer S., Hoogewijs D., Schoofs L., Braeckman B.P., Moens L., Fago A. & Dewilde S. (2015) The 
Journal of Biological Chemistry. 

739C. NLP-12 Engages Different UNC-13 Proteins to Potentiate Tonic and Evoked Release. Zhitao Hu1,2, Amy Vashlishan 
Murray1,2,3, Joshua Kaplan1,2,. 1) Department of Molecular Biology, Massachusetts General Hospital, Boston, MA; 2) 
Department of Neurobiology, Harvard Medical School, Boston; 3) Institute for Liberal Arts, Emerson College, Boston, MA. 
   A neuropeptide (NLP-12) and its receptor (CKR-2) potentiate tonic and evoked ACh release at Caenorhabditis 
elegans neuromuscular junctions. Increased evoked release is mediated by a presynaptic pathway (egl-30 Gq and egl-8 PLC ) 
that produces DAG, and by DAG binding to short and long UNC-13 proteins. Potentiation of tonic ACh release persists in 



mutants deficient for egl-30  Gq  and egl-8  PLC and requires DAG binding to UNC-13L (but not UNC-13S). Thus, NLP-12 
adjusts tonic and evoked release by distinct mechanisms. 

740A. Serotonin-mediated second messengers act in distal metabolic tissues to regulate fat in C. elegans. Megan Vaughan, 
Lavinia Palamiuc, Tallie Noble, Supriya Srinivasan. The Scripps Research Institute, La Jolla, CA. 
   Serotonin is a conserved regulator of metabolic homeostasis across a wide range of species. In humans, increased 
serotonergic signaling via pharmacological treatment leads to a decrease in body fat, particularly when combined with 
adrenaline. In C. elegans, we have shown that octopamine, the invertebrate analog of adrenaline, acts as a permissive signal 
to promote serotonin signaling in the nervous system. Using a combination of forward genetics, RNAi screening, and 
pharmacological manipulation, we have defined a central neuronal circuit for serotonin signaling, which includes 
serotonergic signaling via the URX body cavity neurons. We have demonstrated that this circuit is required for the increased 
transcription of atgl-1, the C. elegans ortholog of adipocyte triglyceride lipase, which directs fat burning in the intestine. 
While we have thus established the central pathway through which information about food availability is communicated in an 
octopamine and serotonin-dependent manner, the factors linking this neural circuit to atgl-1 in the periphery remain elusive. 
Our studies reveal that unc-31 mutant animals, but not unc-13 mutant animals, suppress both atgl-1 induction and peripheral 
fat loss when treated with serotonin. Thus, we find that is it is likely a neuropeptide, rather than a canonical neurotransmitter, 
through which URX is communicating to the periphery. We are currently performing a screen of available mutants of 
neuropeptide genes and assessing their relative suppression of serotonin-mediated fat loss via Oil Red O staining. 
Deciphering the exact molecular cue through which our Oct/5HT circuit communicates with peripheral tissues will provide 
valuable insight into how the C. elegans nervous system and metabolic tissues coordinately regulate metabolism. . 

741B. Elucidating the role of interneuron RIM in the regulation of C. elegans locomotion. Khursheed A. Wani1, Zhaoyu 
Li1, Beverly J. Piggott2, Shawn Xu1. 1) Life Sciences Institute, University of Michigan, Ann Arbor, MI; 2) Department of 
Physiology, University of California, San Francisco, CA. 
   Locomotion is a predominant motor program in C. elegans. During locomotion, C. elegans usually moves forward that is 
periodically interrupted by brief reversals. The neurons that control forward and backward locomotion are well characterized. 
The command interneuron, AVB, is known to drive forward locomotion, and AVA, AVD, and AVE command interneurons 
control backward locomotion. Another interneuron, RIM, sits at a unique position in the locomotion circuitry by forming 
connections with both forward and backward command interneurons. Interestingly, we found that both activation and 
inhibition of RIM promote backward locomotion. Further, RIM regulates reversals in a command interneuron-dependent, as 
well as independent manner. How could RIM have two opposite effects on the same behavioral response? To address this 
question, we are testing several models, hoping to identify the underlying circuit as well as synaptic and molecular 
mechanisms. 

742C. Circuit underpinnings for integrated behavioral responses to multiple sensory cues. W Yang, Y Zhang. Department of 
Organismic and Evolutionary Biology, Center for Brain Science, Harvard University, Cambridge, MA. 
   In their natural habitats, animals are often exposed to various sensory cues and have to generate behavioral responses in a 
complex sensory environment. How different sensory inputs are integrated in the nervous system to direct behavior is poorly 
understood. Here, we use C. elegans as a model to reveal fundamental principles by which neural circuits process multiple 
sensory cues and direct specific behavioral responses. Previously, we identified a C. elegans behavior preference between 
olfactory cues from two different bacteria strains. We found that the AIZ interneuron was specifically required for this 
integrated response (Ha et al., Neuron 2010). We also showed that the function of AIZ interneurons was critical for 
experience-dependent sensorimotor response to salt (Luo et al., Neuron 2014). However, it is not clear how these sensory-
evoked behaviors are mediated by AIZ. AIZ is downstream of the major sensory neurons and their postsynaptic interneurons 
that respond to multiple sensory cues, including odors, salt, as well as temperature. Thus, we propose that AIZ plays an 
important role in integrating multiple sensory signals in order to produce defined behavioral responses. We are current using 
calcium imaging to analyze the physiological properties of AIZ and how AIZ calcium responses are evoked and regulated by 
multiple sensory cues. This study will help us to understand how different sensory cues are integrated in nervous system, and 
how this integrated information is processed to the downstream network to generate behavior. 

743A. AFD-specific guanylate cyclases and CMK-1 mediate thermosensory signaling in AFD. Yanxun Yu*, Asuka 
Takeishi*, Vera Hapiak, Harrold Bell, Piali Sengupta. Brandeis University, Waltham, MA. 
   Animals actively seek optimal temperatures for survival and reproduction. Unlike many organisms that exhibit a constant 
temperature preference, the preferred temperature of C. elegans is plastic, and set by their experience of their cultivation 
temperature. The AFD neurons are the primary thermosensory neurons in C. elegans, and drive thermosensory navigation 
behaviors on thermal gradients. Although the AFD neurons are known to respond to temperature variations of as little as 
0.01ºC, how worms sense temperature and set their temperature preference are still largely unknown. Thermosensation in 



AFD requires cGMP signaling, and molecules implicated in this pathway have been identified. These include receptor 
guanylyl cyclases (rGCs) expressed specifically in AFD, as well as phosphodiesterases, and cGMP-gated cation channels.To 
determine whether the AFD-specific rGCs GCY-8, GCY-18 and GCY-23 act as thermosensors, we misexpressed these rGCs 
singly or in combination in non-thermosensory neuron types, as well as in non-neuronal cells. We found that misexpression 
was sufficient to confer thermosensory responses onto both neuronal and non-neuronal cells (also see abstract by Takeishi & 
Yu et al). Each rGC appears to elicit temperature responses with different response thresholds. However, although the 
thermosensory response threshold in AFD adapts upon long-term exposure to a different temperature, the response threshold 
of rGC-misexpressing cells do not adapt similarly. Our work suggests that AFD-specific mechanisms including the function 
of the CMK-1 CaMKI enzyme may be important in regulating rGC gene expression and thermosensory adaptation in AFD. 
We are currently determining whether rGCs are sufficient to confer temperature responses upon heterologous expression, and 
identifying domains that may mediate thermosensation.* - equal contributions. 

744B. Menorah Analyzer – a MATLAB based software for the analysis of 2D images of the PVD neuron in C.elegans. 
Omer Yuval, Tamar Gattegno, Benjamin Podbilewicz, Tom Shemesh. Technion - Israel Institute of Technology, Haifa. 
   Nociceptive neurons develop a complex dendritic arbor to sense noxious stimuli, which enables animals to react to 
environmental insults and perform self-protective behaviors. The arborized mechanoreceptor neuron (PVD) is a multi-
dendritic nociceptor neuron in C. elegans. PVDL and PVDR form repeating, non-overlapping dendritic trees, called 
Menorahs.The morphology of the PVD is thought to be related to its function, with aberrant morphologies associated with 
impaired physiology. However, no rigorous quantification, protocol or procedure has been developed in order to accurately 
and uniformly investigate the PVD structures and specifically the menorahs.Here, we present a software tool, Menorah 
Analyzer, for the automatic analysis of the morphology of the PVD neuron and the menorahs structures. The output of the 
Analyzer is a quantized reconstruction of the PVD and extraction of key morphological features, such as density of branches, 
ordering of individual dendrites, as well as length, curvature and alignment of branch segments. Using this automated 
analysis of the dendritic arbor will enable the generation of a database of various morphologies, as well as to track the time 
evolution of the structures by processing movies.Ultimately, we will be able to use the software to process any 2D image of 
the PVD neuron (and perhaps other neurons), and learn about the connection between neuronal morphology and behavior, by 
comparing quantitative data of WTmutants, youngadult, socialisolated etc.The software accepts as an input one or more 2D 
images of the PVD neuron – either the original images from the confocal microscope or a manual reconstruction using a 
tablet.The output, which is displayed in excel tables and graphs, is a reconstruction of each image with different colors 
representing different branch orders and the extraction of morphological parameters, analyzed per image and as a function of 
time.Our main biological question is how different neuronal morphologies (junctions, 90o turns etc.) and specifically the 
Menorahs, form and how are they maintained. We are using the Menorah Analyzer along with developmental genetic 
techniques in order to answer this question. 

745C. The C. elegans gut microbiota and its significance to its host. Maureen Berg1, Ben Stenuit2, Joshua Ho1, Caitlin 
Parke1, Lisa Alvarez-Cohen2, Michael Shapira1. 1) UC Berkeley, Berkeley, CA1Department of Integrative Biology, 
University of California, Berkeley, CA; 2) Department of Civil and Environmental Engineering, University of California, 
Berkeley, CA. 
   The animal intestine is home to an abundance of microorganisms that play diverse roles in host health and disease. 
Characterizing the gut microbiota has become an active area of research, but the relative contribution of factors shaping 
microbiota composition is still unclear. Gut microbiota composition may be determined by environmental availability or 
shaped by host factors, enabling the selection of potentially beneficial taxa. Thus, it is of interest to understand the 
significance of those selected microbes, or those that are lost due to aberrant assembly, for their host. Using the genetically 
tractable Caenorhabditis elegans as a model host and 16S rDNA ‘deep sequencing,’ we are studying the assembly of the gut 
microbiota starting from diverse environmental communities. Comparisons of worm microbiotas to microbiotas in their soil 
environment revealed that worm microbiotas resembled each other, even when assembled from different microbial 
environments. Our results support a dominant contribution of the host niche in shaping the gut microbiota. Among the 
recurring taxa in the gut microbiota, we found Enterobacter and Pseudomonas, both of which provide services to their hosts. 
One resident, P. mendocina, is able to provide protection against the gram-negative pathogen P. aeruginosa by priming the 
p38-oxidative stress pathway, while E. cloacae can extend survival of worms infected with the gram-positive pathogen, 
Enterococcus faecalis. Assessing these interactions between gut isolates and their host will fill in a gap of our understanding 
of C. elegans interactions with microbes, and will help establish C. elegans as a model for studying host-microbiota 
interactions. 

746A. Intermittent stem cell cycling balances self-renewal and senescence of the C. elegans germ line. Amanda Cinquin, 
Michael Chiang, Adrian Paz, Sam Hallman, Oliver Yuan, Charless Fowlkes, Olivier Cinquin. UC Irvine, Irvine, CA. 
   Self-renewing organs often experience a decline in function in the course of aging. It is unclear whether chronological age 
or external factors control this decline, or whether it is driven by stem cell self-renewal — for example, because cycling cells 



exhaust their replicative capacity and become senescent. Here we assay the relationship between stem cell cycling and 
senescence in the Caenorhabditis elegans reproductive system, defining this senescence as the progressive decline in 
“reproductive capacity,” i.e. in the number of progeny that can be produced until cessation of reproduction. We show that 
stem cell cycling diminishes remaining reproductive capacity, in part through the DNA damage response. Paradoxically, 
gonads kept under conditions that preclude reproduction keep cycling and producing cells that undergo apoptosis or are laid 
as unfertilized gametes, thus squandering reproductive capacity. We show that continued activity is in fact beneficial 
inasmuch as gonads that are active when reproduction is initiated have more sustained early progeny production. Importantly, 
continued cycling is intermittent — gonads switch between active and dormant states — and in all likelihood stochastic. 
Computational simulations suggest that stochastic switching could implement a bet hedging strategy to optimize the overall 
population growth rate. Other organs face tradeoffs whereby stem cell cycling has the beneficial effect of providing freshly-
differentiated cells and the detrimental effect of increasing the likelihood of cancer or senescence; stochastic stem cell cycling 
may make it possible to hedge bets as to the future demand for differentiated cell production. 

747B. Relating life history to population dynamics: a perspective on aging. A. Earnest, S.K. Kornfeld. Developmental, 
Regenerative and Stem Cell Biology, Washington University in St. Louis, St. Louis, MO. 
   C. elegans research utilizes many phenotypes to characterize the outcomes of genetic differences among lines. These 
phenotypes can be roughly broken up into the classes of spans, masses, and numerical measures. Researchers investigating 
aging are very familiar with the use of spans like reproductive span and lifespan. Mass-involved phenotypes like total egg 
mass produced over a lifetime or growth rate are of interest when investigating longevity. Numerical measures, including 
number of progeny and population size are less widely used but can be instructive when investigating aging within a 
population context. 
            We investigated the population dynamics of multiple C. elegans strains with different lifespans over the course of 260 
days. In order to address concerns with pleiotropic effects in mutant worms, we plan to build an agent-based model of worm 
population dynamics. This model will use a simplified C. elegans lifecycle populated with data from experimental worm 
populations to simulate long-term populations dynamics of worms where spans, masses, and numerical measures can be 
altered individually without pleiotropic effects. This will allow us to address hypotheses on how individual phenotypes affect 
population-level emergent properties such as population size. It will also allow us to compete different individual phenotypes 
against one another in a single population to perform competition trials, lending insight into how novel traits can invade a 
population. . 

748C. Widespread maternal effects shape the Caenorhabditis elegans life history. Helen Orbidans, Alice Moorey, James 
Green, Simon Harvey. Canterbury Christ Church University, Kent, UK.. 
   Environmental conditions experienced by parents can affect progeny life history and such changes have been documented 
in almost all major phyla. Some of these environmentally induced maternal and paternal effects are adaptive, acting to 
increase offspring survival and/or reproduction. Adaptive effects generally represent attempts either to match progeny 
phenotypes to the expected environment or to alter the variation between progeny (various types of bet-hedging strategy). 
Both maternal and paternal effects have been documented in C. elegans and maternal effects have been identified in other 
nematodes, but these have not been fully explored. This represents an important missed opportunity given the tractability of 
C. elegans as a system for understanding the mechanisms producing these effects and the potential importance of such effects 
in parasitic nematodes.Here, we have looked at the influence of the maternal environment on a wide range of progeny 
phenotypes in the canonical strain N2, in recently isolated wild isolates and in mutants. These analyses identify a range of 
maternal environmental factors that affect progeny life history and document multiple distinct effects on progeny. This 
indicates that the relationship between the maternal genotype and environment influence progeny life history in a complex 
manner. Analysis of mutant lines indicates that insulin-like signalling appears to be a contributing factor in these responses. 
Due to the genetic and physiological similarities between free-living and parasitic nematodes, it is unlikely that such effects 
are not present in parasites. As such, we have also started to investigate the effects of maternal environmental change in 
entomopathogenic nematodes (Steinernema and Heterorhabditis spp.). 

749A. Natural Variation in Pathogen-induced Neuronal Gene Expression in C. elegans. Zoe Hilbert, Joshua Meisel, Dennis 
Kim. Department of Biology, Massachusetts Institute of Technology, Cambridge, MA. 
   We have been investigating natural variation in the neuronal expression of a TGF-ß signaling molecule, DAF-7, that plays 
a pivotal role in the regulation of diverse behaviors of C. elegans such as the dauer developmental decision, reproductive egg 
laying, and feeding. Normally expressed only in the ASI pair of chemosensory neurons, recent work in our lab (Meisel, JD et. 
al. Cell, 2014) has demonstrated that daf- 7 expression is induced in the ASJ neurons upon exposure to the bacterial 
pathogen, Pseudomonas aeruginosa, and that this change in expression is functionally important in producing a pathogen 
avoidance behavior. To investigate natural variation in this response to the microbial environment, we have examined a panel 
of 25 C. elegans wild isolate strains for differences in pathogen-induced daf-7 expression. We observe a wide range in the 
kinetics of daf-7 expression changes in the response of wild strains to pathogenic bacteria. Two strains were identified as 



having distinctly different phenotypes from N2: one which has constitutive expression of daf-7 in ASJ and another which 
only weakly induces daf-7 expression in response to P. aeruginosa .We have identified distinct genomic loci underlying 
these phenotypes and are currently working to define the natural polymorphisms that cause variation in the pathogen-induced 
neuronal expression of daf-7. 

750B. Is nematode host preference associated with the beetle bacterial microbiome? A case study in Los Angeles. Sneha 
Koneru, Michael Gonzalez, Heilly Salinas, Gilberto Flores, Ray Hong. Biology Department, California State University, 
Northridge, CA. 
   Advances in high-throughput DNA sequencing of ecological samples have enabled unprecedented insights into host-
microbe associations. However, the relationship between nematode diversity and microbial ecology has received paltry 
attention. To address this deficit, we surveyed the nematode and microbial composition of the scarab beetles over a 5-year 
period (2010-2014) in greater Los Angeles. These entomophilic nematodes invade specific beetle specifies and wait for their 
hosts to die before resuming development on the microorganisms of the decaying cadaver. We hypothesized that the 
nematodes’ preference of the beetle host may be explained by the differences in beetle chemical profiles and species-specific 
microbiomes (the aggregate of microorganisms that exist on the surface and inside a host). Specifically, we tested the 
hypothesis that Cyclocephala, Serica, and Amblonoxia beetles with different nematode infection patterns also differ in their 
microbiome profiles using 16S rDNA high-throughput sequencing on the Illumina MiSEQ platform. 16S rDNA sequencing 
allows for the identification and taxonomic classification of bacterial species without culturing using the hypervariable 
regions of 16S rRNA gene.From the 1447 beetles sampled, nematodes belonging the family Diplogastridae were the most 
diverse and abundant. In 2014, we sequenced the microbiomes of 285 beetles, along with the microbiomes of the 78 wild 
nematodes isolated from the beetles. We found that there was no difference in alpha diversity of bacterial microbiome 
between beetles infested with nematodes and those without, suggesting that the nematodes are not altering the bacterial 
ecology of beetles. In addition, we detected significant differences in beta diversity among the 3 primary beetle host species 
independent of differences in geographic sampling. However, bacteria from nematodes showed less beta diversity than their 
beetle hosts and were not significantly different from each other. This approach enabled us to discover which bacteria from 
the beetle microbiome were actually consumed by the nematodes and thus potentially form the basis for their interactions. 
Surprisingly, anaerobes from the Synergistaceae and Disulfobacteraceae were primarily found on Amblonoxia beetles, which 
also had the strongest specificity of nematode infestation. Given that anthropogenic pressures play a dominant role in shaping 
urban ecosystems, our results may serve an informative starting point towards understanding the dynamic interactions 
between invertebrates and their microbiota in a highly accessible urban environment. 

751C. A simple 3D cultivation system to measure C. elegans fitness in a semi-natural simulated environment. Tong Young 
Lee, Jin Il Lee. Division of Biological Science and Technology, Yonsei University, Wonju, Gangwon-do. 
   Over the past forty years, C. elegans has been one of the most valuable laboratory model organisms for biological research. 
However, little is known about C. elegans in natural habitats. Cultivation conditions in the laboratory have limited C. elegans 
to growth in two dimensions with food availability plentiful and easy to locate. C. elegans in nature resides in soil, and rotten 
fruit and vegetative matter. These are complex three-dimensional environments that require worms to navigate in all 
directions to pinpoint sources of bacteria. We have developed a simple 3D NGM cultivation environment that allows C. 
elegans to move freely in a 3D agar matrix. OP50 E. coli forms distinct and sparse spherical colonies throughout the agar 
matrix rather than the familiar bacterial lawns that form on 2D plates. Wild-type worms grow and develop normally, and 
have similar sized brood size and growth rates as worms grown on the standard 2D NGM plates. On the other hand, sensory 
challenged mutants such as osm-6 mutants showed lowered brood sizes in the 3D environment compared to the 2D NGM 
plates. We surmise that osm-6 mutants have difficulty tracking and finding bacteria in 3D and this results in lowered fitness 
in the naturally simulated environment. We are conducting further experiments to see if our 3D cultivation system can be a 
useful correlative assay to test reproductive fitness of different genetic backgrounds or treatments. 

752A. Survey of the genetic structure of a C. elegans wild population at a local scale by 2b-RAD-sequencing. Aurélien 
Richaud, Marie-Anne Félix. Institut de Biologie de l’ENS, CNRS - UMR8197, Paris (France). 
   Historically, studies in ecology and evolutionary biology have focused mainly on non-model organisms and have neglected 
the nematode Caenorhabditis elegans. Despite increased sampling of Caenorhabditis species in rotting vegetal substrates in 
the last years, we still lack ecological and evolutionary data to understand what drives Caenorhabditis distribution and 
diversity at a local scale. We thus sampled during seven years (2008-2014) a spatio-temporal set of rotting apples in an 
orchard in Orsay (France). We observed that C. elegans and C. briggsae were found every year and may occur in the same 
apples. However their temporal distributions differ: while C. briggsae is found mainly during summer, C. elegans is found 
essentially in late fall. This temporal occurrence coincides with their temperature preference in the lab (Félix & Duveau, 
BMC Biol. 2012).To study the genetic structure of C. elegans at a local scale, we extracted genomic DNA from nearly 1000 
wild C. elegans "families" (progeny of a wild-caught worm) from the Orsay orchard, sampled in a spatio-temporally 
structured manner, as well as from two other more natural sites, where the substrates are rotting stems, snails, slugs and 



isopods: Santeuil (2009-2014) and Plougasnou (2009). Preliminary results using phenotypically relevant polymorphisms 
indicate that genetic diversity can be found in the orchard, including within a given apple. For example, a polymorphism in 
drh-1, a gene involved in the defense against the Orsay virus, could be detected in the orchard. 87.5 % of sampled animals 
display the deleted allele (niDf250). Both genotypes were found every year except in 2009 and could sometimes be found in 
the same apple. Polymorphisms in plg-, tra-3 and at the zeel-1 peel-1 incompatibility locus were also found.In order to study 
the genetic structure more systematically, we initiated a 2b-RAD sequencing high-throughput approach, a method that allows 
to detect Single Nucleotide Polymorphisms in an unbiased manner by partial Illumina sequencing of the genome, next to type 
IIb restriction endonucleases sites like BcgI (Wang et al. Nat. Meth. 2012). With a multiplexing strategy combining 8 
barcodes and 24 illumina indices, we were able to sequence 192 samples at the same time. We constructed and sequenced 
five libraries of 192 samples with an expected coverage of 50X.The genetic and genomic analyses of the sequencing data will 
allow us to study different population genetic parameters such as genetic diversity, outcrossing rate, spatial distribution, 
migration, etc. 

753B. Natural microbial engagement of small RNA pathways in C. elegans. Buck Samuel1,2, Holli Rowedder1,3, Gary 
Ruvkun1. 1) Dept. of Mol. Biol., Massachusetts General Hospital, Boston MA; 2) Current -- Cntr for Metagenomics & 
Microbiome Res., Baylor College of Medicine, Houston, TX; 3) Current Address -- Boston University, Boston, MA. 
   Like us, C. elegans lives in a microbial world. In its natural habitats of rotting fruits and vegetation, C. elegans encounters a 
diverse array of microbes, where they serve as diet, microbiota or pathogens. C. elegans is highly tuned and equipped to 
sense and response to the milieu of microbial products (xenobiotics) that they are bombarded with, as they navigate this 
microbial landscape. Indeed, several recent studies have demonstrated that animals monitor basic cellular subsystems for 
microbial targeting (presumably through decreased functionality/efficiency or the like), though the extent to which beneficial 
microbes may interface with these systems is unknown. Small RNA pathways play a central role in regulating many of the 
transcriptional and developmental programs that are responsive to microbes, in addition to directly mediating anti-viral 
immunity. Thus, this study takes a broad look at natural microbes that may specifically engage small RNA pathways to 
regulate C. elegans physiology.To examine this question, we screened a panel of 565 microbes (‘BIGb collection’) isolated 
from C. elegans’ natural habitats for microbial-enhancers or -reducers of RNAi (mERI or mRDE, respectively) via co-
feeding with several RNAi clones in E. coli (somatic and germline) or alone with a panel of transgenic reporters. In co-
feeding experiments, nearly 20% of the microbes reduced RNAi effectiveness (113), while 7.5% enhanced RNAi (42). There 
was also a strong correlation between the impact of a microbe on C. elegans physiology—beneficial (faster growth, 
unstressed) or detrimental (slow growth/death, activation of stress reporters)—and its impact on RNAi pathways, with mRDE 
isolates being more likely to be detrimental and vice versa. Since co-feeding can affect uptake of dsRNA-producing E. coli, 
we also validated these microbes for impacts on RNAi using a panel of transgene-silencing reporter strains. Together, these 
data implicate a number of often pathogens (e.g., Pseudomonas, Stenotrophomonas and Enterobacter) as mRDE and 
beneficial microbes (e.g., Providencia and Bacillus) as mERI. In parallel, we also demonstrate that microbial RNA directly 
engages a subset of RNAi pathways in regulation of C. elegans growth. Together, these studies expand our understanding of 
the host systems that are under microbial influence and regulate host health. . 

754C. Construction of Ecologically Relevant Microcosms for the Quantification of Changes in Population Size of C. elegans. 
Kevin G. Sanchez, Brian P. Mikeworth, Lisa N. Petrella. Marquette University, Milwaukee, WI. 
   Changes in temperature affect the basic physiological and molecular functions of organisms. We are interested in how these 
changes in temperature affect the development and fertility of C. elegans.  Our research so far has relied on studying how the 
fertility of C. elegans responds to changes in temperature using standard lab conditions including placement on agar plates, 
presence of an abundant food source, and no risk of predation.  Such an environment is beneficial to the optimal survival and 
reproduction of C. elegans.  In this setting we have observed general changes in fecundity in response to changes in 
temperature. These changes include sterility at 27° C, with a high of fecundity between 20° and 24° C.  However these lab 
conditions are unlikely to reflect the conditions worms encounter in the wild, so we designed a microcosm to create an 
ecologically relevant environment.  In order to do this we tested multiple variables and found the optimum conditions needed 
to create a microcosm that accurately mimicked the conditions in the wild. These allow us to compare different worm 
populations at different temperatures in realistic environments. The parameters tested included salinity, aridity, size of the 
microcosm, types of soil, number of worms in the initial population, sources of food, and methods for worm 
extraction.  After comparing the different volumes of various types of liquid, as well as different substrates, we found that the 
worms should be placed in a 5:1 ratio of topsoil to M9 buffer in order to achieve the most successful results.  They then could 
be left in the microcosm for up to 14 days, being fed liquid culture of E. coli each day. In order to get an accurate assessment 
of the changes in population size, we attempted to assay the growth of first a single worm population and then the growth of a 
population of worms.  We tried to extract worms using both the agar-plate method and centrifugal flotation, but only the 
agar-plate was successful.  The successful creation of a microcosm protocol will allow us to manipulating temperatures and 
measuring the sizes of these populations across several days so that the effects of temperature on population growth can be 



assessed. In the long term we want to assess any differences there may be in lab-adapted and newly isolate worm strains in 
population growth in more ecologically relevant situations. . 

755A. The natural microbiota of C. elegans.. Hinrich Schulenburg, Philipp Dirksen. Evolutionary Ecology and Genetics, 
University of Kiel, Kiel. 
   The nematode Caenorhabditis elegans is one of the main model species in biological research. Yet only very little 
information is available as to its natural ecology, including the naturally associated microorganisms. We here present a 
systematic analysis of the natural microbiota for this nematode and the congeneric species C. remanei. Natural isolates of the 
two Caenorhabditis species harbour bacterial communities enriched in Proteobacteria, which are distinct from the microbial 
diversity in the corresponding natural habitats. Experimental re-infection under controlled laboratory conditions confirmed 
the presence of a distinct microbiota. Several taxa of the Proteobacteria had a significant positive effect on C. elegans fitness 
and other life-history traits. Certain Pseudomonas species additionally provided protection against infection with fungal 
pathogens. Overall, our results suggest that different bacterial taxa exert distinct functions within the C. elegans 
metaorganism. 

756B. The propensity for stochastic PCD during male tail development varies across C. elegans isotypes. Melissa Alcorn1, 
Davon Callander1, Bilge Birsoy1, Matthew Cieslak3, Agustín López Santos2, Joel Rothman1,2. 1) Molecular, Cellular and 
Developmental Biology, UC Santa Barbara, Santa Barbara, CA; 2) Biological Sciences, University of Auckland, Auckland, 
New Zealand; 3) Psychological and Brain Sciences, UC Santa Barbara, Santa Barbara, CA. 
   While somatic programmed cell death (PCD) occurs in a largely invariant pattern in C. elegans, we have found that it arises 
sporadically and inappropriately during the formation of the 18 bilaterally symmetric sensory structures (rays) of the adult 
male tail.  The rays, each consisting of the dendritic ends from two neurons and a structural support cell, arise during post-
embryonic development.  Wild-type N2 males frequently lack one or more rays. Males defective for components required for 
PCD contain few or no missing rays, suggesting that ray loss is the result of stochastic, inappropriate PCD. We found that the 
propensity for ray loss varies widely between 97 unique isotypes: while some isotypes virtually never show missing rays, in 
others, up to ~35% of males lack rays. As with N2, the loss of rays in these other strains appears to be the result of PCD, as 
they are restored by egl-1(RNAi).  EMMA analysis applied to the full dataset of the 97 strains revealed that the variation is 
associated with a region on Chromosome I.  We have also developed a complementary computational approach to analyzing 
this type of data by using a predictive regression model based on machine learning. This method applied to this and other 
datasets has identified regions of significance on Chromosomes II, III, V and X that were not predicted from standard 
EMMA analysis.  Both approaches indicate that the sporadic PCD in the male is a polygenic trait.  Ongoing analysis of RILs 
between two strains that represent phenotypic extremes is being used to identify the specific causal genes that control 
stochastic PCD during formation of the male rays. . 

757C. Cubist biology — using evolutionary perspectives to define regulatory pathways. Yongquan Shen1, Qing Wei1, 
Yanmnei Zhao1,2, Shin-Yi Lin1, Xiangmei Chen1, Ronald Ellis1. 1) Dept Mol Biol, Rowan SOM & GSBS, Stratford, NJ; 2) 
Lab of Noncoding RNA, Institute of Biophysics, Chinese Academy of Sciences, Beijing, China. 
   One drawback of studying biology in a model organism is the difficulty of separating essential features from traits that are 
unique to one species but only of minor significance. We believe that evolutionary comparisons with close relatives provide 
the best way to address this problem, because each species provides a slightly different viewpoint. Combining these 
perspectives provides a richer, more complete picture, as in a cubist painting. Genome editing now makes this feasible.For 
example, our work with trr-1 (part of the Tip60 HAT complex) led us to focus on how chromatin regulators control the 
sperm/oocyte decision. We found that mutations in C. briggsae nurf-1 (part of the Nucleosome Remodeling Factor complex) 
favored oogenesis. Meanwhile, Li and Kelly showed that mutations in C. elegans wdr-5 genes (which act in an H3K4 
trimethylation complex) favored spermatogenesis. Thus, we compared the functions of each gene in both species. Lowering 
NURF activity only favored oogenesis in C. briggsae, and had no effect on the sperm/oocyte decision in C. elegans or 
various male/female species. Hence, we conclude that its role in C. briggsae is a recent adaptation, rather than a general part 
of the sex-determination pathway. By contrast, we showed that wdr-5.1(RNAi); wdr-5.2(null) mutations promote oogenesis in 
C. briggsae, although they cause the opposite phenotype in C. elegans. Since these mutations affect the same decision, we 
suspect their biochemical interactions with TRA-1 are conserved; however, the context in which they act must have 
changed.Sperm activation also plays a critical role in the evolution of hermaphrodites. Five proteins mediate the 
hermaphrodite activation signal in C. elegans SPE-8, 12, 19, 27 and 29. Mutations in the C. briggsae SPE-8 kinase, the SPE-
19 transmembrane protein, and SPE-27 prevent self-fertility, just like in C. elegans. However, null mutants for C. briggsae 
spe-29 and spe-12 appear wild type, which suggests that they do not play a central role in the signal transduction process. The 
zinc transporter HKE-4.1 also plays a major role in the activation of C. elegans sperm. However, C. elegans sperm can be 
activated by zinc in vitro, whereas C. briggsae sperm cannot, so we wondered if the role of HKE-4.1 was conserved. Null 
mutations in C. briggsae hke-4.1cause cold-sensitive sterility and those in C. tropicalis also cause sterility, so zinc transport 
plays a conserved role in sperm activation, and is an essential feature of this pathway. 



758A. Implications of transcription factor binding site turnover in orthologous cis-regulatory regions. Lori Glenwinkel, 
Oliver Hobert. Columbia University Medical Center, New York, NY. 
   Animal development and evolution is coordinated in large part by changes in the vast non-coding regions of the genome 
where transcription factors (TFs) coordinate to regulate gene expression via binding to regulatory sequences. While hundreds 
of case studies have demonstrated that cis-regulatory evolution indeed drives a diversity of biological processes from insect 
studies to humans, no study to date has systematically examined the cellular and molecular implications of regulatory 
sequence changes in vivo. Using motif conservation  data from our TF target gene discovery tool, TargetOrtho, we examine 
TF binding sequence gains and losses in orthologous regions between species to understand the functional implications of 
evolving cis-regulatory regions. An an entry point, we examine gains and losses of the well-conserved UNC-3 binding site 
sequence (COE motif) using conservation data from 5 nematode genomes followed by an analysis of gene expression, and 
behavioral implications in cases where the motif is gained or lost in C. elegans or C. briggsae. To this end we generate 
transgenic reporter animals to 1) demonstrate unc-3 dependence of genes that include a COE motif in unc-3(e151) mutant 
animals 2) examine orthologous gene expression pattern divergence between C. briggsae and C. elegans, and 3) remove or 
insert gained or lost motifs respectively to identify functional sufficiency of the COE motif for recapitulation of orthologous 
gene expression and function. To aid in the identification of behavioral implications of such motif gains and losses, we begin 
by focusing on 8 candidate genes with characterized in vivo functions and expression patterns. 

759B. Spatiotemporal transcriptomics reveals the evolutionary history of the endoderm germ layer. Tamar Hashimshony1, 
Martin Feder1, Michal Levin1, Brian Hall2, Itai Yanai1. 1) Department of Biology, Technion - Israel Institute of Technology, 
Haifa 32000 Israel; 2) Department of Biology, Dalhousie University, Halifax, Canada. 
   The germ layer concept has been one of the foremost organizing principles in developmental biology, classification, 
systematics and evolution for 150 years. Of the three germ layers, the mesoderm is found in bilaterian animals but is absent 
in species in the phyla Cnidaria and Ctenophora, which has been taken as evidence that the mesoderm was the final germ 
layer to evolve. The origin of the ectoderm and endoderm germ layers, however, remains unclear with models supporting the 
antecedence of each as well as a simultaneous origin. Here, we determine the temporal and spatial components of gene 
expression spanning embryonic development for all Caenorhabditis elegans genes and use it to determine the evolutionary 
ages of the germ layers. The gene expression program of the mesoderm is induced after those of the ectoderm and endoderm, 
thus making it the last germ layer to both evolve and develop. Strikingly, the C. elegans endoderm and ectoderm expression 
programs do not co-induce; rather the endoderm activates earlier, and this is observed also in the expression of endoderm 
orthologs during the embryology of Xenopus tropicalis, Nematostella vectensis, and the sponge Amphimedon queenslandica. 
Querying for the phylogenetic ages of specifically expressed genes revealed that the endoderm is comprised of older genes. 
Taken together, we propose that the endoderm program dates back to the origin of multicellularity, while the ectoderm 
originated as a secondary germ layer freed from ancestral feeding functions. 

760C. Pharyngeal gland development in the root-knot nematode Meloidogyne hapla. R.A. Loewen1, V.W. Williamson2, M 
Tenuta3, J Kormish1. 1) Department of Biological Sciences, University of Manitoba, Winnipeg, MB, Canada, R3T 2N2; 2) 
Department of Plant Pathology, University of California Davis, CA, United States, 95616; 3) Department of Soil Science, 
University of Manitoba, Winnipeg, MB, Canada, R3T 2N2. 
   Root-knot nematodes (RKN) are plant parasitic nematodes that cause massive crop loss in North America and worldwide. 
RKN are adept at invading and feeding on plant tissue with secretions they produce and release largely from their gland cells 
[1]. The collection of proteins within these secretions, called the “secretome,” have been studied intensely using 
transcriptomics [2] and proteomics [3]. In our laboratory the highly derived gland cells of RKN are being studied by 
comparing glandular development in the model RKN Meloidogyne hapla to the non-parasitic nematode Caenorhabditis 
elegans. The pharyngeal and gland important transcription factors, PHA-4 and HLH-6 respectively [4], are being examined 
for their role in transcriptional regulation of parasite-specific genes. Putative homologues of these transcription factors have 
been identified in M. hapla: MhPHA-4 and MhHLH-6. Conservation of the DNA-binding motifs of the MhHLH-6 and 
CeHLH-6 proteins suggests a conserved function in binding of transcriptional regulatory elements. This conservation has led 
to the hypothesis that MhHLH-6 will play an important role in gland cell development and function in M. hapla and other 
RKN. Studies are ongoing using RT-qPCR to verify life-cycle expression levels of Mhpha-4 and Mhhlh-6. Isolates of M. 
hapla from Canada are being used in the analysis, and are currently being inbred for development of isogenic strains for 
sequencing [5]. Identification of genes controlled by MhPHA-4 and MhHLH-6 is underway, and progress on this study will 
be presented. It is predicted that identification of genes unique to M. hapla, an obligate plant parasite, when compared to the 
free-living C. elegans, will reveal genes that have been uniquely acquired to pharyngeal function during evolution of RKN. 
Our goal is to identify genes essential for parasitism, such as those regulating the function of the gland cells and their 
secretions. This approach will provide new targets for knockdown during RKN infection. The overlying goal of this research 
is to develop effective control mechanisms against parasite specific targets to inhibit this pest in the agricultural setting. 
References: [1] Rutter W et al. 2014. Mol Plant-Microbe Interact. 27: 965-974.; [2] Huang G et al. 2003. Mol Plant-Microbe 



Interact. 16: 376-381.; [3] Bellafiore S et al. 2008. Plos Pathog. 4: 1-12.; [4] Mango SE. 2009. Annu Rev Cell Dev Biol. 
2009;25:597-628.; [5] Liu QL, Williamson VM. J Nematol. 2006. 38:158-64. 

761A. Evidence for a C. briggsae X-linked hybrid lethal gene that encodes a transcription factor. Vaishnavi Ragavapuram, 
Scott Baird. Biological Sciences, Wright State University, Dayton, Oh. 
   The goal of this research was to determine the cause of the male-specific lethality observed in F1 hybrids derived from 
crosses of C. briggsae to C. nigoni.  When C. briggsae males are mated to C. nigoni females, viable but sterile F1 male 
hybrids are obtained.  When C. nigoni males are mated to C. briggsae hermaphrodites, all F1 males die during 
embryogenesis.  Asymmetric results from reciprocal hybrid crosses are common and are referred to as Darwin’s Corollary to 
Haldane’s Rule.  F1 males from these crosses differ in their X chromosomes, mitochondria and maternal 
contributions.  These are likely causes of observed asymmetry in male viability.  Male-specific lethality in crosses of C. 
briggsae to C. nigoni results from the presence of a hybrid lethal gene on the C. briggsae X chromosome.  This was 
determined from crosses of C. nigoni males to C. briggsae (bd104) mutant hermaphrodites.  The bd104 mutation results in X-
specific nondisjunction and allows for the generation of F1 males that possessed C. briggsae mitochondria and maternal 
contributions but a C. nigoni X chromosome.  These F1 males were viable.  Similar crosses were conducted with C. briggsae 
cbr-him-8(v188).  [bd104 complements v188 and therefore is not in cbr-him-8.]  From these crosses, viable CbrX- and CniX-
bearing F1 males were obtained, indicating that v188 is a dominant suppressor of C. briggsae::C. nigoni male-specific hybrid 
lethality.  In C. elegans, him-8 is a dominant suppressor of missense mutations in the DNA-binding domains of several 
transcription factors.  From this, we conclude that the C. briggsae X-linked hybrid lethal gene likely encodes a transcription 
factor.  Finally, we note that CbrX- and CniX-bearing F1 males obtained from cbr-him-8 mothers differed in gonad 
development. In CniX-bearing F1 males, gonads were stunted or degenerate, often leaving a vacuole in the location of the 
gonad primordium. CbrX-bearing males possessed well-formed gonads, but still were sterile.  CbrX- and CniX-bearing F1 
males obtained from Cbr-him-8 mothers differed only in the source of their X chromosomes.  Therefore, gonad development 
in F1 male hybrids was impacted by species-specific variation in the X chromosome. 

762B. Changing the shape of a tupe in the evolution of organogenesis. David Rudel, Kelly Mahoney, Brent Wyatt, Blake 
Rumble, Sharon Arhin. Department of Biology, East Carolina University, Greenville, NC. 
   Change in the shape of simple epithelial-like tubes is central to changes in the evolution of many organs. The nematode 
gonad has a simple tube-like structure. The Caenorhabditis elegans hermaphrodite gonad starts as a four-cell primordium on 
the ventral side at the anterior-posterior center of the L1 larvae. During its’ development a distal tip cells (DTC) is born at 
both the anterior and posterior tips of this primordium. The two DTCs guide the elongation of functionally identical and 
rotationally symmetrical tubes or gonad arms. Each gonad arm extends along the ventral body wall to either the anterior or 
posterior, turns dorsally, and then returns back to the anterior-posterior center along the dorsal body wall. Thus the adult arm 
exhibits a “U”-like shape. In Pristionchus pacificus, the process is analogous but the arms make a novel ventral turn upon 
returning to the anterior posterior center. This turn is a response by the DTCs to a Wnt signal from the vulva. The Netrin 
pathway has been shown as necessary and sufficient for many dorsal-ventral migrations, including some data for the DTC in 
C. elegans. We hypothesize that the novel migration is a change in the regulation of the UNC-40 Netrin receptor in the 
DTCs. We have cloned the Ppa-unc-40 gene and shown that the mRNA is present in the DTC. Further, we have constructed 
transcriptional fusions, placing either GFP or mCherry under the control of the proposed Ppa-unc-40 promoter. We are 
injecting this construct into various P. pacificus wild type and mutant genetic backgrounds. We will observe putative 
endogenous Ppa-UNC-40 expression and anticipate a correlation between the expression and the dorsal-ventral movements 
of the P. pacificus DTCs. 

763C. Unusual sex determination systems in Bursaphelenchus okinawaensis and B. xylophilus. Ryoji Shinya1,2, Taisei 
Kikuchi3, Isheng J. Tsai4, Anthony Chen1,2, Koichi Hasegawa5, Paul W. Sternberg1,2. 1) California Institute of Technology, 
Pasadena, CA; 2) Howard Hughes Medical Institute, Pasadena, CA; 3) University of Miyazaki, Miyazaki, Japan; 4) 
Academia Sinica, Taipei, Taiwan; 5) Chubu University, Kasugai, Japan. 
   Sex determination mechanisms are unexpectedly diverse in organisms and change rapidly during evolution. Among 
nematodes, molecular sex determination mechanisms have been well characterized in a few species of Caenorhabditis. 
Caenorhabditis species have an XO male/XX hermaphrodite or female sex determination system, and it is thought that the 
XX/XO sex determination system is predominant among nematodes. Although XX/XY or environmental sex determination 
systems have been also suggested for some nematodes, the molecular mechanisms of these systems are still unclear. Recently 
we have studied the sex determination mechanisms of the hermaphroditic fungal feeding nematode, Bursaphelenchus 
okinawaensis, and the gonochoristic plant-parasitic nematode, B. xylophilus. First, we observed B. okinawaensis and B. 
xylophilus chromosomes to constrain their sex determination mechanisms. The chromosome number is the same between 
males and hermaphrodites/females of B. okinawaensis and B. xylophilus, with all of the chromosomes being apparently 
identical, ruling out an XO/XX system. To investigate possible environmental effects on their sex determination, we scored 
the ratio of sex under the various types of culture conditions; however, no significant difference in sex ratio was observed. 



Although we have thoroughly investigated the possibility of other types of sex determinations that have been reported in 
other organisms, our results suggested that the sex determination of B. okinawaensis and B. xylophilus does not correspond to 
any of the currently known mechanisms. We thus performed a comparative genomic analysis between males and 
hermaphrodites/females using next-generation sequencing to investigate any genomic differences at higher resolution. Our 
results confirmed that males and hermaphrodites/females have the same number of chromosomes. We are still working on the 
analysis of the sequence data to determine whether there is any difference in the nuclear and mitochondrial genomes between 
males and females/hermaphrodites. In this presentation, we will discuss the unique sex determination mechanisms of B. 
okinawaensis and B. xylophilus based on all of these of experiments. The sex determination system of the nematodes seems 
to be more diverse than we thought. . 

764A. Extreme variation in the requirement for SKN-1 in endoderm development reflects both genomic variation and stably 
heritable epigenetic states that differ between isotypes. Yamila Torres Cleuren1, Kyle Chipman2, Coco Alami1, Russell 
Snell1, Joel Rothman1,2. 1) School of Biological Sciences, University of Auckland, New Zealand; 2) Dept. of MCD Biology, 
University of California Santa Barbara, USA. 
   We have analyzed the well-described gene regulatory network (GRN) for endoderm specification in C. elegans to 
investigate the basis for evolutionary plasticity in GRN architecture. Deployment of the endoderm GRN is initiated by the 
combined action of the SKN-1 transcription factor and an inductive signal mediated in part by MOM-2/Wnt. While removal 
of either maternal SKN-1 or MOM-2 in the N2 strain results in a partially penetrant loss of gut, simultaneous removal of both 
effectively eliminates endoderm. We found that the requirement for SKN-1 and MOM-2/Wnt in endoderm development 
varies dramatically across the 97 haplotypes: while RNAi knockdown of skn-1 or mom-2 results in fully penetrant lethality, 
we observed broad variation in penetrance across the spectrum of strains, ranging from <1% to 100% of arrested embryos 
with differentiated gut. The extreme variation in requirement for SKN-1 reflects bona fide differences in GRN function, as 
introgression of a skn-1(-) chromosomal mutation in selected isolates yield quantitatively the same effect as for RNAi. The 
penetrance of the skn-1(-) vs. mom-2(-) phenotypes did not correlate across the isolates, indicating that this variation does not 
arise from complementarity in the relative strengths of the SKN-1 and Wnt inputs into the GRN. Genome-wide association 
studies (GWAS) and Efficient Mixed Model Analysis (EMMA) revealed that much of the variation across the strains is 
attributable to genomic regions on LG IV and V. Further, analysis of recombinant inbred lines (RILs) with large differences 
in SKN-1 requirement by bulk segregant analysis (BSA) and whole-population genotyping (WPG) revealed two major 
contributing regions, including one identified by GWAS, as was also confirmed in introgressed lines. While these studies 
revealed that a multiplicity of genes and genetic interactions are responsible for the quantitative differences in GRN 
regulatory inputs, there also appear to be very substantial epigenetic contributions to the variation that follows the maternal 
line, as shown by reciprocal crosses of four different pairs of isotypes. This striking parent-of-origin effect persisted through 
at least five generations, suggesting a parental imprinting phenomenon. These findings demonstrate that the GRN for 
embryonic endoderm specification has undergone unexpectedly rapid evolutionary modification during radiation of the C. 
elegans species and reveal that some divergence between isotypes has a non-genetic origin. 

765B. Mechanism of peel-1 toxicity. Elyse Blum, Jerome Cattin, Michael Ailion. University of Washington, Seattle. 
              In C. elegans, hybrid incompatibility between the Bristol N2 and Hawaiian CB4856 strains is mediated by the peel-
1/zeel-1 genetic element. peel-1 encodes a sperm-expressed toxin and zeel-1 encodes its zygotically-expressed antidote. We 
are interested in determining the cellular mechanism of PEEL-1 toxicity. To identify factors required for PEEL-1 toxicity, we 
conducted a screen for suppressors of the lethal phenotype caused by ectopic PEEL-1 expression driven by a heat-shock 
promoter (hs::peel-1). Thus far, we have isolated five suppressors. All five suppressors are healthy and have no obvious 
visible phenotypes. They still express a heat-shock driven GFP transgene at normal levels, indicating that they do not 
suppress hs::peel-1 due to failed induction of the heat-shock response. The two strongest suppressors fully suppress hs::peel-
1 and are allelic. The other three suppressors are partial suppressors belonging to two complementation groups and 
preferentially suppress hs::peel-1 in younger larvae. Thus, it seems likely that only a small number of genes can be mutated 
to suppress hs::peel-1. We have mapped these suppressors to single chromosomes and performed whole genome sequencing 
to clone the genes.            We also tagged heat-shock driven PEEL-1 with GFP on either its N or C terminal. In both cases, 
induction of heat-shock leads to death of the worms, indicating that the tagged PEEL-1 protein is still functional. GFP is 
localized to a perinuclear compartment that may be the endoplasmic reticulum.            Previously, we showed that PEEL-1 
kills either muscle or neurons cell autonomously when specifically expressed in these cell types. We now show that PEEL-1 
is also toxic when expressed in the intestine. Endogenous PEEL-1 is transmitted paternally to kill zeel-1(-) embryos. We 
wondered whether maternal expression would also kill zeel-1(-) embryos. We expressed peel-1 in the maternal germline 
using the pie-1 promoter and found that it did not lead to death of zeel-1(-) progeny. Thus, it appears that paternal expression 
and transmission is critical for the embryonic lethal phenotype. 

766C. An experimental evolution model of C. Elegans adaptability. Bradly Alicea1,2, Rebecca Androwski1,3, Nathan 
Schroeder1,3. 1) Crop Sciences, University of Illinois Urbana-Champaign; 2) Orthogonal Research, Champaign, IL; 3) 



Neuroscience Program, University of Illinois Urbana-Champaign. 
   While the genetic architecture of C. elegans is well-studied, the adaptability of various strains and their reproductive fitness 
is less understood. To address this, an experimental-based model will allow for characterization of C. elegans adaptability 
amongst strains which may exhibit low reproductive potential and/or survivability under selection. Two experimental 
approaches representing within- and between-generation survivability (preconditioning and experimental evolution, 
respectively) will allow survivability to be assessed. Preconditioning [1] assesses adaptability within a generation using 
environmental selection, while experimental evolution [2] assesses adaptability via cross-generational artificial selection. For 
a given strain, populations grown from single founder individuals are repeatedly subject to genetic drift and then selected for 
fecundity (largest brood size). These results demonstrate how specific genotypes exhibit robustness in the face of adaptive 
constraints.Biological adaptability involves both survivability and reproductive fitness. Survivability is the degree to which a 
single founder worm can survive and produce viable clones (e.g. the number of generations constituting a single genealogy). 
Reproductive fitness is the mean population size for a given genealogy. In strains with high survivability, founder 
populations with high reproductive fitness should also generate subsequent founder populations with a high degree of 
survivability. Strains with high reproductive fitness but low overall progeny sizes may also exhibit high adaptability if 
selection results enhances adaptation to varying environmental conditions. While this model does not control for stochastic 
effects and demographic constraints [3], it does allow for genealogies with consistently high survivability [4].1. Calabrese, 
E.J. et.al, Tox App Pharm, 222(1), 122–128 (2007).2. Kawecki, T.J. et.al, Trends Ecol Evol, 27(10), 547-560 (2012).3. 
Szendro, I.G. et.al, PNAS, 110(2), 571-576 (2012).4. Wahl, L.M., Krakauer, D.C., Genetics, 156(3), 1437–1448 (2000). 

767A. Preparing Panagrellus redivivus for molecular genetics. David Angeles Albores1, Daehan Lee2, Junho Lee2, Paul 
Sternberg1. 1) Biology, Caltech, Pasadena, CA; 2) Seoul National University School of Biological Sciences. 
   Panagrellus redivivus is a free-living nematode that is evolutionarily distant from C. elegans being in clade IV versus clade 
V respectively . Although the species has been known since the 1700s, it is used more for toxicology and fish food than for 
biological analysis.  Sternberg, Horvitz and Sulston worked out the post-embryonic and partial embryonic lineages in the 
1980s, and a draft genome has been published. We are studying P. redivivus intensely in preparation for molecular genetics 
studies. We complete the description of the life cycle of this species by confirmation of a dauer larva stage, which is absent in 
the British lab strain, but present in a natural isolate from Korea. We show functional analogy of the P. redivivus distal tip 
cell (DTC) to the C. elegans DTC and also show functional conservation of the cholinergic system in regulation of male tail 
flexion in P. redivivus. We demonstrate qualitative results of key cell ablations in the mail tail of P. redivivus on mating 
behavior, and present preliminary results concerning attempts at transgenesis and RNAi in this beautiful worm. . 

768B. Mutation is a sufficient predictor of genetic variation for mitotic spindle traits in C. elegans. Reza Farhadifar3, Charles 
Baer1,2, Jose Miguel Ponciano1, Erik Andersen4, Daniel Needleman3. 1) Dept Biol, Univ Florida, Gainesville, FL; 2) 
University of Florida Genetics Institute, Gainesville, FL; 3) School of Engineering and Applied Sciences, Department of 
Molecular and Cellular Biology, FAS Center for Systems Biology, Harvard University, Cambridge, MA 02138, USA; 4) 
Department of Molecular Biosciences, Northwestern University, Evanston, IL 60208, USA. 
   Seemingly similar phenotypic traits can vary considerably in the extent of genetic variation in the trait. If two traits in the 
same set of organisms have different levels of genetic variation, there are two potential underlying causes: mutation and/or 
selection. Traits may differ in the mutational target they present, or in the rate at which those loci mutate. Traits may also 
differ in the average effect that mutations have on the trait. Alternatively, selection may differ between traits.We investigated 
these issues by comparing the input of genetic variation by mutation to the standing genetic variation found in a worldwide 
collection of C. elegans for a suite of 19 traits related to the first mitotic cell division.  The results are striking: the mutational 
variance (VM) explains 90% of the variation in the standing genetic variance (VG). One of the traits - embryo length - has 
been previously shown to be under stabilizing selection. The strong positive relationship between VM and VG remains after 
accounting for variation in embryo length.  Mutations were allowed to accumulate in two separate experiments in two 
different genetic backgrounds (N2 and PB306). The correlation between VM in the two experiments was ~0.9, which 
indicates that for a given set of traits, the mutational process produces highly repeatable outcomes.The ratio of VG/VM can 
be interpreted as the number of generations of mutation required to produce that amount of variation in the population. For 18 
of the 19 traits (embryo length notwithstanding) the ratio of VG/VM is on the order of a few hundred generations. That result 
is consistent with molecular evidence suggesting that C. elegans has recently undergone a species-wide selective sweep that 
purged most of the standing genetic variation.We conclude that variation among traits in the amount of genetic variation in 
the population is a predictable function of the mutational input, and that the role of direct and/or linked natural selection is 
secondary. This result has implications for understanding the genetic architecture of complex traits in any organism, 
including humans. 

769C. Evolutionary variation in heat-triggered multigenerational onset of sterility in C. elegans. Lise Frézal1, Eric Miska1, 
Marie-Anne Félix2. 1) Gurdon Institute and Department of Genetics, University of Cambridge, Tennis Court Road, 
Cambridge CB2 1QN, United Kingdom; 2) Institute of Biology of the Ecole Normale Supérieure, 46 rue d'Ulm, 75230 Paris 



cedex 05, France. 
        We serendipitously discovered that many C. elegans wild isolates display a strong Mortal Germ Line (Mrt) phenotype 
(1) at high temperature, whereby upon chronic exposure to temperatures such as 25°C, they progressively become sterile 
after several generations.     Here we will report on our systematic studies of this multigenerational onset of sterility in wild 
isolates of C. elegans. We assayed a reference panel of 97 genetically distinct isogenic C. elegans wild isolates (2) for the 
number of generations at 25°C after which full sterility occurred. Reproducible variation was found among these wild isolates 
showing that C. elegans displays natural variation in the Mrt phenotype, likely of genetic nature. The N2 strain is among the 
most resistant ones.     In order to genetically map this natural variation in the multigenerational onset of sterility, we 
generated and investigated 120 recombinant inbred lines derived from parental isolate pairs with contrasted Mrt 
phenotypes.     Previous studies (e.g. 3, 4) strongly suggest that the observed temperature-sensitive Mrt phenotype could be 
regulated through small RNAs and/or chromatin state modifications that are transmitted across generations. Therefore, we are 
investigating the evolution of small RNA contents over several generations in naturally Mrt and non-Mrt C. elegans 
isolates.     The aim of this work is to test whether and how epigenetic inheritance systems are modulated by natural genetic 
variation. We are particularly intrigued by the evolutionary and ecological contexts that allow the evolution of conditional 
sterility defects.(1) Ahmed & Hodgkin. 2000. Nature. (2) Andersen et al. 2012 Nature Genetics (3) Ashe et al. 2012 Cell (4) 
Buckley et al. 2012 Nature.. 

770A. Natural variation and developmental plasticity of hitchhiking behavior in C. elegans. Daehan Lee1, Harksun Lee1, 
Boyun Lee1, Jun Kim1, Heeseung Yang1, Heekyeong Kim2, Young-ki Paik2, Leonid Kruglyak3, Erik Andersen4, Junho Lee1. 
1) Seoul National University, Seoul, Korea; 2) Yonsei University, Seoul, Korea; 3) University of California Los Angeles, Los 
Angeles, California, United States; 4) Northwestern University, Evanston, Illinois, United States of America. 
   Under harsh conditions, Caenorhabditis elegans develops to an alternative non-feeding stage called dauer. Dauer larvae 
display a prominent stage-specific behavior called nictation, a waving and standing behavior. Nictation facilitates dauers to 
hitchhike onto other animals, which in turn helps dauers to transfer to new habitats. Nictation was reported several decades 
ago, nonetheless underlying regulatory mechanisms on this behavior are only recently beginning to be studied. Here, we 
explore genetic and environmental factors affecting the hitchhiking behavior of C. elegans. We revealed the existence of 
natural variation in nictation behavior among wild isolates, and mapped nict-1 QTL involved in the variation displayed in N2 
and CB4856. Meanwhile, we also screened environmental cues that might influence the hitchhiking ability of dauers. We 
found that feeding pathogenic bacteria Pseudomonas aeruginosa produces nictation-enhanced dauers. In addition, we 
investigated responsible signaling pathways for developmental plasticity of nictation behavior in response to environmental 
conditions. Our study will provide new insights on genetic basis for regulation of hitchhiking behavior, which plays a critical 
role in the survival and evolution of the species. 

771B. Rictor limits temperature-dependent dauer formation by controlling intestine-neuron signaling. Mike O'Donnell1, Jan 
Kammenga2, Piali Sengupta1. 1) Dept. of Biology, Brandeis University, Waltham, MA; 2) Laboratory of Nematology, 
Wageningen University, Droevendaalsesteeg 1, 6708PB Wageningen, The Netherlands. 
   Plasticity in developmental trajectory is a common strategy employed by multicellular animals to cope with stressful 
environments. A striking example of this is the nematode alternative larval morph – the long-lived, stress-resistant dauer 
larva. In C. elegans, when food is limiting and population density is high, an instructive pheromone-derived signal results in 
decreased TGFβ and insulin signaling to promote dauer formation. For over thirty years, it has been appreciated that 
temperature acts in addition to pheromone to promote dauer formation. Despite this, little is known about the mechanisms by 
which the temperature signal is detected, transduced, and integrated to enhance dauer entry. Interestingly, it has previously 
been shown that at high temperatures of 27°C, dauer entry can occur independent of pheromone and in the presence of 
abundant food (Ailion et. al., 2000). Here I show that the temperature-dependent dauer entry phenotype varies in global C. 
elegans isolates. Variation between two strains, N2 and CB4856, is in part due to coding changes in the rict-1/Rictor gene, a 
component of the Target of Rapamycin Complex 2 (TORC2). The CB4856 variant is more derived compared to the 
ancestral rict-1 sequence, suggesting that the N2 allele has not arisen due to domestication. In N2, RICT-1/Rictor acts in the 
intestine in a pathway involving akt-1 and daf-16, but not akt-2, to prevent dauer entry at high temperatures. Dauer entry at 
high temperatures reflects a balance between pro-growth insulin signaling and pro-dauer neuropeptide signaling. Mutations 
in the egl-21 carboxypeptidase partially suppress rict-1 mutations suggesting that RICT-1 acts upstream of neuropeptide 
signaling to prevent dauer entry. These data suggest that an intestine-neuron circuit, regulated by the TORC2 pathway, 
determines sensitivity to high-temperature-induced dauer entry in C. elegans. . 

772C. Rapid accumulation of variation in mutation rate under relaxed selection in C. elegans. Ayush Shekhar Saxena1, 
Matthew Salomon2, Matsuba Chikako1, Baer Charles1. 1) Biology, University of Florida, Gainesville, FL; 2) University of 
Southern California, LA, California. 
   The rate and spectrum of spontaneous mutation vary at many hierarchical levels, from within individual genomes to among 
Domains of life.  An interesting possibility, for which there is some evidence, is that the mutation rate varies inversely with 



fitness, such that individuals with low fitness have elevated mutation rates.  To systematically investigate that possibility, we 
allowed mutations to accumulate for approximately 150 generations under relaxed selection in 10 sets of "second-order 
mutation accumulation" (MA) lines of the nematode C. elegans.  Each set of second-order lines was derived from a different 
"first-order MA line" from a set of MA lines that had accumulated mutations for 250 generations.   Of the 10 sets of second-
order MA lines, five were derived from a first-order line with high fitness and five were derived from a first-order line with 
low fitness.                Five replicate second-order MA lines from each set of first-order lines and the ten first-order 
progenitors were sequenced at ~25X genome-wide coverage using standard Illumina technology.  The average base-
substitution mutation rate does not differ between the High Fitness and Low Fitness treatment, but there is significantly 
greater variation in mutation rate among first-order lines within the Low Fitness treatment.  Those results broadly recapitulate 
the results for relative fitness itself.  In contrast, the High Fitness treatment had a higher rate of small indels.  There is an 
overall deletion bias (3D:2I) which does not differ between the High and Low fitness treatments.  Pooled over treatments, 
there is significant among-line variance in mutation rate, from which we conclude that the genomic mutation rate presents a 
substantial mutational target.  Averaged over all lines, the transition/transversion ratio is 0.72, very close to the previously 
observed value for and considerably less than the standing Ts/Tv ratio in C. elegans.  We observed that single-nucleotide 
mutations are twice as likely to be found in introns as in exons, and small indels are five-fold more likely to be found in 
introns as in exons.  Those results indicate that a substantial fraction of mutations are removed by purifying selection even at 
very small effective population size.     . 

773A. Acute stress resistance, DR and Lifespan in a multi-parent recombinant inbred line panel. Jana Stastna1, L Basten 
Snoek2, Rita Volkers2, Joost Riksen2, Alex Vujakovic1, Hinrich Schulenburg3, Jan Kammenga2, Simon Harvey1. 1) 
Canterbury Christ Church University, Canterbury, KENT, UK; 2) Wageningen University, Wageningen, The Netherlands; 3) 
University of Kiel, Kiel, Germany. 
   Stress and lifespan are closely related and experiments on stress factors can therefore provide insight into the mechanisms 
of ageing. Most ageing studies in C. elegans have been limited by using just one canonical strain (N2) as a reference 
genotype and many studies of natural variation have relied on differences between N2 and a small number of other 
genotypes. This potentially constrains the detection and functional analysis of allelic variants that could play major roles in 
determining control of complex traits. There is therefore a need to consider variation more widely: that is, to look both in 
other genetic backgrounds and to analyse different groups of isolates.  Here, we present an analysis of multiple acute stress 
responses, of dietary restriction and of lifespan for a new panel of 200, sequenced and genotyped recombinant inbred lines 
(RILs). These RILs are derived from four wild isolates, JU1511, JU1926, JU1931 and JU1941, which are representative of 
genotypically distinct groups of C. elegans isolates from France. Both genetically and phenotypically, these isolates differ 
clearly from both N2 and CB4856. Analyses of these RILs show there is an extensive variation between individual lines 
under various conditions, suggesting polygenic control and reveal associations between the traits analysed. Studying natural 
isolates and their crosses can enrich the current research in C. elegans by providing us with the genotype-phenotype relations 
that are likely to happen in the wild. 

774B. A powerful C. elegans resource for identifying the genetic determinants underlying complex traits. S. Zdraljevic1,2, S. 
Rosenberg1, R. E. Tanny1, T. S. Shimko1, E. C. Andersen1,2. 1) Molecular Biosciences, Northwestern University, Evanston, 
IL; 2) Interdisciplinary Biological Sciences Program, Northwestern University, Evanston, IL. 
   Identifying the genetic determinants of complex traits depends on our ability to gather accurate phenotype data and to 
correlate these data to genetic differences present in a population. Furthermore, a large population of individuals is required 
to identify genomic regions that have subtle contributions to overall phenotypic differences. To uncover genomic loci that 
control complex traits, we have developed a high-throughput and high-accuracy phenotyping pipeline and generated a panel 
of 1,200 recombinant inbred Caenorhabditis elegans lines. The recombinant inbred collection was derived from a modified 
version of the standard laboratory strain N2 and the highly diverged wild strain CB4856. To abrogate the confounding 
pleiotropic effects of the laboratory-adapted N2 npr-1 allele, we replaced this allele with the CB4856 allele. Additionally, the 
N2 peel-1 gene was disrupted to eliminate the incompatibility locus. Our phenotyping pipeline relies on the COPAS 
BIOSORT large particle nematode sorter to accurately quantify various fitness related traits in a population of individuals, 
including animal size, fecundity, optical density, and pharyngeal pumping rate. Using this pipeline, we are able to phenotype 
96 recombinant lines exposed to 24 different conditions in one week. Altogether, we exposed 359 recombinant inbred lines to 
70 different conditions. This massive effort led to the identification of 550 unique quantitative trait loci (QTL) that explain 
phenotypic variation in response to 46 environmental perturbations, including chemotherapeutics, anthelmintics, heavy 
metals, pesticides, and different food sources and temperatures. We observe both complex and simple genetic architectures in 
response to different perturbations. For example, variation in response to the anthelmintic abamectin maps to six QTL that 
together account for 90% of the phenotypic variance that can be attributed to genetic factors. By contrast, a single QTL on 
chromosome V explains 55% of the phenotypic variation in response to the chemotherapeutic bleomycin. The confidence 
interval surrounding this peak contains five candidate genes, one of which is known to be involved in the DNA damage 
response. Though we have identified approximately 10 QTL with strikingly large effects, we expect to increase the number 



of QTL substantially using the full recombinant inbred line collection. This approach will expedite the discovery of causal 
genes contributing to phenotypic variation in response to therapeutics that can increase the likelihood that one day we will 
have individualized medicine. 

775C. A C. elegans large-scale genome-wide association study reveals hundreds of quantitative trait loci underlying 
responses to biomedically relevant therapeutics. S. Zdraljevic1,2, S. Rosenberg1, R. E. Tanny1, T. C. Shimko1, E. C. 
Andersen1,2. 1) Molecular Biosciences , Northwestern University, Evanston, IL; 2) Interdisciplinary Biological Sciences 
Program, Northwestern University, Evanston, IL. 
   Individuals in a population vary in a wide range of traits, including susceptibilities to diseases and responses to 
therapeutics. Identifying the genetic determinants of such traits remains difficult in human studies because of prohibitive 
genotyping costs, inability to control environmental conditions, and the polygenic nature of many traits. Caenorhabditis 
elegans provides a powerful model to probe the genetic determinants of these traits. Importantly, the molecular and genetic 
toolkits available in C. elegans allow us to characterize how genetic variation alters molecular mechanisms. We have 
optimized a high-throughput and high-accuracy phenotyping pipeline capable of quantifying various fitness traits of 96 
genetically distinct strains exposed to 24 different environmental conditions in one week. Altogether, we exposed 96 wild 
isolates and 359 recombinant inbred lines to 70 different environmental perturbations, including chemotherapeutics, 
neuroactive compounds, anthelmintics, heavy metals, pesticides, and various temperatures and bacterial food sources. This 
approach identified more than 500 unique quantitative trait loci (QTL). As a proof of concept for our approach, we 
recapitulated a previously identified QTL that explains variation in response to the anthelmintic abamectin. Additionally, we 
identified five novel QTL that explain variation in response to abamectin treatment. We are actively pursuing another QTL, 
on the right arm of chromosome II that explains variation in response to the topoisomerase II poison etoposide. A scan of 
genetic variants underlying this QTL identified the candidate gene top-2, which encodes for one of the two known 
topoisomerase II proteins in the C. elegans genome. Strains sensitive to etoposide contain a top-2 gene with several predicted 
synonymous and non-synonymous variants when compared to the N2 genetic background. A top-2 deletion in the N2 genetic 
background failed to complement the sensitive top-2 variant phenotype, suggesting that top-2 is the causal gene underlying 
this QTL. We hypothesize that the Q797M variant present in sensitive strains leads to more stable binding of etoposide to 
TOPOII and therefore increases its potency as a poison. Our identification of conserved drug susceptibilities between humans 
and C. elegans and our ability to probe the genetic determinants of these susceptibilities has introduced C. elegans as a 
powerful model for elucidating the mechanisms underlying complex traits. 

776A. PQN-94 Regulates Hermaphrodite Development by Interacting with SHE-1. Yongquan Shen, Ronald Ellis. Dept Mol 
Biol, Rowan SOM & GSBS, Stratford, NJ. 
   F-box proteins promote hermaphrodite development in two different species of Caenorhabditis. In C. elegans, the F-box 
protein FOG-2 interacts with GLD-1 to repress the translation of tra-2 mRNAs, and the decrease in TRA-2 activity allows 
XX hermaphrodites to make sperm.  By contrast, in C. briggsae the F-box protein SHE-1 down-regulates TRA-2, but does so 
without help from GLD-1. We want to learn how SHE-1 controls sex-determination.Because a missense mutation in the F-
box inactivates SHE-1, it might act as a classical F-box protein, bringing a target to the E3 ubiquitin ligase complex to be 
marked for degradation. To identify potential SHE-1 targets, we used the yeast two-hybrid system. From a screen of about 
340,000 cDNAs, we identified three genes that that were represented by multiple, independent clones. The pqn-94 gene 
passed two further tests. First, PQN-94 also interacts with SHE-1 when used as bait. Second, pqn-94(RNAi) partially 
suppresses she-1. At 25° C, she-1(v49); control(RNAi) mothers never produced hermaphrodites, but she-1(v49); pqn-
94(RNAi) mothers produced 7% hermaphrodites. Tests with she-1(v35) showed the same pattern of suppression, whereas 
knocking down pqn-94 on its own had no phenotype. To confirm that SHE-1 controls germ cell fates by interacting with 
PQN-94, we used genome editing to make a pqn-94 null mutant. These pqn-94(v203) animals are healthy, but she-1(v35); 
pqn-94(v203) mothers produced 12% hermaphrodites at 25°C, whereas she-1(v35) controls were all female. Since these 
experiments with the null allele resembled those done with RNAi, we conclude that the absence of PQN-94 partially 
compensates for a loss of SHE-1.This result supports models in which SHE-1 targets PQN-94 for degradation.  However, 
PQN-94 cannot be its sole target, since pqn-94(v203) is not completely epistatic to she-1. To study their interactions in living 
animals, we used genome editing to produce a pqn-94::FLAG strain. Preliminary results show that PQN-94 is expressed in 
the cytoplasm of germ cells, as suggested by its phenotype. We are now characterizing its interaction with SHE-1.Finally, 
phylogenetic studies revealed that the family of genes most closely related to she-1 underwent a large expansion before the 
divergence of C. briggsae and C. nigoni. As a result, the closest relatives of SHE-1 are all C. nigoni proteins, even though C. 
nigoni XX animals develop as females. This result implies that she-1 underwent an important change in either expression or 
activity during C. briggsae evolution, or that the context in which it acts changed dramatically. 

777B. Complex regulation of the GLI transcription factor tra-1 in C. briggsae.. Yongquan Shen, Emmalisa Zapfe, Yelena 
Shifman, Ronald Ellis. Dept Mol Biol, Rowan SOM & GSBS, Stratford, NJ. 
   The transcription factor tra-1 is the sole nematode homolog of the Gli proteins, and is a key regulator of sexual identity 



from Caenorhabditis to Pristionchus. In C. elegans, tra-1(lf) mutations are recessive and cause XX animals to develop as 
males, whereas gf mutations are dominant and cause XO animals to become females. Elucidating how C. briggsae tra-1 is 
regulated is critical for understanding hermaphroditic development. Thus, we are using genome editing to produce and study 
specific Cbr-tra-1 mutations.First, C. briggsae and its close relatives make two tra-1 transcripts that differ only at the 5’-end. 
The v181 mutation creates a frameshift in an early exon that eliminates both TRA-1A and TRA-1B, so it defines the null 
phenotype. As in C. elegans, the XX and XO null mutants develop as males but produce oocytes late in life. By contrast, the 
v182 mutation only eliminates TRA-1A. Since its phenotype resembles that of v181, we conclude that TRA-1A plays the 
predominant role in sex determination.Second, C. briggsae has a small open reading frame in its 5’-UTR that is conserved in 
C. elegans. The v247 mutation bypasses a stop codon in this open reading frame, causing dominant feminization of the germ 
line and partial masculinization of the soma. We infer that this ORF regulates TRA-1 activity.Third, C. elegans TRA-1 is 
cleaved in hermaphrodites to produce a repressor that shuts down male genes. We isolated C. briggsae tra-1(v197), a 
frameshift near the cleavage site that removes the C-terminus, and found that smg-5; tra-1(v197) animals produce a truncated 
from of the protein and develop as females. Thus, the cleaved form of TRA-1 represses male fates in C. briggsae, as it does 
in C. elegans.Fourth, we used genome editing to insert a FLAG tag in the middle of TRA-1. The tagged protein directs 
normal development, is cleaved in hermaphrodites, and is predominately found in the nuclei of developing germ cells.Finally, 
the WDR-5 proteins work with TRA-1 in C. elegans (Li and Kelly, 2014). Surprisingly, knocking down both Cbr-wdr-5.1 
and Cbr-wdr-5.2 causes animals of both sexes to make oocytes, whereas similar mutations cause C. elegans to make sperm. 
Thus, the role of the WDR-5 proteins in the sperm/oocyte decision appears to have changed dramatically during recent 
evolution. We are studying how these chromatin regulators interact with TRA-1. 

778C. Genome sequence of a parthenogen closely related to Caenorhabditis reveals fusion of all ancestral chromosomes. H. 
Fradin1,2, C.M. Zegar2, M.R. Gutwein2, J. Lucas2, M. Kovtun4, D.L. Corcoran4, L.R. Baugh5, K. Kiontke1, K. Gunsalus1,2,3, 
D.H.A. Fitch1, F. Piano1,2,3. 1) Department of Biology, New York University, New York, NY; 2) Center for Genomics and 
Systems Biology, New York University, New York, NY; 3) New York University, Abu Dhabi, UAE; 4) Duke Center for 
Genomic and Computational Biology, Duke University, Durham, NC; 5) Department of Biology, Duke Center for Systems 
Biology, Duke University, Durham, NC. 
   Parthenogenesis is an asexual mode of reproduction in which an embryo develops from an unfertilized egg. The transition 
from sexual reproduction to parthenogenesis occurred repeatedly in nematodes. An excellent model for understanding the 
evolution of parthenogenesis is provided by Diploscapter sp. 1, which belongs to the asexual lineage closest to C. elegans. 
We report a D. sp. 1 genome sequence of 165 Mb assembled de novo using Illumina short-insert libraries and larger PacBio 
reads. We find 28,028 protein-coding genes using RNA-seq transcriptomic data and in silico gene predictions. Validation of 
the completeness of the genome and gene content using a set of conserved eukaryotic genes and independently assembled 
transcriptome data shows that the assembly is of high quality. Microscopy reveals a single pair of homologous chromosomes 
in D. sp. 1 and in two other close species in which males seem to be absent. This was previously described in the 
parthenogenetic D. coronatus and is rare in eukaryotes. The closest gonochoristic relatives of Diploscapter have six or seven 
chromosomes. We find that scaffolds in the D. sp. 1 genome each have strong homology to a specific Caenorhabditis 
chromosome, consistent with the high macro-synteny generally observed in nematodes. As we note no large-scale loss of 
genes in D. sp. 1, we hypothesize that the whole set of ancestral chromosomes fused. We find evidence of this fusion event in 
our assembly and we can hypothesize in which spatial order the ancestral chromosomes fused. C. elegans mutant strains with 
telomere maintenance defects often display chromosome fusions. Two genes involved in telomere maintenance—mrt-1 and 
pot-1—are not detected in D. sp. 1. This suggests a model for the evolution of a fused chromosome in D. sp. 1 through 
altered telomere maintenance. Our genome sequences collapse into two divergent haplotypes. However, 10 % are 
homozygous and found on regions homologous to C. elegans chromosomes I and X. Microscopy and genomic features 
support a model of oocyte maturation with only one meiotic division that maintains diploidy and heterozygosity. Our study 
shows that evolution from sexual to asexual reproduction can be accompanied by dramatic changes in genome structure. It 
establishes D. sp. 1 and its relatives as an outstanding lineage for studying transition to parthenogenesis. 

779A. CNP-2, a calcineurin interacting protein, regulates male development, mating behavior, and sperm activation. Hana 
Jung1,2,3, Joohong Ahnn1,2,3, Sun-Kyung Lee1,2,3. 1) Life Science, Hanyang University, Seoul 133-791, Korea; 2) Research 
Institute of Natural Science, Seoul 133-791, Korea; 3) BK21 PLUS Life Science for BDR Team, Hanyang University, Seoul 
133-791, Korea. 
   Calcineurin is a serine/threonine phosphatase regulated by Ca2+-binging calmodulin. CNP-2 has been fished out by yeast 
two-hybrid assays using calcineurin A subunit as a bait, previously. We found that CNP-2 interacted with the catalytic 
domain of TAX-6. The CNP-2 is expressed in head neurons, posterior intestine, spermathecal valve, spermatheca-uterus 
valve and cell junction/ membrane in spermatheca. In males, the CNP-2 is expressed in spicule retractor muscles, rays and at 
the end of fan, which are mating behavior-mediated organs. Also, CNP-2 is required in the ovulation, arrangement of eggs, 
ray structure and mating behaviors. CNP-2 seems to be critical in the mating efficiency and sperm activation. We are 
currently investigating the roles of cnp-2 in tax-6 pathway, regarding IP3 signaling. 



780B. Evolution of hermaphroditism in Caenorhabiditis species. Katharine Pelletier, Keith Reidy, Dave Pilgrim. University 
of Alberta, Edmonton. 
   Hermaphroditism (sperm production in the XX ovotestis) is one of the traits that has made C. elegans such a powerful 
genetic model, but most species in the genus have a male/female mating system. The genetic pathway used to determine 
somatic and germline sex in C. elegans is well understood; however the genes in the pathway are poorly conserved within 
Caenorhabditis. We have been interested in how sex determination, a rapidly evolving process in Caenorhabditis, can 
provide insights into how biological pathways can be modified from a common set of ancestral genes to provide novel traits, 
such as the XX hermaphrodite. Previous work from our lab and the Haag lab has shown that the control of sperm production 
in a female gonad is different in C. briggsae as compared to C. elegans. fem mutants in C. elegans result in XX and XO 
females, while in C. briggsae both XX and XO fem mutants are hermaphrodites.We have now extended that work, by 
isolating and characterizing suppressors of Cb-tra-2 ts mutations, in hope of identifying missense mutations which will help 
with the analysis of Fem protein function. Over 70 tra-2 suppressors were identified in the Pilgrim and Haag labs by looking 
for the restoration of self-fertility to tra(ts) animals at the restrictive temperature. As expected, most of these lie in the Cb-fem 
genes, however some represent novel phenotypes/alleles not previously observed in either system. I will present the current 
understanding of the C. briggsae sex determination pathway and how this differs from C. elegans.  Additionally, I will 
discuss how comparative genomics within the Caenorhabditis species may provide us with clues to the relationship between 
molecular changes and the evolution of novel traits. . 

781C. Maternal specification of dauer formation and sex determination in a species with three sexes. Andre Pires da Silva, 
Sophie Tandonnet. School of Biological Sciences, University of Warwick, Coventry. 
   Dauer arrest occurs when early nematode larvae encounter unfavorable environmental conditions. The major cues for dauer 
formation in C. elegans are the concentration of food and pheromone molecules present in the environment. Although very 
well characterized in C. elegans, there is little understanding in how this developmental plasticity evolved and what are the 
selective pressures that favor its maintenance. To tackle this question, we have been studying nematodes in which dauer 
formation is induced differently from C. elegans.  The eurhabditid Rhabditis sp. SB347, for example, produces dauers even 
when the environmental conditions are favorable for growth. We found that one of the major determinants for dauer 
formation in SB347 is the age of the mother, since older mothers produce a higher proportion of dauers than younger 
mothers. In this species, passage through dauer directly influences the mating system of the adult: non-dauers become 
females or males, whereas dauers develop into hermaphrodites. To understand how the mother pre-determines dauer 
formation and sex determination in SB347, we conducted RNAseq analysis of young larvae that are committed to become 
dauer/hermaphrodite versus non-dauer/female. We found that there are extensive transcriptional differences between these 
larvae, including differential expression of genes involved in sex determination in C. elegans, such as tra-1. We hypothesize 
that maternal RNAs predetermine earlier larvae to become non-dauer/female and later larvae dauer/hermaphrodite. . 

782A. Sex-ratio bias in Caenorhabditis. Yun-Hua Lo1, Jung-Chen Hsu1, Fang-Jung Yang1, Tiffany Chang1, Son Tho Le2, 
John Wang1. 1) Biodiversity Research Center, Academia Sinica, Taipei; 2) Xuan mai, Chuong my, Hanoi, Vietnam. 
   Most sexual species produce nearly equal sex ratios in their offspring. In nematodes, deviations from equal sex ratios occur 
in the self-fertile hermaphroditic species, which have evolved independently several times. Hermaphrodites produce 
predominantly hermaphrodite offspring, while sons are rarely observed, consistent with the high theoretical cost of male 
offspring in these species. In the genus Caenorhabditis, the three known hermaphroditic species also produce occasional 
males. When crossing occurs in C. elegans, the female-to-male offspring ratio is ~1:1, like most sexual species. In contrast, a 
previous study demonstrated that C. briggsae has a female-biased sex ratio (~2:1) possibly caused by competition between 
male X- versus O-bearing sperm.The female-biased sex ratios in C. briggsae may have evolved because of the probable 
advantages for fathers who produce more daughters, since a solitary hermaphrodite, but not son, can found a population. 
Alternatively, other conditions, such as local mate competition, may select for female-biased sex ratios. In the first model, 
only hermaphroditic species should have female-biased sex ratios, while in the second, female/males species could have 
female-biased sex ratios. To test these two possibilities, we conducted crossing experiments in the third hermaphroditic 
species, C. tropicalis, as well as 12 female/male species. We found that C. tropicalis produced an offspring sex ratio of ~1:1. 
For the female/male species, five exhibited ~1:1 ratios while seven others produced female-biased sex ratios. These results 
suggest that factors other than (or in addition to) hermaphroditism have selected for the evolution of female-biased sex ratios 
in this clade. 

783B. Characterizing the structural basis and functional consequences of genome shrinkage in selfing Caenorhabditis 
species. Da Yin1, Erich Schwarz2, Caitlin Schartner3, Edward Ralston3, Barbara Meyer3, Eric Haag1. 1) Dept. of Biology and 
Biological Sciences Program, University of Maryland , College Park, MD; 2) Dept. of Molecular Biology and Genetics, 
Cornell University, Ithaca, NY; 3) HHMI, Dept. of Molecular and Cell Biology, UC Berkeley, CA. 
   Shifts in mating system are widespread in eukaryotes. This is expected to have pronounced consequences for population 
genetics, mating-related traits and the nature and intensity of sexual selection, all of which should be reflected in the genome. 



Self-fertility evolved at least three times in the Elegans sub-genus, within C. briggsae, C. tropicalis, and C. elegans. In each 
case, this trait was derived from obligately outcrossing male-female ancestors. Previous studies indicate that selfing species 
have smaller genomes and several thousand fewer protein-coding genes than their outcrossing ancestors. This pattern of 
genomic reduction may be driven by an interaction between partial selfing and segregation distortion in male meiosis 
favoring transmission of deletions to XX daughters. However, the structural basis of specific deletions remains unknown. To 
characterize the process of genome shrinkage, we have produced an Illumina-based genome assembly from the closest known 
outcrossing relative of C. briggsae, C. nigoni. These two species are genetically close enough that their F1 hybrids females 
undergo meiotic recombination and are fertile, and therefore they must have similar genomic organization. The C. nigoni 
genome is roughly 20 Mb (20%) larger than that of C. briggsae. By comparing C. nigoni contigs with the chromosome-level 
assembly for C. briggsae, we created an approximation of the C. nigoni physical map. Sequence alignments to whole C. 
briggsae chromosomes revealed that indels of various sizes are enriched in the high-recombination domains of the 
autosomes. We are now working on new genome assemblies of C. nigoni and C. wallacei using long PacBio reads, which we 
expect will yield de novo genomic assemblies with very high (chromosome-sized) regions of contiguity. This, in turn, should 
enable greatly improved comparisons between C. nigoni versus C. briggsae (and C. wallacei versus C. tropicalis, another 
selfing-outcrossing sibling species pair). Using C. sinica (formerly C. sp. 5) as an outgroup, we are also able to infer the 
identity of specific genes recently lost in the C. briggsae lineage. These genes include a family of male-specific secreted short 
(MSS) proteins, that have been lost from the genomes of all three selfing species. We are now using behavioral assays and 
genome editing tools to examine their possible effects on female behavior and/or physiology. 

784C. Genome wide analysis of adaptation to acidic environments of the extremophile Turbatrix aceti. Amit Sinha1, Jennifer 
Pirri1, Peter Sarkies2, Mark Alkema1. 1) Dept Neurobiology, Univ Massachusetts Med, Worcester, MA, USA; 2) Imperial 
College, London, UK. 
   The nematode Turbatrix aceti, commonly known as the vinegar eel, represents one of the rare examples of metazoans that 
are uniquely adapted to thrive in highly acidic environments. It can grow at a remarkable pH range from 2.5 to 9. To 
determine the molecular basis of mechanisms of adaptation to extreme environments we initiated a whole genome 
sequencing of T. aceti. Using Illumina sequencing platform, we have obtained about 11 Gigabases of data, from 55 million 
paired-end reads at 100 base pair length. We have assembled a first draft version of T. aceti genome to a total size of about 51 
Megabases (Mb), indicating an average coverage of about 211-fold over the whole genome. This draft genome is comprised 
of around 83,000 contigs, with the largest contig at 78kb, and a N50 contig size of 2kb. Using the SNAP gene prediction 
software on this draft genome, we have identified about 25,000 protein coding genes. To improve the quality and contiguity 
of the genome assembly, we are currently using very long-read sequencing technology from Pacific Biosciences. T. aceti 
belongs to Clade IV of nematode phylogeny, which also harbors the beer mat nematode Panagrellus redivivus and many 
parasitic nematode species including, Strongyloides, and Globodera. We are analyzing the current set of gene predictions to 
search for novel gene families and protein domains specifically enriched in T. aceti as compared to other sequenced 
nematode genomes. Furthermore, to specifically identify genes potentially required for acid tolerance, we are using RNAseq 
to compare the gene expression profiles of T. aceti grown in acidic media versus in neutral media. We will present our 
analysis which should provide new insights to the physiological and genetic basis of adaptations to extreme environments. 

785A. The Caenorhabditis Genomes Project. Mark Blaxter1,2, Lewis Stevens1, Sinduja Chandrasekar1, Georgios 
Koutsovoulos1. 1) Institute of Evolutionary Biology, University of Edinburgh, Edinburgh, UK; 2) Edinburgh Genomics, 
University of Edinburgh, Edinburgh, UK. 
   The sequencing of the genome of Caenorhabditis elegans remains one of the milestones of modern biology, and this 
genome sequence is the essential backdrop to a vast body of work on this key model organism. “Nothing in biology makes 
sense except in the light of evolution” (Dobzhansky) and thus it is clear that complete understanding of C. elegans will only 
be achieved when it is placed in an evolutionary context. While several additional Caenorhabditis genomes have been 
published or made available, a recent surge in the number of available species in culture makes the determination of the 
genomes of all the species in the genus a timely and rewarding project.We have initiated the Caenorhabditis Genomes 
Project. From material supplied by collaborators we have so far generated raw Illumina short-insert data for sixteen species. 
Where possible we have also generated mixed stage stranded RNASeq data for annotation. The data are being made publicly 
available as early as possible (warts-and-all) through a dedicated genome website at htttp://caenorhabditis.bio.ed.ac.uk, and 
completed genomes and annotations will be deposited in WormBase as mature assemblies emerge. We welcome additional 
collaborators to the CGP, whether to assemble new genomes or to delve into the evolutionary history of favourite gene sets 
and systems.Species sequenced thus far in Edinburgh: Caenorhabditis afra, Caenorhabditis castelli, Caenorhabditis 
doughertyi, Caenorhabditis guadeloupensis, Caenorhabditis macrosperma, Caenorhabditis nouraguensis, Caenorhabditis 
plicata, Caenorhabditis virilis, Caenorhabditis wallacei, Caenorhabditis sp. 1, Caenorhabditis sp. 5, Caenorhabditis sp. 21, 
Caenorhabditis sp. 26, Caenorhabditis sp. 31, Caenorhabditis sp. 32, Caenorhabditis sp. 38, Caenorhabditis sp. 39, 
Caenorhabditis sp. 40, Caenorhabditis sp. 43.[Samples have been supplied by Aurélien Richaud, Marie-Anne Félix, 
Christian Braendle, Michael Alion, Piero Lamelza]. 



786B. Genetics and development in speciation of Caenorhabditis. Asher Cutter, Joanna Bundus. Dept Ecology/Evolutionary 
Biol, Univ Toronto, Toronto, ON. 
   Two partially-interfertile pairs of Caenorhabditis species permit genetic and developmental dissection of the intrinsic 
barriers to reproduction that maintain species boundaries. Interspecies F1 hybrids of C. briggsae and C. nigoni suffer high 
embryonic inviability, especially in males, but virtually no mortality occurs from L2 onward in development. This pattern 
begs further consideration of the evolution of development in the speciation process. The production of F1 hybrid males is 
especially poor at cold temperatures, indicating genotype-environment interactions in the manifestation of Haldane’s rule. 
Moreover, a fertilization advantage of C. briggsae sperm bearing the X-chromosome exacerbates the rarity of males in 
interspecies crosses, demonstrating the first evidence for a role of gametic selection in the severity of Haldane’s rule. 
Controlled crosses rule out mito-nuclear incompatibility as a source of the extensive cross-direction asymmetry in hybrid 
dysfunction (F1 hybrids are worse from C. briggsae mothers), despite high molecular divergence of their mitochondrial 
genomes. Complementary experiments with C. remanei and C. latens similarly rule out an important role for mito-nuclear 
hybrid incompatibilities. Instead, genetic incompatibilities between the X chromosome and autosomal loci are a likely source 
of reproductive isolation. . 

787C. A new evolutionary framework for the phylum Nematoda: a case study of HOX cluster evolution. G. Koutsovoulos1, 
D. R. Laetsch1,2, T. Breeze1, M. L. Blaxter1. 1) University of Edinburgh, Institute of Evolutionary Biology, Edinburgh, UK; 
2) James Hutton Institute, Dundee, UK. 
   Nematoda is a very diverse phylum. Within this phylum, species display a multitude of life styles, reproductive strategies 
and modes of development. Morphological conservation and a high rate of homoplasy have impeded the resolution of 
nematode systematics. To address these issues, phylogenies using small numbers of nuclear (rDNA) and mitochondrial genes 
have been constructed, but the information contained within the sequence of these genes is not enough to resolve the 
topological relationships between clades that emerged during rapid ancient cladogenesis. Advances in next generation 
sequencing technologies have made the production of high quality genome and transcriptome assemblies feasible at low cost, 
and more and more nematode species are being sequenced. We gathered sequence data for more than 50 nematode species 
from ESTs, gene predictions from full genome assemblies and transcripts from RNAseq experiments. We clustered these 
sequences in orthologous groups, which were concatenated into a supermatrix with thousands of amino acid sites. Analyses 
of the supermatrix using maximum likelihood and Bayesian inference methods provides strong resolution of the earliest 
divergences in the phylum and the relationships of the clades III, IV and V.Using these genomic and transcriptomic 
sequences and the underpinning phylogenetic relationships we screened each species for presence, diversity and organisation 
of their HOX genes. HOX genes encode homeodomain transcription factors that are involved in the specification of anterior-
posterior patterning along the body axis during early embryogenesis in bilateral animals. They are usually clustered on the 
genome and the order of genes in the cluster is conserved in most phyla. In contrast, in C. elegans the HOX genes are not 
tightly clustered, and five orthologue groups are absent. Previously, PCR-based surveys of diverse nematodes had shown that 
several of these losses occurred piecemeal within the phylum. We present a comprehensive survey and phylogenetic analysis 
of HOX genes from all major clades of the Nematoda, and propose a hypothesis for the evolutionary trajectory of this gene 
cluster. . 

788A. Hybrid Incompatibility in Caenorhabditis nouraguensis. Piero Lamelza1,2, Janet Young3, Harmit Malik3, Michael 
Ailion1,2. 1) Molecular and Cellular Biology Program, University of Washington, Seattle, WA; 2) Department of 
Biochemistry, University of Washington, Seattle, WA; 3) Basic Sciences, Fred Hutchinson Cancer Research Center, Seattle, 
WA. 
               Understanding the cause of reproductive barriers that demarcate species (e.g. hybrid lethality and sterility), is 
essential for understanding the process of speciation. We have recently discovered a lethal incompatibility between two 
distinct wild-isolates (JU1825 and NIC59) of Caenorhabditis nouraguensis. Embryonic death seems to be the result of a 
maternally inherited cytoplasmic factor from each strain being incompatible with a recessive nuclear gene from the other. To 
preclude the possibility that maternally inherited endosymbiotic bacteria cause the incompatibility, we have treated both 
strains with tetracycline for nine generations and shown that hybrid death is unaffected. We hypothesize that the maternally 
inherited factor is the mitochondrial genome and that mitochondrial dysfunction underlies hybrid death.            We performed 
Illumina sequencing on these two strains and have generated the first genomic assemblies of C. nouraguensis. We have 
mapped the nuclear incompatibility loci to single chromosomes by bulk sequencing of viable F2 hybrids. We are currently 
genotyping introgression lines to more finely resolve these loci. Additionally, the NIC59 and JU1825 mitochondrial genomes 
differ by 95 SNPs and a 1 bp indel, with strong candidate polymorphisms in the cysteine tRNA gene, 16s rRNA gene and 
non-synonymous changes in the nd-1 and cox-1 genes (subunits of complex I and IV of the electron transport chain). 
Interestingly, NIC59 has a heteroplasmic 184 bp deletion that is predicted to result in a 122 a.a. C-terminal truncation of the 
nd-5 gene (subunit of complex I), reminiscent of a heteroplasmic deletion in the same gene seen in C. briggsae.            We 
are also characterizing the mechanism of hybrid embryonic lethality. Incompatible hybrid embryos exhibit gross defects 
during the lima-bean stage and fail to undergo proper epidermal enclosure, resulting in ventral explosion and death. This 



phenotype is similar to C. elegans mutants with deficiencies in actin cytoskeletal regulation and cell-cell adhesion. Therefore, 
we will assay these cellular processes in inviable hybrids. . 

789B. Notable characteristics of Caenorhabditis sp. 34, a novel species associated with figs. Gavin Woodruff1, Taisei 
Kikuchi2, Natsumi Kanzaki1. 1) Forest Pathology Laboratory, Forestry and Forest Products Research Institute, Tsukuba, 
Ibaraki, Japan; 2) Division of Parasitology, University of Miyazaki, Miyazaki, Japan. 
   In 2013, a novel nematode species was discovered in the fresh figs of Ficus septica in Okinawa. Subsequent DNA 
sequencing revealed that this species belongs to Caenorhabditis. Here, some biological characteristics of C. sp. 34 are 
described. C. sp. 34 is an exceptional member of Caenorhabditis in a number of respects. C. sp. 34 animals can grow to be 
nearly twice as long as C. elegans (1.5-2 mm), and take about twice as long to develop (~8 days at 20°C). This length 
difference in adults is largely due to post-embryonic events as C. sp. 34 embryos are about 19% longer than C. elegans 
embryos. C. sp. 34 sperm are enormous (about three times longer in diameter than C. elegans sperm), whereas the C. sp. 34 
female tail spike is about half as long as that of the C. elegans hermaphrodite. However, examination of Hoechst-stained 
diakinesis oocytes reveals that, like C. elegans, C. sp. 34 has six chromosomes. No differences in the number of intestinal 
nuclei were observed between C. sp. 34 and C. elegans. Preliminary fluorescent microscopy observations suggest that the 
somatic nucleus number, hypodermal nucleus ploidy, and genome size of C. sp. 34 is comparable to that of other 
Caenorhabditis species. Additionally, mating tests show that C. sp. 34, C. sp. 35 (which is also fig-associated), and C. 
elegans are distinct biological species, and reproductive barriers include lack of sperm transfer, lack of fertilization, and 
embryonic inviability. This work has been concurrent with a larger collaborative effort, whose ongoing efforts include 
investigations into genomics, population genetics, and developmental biology. C. sp. 34 is an exciting species that will likely 
prove fruitful in future evolutionary studies. 

790C. Microfluidic C. elegans immobilization, enabling long-term studies of germline development at a single-cell 
resolution. Simon Berger1, Xavier Casadevall i Solvas1, Stavros Stavrakis1, Tinri Aegerter-Wilmsen2, Ralf Eberhard2, Alex 
Hajnal2, Michael Hengartner2, Andrew deMello1. 1) Institute of Chemical and Bioengineering, ETH Zürich, Vladimir-Prelog-
Weg 1, 8093 Zürich, Switzerland; 2) Institute of Molecular Life Sciences, University of Zurich, Winterthurerstrasse 190, 
8057 Zurich, Switzerland. 
   The germline of C. elegans has extensively been used to study cell proliferation, differentiation, and death. Even though 
many such studies can be carried out by simply acquiring steady state images of the animals, some require tracing of 
individual germ cells for extended periods of time. Thus far, it has been challenging to immobilize adult worms and, at the 
same time, maintain the conditions required for adequate physiological germline function. Germline health soon declines in 
animals padded on slides, which has significantly limited germline-related developmental studies.In this study we 
demonstrate a microfluidic platform for the long-term immobilization of adult C. elegans and its application for the imaging 
of mitotic and apoptotic germ cells at the single cell level. The immobilization platform allows for the efficient trapping, 
feeding, and imaging of a single worm over an extended period of time, while not disturbing the physiologically essential and 
sensitive process of egg-laying. The performance of the platform was validated by bright field microscopy, displaying good 
immobilization and survival of the worms for up to 150 hours and egg production for up to 60 hours. Fluorescence imaging 
further showed that fertilization occurs normally and germline health is not affected negatively even over extended periods of 
time. Subsequently the newly developed microfluidic platform was used to monitor the propagation and development of 
individual germ cells along the gonad.  In the future information gained about cell size and state of the nucleus will be used to 
determine mitotic and apoptotic cells and reconstruct their development in time. 

791A. Towards an understanding of how embryos cope with stochastic gene expression. Hailey Choi, Gina Broitman-
Maduro, Francisco Carranza, Kollan Doan, Morris Maduro. Biology, University of California, Riverside, Riverside, CA. 
   Robust gene expression is crucial for proper embryonic development, and yet gene expression is subject to both extrinsic 
and intrinsic sources of noise. We are investigating mechanisms by which the C. elegans embryo buffers stochastic variations 
in gene expression in endoderm specification.  Perturbation of the regulators that act in gene regulatory network that specifies 
E, the endoderm progenitor, causes gut specification to become highly variable. This variability includes both the proportion 
of embryos making gut, and among those with gut, variations in the number of E descendants that adopt a gut fate. Using 
existing mutations and single-copy transgenes in which critical transcription factor binding sites have been mutated, we have 
created a set of strains that experience stochastic E specification. These strains cover a range of probabilities of making gut, 
from 0% to 100%.  Using these strains, we are investigating E lineage phenotypes in the embryo, elucidating phenotypes in 
adults that survive hypomorphic gut specification, and screening for factors that modulate gut specification in these 
strains.First, we have found that E can make both gut and non-gut cells in the same embryo, using strains in which we can 
follow E descendants in the presence of reporter transgenes to mark tissue fates.Second, we have found that surviving adults 
display phenotypes consistent with caloric restriction. Animals store excess lipid, have defects in morphology and fertility, 
and exhibit developmental delay.Last, we are performing RNAi screens for maternal factors that modulate gut specification. 
Using the Vidal feeding library, we have selected ~3000 clones that are known to be expressed in the germline. Thus far, we 



have found that several diverse maternal pathways, including transcription regulation, metabolism, and apoptosis, influence 
the ability of progeny embryos to make gut in our partial specification-compromised strains. This suggests that embryonic 
gene expression is sensitive to many sources of variation.Collectively our data show that gut specification is not an "all-or-
none" event, and that if specification does not occur properly, specification defects can persist into the adult intestine. Our 
results have implications in other developmental pathways in C. elegans, and in any metazoan system in which gene 
regulatory networks drive developmentally important events. 

792B. The Paired-Box protein PAX-3 is involved in hypodermal cell fate specification in C. elegans. KENNETH W. 
THOMPSON, MARGARITA CORREA-MENDEZ, CHRISTINE Y. KANG, DAVID M. EISENMANN. UNIVERSITY 
OF MARYLAND BALTIMORE COUNTY, Baltimore, MD. 
   The development of the C. elegans hypodermis is an excellent model for understanding cell fate specification and 
differentiation.  Early events in C. elegans embryogenesis induce hypodermal precursor cells to adopt one of several fates 
among them, becoming dorsal, lateral or ventral hypodermal cells. The regulatory network that drives hypodermal cell fate 
specification is an intriguing process that still has much to be understood. While several transcription factors that function in 
specifying the major hypodermal cell fates have been identified, little is known about how the ventral and the lateral 
hypodermal cells are specified to adopt different fates and undergo distinct morphogenetic processes. Our findings begin to 
address how the ventral hypodermis is prevented from adopting a seam cell fate. Previously, we showed by mapping 
experiments and whole genome sequencing that pvl-4 is the Paired-box gene pax-3, which encodes for the sole PAX-3 
transcription factor homolog in C. elegans. We report that pax-3 is expressed in ventral P cells during embryogenesis and 
early larval stages. Mutants for pax-3 show embryonic and larval lethality as well as several body morphology defects that 
indicate abnormal cell fate specification in the hypodermis. Using several reporter genes we observed that in pax-3 reduction-
of-function animals the ventral P cells appear to undergo a cell fate transformation and adopt a lateral seam cell-like fate. 
Furthermore, forced expression of pax-3 in the seam cells caused them to lose expression of seam cell markers.  Based on 
these findings, we propose that pax-3 functions in the embryonic ventral hypodermal cells to repress the lateral seam cell fate. 
pax-3 promoter deletion analysis identified a cis-regulatory element that is necessary for pax-3 expression in the embryonic P 
cells.  Experiments designed to identify factors that regulate pax-3 expression, and that may function with pax-3 in ventral 
cell fate specification will be described. 

793C. Functional analysis of the C. elegans winged-helix transcription factor LIN-31 identifies multiple domains and 
separation-of-function mutations in vulval cell fate specification. Amanda Dewey, Leilani Miller. Biology, Santa Clara 
University, Santa Clara, CA. 
   Complex signaling pathways are required for proper specification of cell fates. LIN-31, a winged-helix transcription factor, 
acts as a tissue-specific effector of a conserved Ras/MAP kinase signaling pathway and is required for the proper 
specification of both vulval and non-vulval cell fates in the vulval precursor cells of the nematode Caenorhabditis elegans. 
Site-directed mutagenesis revealed that the Forkhead/winged-helix DNA-binding domain, a small acidic region and a 
conserved Region II are important for LIN-31’s function in proper vulval cell fate specification. We showed that the 
conserved winged-helix DNA-binding domain in LIN-31 associates with DNA in a sequence-specific manner in vitro, and 
that binding is required for both vulval and non-vulval cell fate functions in vivo. We also determined that both the small 
acidic region and the conserved Region II function as transactivation domains, as demonstrated by heterologous transcription 
assays in yeast. In contrast, we observed no measurable effect on LIN-31 function when we disrupted all four of its MAP 
kinase consensus phosphorylation sites or MAPK consensus docking site. Vulval development, however, was severely 
disrupted when phosphorylation of both LIN-31 and LIN-1 was prevented, revealing that phosphorylation is important for 
proper vulval development. The identification of a sensitized genetic background allowed us to study the effect of 
phosphorylation on LIN-31 function during vulval development and to identify a putative MAP kinase docking site. 

794A. Elucidating the role of nmy-2 in seam cell division patterns. Siyu Serena Ding, Alison Woollard. Biochemistry, 
University of Oxford, Oxford, Oxfordshire. 
   C. elegans seam cells are multipotent neuroectodermal cells that undergo both symmetric and asymmetric divisions during 
larval development, thus providing a paradigm for the stem cell mode of division.  Reiterative seam cell asymmetric division 
typically produces a differentiative anterior daughter and a proliferative posterior daughter.  Non-muscle myosin is 
fundamental to processes such as cellular reshaping and migration, hence it emerges as a potential regulator of seam cell 
asymmetric divisions.  A precedent for the role of non-muscle myosin 2 (nmy-2) in C. elegans post-embryonic development 
has been established in the Q neuroblast lineage (Ou et al., 2010).  This further sparked our interest in the role for nmy-2 in 
seam cells.  While post-embryonically abrogating nmy-2 function either using temperature sensitive mutants or by RNAi 
failed to produce significant changes in seam cell numbers, combining the two treatments robustly reduced terminal seam cell 
number.  In addition to expected cytokinesis failures, we observed progressive seam cell loss after each round of asymmetric 
division. We identified three classes of nmy-2 depletion phenotypes in seam cell divisions and generated a multi-color fate 
reporter strain in order to dissect the cell molecular basis of these phenotypes. These results will be presented. We are also in 



the process of investigating whether there is a relationship between nmy-2 function and asymmetric spindle 
positioning.Reference: Ou G. et al. “Polarized myosin produces unequal-size daughters during asymmetric cell division.” 
Science. 2010;330(6004):677-80. 

795B. Transcriptional control of the C. elegans endoderm master regulator elt-2. Lawrence Du, Sharon Tracy, Allison Wu, 
Scott Rifkin. Biological Sciences, University of California San Diego, La Jolla, CA 92093. 
   Cis-regulatory elements are the fundamental control units of gene regulatory networks. They integrate information from 
transcription factors to organize the expression of a gene in time and space. However, our understanding of how cis-
regulatory elements produce a specific spatio-temporal pattern of gene expression is often limited to semi-quantitative 
descriptions of gene activation. In this study, we determined the quantitative impact of cis-regulatory mutations with single-
molecule resolution on the expression levels and variability of elt-2, the key switch for the C. elegans endoderm cell-fate 
decision and the master regulator of endoderm differentiation. We fused wild-type and mutant versions of the elt-2 promoter 
to a gfp reporter and inserted these constructs as single copies into a defined location in the C. elegans genome. We then 
measured early embryonic gfp transcript levels by single-molecule RNA FISH (smFISH). Although the GATA transcription 
factors that activate elt-2 can bind in vitro to many HGATAR motifs within the elt-2 promoter, mutation of one particular 
motif had a disproportionate impact on in vivo gene expression. Mutation or deletion of a single highly conserved 
ACTGATAAG motif at -527 bp upstream of the start codon within the elt-2 promoter abolished the vast majority of 
embryonic, larval, and adult reporter expression. Absence of this critical motif revealed the presence of low-level, 
temporally-ectopic, stochastic transcription occurring from secondary HGATAR motifs and proximal promoter regions. Our 
results indicate that multiple GATA factors converge on a single non-redundant cis-regulatory motif to drive both early 
embryonic activation as well as later maintenance of gene expression. 

796C. Lipid asymmetry and signaling regulation during vulva development. Juan Escobar Restrepo, Andrea Haag, Alex 
Hajnal. University of Zurich.IMLS. Winterthurerstr. 190. 8057 Zurich, Switzerland. 
   C. elegans let-23 is the homologue of the EGFR family of receptor tyrosine kinases and is required for the formation of the 
hermaphrodite vulva. LET-23 in the Vulva Precursor Cell (VPC) P6.p interacts with LIN-3 and activates the LET-60/MPK-1 
pathway  to acquire a 1° cell fate. This triggers lateral LIN-12 NOTCH signaling in the adjacent P5.p and P7.p VPCs which 
acquire a 2° cell fate (Sternberg et.al, Shaye et.al and Yoo et. al). In addition, several components of the LET-60/MPK-1 
pathway are down-regulated in 2° fated cells, for example let-23 (Berset. et al).  We performed an in vivo RNAi screen for 
defects in receptor localization and/or expression using a functional LET-23::GFP reporter (Haag et.al). RNAi against tat-5 
caused increased expression of LET-23::GFP in the daughters of P5.p and P7.p as compared to empty vector RNAi. A mutant 
of tat-5 displays a Protruding vulva phenotype and in combination with a mutant of the close homologue tat-6, shows a low 
penetrant Adjacent Primary Fate (APF) phenotype. The APF phenotype is enhanced when combined with a let-60(gf) 
mutation and is accompanied by an increase in the number of induced cells.  Thus tat-5/tat-6  may act as negative regulators 
of the LET-60/MPK-1 pathway. tat-5 encodes a P4-type ATPase that functions as a flippase to inhibit 
phosphatidylethanolamine (PE) exposure on the outer plasma membrane. This activity is required to regulate the release 
extracellular vesicles (ECVs) in the worm (Wehman et.al) and vesicular protein trafficking in lower eukaryotes (Reviewed in 
Paulusma C. et. al). Here we discuss possible roles of lipid asymmetry in the acquisition of cell fates during vulval 
development. 

797A. Sequential Muscle Cell Fate Determination by Overlapping Functions of Different Transcription Factors in the 
Descendants of the Anterior Mesoderm Blastomere (MS). Tetsunari Fukushige, Rossio Kersey, Micheal Krause. 
LMB/NIDDK/NIH, Bethesda, MD. 
               During C.elegans embryonic development, 81 bodywall muscle (BWM) cells are born from four of the six different 
founder blastomeres (AB, MS, C, D) formed by the first several cell divisions after fertilization. Interestingly, the cascade of 
factors specifying the BWM fate is different among some of these blastomeres.  The Caudal-like transcription factor, PAL-1 
combined with a low concentration (or absence) of nuclear POP-1induces muscle cells from posterior blastomeres C and D 
by directly activating the muscle regulatory factors (MRF:  hlh-1/myoD, unc-120/MADS-box and hnd-1/Hand) (1). The 
regulation of MS BWM fate occurs through a quite different transcriptional cascade, although eventually converging on a 
similar set of MRFs. Previous studies (2, 3) showed that med-1,2 and tbx-35 genes that are commonly expressed in MS 
daughter and grand-daughter cells, have overlapping functions to establish the MS cell fate. Furthermore, a ceh-51 mutant by 
itself does not show any obvious developmental defect in the early MS cell fate specification, but the ceh-51 mutant enhances 
the mutant phenotype of tbx-35 or MRF gene mutants.            We further analyze the temporal and spatial relationship 
between early MS lineage transcription factors (TBX-35 and CEH-51) and the MRFs for the embryonic muscle cell fate 
determination. Our results demonstrate a sequential, combinatorial, and variant cascade of transcription factors are used to 
specify the bodywall muscle cell fate in the MS lineages.  These various pathways eventually converge on the activations of 
hlh-1, defining cells committed to the BWM fate. Understanding this transcriptional cascade has allowed us to manipulate 
early embryos genetically to produce predominantly MS-like blastomeres that have been profiled for gene expression.  We 



have explored this temporal transcriptional profile to uncover new transcription factors influencing MS muscle cell fates.(1) 
Fukushige T., et al. Genes Dev., (2006). (2) Maduro MF., et al. Mol. Cell, (2001). (3) Broitman-Maduro G., et al. 
Development, (2009). 

798B. pal-1 regulates polarized apical junction remodeling and cell movement during the development of the C. elegans 
epidermis. Sophie P. R. Gilbert, Charles Brabin, Alison Woollard. Department of Biochemistry, University of Oxford, 
Oxford. 
   We have been investigating the cellular remodeling events that enable correct ventral movement of lateral epidermal cells 
during the first larval stage (L1) in order to complete the ventral hypodermis of the developing worm. Unique to the L1 seam 
(Vn) cells, we have observed apical junction projections that are always associated with the hypodermally-fated anterior 
daughters of asymmetric seam divisions (Vn.a cells). The projection (first appearing at the anterior of undivided seam cells in 
embryos following dorsal intercalation) provides a migratory route for Vn.a cells towards the ventral midline during the 
hitherto overlooked ventral intercalation of these cells with the underlying P cells. Vn.p seam daughters, with no projection, 
remain in the seam line and maintain the stem-like fate in order to contribute further hypodermal daughters during 
asymmetric cell divisions in subsequent larval stages. We describe a crucial role for the homeobox gene pal-1 in regulating 
the A-P polarity of these projections and consequently correct seam vs. hypodermal cell positioning.In order to probe the 
molecular basis of pal-1 function we performed an RNAi-based modifier screen. Several members of the Wnt and Netrin 
signaling pathways were isolated as either suppressors or enhancers of the pal-1 Vn daughter migration defect. Strikingly, a 
ts mutation in the β-catenin wrm-1 phenocopies the pal-1 epidermal cell positioning defect, and the Wnt effector POP-1 is a 
putative direct regulator of a pal-1 seam-specific regulatory element. This suggests a direct interaction between Wnt signaling 
and pal-1 function. A null unc-6 (netrin) allele synergizes strongly with pal-1, with double mutants displaying markedly 
increased severity and penetrance of epidermal positioning defects, even though the single netrin allele has no epidermal 
aberrations.Thus, we describe a novel mechanism for the generation of ventral hypodermis during early larval development. 
This involves polarized apical junction remodeling allowing ventral movement of correct seam daughters to complete the 
ventral hypodermis. This newly described mechanism is controlled by pal-1, working through Wnt and Netrin. 

799C. LEP-2/Mkrn promotes degradation of LIN-28 to time the larval-to-adult transition. R.A. Herrera, K. Kiontke, D. 
Fitch. Biology, New York Univ, New York, NY. 
   C. elegans and mammals share a developmental milestone: the juvenile-to-adult (J/A) transition. In mammals, the timely 
onset of the J/A transition (puberty) requires two highly conserved genes, LIN28b and Makorin3 (Mkrn), and altering their 
levels results in early or delayed pubertal onset. The C. elegans larval-to-adult (L/A) transition is scheduled by heterochronic 
genes and lin-28 is a key regulator. Here we present LEP-2/Mkrn as a novel heterochronic regulator of the L/A transition in 
C. elegans.lep-2 was found in a screen for defects in male tail tip morphogenesis (TTM), a process whereby the tail tip 
changes shape from long and pointed to short and rounded. lep-2 mutants display several retarded phenotypes: 1 TTM is 
delayed and young adults have larval-like tail tips that will undergo TTM as the male ages. 2 The adults of both sexes lack 
the adult-specific collagen ROL-1. 3 Supernumerary molts occur. 4 lep-2(-) males do not perform wild-type mating behavior, 
although male tail morphology is unaffected. Surprisingly, seam cell number and lateral alae are normal in lep-2(-) mutants. 
This suggests that lep-2 acts redundantly or is not involved in regulating the timing of seam cell development.Epistasis 
analysis demonstrates that lep-2 represses lin-28: lin-28 RNAi is sufficient to suppress the lep-2(-) phenotype. In wild type, 
LIN-28 is down-regulated during the L2 stage. In lep-2(-) mutants this down-regulation does not occur, and LIN-28 protein 
perdures, yet lin-28 mRNA levels are unaffected. Thus LEP-2 regulates LIN-28 post-transcriptionally. As a Mkrn, lep-2, has 
putative nucleic acid binding and E3 ubiquitin ligase activities. This allows for two predictions of how lep-2 regulates LIN-
28, by inhibiting translation, or promoting LIN-28 degradation. Using a LIN-28::Dendra2 fusion, we determined that LEP-2 
acts on LIN-28 stability, consistent with its function as a predicted E3 ubiquitin ligase.Taken together, our findings suggest 
that LIN-28 and LEP-2/Mkrn are conserved functionally in controlling J/A transitions, but may also have a conserved 
molecular interaction. Based on this, we propose that the C. elegans tail tip is a valuable model to study the J/A transition in 
animals in general. 

800A. MicroRNA pathways and developmental elasticity in C. elegans. O. Ilbay1, J. Srinivasan2, F. Schroeder3, V. Ambros1. 
1) Molecular Medicine, Umass Medical School, Worcester, MA; 2) Department of Biology and Biotechnology, WPI, 
Worcester, MA; 3) Boyce Thompson Institute and Department of Chemistry and Chemical Biology, Cornell University, 
Ithaca, NY. 
   Developmental elasticity is a ubiquitous property of developing systems, and is defined as the ability to accommodate 
varying lengths of developmental delays or pauses while maintaining proper cell fate programs. In C. elegans, developmental 
elasticity is exhibited in the context of making life history decisions in response to changing environmental conditions (food, 
temperature, population density): C. elegans may rapidly develop through four larval stages (L1-L4) or enter developmental 
arrest to form the dauer larvae. Importantly, the population density signals (ascarosides) that induce dauer formation can also 
cause an extended L2 stage (called ‘L2d’), with or without full developmental arrest. In the context of this flexible L2 stage, 



the timing of L3 and L3 cell fates is robustly expressed. hbl-1 promotes L2-specific cell division patterns, and down 
regulation of HBL-1 protein by the  let-7 family (let-7-Fam) microRNAs controls progression from L2 to L3 cell fates. let-7-
Fam mutants reiterate the L2 stage divisions in later stages, which results in the extra seam cell phenotype. Ascarosides, 
while inducing an L2d, also impact let-7-Fam levels, by regulating the level of the ligand (DA) of the DAF-12 nuclear 
hormone receptor. DAF-12 can either activate and repress the transcription of let-7 family microRNAs, depending on the 
level of DA. daf-12(rh61) mutants express ligand-independent DAF-12, which constitutively represses the transcription of 
let-7-fam microRNAs,  causing an extra seam cell phenotype, just like that of let-7-Fam mutants. Interestingly, the daf-
12(rh61) extra seam cell phenotype is suppressed by passing through the L2d stage induced by ascarosides. This finding 
suggests that ascarosides can signal independently of DAF-12 ligand to control the temporal expression of HBL-1 during the 
L2d stage. Our data show that one of these factors is another let-7 family microRNA, mir-794. Moreover, we found that a 
TGF-β signaling effector, DAF-3, is required for ascaroside-induced extended L2 stage, and for the suppression of the extra 
seam cell phenotype of the daf-12(rh61) mutant. We propose that a DAF-3-mediated L2d program intersects with the DAF-
12 pathway so as to provide elasticity to developmental timing in the context of alternative L2 life history.  We propose that 
these DAF-12/DAF-3 regulatory interactions modulate the levels and/or activities of let-7-Fam microRNAs during the 
environmentally-extended L2 stage so as to confer precision to the temporal control of the hbl-1 gene, and hence the proper 
timing of stage-specific cell fates. 

801B. MAB-5/Hox non-autonomously controls Q descendant migration through regulation of spon-1/F-spondin expression 
in posterior body wall muscles. Matthew Josephson, Adam Miltner, Erik Lundquist. Molecular Biosciences, University of 
Kansas, Lawrence, KS. 
   The QR and QL neuroblast descendants migrate long distances in opposite anterior-posterior directions to give rise to three 
neurons each. Investigations into Q cell migrations have revealed that MAB-5/Hox is a posterior migration determinant, as 
expression in the Q cells is necessary and sufficient to drive posterior migration, yet few positive transcriptional targets of 
MAB-5 have been found. Whole-animal RNA seq combined with functional analysis in Q migration revealed spon-1/F-
spondin as being positively regulated by MAB-5/Hox (Tamayo et al., 2013). SPON-1/F-spondin is a secreted molecule 
involved in cell adhesion of several tissues (Woo et al., 2008). Null or strong loss-of-function alleles of spon-1 are lethal, and 
exhibit the paralyzed-at-two-fold (pat) due to improper muscle cell attachment.Here we show that MAB-5 non-autonomously 
regulates Q cell migrations through body-wall-muscle-specific activation of spon-1 expression. We found that spon-1 
reduction partially suppressed posterior migrations driven by the constitutively-active gain-of-function mab-5(e1751) 
mutation. A Pspon-1::GFP transgene was expressed in specifically the posterior  body-wall muscle cells at the time of Q 
migration, and was not expressed in the Q cells. mab-5 is expressed in QL as well as other posterior cells including posterior 
body wall muscles. Pspon-1::GFP expression in body wall muscles increased as levels of MAB-5 were increased by mab-
5(e1751) mutation and by transgenic expression of mab-5 in body wall muscles, consistent with the RNA-seq results. Cell-
specific RNAi suggested that spon-1 was required in the tissues surrounding the Q cells, presumably body wall muscles, but 
not in the Q cells, suggesting a non-autonomous role for mab-5 and spon-1. We propose that MAB-5 activation of spon-1 
expression in posterior body wall muscle is required for proper Q migrations.  Consistent with this model, hypomorphic 
viable mutations in spon-1 displayed defects in QL and QR descendant migrations.Further genetic analysis found the 
posterior Hox genes egl-5 and lin-39 can act redundantly with mab-5 in Q migrations. The role of egl-5 in QR and QL is 
likely non-autonomous as egl-5 is not expressed in either Q cell, and Q descendant migration defects were observed in double 
mutants with mab-5 and in egl-5 alone. Here we demonstrate a unique role where lin-39, mab-5, and egl-5 all act in parallel 
to promote migration. Taken together, our results suggest that Hox genes can non-autonomously promote Q cell migration, 
and that MAB-5 patterns the posterior via spon-1 expression to non-autonomously regulate Q migrations. 

802C. Quantitative Analysis of the AC/VU Decision during C. elegans Development. Simone Kienle, Nicola Gritti, Yvonne 
Goos, Jeroen van Zon. Quantitative Developmental Biology Group, FOM Institute AMOLF, Amsterdam, The Netherlands. 
   Cells in developing organisms have to robustly assume a correct fate in order to fulfill their specific function. However, 
some cell fate decisions are made in a stochastic manner, with cells randomly choosing one cell fate out of a repertoire of 
different possible ones. It is thought that stochastic cell fate decisions exploit molecular fluctuations, so-called molecular 
noise, by using positive feedback loops in the signaling network to amplify this noise into discrete cell fates. However, how a 
cell uses such a stochastic process to reliably drive cell fate decisions is an open question. We address this question by a 
novel quantitative approach, studying one of the genetically best-understood stochastic cell fate decisions: the AC/VU 
decision in C. elegans gonad development. During the AC/VU decision two initially equivalent cells, Z1.ppp and Z4.aaa, 
interact, so that one cell becomes the anchor cell (AC) and the other cell a ventral uterine precursor cell (VU). Both cells are 
born at similar times and it is thought that after birth small stochastic fluctuations are amplified by lateral Notch signaling, 
leading to one cell expressing only the Notch receptor lin-12 (VU) and the other cell only its ligand lag-2 (AC). However, 
both the nature of the initial noise sources and the efficiency with which these are amplified are not well understood. Here, 
we use single molecule FISH and a newly developed setup combining microchambers with timelapse-fluorescent 
microscopy, to obtain quantitative data on the stochastic expression dynamics of lag-2 and lin-12, both in fixed and live 



animals. Preliminary results using smFISH indicate that lag-2 is expressed at highest levels already in Z1.pp and Z4.aa, the 
mother cells of Z1.ppp and Z4.aaa, whereas lin-12 is expressed at high levels only in Z1.ppp and Z4.aaa. In addition, we were 
able to quantify for the first time the expression dynamics of lag-2 in individual live animals over many hours during the 
AC/VU decision process using timelapse microscopy. We find significant variability of lag-2 expression dynamics between 
individual animals. Both the smFISH and the time-lapse microscopy results suggest that the AC/VU decision process can 
take as long as eight hours. 

803A. Mechanism and significance of the maternal mex-3 mRNA localization in C. elegans. Hiroyuki Konno, Koki 
Noguchi, Yuji Kohara. National Institute of Genetics, Mishima. 
   In C. elegans, several maternal mRNA localizations are observed, however, the mechanism and significance are not clear. 
Here, we studied anterior mRNA localization of maternal mex-3 mRNA. mex-3 mRNA localizes to anterior half of embryo 
from the late 1-cell stage to the 4-cell stage. Localization pattern of MEX-3 protein is similar to that of mex-3 mRNA, raising 
the hypothesis that mex-3 mRNA localization contributes to MEX-3 protein localization. We identified a CCCH-type zinc 
finger protein MEX-5 as a trans-acting element. Transgene assay revealed that 54-nucleotide sequence on mex-3 3'-
untranslated region is the cis-acting element for the mRNA localization. This sequence is AU-rich and fulfills the feature of 
the MEX-5 binding sites. We made mex-3 mutant which lacks the cis-acting element by genome editing technology. 
Interestingly, the localization of not only mex-3 mRNA but also MEX-3 protein were not observed in this mutant. We are 
going to discuss the significance of mex-3 mRNA localization. 

804B. Transcriptional Regulation of the Hox Gene LIN-39 by LIN-1 and LIN-31 Transcription Factors Involved in C. 
Elegans Cell Fate Specification. Robert Kousnetsov, Kyle Tamshen, Amanda Dewey, Leilani Miller. Biology, Santa Clara 
University, Santa Clara, CA. 
   This project will investigate how the transcription factors LIN-1 and LIN-31 regulate the Hox gene lin-39 and potentially 
affect cell fate specification in the development of the vulva in the nematode Caenorhabditis elegans. Activation of the lin-39 
gene in P6.p during vulval development is lin-31-dependent. LIN-31 is activated by MAP kinase in the Ras/MAPK signal 
transduction cascade and is known to bind the lin-39 promoter. The transcription factor LIN-1 is also required for proper 
vulval development and also binds the lin-39 promoter. This presentation will discuss the biochemical and molecular 
techniques involved in gaining greater mechanistic insight into this transcriptional regulatory system, including the 
expression of LIN-1 and LIN-31 in mammalian cell culture using expression vectors created by PIPE (Polymerase 
Incomplete Primer Extension) cloning, the purification of these proteins using IMAC (Immobilized Metal Affinity 
Chromatography), the determination of the binding site of LIN-31 on the lin-39 promoter using EMSA (Electrophoretic 
Mobility Shift Assays), and an inquiry into the possible heterodimerization between LIN-1 and LIN-31 using EMSA (via a 
supershift). 

805C. The identification of SYS-1/β-catenin binding partners and transactivation domains in the Wnt/β-catenin asymmetric 
pathway. Arielle Lam, Amy Clemons, Michael Molumby, Lori Adams, Bryan Phillips. Department of Biology, University 
of Iowa. 
   Wnt/β-catenin signaling plays a crucial role in embryonic development. In worms, a similar pathway, Wnt/β-catenin 
asymmetric (WβA) pathway, controls binary cell fate decisions resulting in asymmetric cell division (ACD). ACD produces 
two daughter cells with different signaling profiles, in which one daughter exhibits activation of WβA target genes while the 
other inactivates WβA signaling. SYS-1/β-catenin, a transcriptional activator is a key protein in WβA pathway and is tightly 
regulated in both daughter cells. In the Wnt inactive cells, SYS-1 appears to be actively degraded while in the Wnt active 
daughter; SYS-1 is stabilized and transported into the nucleus to interact with POP-1/TCF transcription factors to activate 
Wnt dependent genes. Despite having poor sequence conservation to mammalian β-catenin, SYS-1 exhibit close structural 
similarities and is shown to interact with various proteins within the WβA pathway in a similar manner to its mammalian 
counterpart. However, the transactivation domain(s), the binding sites of various SYS-1 regulators, as well as any SYS-1 
post-translational modification all remain unknown. We therefore have undertaken a structure-function and mass 
spectrometry approach to identify SYS-1 transactivation domains as well as other unknown SYS-1 binding partners. Yeast-
one-hybrid assay with SYS-1 truncations shows that the N-terminal domains as well as the first four armadillo repeats are 
able to activate transcription. When tested in worms, these two truncations linked to POP-1/TCF DNA binding domain are 
sufficient to induce the Wnt active fate in both daughters of an ACD. Preliminary mass spectrometry experiment done on 
worms overexpressing SYS-1 resulted in identifying several potential SYS-1 interactors. Further experiments will be done to 
verify the interactions between those proteins with SYS-1. These studies will help identify SYS-1 transactivation domains 
and novel SYS-1 interactors, which will aid in identifying novel mechanisms of Wnt target gene regulation. 

806A. The CRL2LRR-1 ubiquitin ligase regulates Notch signaling in C. elegans vulva development. Madhumati Mukherjee1, 
Edward T. Kipreos2. 1) Department of Genetics, University of Georgia, Athens, GA; 2) Department of Cellular Biology, 



University of Georgia, Athens, GA. 
   The Caenorhabditis elegans vulva is one of the classic systems used to study interactions between the Ras and Notch 
signaling pathways.  The vulva is patterned by a Ras-mediated ‘inductive’ signal and a Notch-mediated ‘lateral’ 
signal.  Three vulval precursor cells, P5.p, P6.p, and P7.p, form the mature vulva.  Activation of the Ras pathway in P6.p 
induces the 1° cell fate in P6.p.  The subsequent expression of Notch ligands in P6.p induces the 2° cell fate in the adjacent 
P5.p and P7.p cells by activating the Notch pathway in these cells.  For proper 2°-1°-2° patterning, Ras inhibits Notch in the 
1° cell, and Notch downregulates Ras in the 2° cells.  Defects in this mechanism lead to excessive numbers of (or a lack of) 
1° or 2° cells, and thus abnormal vulva development.Inactivation of the substrate recognition subunit (SRS) LRR-1, of the 
cullin-RING ubiquitin ligase 2 (CRL2) complex, results in a multivulva (Muv) phenotype (~1%).  The expression of the 
Notch-target gene lip-1 is higher in lrr-1 mutants compared to wild type, whereas the expression of the Ras-target gene egl-
17 is unchanged.  This suggests that Ras activity is not affected by loss of lrr-1, while Notch activity is upregulated.  Genetic 
interaction experiments combining lrr-1 mutant with different mutants in the Ras and Notch pathways also suggest that the 
Notch pathway is overactive in lrr-1 mutants.In P6.p, loss of lrr-1 leads to an increase in the levels of both full-length Notch 
receptor as well as the cleaved transcriptional activator Notch intracellular domain (NICD).  The ubiquitin ligase SCFSEL-10 is 
known to degrade NICD, and sel-10 mutants have higher levels of NICD than lrr-1 mutants.  Interestingly, lrr-1 mutants 
have higher levels of expression of certain Notch-regulated genes.  This suggests that loss of CRL2LRR-1 increases the 
expression of Notch target genes downstream of the generation of the NICD.  Using the modENCODE ChIP-seq database we 
identified DAF-12 as a transcription factor that binds the gene regulatory sequences of these Notch target genes.  Inactivation 
of DAF-12 reduces Notch target gene expression, indicating that it normally promotes their expression.  The level of DAF-
12::GFP increases in lrr-1 mutants, suggesting that LRR-1 inhibits Notch signaling by negatively regulating DAF-12. . 

807B. Temporal constraints and regulation of embryonic gene expression. John Murray, Travis Walton. Genetics, Penn, 
Philadelphia, PA. 
   Each cell in a developing organism needs to adopt expression patterns and behaviors appropriate not only for its future 
tissue identity but also to the current developmental time. The need for temporal coordination is especially important in 
developmental contexts such as the C. elegans embryo, where rapid cell division occurs simultaneously with complex 
patterns of cell fate decisions, and where temporal misregulation could significantly alter the final pattern of cell fates.One 
major constraint placed on zygotic expression is the punctuation created by mitosis. Early mitotic cycles can be less than 15 
minutes, with potentially less than 10 minutes of interphase; transcription is thought to cease during mitosis. The burden of 
transcribing and translating regulators of cell fate in rapidly and in sufficient quantities to allow them to act in subsequent 
divisions is thus substantial. Part of the worm’s solution to this problem may be structural. Early zygotic genes are strongly 
biased towards short primary transcript lengths (and little or no introns) and they often exist in duplicated gene families. 
Together, these features would be predicted to allow faster production of initial transcripts and substantially higher maximum 
transcript counts in a short cell cycle.A notable feature of many developmental regulators is the apparent synchronization of 
their expression with the cell cycle. In many cases, TF proteins accumulate in the nucleus and mRNA transcripts begin to be 
transcribed immediately after mitosis. Expression of numerous endogenous RNAs remains synchronized with the cell cycle 
across a range of developmental rates as controlled by temperature or clk-1 mutations. While previous work showed that 
transcription of several tissue-specific genes does not strictly require mitosis, our data suggest that some form of cell cycle 
gating may occur. For example, we find that a FKH-4::GFP fusion protein, which normally accumulates transiently in all 
nuclei immediately following the AB8-AB16 division retains this postmitotic timing when the cell cycle length is perturbed 
by small amounts. However, larger cell cycle perturbations can shift the onset of FKH-4::GFP accumulation a full cycle 
earlier, to the AB4-AB8 division. Again, the punctuation of mitosis may provide, by virtue of the lack of transcription, a 
window where any small asynchronies in developmental processes can be reset. While most of these mechanisms remain 
unproven, they would help ensure that gene regulation remains synchronized across the diverse developmental conditions 
experienced by the worms in the wild. 

808C. MEX-5 interacts with the mRNA transcription and degradation machineries. Costanza Panbianco1, Manoel 
Prouteau2, Monica Gotta1. 1) PHYM Dept., Faculty of Medicine, University of Geneva, 1 Rue Michel-Servet, 1211 Geneve 
4, Switzerland; 2) Molecular Biology Dept., University of Geneva, 30 quai Ernest-Ansermet, 1211 Geneva 4, Switzerland. 
   Establishment and maintenance of cell polarity are essential for diversity of many animal cells. In the C. elegans embryo 
the conserved PAR proteins control the anterior cytoplasmic localization of two redundant CCCH tandem zinc finger 
proteins, MEX-5 and MEX-6. MEX-5/6 specify somatic and germ cell fates, however how they achieve this is not 
completely understood. To find partners of MEX-5 we performed MEX-5 immunoprecipitation followed by mass 
spectrometry. Consistent with yeast data were CCCH proteins have a role in mRNA decay we found MEX-5 in a complex 
with mRNA degradation proteins. In mex-5 and mex-5;mex-6 mutant embryos, the enrichment of two Class II mRNA, pos-1 
and mex-1, are lost in the germline precursors and the mRNA levels remain high in all cells [1 and our results]. By northern 
blot, we show that the total levels of class II mRNAs are increased in mex-5 and mex-5;mex-6 mutants. This suggests that 
MEX-5 could regulate the degradation of class II mRNAs in somatic blastomeres. We also found that MEX-5 



immunoprecipitates with RNA polII and several members of the Mediator complex. We could not identify a role for MEX-5 
in transcription in early embryos. However, as the yeast and mammalian homologues, we found that MEX-5 is shuttling in 
the nuclei of somatic cells. Nuclear shuttling is inhibited in the P lineage by PAR-1 phosphorylation. Moreover, the shuttling 
is dependent on MEX-5 ability to bind mRNA as a MEX-5 CAAH mutant that cannot bind mRNA is retained in the nucleus. 
We propose that in somatic cells, MEX-5 binds target mRNAs in the nucleus, is then exported in the cytoplasm where the 
mRNA can be degraded. In the P lineage MEX-5 is kept inactive by PAR-1 phosphorylation allowing the maintenance of 
germline specific mRNAs. 1. Tenlen JR et al (2006). Genetics 174(4): 1933-45. 

809A. Differential APR-1 regulatory role for two Dishevelled paralogs during asymmetric cell division. Bryan Phillips, 
Austin Baldwin. Dept of Biology, University of Iowa, Iowa CIty, IA. 
   The asymmetric cell division of a polarized mother cell is a fundamental mechanism for increasing cell type diversity. C. 
elegans uses a modified Wnt signaling pathway, termed the Wnt/β-catenin Asymmetry pathway, to polarize many anterior-
posterior cell divisions throughout development including the larval seam cell divisions. In this pathway, APR-1/APC is a 
key regulator of seam cell asymmetry due to its control of two β-catenin effectors, SYS-1/β-catenin and WRM-1/β-catenin. 
SYS-1 is the transcriptional coactivator for POP-1/TCF while WRM-1 regulates POP-1 levels. Our current model suggests 
that APR-1 is divided into two pools: a SYS-1-regulating pool and a WRM-1-regulating pool. We previously showed that the 
Axin homolog PRY-1 is necessary for proper APR-1 polarity but that PRY-1 is dispensable for the regulation of SYS-1 and 
WRM-1 nuclear levels.  Here we move upstream in the Wnt signaling pathway and determine the function of the Dishevelled 
homologs DSH-2 and MIG-5 in seam cell polarity and asymmetric division.  We show that both DSH-2 and MIG-5 control 
seam cell fate and that seam cell defects worsen in the double mutant, but we hypothesized that they did so by differentially 
controlling the two APR-1 pools.  Indeed, mutation of both dsh-2 and mig-5 result in disruption of SYS-1 and APR-1 
localization.  A dsh-2 mig-5 double mutant also shows a distinct phenotype to the single mutants for SYS-1 localization, 
indicating that, while both Dishevelleds are necessary for proper SYS-1 control, they also possess redundant 
functions.  However, mig-5 results in significant disruption of WRM-1 localization but dsh-2 does not, supporting our 
hypothesis of differential function of the two Dishevelled paralogs.  Finally, in examining Dishevelled mutants for defects in 
PRY-1/Axin localization, we found that PRY-1 displays consistent symmetric cortical localization in the L4 seam cell 
division, raising new questions about its role in seam cell polarization. Taken together, these results both refine our model of 
Wnt/β-catenin signaling in asymmetric cell division while also eliciting further questions about the mechanism of APR-1 
polarization. 

810B. usp-48 encodes a ubiquitin-specific protease involved in cell fate restriction. Dylan Rahe1, Oliver Hobert2,3. 1) Dept. 
Biological Sciences, Columbia Univ, New York, NY; 2) Dept. of Biochemistry and Molecular Biophysics, Columbia Univ, 
New York, NY; 3) HHMI. 
   During differentiation, cells not only progressively choose a particular fate but also become progressively more restricted in 
their potential fates. While the mechanisms and factors involved in cell fate decisions are well understood, how and why cell 
fates become restricted remains poorly understood. Much of our knowledge in this field comes from assays in which a 
particular cell-fate-determining factor is overexpressed at various stages of development or in different tissues and observing 
the outcome — do cells “convert” to the specific fate specified by the factor, are they refractory to “conversion”, or a mixture 
of the two? Both classical and more recent studies have shown that, in principle, it is easier to direct differentiation in 
younger, more developmentally plastic cells than terminally differentiated cells. Building on this research, we have used such 
an assay to understand the factors and mechanisms responsible for restricting cell fates. The overexpression of che-1, the 
terminal selector gene for ASE neuronal fate, in all tissues in late larvae and adults results in, expectedly, few cells amenable 
to “conversion”, as assayed by the expression of an ASE fate marker (gcy-5::gfp). A mutant screen revealed that in usp-48 
mutants che-1 can activate ASE gene expression in the hypodermis, concomitant with a loss of hyopdermal fate markers. 
usp-48 encodes a conserved, nearly ubiquitously expressed nuclear ubiquitin-specific protease. Tissue-specific RNA-seq 
using INTACT of the hypodermis is being used to analyze the transcriptomic characteristics of this conversion. There is 
evidence that USP-48 is bound to chromatin and is associated with “positive” chromatin marks, and ChIP-seq is being used 
to characterize the nature of USP-48-chromatin interactions. Furthermore, mass-spectrometry is being used to discover 
interaction partners of USP-48 in the nucleus. These studies will begin to unravel some mechanisms of cell fate restriction in 
overexpression assays, which are likely to be relevant for this phenomenon as it occurs during normal development. 

811C. Analysis of Phosphorylation of the C. elegans Transcription Factor LIN-31 During Cell Signaling. Hayley Raquer, 
Amanda Dewey, Leilani Miller. Biology, Santa Clara University, Santa Clara, CA. 
   LIN-31, a winged helix transcription factor, is a downstream target of MAP kinase in the Ras/MAP kinase (MAPK) 
signaling pathway and is required for the proper development of the hermaphrodite vulva in C. elegans. Using a non-
radioactive gel shift kinase assay, this project will confirm a putative MAPK D-box docking site on LIN-31. We also intend 
to determine which of the four possible MAPK consensus sites are phosphorylated in a mammalian system. Using this 



information, site directed mutagenesis experiments followed by microinjection and phenotype analysis will be used to 
determine what combination of the four potential sites are necessary for the function of LIN-31. 

812A. Putative RAP-1 function in a positive feedback loop to reinforce Ras/LET-60-dependent 1° VPC commitment. N. 
Rasmussen, D. Reiner. Center for Translational Cancer Research, TAMHSC Institute of Biosciences and Technology, 
Houston, TX. 
   Patterning of the vulval epithelial tube has helped elucidate many well conserved signaling networks at the level of 
individual cells. The six equipotent vulval precursor cells (VPCs) are induced by EGF/LIN-3 to form a distinctive pattern of 
3°-3°-2°-1°-2°-3°, where 1° and 2° cells proliferate to form the vulva while 3° cells divide once and join the surrounding 
quiescent hypodermis. Initial cell fate specification is thought to be promptly followed by a reinforcement phase, where re-
wired, focused signals ensure fate commitment and exclusion of contradictory signals. A central player in the patterning 
process is the small GTPase Ras/LET-60. Ras is the most mutated oncoprotein, yet therapies directly targeting it and its 
effectors have proven largely ineffectual. Ras/LET-60 serves as a key signaling node downstream of EGFR/LET-23 in 
initiating vulval patterning in presumptive 1° cells by utilizing its canonical effector, the Raf/LIN-45-MEK-ERK cascade. Of 
particular interest is the small GTPase RAP-1/Rap1, which shares high sequence identity with LET-60/Ras, including 100% 
identity in the effector-binding region. As C. elegans encodes a single RAP-1 isoform that is not required for viability or 
fertility, we are using the vulval system to define the role of RAP-1 signaling relative to LET-60/Ras. We found that targeted 
knockdown or deletion of RAP-1 resulted in a significant decrease in LET-60-dependent vulval hyper-induction We 
observed a similar effect from vulval-specific RNAi depletion of both the RapGEF PXF-1 and RAP-1. To test if RAP-1 
functions cell autonomously, we transgenically expressed mutationally activated RAP-1 using a vulval-specific promoter and 
observed a proliferative increase relative to non-transgenic control siblings. We examined the spatiotemporal expression of 
transgenic GFP driven by the PXF-1 promoter and found it to be expressed at low levels in all six of the VPCs prior to 
reception of the EGF signal, but that subsequent GFP expression was restricted to proliferative cells after the advent of EGF 
signal. We hypothesize that as a key mechanism of fate reinforcement, the Ras/LET-60-Raf-MEK-ERK signaling cascade 
functions to magnify PXF-1 expression in presumptive 1° cells, thus focusing RAP-1 activation specifically to presumptive 
1° cells and reinforcing the Ras/LET-60 1° induction signal in a positive feedback loop. We plan to further investigate this 
hypothesis and define how PXF-1/RapGEF and RAP-1 signals are focused exclusively to presumptive 1° cells, as well as the 
downstream signaling partners for RAP-1. Our results may point to general signaling mechanisms of ensuring developmental 
fidelity, and identify druggable targets for Ras-dependent tumors. 

813B. Identification of genes involved in Sex Muscle patterning in C. elegans hermaphrodite. S. Sammons, K. Sun, H. Shi, 
V. Ghai, S. Son, J. Liu. Department of Molecular Biology and Genetics, Cornell University, Ithaca, NY. 
   The C. elegans hermaphrodite egg-laying system is composed of the vulva, the egg-laying neurons, and the egg-laying sex 
muscles. While much is known about the mechanisms underlying the development of the vulva and the egg-laying neurons, 
very little is known about how the different sex muscles are specified. There are 16 sex muscles of four different types, type I 
and type II vulval muscles (VM1s and VM2s), and type I and type II uterine muscles (UM1s and UM2s). All 16 sex muscles 
are derived from the two sex myoblasts (SMs), which are descendants of the M mesoblast. We are interested in dissecting the 
regulatory network underlying sex muscle development. Towards this goal, we have conducted RNAi screens to identify 
genes whose knock-down affects sex muscle cell fate specification. Using this approach we have identified seven genes of 
diverse biological functions (ubc-9, smo-1, rba-1, lsm-4, lin-61, icd-2 and snu-23) that give reproducible sex muscle 
specification defects upon RNAi. Currently we are analyzing the phenotypes of mutant alleles for each identified gene and 
performing genetic and molecular epistasis experiments with known regulators of sex muscle development, including MLS-
1, UNC-62 and the LIN-12/Notch pathway. Through these experiments, we hope to understand the mechanisms by which 
each of these seven genes regulates sex muscle cell fate specification. 

814C. The small GTPase Ral signals via an Exo84-GCK-2/MAP4K-p38-MAPKAPK cascade to induce 2° vulval fate.. 
Hanna Shin1, Rebecca E.W. Kaplan2, Channing J. Der2, David J. Reiner1,2. 1) Institute of Biosciences and Technology, 
Texas A&M Health Science Center, Houston, TX; 2) Department of Pharmacology and Lineberger Cancer Center, 
University of North Carolina, Chapel Hill, NC. 
   Vulval precursor cells are patterned through graded action of EGF from the anchor cell in conjunction with LIN-12/Notch-
mediated lateral signaling. Together these signals form the highly reproducible 3°-3°-2°-1°-2°-3° pattern that develops to 
form the vulval epithelial duct. A key protein in this process is LET-60/Ras, which in mammals is the most mutated 
oncoprotein in cancer. In presumptive 1° cells EGFR promotes LET-60/Ras activation to induce 1° fate via the canonical 
Raf-MEK-ERK MAP kinase cascade. We previously demonstrated that, in presumptive 2° cells, LET-60/Ras switches 
effectors to activate the lesser known Ras effector RalGEF-Ral to induce 2° fate in support of Notch. In general 1°- and 2°-
promoting signals are strongly antagonistic. Thus, in equipotent cells Ras switches between Raf and RalGEF-Ral effectors to 
promote mutually antagonistic 1° and 2° cell fates, respectively. However, the Ral signaling cascade is poorly understood. 
We therefore screened candidate Ral effectors from the literature. Two subunits of the Exocyst complex have been previously 



shown to bind Ral proteins in other systems; we found that loss of Exo84 but not Sec5 caused a phenotype similar to loss of 
Ral and blocked the 2°-promoting activity of transgenic mutationally activated Ral, indicating that Ral partners with Exo84 to 
promote 2° fate. To move further downstream we analyzed a little known family of MAP4 kinases. In Drosophila Sec5 and 
Msn MAP4K, the ortholog of C. elegans MIG-15, physically interact and promote JNK signaling, but function in opposition 
to Ral signaling. Since Sec5-Msn did not act like a downstream Ral partner, we hypothesized that the paralogous CNH 
domain MAP4K subfamily, C. elegans GCK-2 and Drosophila Hppy, constitutes the real Ral effector. We found that loss of 
GCK-2 function conferred a defect similar to loss of Exo84, and Ral-Exo84 signals through a conserved GCK-2-p38 MAP 
kinase cascade. This cascade may further activate MAK-2/MAPKAP kinase. We propose that antagonistic ERK and p38 
MAP kinase cascades promote opposing 1° and 2° fates, respectively. We further investigated MIG-15, and our data suggest 
that MIG-15 antagonizes LIN-12/Notch 2° induction in the absence of EGF signal, an activity opposing the Ral-Exo84-GCK-
2 EGF-dependent 2°-promoting signal supporting LIN-12/Notch. We have discovered two functionally opposed CNH 
domain MAP4 kinases that function in vulval patterning. Perhaps Ral-GCK-2 and MIG-15 work in opposition to clearly 
demarcate 1° and 2° signals compartments through LIN-12/Notch regulation, thus increasing developmental fidelity. 

815A. Using Genetic Screens to Initiate Undergraduate Research: Identifying Regulatory Cofactors of the Caenorhabditis 
elegans Cellular Fusogen, EFF-1, and Their Effects on Epithelial Cell Fusion. Patrick Spica1, Emra Klempic1, Matthew 
Betzenhauser2, William Mohler3, Jessica Shinn-Thomas1. 1) Department of Biology, Utica College, Utica, NY; 2) Masonic 
Medical Research Laboratory, Utica, NY; 3) Genetics and Genome Sciences, University of Connecticut Health Center, 
Farmington, CT. 
   Cell-cell fusion is the process by which multinucleated cells called syncytia form from plasma membrane fusion of cells 
developmentally programmed to fuse. Cell fusion is a vital universal developmental and cellular process that occurs in a wide 
variety of organisms. The mechanism of and factors required for cell-cell fusion are currently under investigation in multiple 
model organisms and systems. C. elegans is an ideal model system for studying cell-cell fusion because one-third of their 
somatic cells fuse to form syncytia in an invariant and predictable spatiotemporal manner. The only currently known cellular 
fusogens, proteins that fuse membranes, of non-viral origin have been identified in C. elegans. The cellular fusogen EFF-1 
in C. elegans is essential for epithelial cell fusion but molecules that regulate it are largely unknown.  We hypothesize that 
EFF-1 requires cofactors for its expression in and localization to the membrane borders between fusion-fated cells, activation, 
and function. Undergraduate research students initiated genetic screens to search for potential mutants with the intention of 
disseminating these mutants to additional students for characterization.  We performed an enhancer modifier genetic screen 
using a C. elegans strain (eff-1(oj55)) that expresses an intermediate loss-of-function phenotype. We induced mutations 
within eff-1(oj55) animals using EMS. We then screened for the “dumpy” strong loss-of-function phenotype that can result 
from an increase in reduced cell fusions, which we anticipated was caused by mutation in genes involved in regulating EFF-1 
and cell-cell fusion. Finally, we investigated if isolated mutants showed a decrease in epithelial cell fusion with confocal 
fluorescence microscopy of epithelial cell membranes in syncytial tissues such as the hypodermis and vulva. We concluded 
that our initial candidate enhanced strong loss-of-function cell-cell fusion mutants were not “dumpy” because of a reduction 
of cell-cell fusions. We plan to continue our enhancer genetic screen of eff-1 intermediate loss-of-function mutants. In 
addition, we will begin a suppressor genetic screen of these mutants to expand our efforts in isolating mutations in eff-
1 regulatory molecules. Once we isolate such mutations, we will map and identify the mutations that are enhancing or 
suppressing the loss of eff-1 function and further characterize their effects on cell-cell fusion and eff-1 expression, 
localization, and function. 

816B. LIN-14 transcriptionally regulates lin-4 and let-7 family miRNAs, which in turn negatively regulate LIN-28. Jennifer 
Tsialikas1, Mitchell Romens2, Allison Abbott2, Eric Moss1. 1) Rowan-SOM, Stratford, NJ; 2) Marquette University, 
Milwaukee WI 53233. 
   The heterochronic pathway is a network of genes that regulates the proper succession of cell fates during larval 
development in C. elegans.  These genes encode miRNAs and proteins whose activation and repression specify stage-
appropriate behavior in progressively differentiating cell lineages.  LIN-28 is an RNA-binding protein which acts early in this 
pathway to promote execution of L2 cell fates.  Although its 3’UTR contains predicted lin-4 and let-7 family binding sites, it 
was previously only shown to be a target of lin-4.  In this work we used multiply mutant strains to reveal that lin-28 is 
genetically downstream of the let-7 family miRNAs, mir-48, mir-84 and mir-241, as well as the lin-4 family miRNA, mir-
237.  Furthermore, we found that these miRNAs are inhibited by the transcription factor LIN-14, another member of the 
heterochronic pathway.  qRT-PCR and reporter data further suggest that LIN-14 targets these miRNAs by directly affecting 
their transcription.  This work addresses a number of long-standing issues in the field, including the mechanism by which 
LIN-14 positively regulates LIN-28, as well as identifying LIN-14’s relevant targets in the heterochronic pathway.  What’s 
more, this work offers an explanation for the profound effect lin-4 mutations have on development, compared to the 
relatively weak effect of most miRNAs.  When lin-4 is null, LIN-14 is constitutively expressed late in development.  As we 
now know, this dysregulated LIN-14 is also repressing the transcription of several other miRNAs in the pathway.  Therefore, 
removing lin-4 effectively removes at least 4 other heterochronic miRNAs. 



817C. Canalization of C. elegans vulva induction against anatomical variability. Guizela Huelsz-Prince, Jeroen van Zon. 
FOM Institute AMOLF, Amsterdam. 
   Development is highly robust, resulting in the same outcome despite strong genetic, environmental or intrinsic variability. 
How such robustness is achieved remains a fundamental open question. A prime example of robust development is C. 
elegans vulva induction, where a spatially graded LIN-3/EGF signal from the Anchor Cell (AC) induces an invariant 3°-3°-
2°-1°-2°-3° fate pattern in the vulva precursor cells (VPCs), P(4-8).p. It is usually thought that the P6.p cell assumes 1° fate 
because it is the closest VPC to the AC. However, we found that at the start of vulva induction the position of the AC with 
respect to the VPCs is in fact highly variable, with the AC positioned equidistant to the P5.p and P6.p cells in a significant 
fraction of animals. Yet, despite this initial variability induction always resulted in the same final VPC fate pattern, with the 
AC directly adjacent to the 1° fate cell. To understand how this was achieved, we quantified 1° fate induction as a function of 
AC position, both in wild-type animals and in vulva induction mutants, using single molecule FISH to measure LIN-3/EGF-
induced gene expression with single molecule resolution. We found that if the AC was positioned equidistant to two VPCs, 
then both VPCs received equal levels of the EGF signal. However, subsequent EGF-induced Notch signaling between these 
VPCs then restricted the response to EGF and 1° fate randomly to a single VPC. Subsequently, this 1° fate cell moved 
towards the AC in an EGF-dependent manner, thereby completely correcting for the initial AC misplacement. Our 
experiments, combined with mathematical modeling, showed that both lateral Notch signaling and VPC movement towards 
the AC were required simultaneously to reach the desired VPC fate pattern for all initial AC positions. In particular, in the 
absence of Notch signaling induction often resulted in animals with two induced VPCs, clustered close to the AC. Together, 
our results show that vulva induction is canalized, meaning that the underlying signaling network is optimized to reach the 
same final cell fate pattern despite large variability in the initial conditions. 

818A. How are unilateral neurons specified? The role of Notch. Berta Vidal Iglesias1,2, Oliver Hobert1,2. 1) Department of 
Biochemistry & Molecular Biophysics, Columbia University Medical Center, New York, NY; 2) Howard Hughes Medical 
Institute. 
   The nervous system of the nematode C. elegans is mostly bilaterally symmetric. The vast majority of neurons come in 
left/right pairs, which typically arise from left/right homolog symmetric lineages. However there are exceptions and we can 
find a few examples of single, unpaired neurons. Thus the overall symmetry of certain lineages has to be broken in order to 
originate these unilateral neurons. We are investigating the role of cell-cell interactions mediated by the highly conserved 
Notch signaling pathway in the generation of unilateral neurons. There are several well-established Notch inductive signaling 
events important to specify cell fates during C. elegans embryogenesis. We show that in Notch mutants some unilateral 
neurons are not generated while others are now duplicated and symmetrized. Some of these effects can be attributed to the 
previously described 4th Notch interaction between the blastomeres MSapa/p and ABplpapp, which is required for the 
specification of the excretory cell. However the observed effects in other unilateral neurons must be the result of previously 
unknown Notch interactions, which we are in the process of characterizing further. . 

819B. Searching for missing interactions that link vulval cell differentiation and vulval morphogenesis using logical 
modeling of regulatory networks. Nathan Weinstein1,2, Luis Mendoza1,2. 1) Instituto de Investigaciones Biomédicas, 
Universidad Nacional Autónoma de México, Mexico City, Distrito Federal; 2) Centro de Ciencias de la Complejidad, 
Universidad Nacional Autónoma de México, México DF, México. 
   The molecular regulatory network involved in the control of vulvar precursor cell fate determination has been extensively 
studied, both experimentally and using computational models. Compared to the earlier stages of vulva development that are 
very well-characterized, we only have a partial outline of the molecular pathways required for the differentiation of adult 
vulval cells and the morphogenesis of the vulva. Very few molecular mechanisms that link vulval cell differentiation and 
vulval morphogenesis are known. We have built three multivalued logic computational models to search for missing 
interactions that link vulval cell differentiation and morphogenesis. Our first model included the signaling pathways Ras, 
Notch and Wnt, the crosstalk between them, and how they regulate cell fusion and cell polarization. We built a second model 
to explore how the molecular mechanisms involved in the synchronization of cell differentiation and cell cycle progression 
affect vulval development. Our main conclusion from our first two models is that fate determination is reversible and the 
fates of the cells depend on the concentration of EGF, DSL and Wnt ligands in the extracellular microenvironment. Finally, 
our third model explores the gene regulatory network involved in the differentiation of adult vulval cells. 

820C. The FAX-1 and NHR-67 nuclear receptors function in gonad development. Bruce Wightman1, Emily Bayer1,2, Leen 
Jerjos1, Christopher Greco1, Mackenzie Kramer`1, Michael Kho1, Katie Skwirut1, Akshara Kartik1, Sheila Clever1. 1) Dept 
Biol, Muhlenberg College, Allentown, PA; 2) Columbia University, New York, NY. 
   The nuclear receptors constitute a class of conserved transcription factors that function in regulating animal development. 
Two NR2E subclass nuclear receptors found in C. elegans, fax-1 and nhr-67, function in different hermaphrodite gonad cells 
to coordinate aspects of cell differentiation, in addition to roles already described in neuron differentiation.The C. elegans 
fax-1 gene is the ortholog of PNR in vertebrates. We have found that fax-1 is expressed in the migrating DTCs of the 



hermaphrodite gonad from late L2 through L4. Loss of fax-1 results in a low-penetrance DTC migration defect and a high 
penetrance brood size defect. The reduction in offspring appears to result from a defect in spermatogenesis rather than 
oogenesis. In vab-3 mutants, the DTCs continue to migrate into adulthood and also fail to turn off fax-1, suggesting that 
expression of fax-1 is a property of a migrating DTC. We propose that fax-1 function in DTC migration is a robustness 
phenomenon, in contrast to the more demanding requirement for hermaphrodite spermatogenesis.The C. elegans tailless 
ortholog, nhr-67, is expressed in a dynamic pattern in pre-uterine cells: initially in the 4 pre-VU cells during the L2, then 
upregulated in the anchor cell (AC) in response to the lin-12/lag-2 Notch reciprocal signaling system. During the L3 stage, 
nhr-67 expression is maintained at high levels in the AC and at low levels in VU descendants that produce the adult ventral 
uterus. nhr-67 is required for expression of the lin-12/Notch receptor in pre-VU and VU cells and for multiple markers of AC 
identity, indicating that it functions in differentiation of both uterine cell types.Deletion of a 276bp region of the nhr-67 
promoter results in a loss of nhr-67 expression in pre-VU, AC, and VU cells. Expression of 276bp region::gfp shows the 
region is necessary and sufficient for nhr-67 pre-VU and AC expression. The region includes two E box sequences that we 
propose bind the HLH-2 transcription factor, which functions in AC and pre-VU development. We have performed site-
directed mutagenesis to delete the E boxes and other conserved elements from the 276bp promoter region and tested their 
functions directly in vivo. One site can be bound by the SEX-1 nuclear receptor, which has a modest role in regulating nhr-67 
expression. Our data demonstrate the primary role of the E box sequences in regulating nhr-67 in the gonad.Funded by 
NIGMS.. 

821A. Uncovering Molecular Barriers to Direct Cell Reprogramming in C. elegans. Oktay Ismail Kaplan, Idris Selman 
Bulut, Baris Tursun. Berlin Institute for Medical Systems Biology at Max-Delbrück-Center for Molecular Medicine, Robert-
Rössle-Strasse 10, Berlin 13125, Germany. 
   Cells become progressively committed towards a specific identity during embryonic development. Techniques such as 
transdifferentiation by overexpressing of a cell fate-inducing factor or reprogramming to induced pluripotent stem cells 
(iPSC) proved that differentiated cell fates are not fixed but reversible. Cell fate conversion strategies  provide a great 
promise for cell therapy. However, direct cell reprogramming by transdifferentiation, which can be performed in vivo in 
contrast to the iPSC procedure, proved to be difficult since most differentiated cells display resistance once terminal 
differentiation occurs. The molecular mechanisms preventing differentiated cells to be converted by a cell fate-inducing 
factor remain elusive. We devised a non-biased approach to recover genetic backgrounds that overcome the molecular barrier 
for cell reprogramming. Our screen identified 17 mutant backgrounds, where ectopic overexpression of the ASE neuron-
inducing factor CHE-1 leads to induction of ASE-specific cell fate markers in germ cells and/or epidermal cells. For 
example, once che-1 mis-expression is broadly induced, a number of mutants including bar1, bar2, bar4, bar6 and bar13 
start to express the ASE cell fate marker gcy-5::gfp in the epidermis. while bar1, bar9, bar10 and bar11 allow induction of 
ASE cell fate markers in germ cells. We have mapped the relative position of mutations and identified the responsible genes 
in a number of mutants using the SNP strategy paired with next-generation sequencing technologies. For example, bar1 and 
bar2 are alleles of usp-48 encoding a conserved ubiquitin specific peptidase and was proposed to act as a chromatin eraser for 
a number of histone marks (1). Presently, we are in the process of characterizing and mapping other bar 
mutants. Reference:1- X Ji, DB Dadon, BJ Abraham, TI Lee et al (2015),Chromatin proteomic profiling reveals novel 
proteins associated with histone-marked genomic regions,  PNAS, 3841–3846, doi: 10.1073/pnas.1502971112. 

822B. P granules maintain germ cell identity in the C. elegans germline. Andrew Knutson, Thea Egelhofer, Andreas 
Rechtsteiner, Lynnia Tuckfield, Susan Strome. Department of Molecular, Cell, and Developmental Biology, UC Santa Cruz, 
Santa Cruz, CA 95064. 
   Like stem cells, germ cells are able to self renew and, after the union of 2 gametes, differentiate into a multitude of cell 
types.  The factors and mechanisms employed by germ cells to maintain their broad differentiation potential are only starting 
to be understood and involve regulation at both the transcriptional and translational levels.  In C. elegans germ cells, 
cytoplasmic ribonucleoprotein structures termed P granules participate in maintaining germ cell totipotency (Updike et al. 
Current Biology 24: 970-975, 2014).  Removal of 4 major P-granule proteins (PGL-1, PGL-3, GLH-1, and GLH-4) via RNAi 
causes sterility and underproliferated germlines.  Remarkably, a fraction of these germlines also express neuronal markers 
(unc-119::GFP and unc-33::GFP) and a muscle marker (MYO-3).  This suggests that P granules prevent somatic 
development in the germline (Updike et al. 2014).  We have found that glh-1 single mutants and pgl-1 single RNAi germlines 
express the unc-119::gfp transgene and stain for MYO-3, revealing the importance of single P-granule proteins in 
maintaining germ cell totipotency.  Additionally, we see a loss of germline characteristics upon P-granule depletion, 
including loss of the mitotic factor REC-8 and the meiotic factor HTP-3.  We also see cellularization in the normally 
syncytial region of the germline.  Taken together, these findings suggests that P-granule-compromised germ cells are 
differentiating away from a germ cell fate and toward somatic fates.  To better understand the spectrum of somatic genes that 
are expressed in P-granule-compromised germlines and the extent of somatic development, we are performing RNA-seq 
analysis of dissected germlines that have been depleted of P granules by RNAi and that express the unc-119::gfp neuronal 
reporter.  This analysis may reveal important master regulator transcripts that must be sequestered/silenced/degraded by P 



granules to prevent premature somatic development.  We hypothesize that P granules prevent the translation of somatic 
transcripts that are stochastically expressed in the germline.  P granules may intercept and/or process these mRNAs as they 
exit the nucleus, thus maintaining germ cell fate and totipotency.    . 

823C. Increasing histone H3K9 methylation and nucleosome stability promote higher-order nuclear re-organization during 
embryogenesis. Beste Mutlu1, Huei-Mei Chen1, Jie Wang2, David Hall3, Tao Liu1,4, Susan Mango1. 1) Molecular and 
Cellular Biology, Harvard University, Cambridge, MA; 2) Department of Biochemistry, University at Buffalo, Buffalo, NY 
14203; 3) Center for C. elegans Anatomy, Albert Einstein College of Medicine, Bronx, NY; 4) Department of Biostatistics, 
University at Buffalo, Buffalo, NY 14214. 
   Open chromatin is a conserved feature of pluripotent cells and is lost upon differentiation. As cells differentiate, the nucleus 
shrinks and chromatin undergoes global re-organization to generate domains of euchromatin and higher-order 
heterochromatin1,2. While much is known about chromatin organization at the local level, much less is known about the 
factors that govern large-scale nuclear organization and their regulation during embryogenesis.  We have used ultrastructural 
and genomic approaches to track nuclear organization in C. elegans embryos as they transition from a developmentally 
plastic state towards differentiation. As embryos mature, higher-order heterochromatin emerges, visible as electron dense 
regions (EDRs) by electron microscopy. Concomitant with the appearance of EDRs, methylated histone H3 accumulates, and 
nucleosomes become more stable, as monitored by FAIRE (formaldehyde-assisted identification of regulatory elements)3. 
We find that the H3K9 methyltransferase MET-2 is required to build EDRs and promote loss of plasticity, but not to stabilize 
nucleosomes. These results highlight two apparently independent processes that generate a differentiated nucleus: i) 
generation of higher-order heterochromatin by MET-2, and ii) increased nucleosome stability. These changes may help focus 
the transcriptional machinery to discrete regions of open chromatin within differentiated cells.References1. Yuzyuk, T., 
Fakhouri, T.H.I., Kiefer, J., and Mango, S.E. (2009). The polycomb complex protein mes-2/E(z) promotes the transition from 
developmental plasticity to differentiation in C. elegans embryos. Dev. Cell 16, 699–710.2. Gaspar-Maia, A., Alajem, A., 
Meshorer, E. & Ramalho-Santos, M. Open chromatin in pluripotency and reprogramming. Nat. Rev. Mol. Cell Biol. 12, 36–
47 (2011).3. Giresi, P.G., Kim, J., McDaniell, R.M., Iyer, V.R., and Lieb, J.D. (2007). FAIRE (Formaldehyde-Assisted 
Isolation of Regulatory Elements) isolates active regulatory elements from human chromatin. Genome Res. 17, 877–885. 

824A. Food-dependent regulation of developmental plasticity via CaMKI and neuroendocrine signaling. Scott Neal1,2, Asuka 
Takeishi1,2, Rebecca Butcher3, Kyuhyung Kim4, Piali Sengupta1,2. 1) Dept Biol, Brandeis Univ, Waltham, MA; 2) National 
Center For Behavioral Genomics; 3) Dept Chem, Univ Florida, Gainesville, FL; 4) Dept Brain Sci, DGIST, Daegu, Korea. 
   Many animals integrate information about the environment, as well as internal state, to choose between alternate 
developmental trajectories. Environmental conditions, including food availability, inform the choice of C. elegans larvae to 
enter into the reproductive cycle or the growth arrested dauer stage. This polyphenic developmental decision is mediated via 
regulation of insulin and TGF-β signaling. However, the molecular and neuronal mechanisms by which food signals are 
assessed and integrated to regulate neuroendocrine signaling and this binary developmental decision are not well understood. 
Here we show that food information is integrated into the dauer pathway by the activity of the CMK-1 CaMKI enzyme in the 
AWC and ASI sensory neurons. AWC is hyperactive and exhibits enhanced odor responsiveness in both starved wild-type 
and fed cmk-1 mutants, suggesting that the state of AWC in fed cmk-1 larvae resembles that in starved wild-type animals. 
Food deprivation also regulates nuclear localization of CMK-1 in AWC in a dynamic manner, and we show that CMK-1 
regulates the expression of insulin-like peptide (ILP) genes in AWC as a function of feeding state. CMK-1-regulated ILP 
signaling from AWC in turn regulates expression of the growth promoting daf-28 ILP gene in the ASJ neurons. CMK-1 also 
acts in parallel in ASI to regulate expression of the daf-7 TGF-β gene. Downregulation of daf-28 and TGF-β expression in 
cmk-1 mutants drives enhanced dauer formation under conditions of ample food. Together, these results identify mechanisms 
by which information regarding nutrient availability converges with other sensory cues in a small neuronal network to 
modulate neuroendocrine signaling and developmental plasticity. 

825B. A high-throughput EMS screen identifies a potential muscle linage mutant. Andreas Ofenbauer1, Ralf Schnabel2, 
Baris Tursun1. 1) Berlin Institute for Medical Systems Biology (BIMSB) at Max Delbrück Center (MDC), Robert-Rössle-
Straβe 10, 13125 Berlin, Germany; 2) TU Braunschweig Developmental Genetics, Spielmannstr.7, 38106 Braunschweig, 
Germany. 
   Having multiple cell types with distinct functions has been a prerequisite for the evolutionary success of most multicellular 
organisms. Accordingly, understanding the mechanisms that form the basis of this strategy has always been of big interest 
and has historically been the topic of developmental biology. Nowadays several other disciplines deal with the question of 
how one cell type differentiates into another, such as stem cell biology, epigenetics, systems biology, RNA biology, or even 
biomaterial research.Transdifferentiation is the process by which an already specialized cell is directly 
converted/reprogrammed into another specialized cell. This naturally not very abundant process is the major focus of our lab. 
We try to identify and characterize genetic factors that play a role in induced transdifferentiation by mis-expressing 
transcription factors (TFs). Currently there are several selector genes known that can activate specific cell fates such as hlh-1, 



the worm homolog of the myogenic bHLH TF MyoD. When mis-expressed, HLH-1 induces muscle fate in early embryonic 
cells but terminally differentiated cells in older animals are resistant to hlh-1-induced direct reprogramming. In order to 
identify mechanisms that antagonize selector genes, we apply both forward and reverse genetics. We use transgenic lines 
allowing ectopic expression of a specific selector gene in combination with the appropriate cell fate reporter.To complement 
manual microscopic screening, we use a semi-automated high-throughput forward genetics screen combining EMS 
mutagenesis with the Biosorter system (Union Biometrica). Using this approach we identified a mutant showing additional 
cells at the posterior end of the pharynx that express a myo-3 reporter. To our surprise, these cells show muscle reporter 
expression independently of ectopic induction of hlh-1. Although our screen aims to find mutants that allow induced direct 
reprogramming, our finding was quite striking as the phenotype shows 100% penetrance. To elucidate the underlying 
mechanism, which could be a missing apoptosis event, an additional cell division or a lineage conversion event, we are 
currently tracing lineages and trying to identify the mutated locus using whole genome sequencing. . 

826C. Asymmetric Wnt Pathway Regulation of Post-embryonic Seam Cell Proliferation and Identity via the Non-receptor 
Tyrosine Kinase FRK-1. Adriana Calderon1, Danielle Mila2, McLane Watson2, Katherine Genzink2, Austin Baldwin3, Bryan 
Phillips3, Aaron Putzke1. 1) Whitworth University, Spokane, WA; 2) Hope College, Holland, MI; 3) University of Iowa, 
Iowa City, IA. 
   We have characterized FRK-1, a homologue of the mammalian Fer non-receptor tyrosine kinase, and found it to be 
required for differentiation and maintenance of epithelial cell types, including the stem cell-like seam cells of the hypodermis. 
A genomic knockout of frk-1, allele ok760, results in severely uncoordinated larvae that arrest at the L1 stage. Homozygous 
frk-1(ok760) larvae have an excess number of lateral hypodermal cells which appear to have lost asymmetry in the stem cell-
like divisions of the seam cell lineage. frk-1(ok760) mutants immunostained with the epithelial adherens junction marker, 
MH27, show that the lateral hypodermal cells are abnormally shaped and smaller in size (during division), similar to the 
anterior daughter of a normal asymmetric seam cell division. Although we have observed an increase in seam cell nuclei 
using scm::GFP, we have also detected a general loss of alae formation. Additionally, we have observed a significant change 
in the expression of key heterochronic regulators in frk-1(ok760) mutants. However, crossing frk-1(ok760) with transgenic 
reporter lines containing non-seam hypodermal GFP markers, such as elt-3, and later markers, such as col-19, show the 
lateral hypodermal cells do not precociously differentiate as adult-hyp7 cells. Finally, our data also show a clear role for 
FRK-1 in seam cell proliferation, as eliminating FRK-1 via RNAi during the L3-L4 transition results in supernumerary seam 
cell nuclei, that is dependent on asymmetric Wnt signaling. Specifically, we observe aberrant POP-1 and WRM-1 
localization that is dependent on the presence of FRK-1 and APR-1. We are currently investigating the dependence on FRK-1 
kinase activity and FRK-1 interactions in the nucleus during mitosis for the stem cell-like self-renewal exhibited by seam 
cells during post-embryonic development. Overall, our data suggest a requirement for FRK-1 in maintaining the identity and 
proliferation of seam cells primarily through an interaction with the asymmetric Wnt signaling mechanism. 

827A. The TFIIH and SWI/SNF complexes are required for the cell fate maintenance in C. elegans. Yukimasa Shibata1, 
Ryoji Konakawa2, Hitoshi Sawa2,3, Kiyoji Nishiwaki1. 1) Dept. of Bioscience, Kwansei Gakuin University, Sanda, Hyogo; 2) 
RIKEN CDB; 3) NIG. 
   The maintenance of cell fates is an essential mechanism in stem cells and also in differentiated cells. In the differentiated 
cells, it is not easy to distinguish the defect in the cell fate maintenance from that in the specification. However, because of 
invariant cell lineage and many cell fate markers, it is advantageous to study cell fate maintenance in C. elegans. We have 
previously shown that histone acetylation and histone variant HTZ-1/H2A.z are required for the maintenance of cell fate in 
multiple cell lineages through the transcriptional repression of DNA-binding transcriptional factors. For example, in somatic 
gonadal cells except for DTCs, the AcH4-binding protein, BET-1, that regulates the subnuclear localization of HTZ-1 
represses ceh-22 whose ectopic expression induces extra-DTC formation. However, it is not clear yet how this mechanism 
regulates the transcriptional repression.  We found that the chromatin-remodeling complex, CeBAF, is required for the 
maintenance of cell fates. Interestingly, two regulatory components of CeBAF have distinct effect. Disruption of swsn-6 
caused defect in the maintenance of cell fates. In contrast, disruption of ham-3 did not cause defect in the maintenance of cell 
fates, but enhanced it in the bet-1 background. We also found that TFIIH complex that regulates transcriptional elongation 
controls the maintenance of cell fates. Disruption of components of the TFIIH complex showed a synergistic effect with the 
bet-1 mutation, but not with the swsn-6 mutation. We also found that ham-3 and zk1128.4 that encode components of the 
TFIIH are redundant. Therefore, BET-1, HAM-3 and the components of the TFIIH complex have a redundant function in the 
maintenance of cell fates. One of the explanations is that histone acetylation, histone variant, and chromatin remodeling 
complex CeBAF may regulate the transcriptional elongation through the TFIIH complex. 

828B. TRIMming pluripotency. C. Tocchini1,2, J. J. Keusch1, S. B. Miller1, S. Finger1,2, H. Gut1, M. B. Stadler1,3, R. Ciosk1. 
1) Friedrich Miescher Institute, Basel, CH; 2) University of Basel, Basel, CH; 3) Swiss Institute of Bioinformatics, Basel, 
CH. 
   The oocyte cytoplasm is capable of reprograming somatic nuclei into a pluripotent state and oocytes can occasionally 



develop into teratomas, suggesting that there are repressive mechanisms normally keeping their reprogramming potential at a 
bay. To understand the molecular mechanisms involved, we conducted a genetic screen, looking for mutants in which 
embryonic genome activation (EGA) occurs precociously in germ cells. This screen identified LIN-41, a TRIM-NHL protein 
expressed in the cytoplasm of developing oocytes, as a novel regulator of pluripotency. In the absence of LIN-41, rather than 
completing growth and meiotic arrest, developing oocytes lose germline characteristics and undergo somatic differentiation, 
eventually forming teratomas. These events normally occur only during the very next developmental stage, i.e., 
embryogenesis. Thus, LIN-41 emerges as a component of the timing mechanism that delays the onset of embryonic events in 
oocytes, ensuring a successful transition between generations.Previous studies have reported LIN-41 as a member of the 
heterochronic pathway in the soma, which controls the timing of developmental events underlying the transition from 
juvenile to adult animals. In this context, LIN-41 is thought to repress translation of a specific mRNA. To gain a better 
understanding of LIN-41 function in oocytes, we conducted structure-function studies and identified mutations that uncouple 
the germline and somatic functions of LIN-41. Although LIN-41 appears to function as an mRNA regulator in both cellular 
compartments, our studies suggest that it does so via different targets. Importantly, the majority of molecular “roadblocks” to 
reprogramming which have been identified so far are epigenetic regulators. However, we proposed that, at least in germ cells, 
LIN-41-like regulators fulfill an analogous role in the cytoplasm. 

829C. Quantitative and spatial changes in GLD-1 accumulation distinguish direct gld-1 regulators from non-regulators. John 
Brenner, Tim Schedl. Department of Genetics, Washington University School of Medicine, Saint Louis, MO 63110. 
   Cell fate choices are often executed by precise control of gene expression. In the C. elegans germline, levels of GLD-1 
protein are tightly correlated with germ cell fate; GLD-1 levels are low in the germline stem cell pool and high in germ cells 
in meiotic prophase. Ectopically high GLD-1 levels drive germline stem cells to prematurely enter meiosis, while failure to 
elevate GLD-1 contributes to defects in meiotic entry. gld-1 is controlled post-transcriptionally, with the gld-1 mRNA being 
translationally repressed in the pool of germline stem cells and switching to a translationally active state upon germ cell entry 
into meiosis. While regulators have been identified that contribute to gld-1 repression/activation, the quantitative influence 
these regulators impart on GLD-1 as germ cells transition from a stem cell to meiotic fate is unknown. We established a 
sensitive quantitative approach to measure GLD-1 levels in the distal germline. In wild type, base GLD-1 levels, which we 
define as the levels in the distal-most germ cells, are approximately 5% of peak GLD-1 levels, which occurs when all germ 
cells have entered meiotic prophase ~26 cell diameters from the distal tip. We described the sigmoidal rise in GLD-1 from 
base to peak with an equation where the slope value defines the GLD-1 accumulation rate. Known gld-1 repressors, such as 
fbf-1, specifically keep GLD-1 base levels low, while known gld-1 activators, such as gld-2, specifically keep GLD-1 peak 
levels high. Interestingly, gld-3 mutants had elevated GLD-1 base levels but low peak levels, suggesting that gld-3 
contributes to both gld-1 repression and activation. Change in GLD-1 levels was specific to regulators of gld-1 as loss of 
genes whose activity indirectly promotes a normally large germline progenitor pool, such as eat-5 and daf-1, did not affect 
GLD-1 base or peak levels, but instead had elevated GLD-1 accumulation rate. Based on these data, we interpret quantifiable 
changes in GLD-1 base or peak levels to specifically define genes that act to regulate gld-1, and thus conclude that the miR-
35 family of microRNAs – previously reported repressors of gld-1 - do not control GLD-1 levels in germ cells. Lastly, we 
used a temperature sensitive allele of glp-1 to manipulate GLD-1 levels and found that germ cells with 40% of peak GLD-1 
levels are irreversibly committed to entering meiosis, thereby describing a quantifiable feature of meiotic commitment that 
prefaces germ cells executing the early events of meiotic prophase. 

830A. CSR-1 and P granules suppress sperm-specific transcription in the C. elegans germline. Anne Campbell, Dustin 
Updike. Mount Desert Island Biological Laboratory, Salsbury Cove, ME. 
   P granules in C. elegans are required for fertility and function to maintain germ cell identity and pluripotency.  Sterility in 
the absence of P granules is often accompanied by the mis-expression of soma-specific proteins and the initiation of somatic 
differentiation in germ cells.  To investigate whether this is caused by the accumulation of somatic transcripts, we performed 
mRNA-seq on dissected germlines with and without P granules.  Strikingly, we found that somatic transcripts do not increase 
in the young adult germline when P granules are impaired.  Instead, we found that impairing P granules causes sperm-
specific mRNAs to become highly overexpressed.  This includes the accumulation of major sperm protein (MSP) transcripts 
in germ cells, a phenotype that is suppressed by feminization of the germline.  A core component of P granules, the endo-
siRNA-binding Argonaute protein CSR-1, has recently been ascribed with the ability to license transcripts for germline 
expression.  However, impairing CSR-1 has very little effect on the accumulation of its mRNA targets.  Instead, we found 
that CSR-1 functions with P granules to prevent MSP and sperm-specific mRNAs from being transcribed in the 
hermaphrodite germline.  These findings suggest that P granules protect germline integrity through two different 
mechanisms, by 1) preventing the inappropriate expression of somatic proteins at the level of translational regulation, and by 
2) functioning with CSR-1 to limit the domain of sperm-specific expression at the level of transcription. 

831B. Regulation of C. elegans Sperm Motility By Protease Signaling 
 



. Daniela Chavez, Gillian Stanfield. Human Genetics, University of Utah, Salt Lake City, UT. 
   C. elegans sperm undergo rapid cellular morphogenesis to develop into motile, fertilization-competent cells. During this 
process, termed sperm activation, cells reorganize their cytoskeleton to generate a pseudopod used to crawl towards oocytes. 
Sperm activation is regulated by the serine protease, TRY-5, and the serine protease inhibitor, SWM-1. TRY-5 is a seminal 
fluid protease transferred to hermaphrodites during mating and has the characteristics of a male sperm activation factor. In 
swm-1 mutant males, sperm become prematurely activated and are inefficiently transferred to hermaphrodites during mating, 
resulting in reduced male fertility. These previous studies suggest a model in which SWM-1 delays sperm activation by 
inhibiting TRY-5 protease activity from cleaving sperm cell membrane factors to initiate activation. To test this model, we 
have sought to determine the relationship between SWM-1 and TRY-5. It was previously shown that TRY-5 is expressed in 
the male somatic gonad in cells of the seminal vesicle, valve and vas deferens. We now have shown that swm-1 is co-
expressed with try-5 in a subset of vas deferens cuboidal cells and that SWM-1::mCherry and TRY-5::GFP co-localize in 
vesicles within these cells. We also have found that swm-1 is expressed in extra-gonadal somatic cells near the seminal 
vesicle, and is not expressed in the valve. These data are consistent with SWM-1’s inhibiting TRY-5 activity, but also suggest 
an alternative model where SWM-1 indirectly inhibits TRY-5, perhaps by regulating the release of TRY-5 vesicles. To 
further dissect the relationship of SWM-1 and TRY-5, we are analyzing the functional domains of the proteins. SWM-1 is 
predicted to have two trypsin inhibitor-like (TIL) domains, and previous studies have suggested that these domains may have 
distinct functions. To directly test the role of SWM-1 TIL domains in regulating sperm activation, we are generating precise 
endogenous gene edits of the predicted reactive site residues of SWM-1. Similarly, we are testing the predicted catalytic 
residues of TRY-5 for their role in activation. In ongoing studies, we are testing our models for SWM-1 regulation of TRY-5 
activity or release by expressing swm-1 and try-5 in specific tissues and visualizing the dynamics of vesicle release from the 
vas deferens during mating. 

832C. Ras/ERK pathway and retinoblastoma associated protein RbAp46 regulate synaptonemal complex dynamics during 
prophase I of meiosis. Jie Chen, Shin-Yu Chen, Swathi Arur. Genetics, MD Anderson Cancer Center, Houston, TX. 
   Stereotypical execution of gametogenesis requires orchestration of many developmental and molecular pathways. Among 
these, the Ras/Extracellular signal-regulated kinase (ERK) signaling pathway governs a wide array of cellular processes, 
including many that occur during oogenesis. Meiosis is a key cellular and molecular process that produces haploid gametes 
and ensures genetic diversity in sexually reproducing organisms. Inappropriate execution of any step during meiosis I leads to 
failures in chromosome segregation, often resulting in aneuploidy or severe developmental disorders such as the Down’s 
syndrome. Many studies have shown that structural constraints between the chromosomes play central roles in meiotic 
progression. However, the function of signaling pathways in regulating synapsis and recombination remains unknown. Using 
C. elegans as our model system, we determined that the timely activation and inactivation of ERK, the most downstream 
kinase in the core Ras/ERK pathway, are important for proper synaptonemal complex (SC) dynamics. Absence of ERK 
activity results in extensive asynapsis in the pachytene region, while constant activation of ERK at the loop region leads to 
defects in SC disassembly. Additionally, through a functional genomic screen for targets of ERK that govern oogenesis, we 
identified RbAp46 homolog, RBA-1 as a direct in vitro substrate of ERK. Loss of rba-1 causes increased asynapsis in 
pachytene zone, resulting in increased apoptosis, increased embryonic lethality and eventually sterility. Genetic analysis of 
the rba-1 and ras gain-of-function double mutant showed that RBA-1 functions downstream of ERK in regulating the 
maintenance of SC. RbAp46 is thought to function as part of the Polycomb Repressive Complex 2 (PRC2) in flies and 
mammals. PRC2 regulates the deposition of Histone H3 K9 and K27 tri-methylation, both of which are repressive marks 
involved in facultative gene silencing. Interestingly however, we find that loss of rba-1 does not impact either H3K9me3 or 
H3K27me3 in C. elegans germline, neither does it affect gene expression as assayed via RNA Seq analysis. However, loss of 
lin-53, a homolog of RbAp48 and a paralog of rba-1, leads to complete loss of both H3K9me3 and H3K27me3, but does not 
impact synapsis. These results suggest that RBA-1 regulates synapsis independent of PRC2 function and gene expression, but 
likely through chromosome compaction or nucleosome positioning. Together, our data provide the first direct link between 
the Ras/ERK pathway and regulation of synaptonemal complex dynamics via RbAp46. 

833A. Overlapping and Distinct Effects of Bisphenol A and its Substitute Bisphenol S on Germ Cells. Y. Chen, D. Lee, P. 
Allard, X. Yang, L. Shu. Environmental Health Sciences, UCLA, Los Angeles, CA. 
   Bisphenol S (BPS), one substitute of Bisphenol A (BPA), is increasingly used in the “BPA-free” plastic manufacturing 
industry since the toxic effects of BPA have come under heavy scrutiny. Sharing a similar structure and bioactivity with BPA 
makes BPS a potential threat to human health. However, information about its toxicity is still limited. In this study, the 
reproductive toxicities of BPA and BPS are investigated and compared using the nematode Caenohabditis elegans 
(C.elegans). Worms were grown in media with 125, 250 and 500μM BPA and/or BPS. The Bisphenols’ effects on adult 
worms’ fertility, germline apoptosis and chromosomal integrity of oocytes were investigated. We observed a dose-response 
effect for both BPA and BPS with regards to apoptotic germ cell number, embryonic lethality and reduction in brood size, a 
reflection of fertility. Since meiotic errors could lead to germline apoptosis, aneuploidy formation and even sterility, 
Bisphenls’ effect on the expression of SYP-1 and RAD-51, two critical elements of the meiotic program, were examined. 



Surprisingly, while both BPA and BPS show ability to impact the formation and disassembly of SYP-1 in the germ cell 
nucleus, only BPA but not BPS affects the expression and localization of RAD-51 in the germline suggesting a specific effect 
of BPA on the recombination machinery. To fully reveal the differences between their mechanisms of toxicity, RNA 
sequencing was also carried out to distinguish the overlapping and distinct effects of BPA and BPS on the transcriptome of 
germ cells. As a summary, our results show that BPS, like BPA, carries reproductive toxicity. However, some of their 
mechanisms of toxicity are distinct, especially with regards to the meiotic recombination, and need to be further studied. . 

834B. Accelerating the quest for fertilization: Premature sperm activation induced by mutations in Y48B6A.5 and spe-47. 
Jessica Clark, Craig LaMunyon. Biological Sciences, Cal Poly Pomona, Pomona, CA. 
   Spermatid activation is required in order to initiate the quest for oocyte fertilization.  Activation may be initiated by TRY-5 
in males and by zinc in males and hermaphrodites.  The zinc activation signal is transduced through the spe-8 group genes 
(spe-8, spe-12, spe-19, spe-27, and spe-29).  A mutation in any one of these genes results in sterility.  A large suppressor 
screen recovered numerous mutations that suppress spe-27(it132ts) sterility.  The vast majority of the suppressor mutations 
restore fertility by bypassing the need for an activation signal altogether, because the sperm activate prematurely.  Results 
from the suppressor allele spe-47(hc198) has shown that this mutation is a recessive suppressor of spe-27(it132ts), but it has a 
semidominant sperm defective phenotype on its own.  Further, spe-47(zq19), a molecular null, results in only a small 
reduction of fertility.  We are investigating the possibility that redundant gene function masks the null spe-47 allele.  A single 
paralog to spe-47 exists in the C. elegans genome: Y48B6A.5, and RT-PCR revealed that it is a sperm gene.  Both spe-47 and 
Y48B6A.5 contain an MSP domain in their C-terminus.  SPE-47 is expressed during spermatogenesis in primary 
spermatocytes, where it appears to interact with FB-MOs.  Preliminary analysis of Y48B6A.5 suggests a similar pattern of 
expression.  A fecundity analysis of a strain harboring the ttTi4488 Mos1 insertion in Y48B6A.5  shows no dramatic decrease 
in fertility, similar to what we have found with the spe-47 null mutation.  Interestingly, a double spe-47(zq19); ttTi4488 
mutant shows little if any effect on fertility.  We are now focusing on the suppressor mutation, as it appears to be a gain of 
function.  In a ttTi4488 background, the spe-47(zq19) mutation results in near sterility.  We created an equivalent mutation to 
spe-47(hc198) in Y48B6A.5. This mutation appears to suppress the spe-8 group gene, spe-19, likely also due to premature 
activation.  We will present data for various combinations of knockout and suppressor alleles in both genes.  Our results 
suggest that loss of both gene products is without major effects on spermatogenesis, but the suppressor mutations cause 
premature sperm activation through an as yet unknown gain of function. 

835C. Sexually dimorphic GSCs and development of tools to manipulate them. Sarah L. Crittenden1, Anne R. Ryan2, 
Brandon Taylor2, Ipsita Mohanty2, ChangHwan Lee1, Judith Kimble1,2. 1) HHMI, Univ Wisconsin, Madison, Madison, WI; 
2) Dept Biochem, Univ Wisconsin, Madison, WI. 
   In C. elegans, germline stem cells (GSCs) are maintained by interaction with their niche (distal tip cell (DTC)) in both 
sexes and the primary GSC regulators are the same in both sexes (Notch signaling, LST-1, SYGL-1 and FBF). Yet the niches 
are sexually dimorphic with respect to cell number and Notch ligand expression (1), and germ cells within the niche are 
sexually dimorphic with respect to cell cycle rate (2). Previous work delineated a likely hermaphrodite GSC pool extending 
6-8 cell diameters from the distal end and containing 45-70 germ cells (3). We now delineate a likely male GSC pool and 
find that it extends further (11-13 cell diameters from the distal end) and contains more germ cells (60-90). Notch targets, lst-
1 and sygl-1, are restricted to a germline region corresponding roughly to the GSC pool in hermaphrodites (4; Kimble lab, 
unpublished) and preliminary results indicate that sygl-1 expression expands in males, as might be expected for its larger 
GSC pool. We conclude that the DTC niches and GSC pools are sexually dimorphic and likely have distinct modes of 
regulation in the two sexes.We are interested in whether the DTC also regulates germline sex determination. To explore this 
question, we are using the tissue specific, inducible Q system to express the secreted masculinizing ligand, HER-1, in the 
DTC and other discrete tissues to assay effects on the sperm/oocyte decision. We have also generated lines expressing Cre in 
the germline to track GSCs in both male and female germlines. Progress will be reported.(1) Chesney et al., Developmental 
Biology 331 (2009) 14-25.(2) Morgan et al., Developmental Biology 346 (2010) 204–214.(3) Cinquin et al., PNAS 107 
(2010) 2048-2053.(4) Kershner et al., PNAS 111 (2014) 3739-3744. 

836A. Identification of novel genes regulating P-granule function in C. elegans. Karolina de Groot-Andralojc, Markus 
Terrey, Michael Senter-Zapata, Benjamin King, Anne Campbell, Dustin Updike. Mount Desert Island Biological Laboratory, 
Salisbury Cove, ME 04672, ME. 
   P granules in C. elegans are associated with RNA metabolism and function to maintain the integrity of germ cells. We 
previously published a genome-wide RNAi screen for aberrant P granules, where we found that depletion of the gene 
encoding CSR-1, as well as its cofactors DRH-3 and EGO-1, causes a very distinct large P-granule phenotype. CSR-1 is an 
Argonaute protein and a core component of P granules that acts to suppress the extent of sperm-gene expression in the 
hermaphrodite germline. Our aim was to identify additional genes that are essential for P-granule function and proper germ 
cell development.To address this, we performed an EMS mutagenesis in a PGL-1::GFP strain and used fluorescence 
microscopy to screen 4000 haploid genomes for large and misshaped P-granules. From this screen we isolated ten alleles that 



fall into six complementation groups. Two of these alleles, sam15 and sam18, contain mutations in the PAZ domain of csr-1 
itself, validating our approach. We have stained and quantified the expression of endogenous P-granule components in each 
of our mutants to show that their large P granules are independent of the PGL-1::GFP transgene. We next used a Hawaiian 
Variant Mapping strategy and the CloudMap pipeline to clone a number of these alleles, revealing known CSR-1 cofactors 
but also novel components required for P-granule assembly. CRISPR technology, together with RNAi and fosmid 
microinjections were used to validate whether identified mutations are linked to observed phenotypes. Here we report on a 
novel gene with early stop codons in sam3 and sam6 alleles that alters P-granule appearance and expression, but is not 
required for fertility. Single-molecule FISH shows that this gene is enriched and expressed through the adult germline. We 
are currently investigating how various alleles of the novel gene affect P-granule morphology and function. Our results 
broaden our understanding of the role of germ granules in the germline as well as the epigenetic mechanisms that regulate 
germ cell integrity. 

837B. How to remain inactive: maintaining the spermatid stage requires inhibition and properly formed FB-MOs. Aubrie De 
La Cruz, Matthew Christensen, Haifen Huang, Thomas Sokolich, Gaurav Prajapati, Jessica Clark, Nicholas Sullivan, Craig 
LaMunyon. California State Polytech Univ, Pomona, CA. 
   After their production, spermatids remain quiescent until they receive a signal to activate, stimulating a wholesale 
reorganization resulting in the crawling spermatozoon.   Activation is signaled by the protease TRY-5 in males and by zinc in 
both hermaphrodites and males.  Here we focus on zinc activation, which triggers a signal transduction pathway involving 
products of the spe-8 group genes (spe-8, spe-12, spe-19, spe-27, and spe-29).  Mutations in any of the spe-8 group genes 
prevent spermiogenesis, and this group likely forms the receptor complex that interacts with extracellular zinc.  SPE-12 and 
SPE-19 possess extracellular domains, and we have shown that SPE-8 (a tyrosine kinase) is localized to the membrane by 
other SPE-8 group members, but it moves to the interior during activation.  A suppressor screen of spe-27(it132ts)I identified 
numerous mutations that restore fertility to spe-27 mutants.  More than 20 suppressor mutations were recovered in spe-
6.  These spe-6 suppressors induce a partial loss of function, and most cause premature sperm activation.  Thus, SPE-6 
appears to inhibit spermatid activation.  However, spe-6(zq11), is an allele specific suppressor that does not induce rampant 
premature activation, indicating that SPE-6 and SPE-27 interact physically. The remaining suppressor mutations all bypass 
the sperm activation signal with no two mutations affecting the same gene.   One mutation affects spe-4, which encodes a 
Presenilin-1 homolog that localizes to the fibrous body-membranous organelle (FB-MO) membrane and is involved in 
loading MSP (major sperm protein) in the FB.  Another mutation affected spe-47, whose product appears to associate with 
the FB-MO during its formation.  SPE-47 is then degraded in secondary spermatocytes, long before spermatids are 
formed.  A paralog of spe-47, Y48B6A.5, has a similar pattern of expression and may have redundant function with SPE-47. 
A fourth gene affected by a suppressor mutation is spe-46, whose role in spermatogenesis is unknown, but the suppressor 
mutation also causes a host of defects, in addition to premature sperm activation.  Finally, a small gene, K01D12.7, also 
harbors a suppressor mutation.  The function of K01D12.7 is unknown, but it resembles a signaling molecule.  Our working 
hypothesis is that functional SPE-6 inhibits activation and interacts with SPE-27 during activation.  Further, spermatids 
cannot refrain from activating when mutations cause errors in the formation of the FB-MO.  Thus, both inhibition and 
properly formed FB-MOs are necessary to maintain the inactive spermatid. 

838C. LAF-1 is an intrinsically disordered P granule component that contributes to asymmetric phase separation during C. 
elegans embryogenesis. Krzysztof Szczepaniak1, Shana Elbaum-Garfinkle2, Younghoon Kim3, Carlos Chih-Hsiung Chen2, 
Sua Myong3, Clifford Brangwynne2, Christian Eckmann1. 1) Genetics Dept, Martin Luther University, Halle/Saale, 
Germany; 2) Chemical and Biological Engineering Dept, Princeton University, USA; 3) Bioengineering Dept, University of 
Illinois at Urbana Champaign, USA. 
   P granules and other RNP bodies are membrane-less RNA/Protein organelles that may assemble by intracellular phase 
separation, similar to the condensation of water vapor into droplets. However, the molecular driving forces and the nature of 
the condensed phases remain poorly understood. We show that the C. elegans protein LAF-1, a DDX3 RNA helicase found 
in P granules, phase separates into P granule-like droplets in vitro. To this end, we adapted a microrheology technique to 
precisely measure the viscoelasticity of micron-sized LAF-1 droplets, revealing purely viscous properties highly tunable by 
salt and RNA concentration. RNA decreases viscosity and increases molecular dynamics within the droplet. Our single 
molecule FRET assays suggest that this RNA fluidization results from highly dynamic RNA-protein interactions that emerge 
close to the droplet phase boundary. We demonstrate that an intrinsically disordered (IDP) arginine/glycine rich N-terminal 
domain of LAF-1 is necessary and sufficient for both phase separation, as well as dynamic RNA/protein interactions. In vivo, 
RNAi knockdown of LAF-1 results in the dissolution of P granules in the early embryo, with an apparent sub μM phase 
boundary comparable to that measured in vitro. Together, our findings demonstrate that LAF-1 is important for promoting P 
granule assembly, and provide novel insights into the mechanism by which IDP-driven molecular interactions give rise to 
liquid phase organelles with tunable properties. 



839A. The zinc transporter HKE-4.1 controls sperm activation. Yanmei Zhao1,3, Chieh-Hsiang Tan2, Kerry Kornfeld2, 
Ronald Ellis3. 1) Lab of Noncoding RNA, Institute of Biophysics, Chinese Academy of Sciences, Beijing, China; 2) Dept of 
Dev Biol, Washington University School of Medicine, St. Louis, MO; 3) Dept Mol Biol, Rowan SOM & GSBS, Stratford, 
NJ. 
   After males make sperm, they store them in an inactive state. The activation process only occurs at mating, and involves 
extensive changes that confer mobility. In it, chemical signals in the ejaculate act through redundant pathways to trigger 
changes in the cytoskleton. Genetic studies using C. elegans revealed that the TRY-5 protease activates male sperm by acting 
through the membrane protein SNF-10. A second pathway functions in both sexes, and is mediated by SPE-8, SPE-12, SPE-
19, SPE-27 and SPE-29. What happens after these events at the plasma membrane remains a mystery. However, analyses of 
weak spe-6 alleles suggest that it encodes a critical downstream kinase.Because C. elegans sperm can be activated by zinc in 
vitro, we looked for genes that regulate zinc metabolism and are required for fertility. These criteria led us to HKE-4.1, one 
of two members of the ZIP7 family of zinc transporters. An hke-4.1 deletion produces sterile hermaphrodites that lay many 
oocytes, a phenotype associated with sperm defects. As expected, the mutant oocytes are normal and can be fertilized by 
wildtype sperm. However, most of the hermaphrodite sperm remain inactive and are soon lost. The hke-4.1 males also have 
reduced fertility and show sperm activation and mobility defects. Although normal spermatids can be activated in vitro by a 
variety of methods, mutations in hke-4.1 lower the response to pronase or trypsin, and almost completely eliminate the 
response to zinc. Furthermore, the mutations lower the amount of zinc present inside of sperm, as judged by staining with the 
dye zinpyr-1. These results suggest that HKE-4.1 regulates sperm activation by controlling zinc transport.Weak alleles of 
spe-6 cause male sperm to activate prematurely. Surprisingly, sperm fail to activate in spe-6(hc163); hke-4.1 double mutants, 
which suggests that HKE-4.1 is the most downstream player known in the activation process. RT-PCR analyses show that 
hke-4.1 is predominantly expressed in germ cells, and preliminary studies of HKE-4.1::FLAG produced by genome editing 
suggest that it is found in the cytoplasm of developing spermatocytes and concentrates near the nucleus of spermatids. Thus, 
we propose that HKE-4.1 regulates sperm activation by controlling the release of internal zinc stores. As a result, this gene 
provides an ideal model for studying the regulation of biological events by zinc. 

840B. SNF-10, a Solute Carrier 6 family protein, connects male-derived protease signals to the onset of sperm motility. 
Kristin Fenker, Gillian Stanfield. Department of Human Genetics, University of Utah, Salt Lake City, UT, USA. 
   For sexually reproducing animals, motile sperm are critical for fertilization. This motility is tightly regulated, and cells 
must be able to sense and respond to environmental cues to ensure they initiate movement at the proper time and place. In C. 
elegans, sperm gain motility during a process termed activation, which is initiated in response to specific environmental 
signals. We are interested in the signals that regulate male sperm activation, and have identified the trypsin-like serine 
protease TRY-5 and the Solute Carrier 6 (SLC6) family protein SNF-10 as key components of the male-derived sperm 
activation pathway. In previous work, we demonstrated TRY-5 is present in seminal fluid and positively regulates activation, 
while SNF-10 is present in the sperm themselves, and is required for sperm to activate in response to the signal conferred by 
TRY-5.SNF-10 provides the first known link between protease signaling and the onset of sperm motility, and we are 
currently investigating both the mechanism of SNF-10’s function and how the protein is regulated. SNF-10 localizes to the 
plasma membrane of spermatids and may also be present on membranous organelles (MOs), which are located at the cell 
periphery and fuse with the plasma membrane during activation. In spermatozoa, SNF-10 is restricted to the cell body plasma 
membrane and is absent from the pseudopod. We hypothesize that this localization, particularly the protein’s presence on the 
sperm plasma membrane, puts SNF-10 in an ideal position for transducing extracellular signals into sperm. One way SNF-10 
may do this is by importing specific cargo molecules into sperm, through a mechanism similar to other SLC6 proteins. We 
are currently testing if SNF-10 has such activity. Additionally, because SNF-10 localizes to the plasma membrane, we 
hypothesize it may be cleaved by TRY-5 as a means of positive regulation. Therefore, we are currently determining if 
cleavage of SNF-10 occurs when sperm activate, and if cleavage is necessary and/or sufficient for activation. Finally, 
preliminary data indicates that SNF-10 may promote activation through interactions with additional sperm proteins. We have 
found SNF-10 mislocalizes in mutant sperm with defects in either the formation or fusion of MOs, as well as in sperm with 
defects in the presenilin protease SPE-4, which localizes to the MOs. Experiments are in progress to further test the 
relationship of SNF-10 with these and other candidate MO proteins. 

841C. MEL-28 and dynein/dynactin components interact to affect fertility. Jesse Conklin1, Angela Quental1, Allison Lai1, 
Fabio Piano2, Anita Fernandez1,2. 1) Biology Department, Fairfield Univ, Fairfield, CT; 2) Biology Department and Center 
for Genomics and Systems Biology, NYU, New York, NY. 
   Even a well-studied gene might have important functions in development that are masked by contributions of other genes. 
MEL-28/ELYS plays key roles in post-mitotic rebuilding of the nuclear envelope and in chromosome segregation. In C. 
elegans mel-28 mutants show strict maternal-effect lethality, suggesting that MEL-28 is required in the embryo but is 
dispensable post-embryonically. To identify post-embryonic roles for MEL-28, we performed an RNAi-based genetic 
interaction screen, seeking genes that cause novel phenotypes in the mel-28 mutant background. We identified multiple 
interactors, including genes that encode components of dynein, a minus-end directed motor responsible for the movements of 



multiple intracellular cargoes, and dynactin, a complex that helps couple dynein to its cargo. To characterize the interactions, 
we generated double mutants between mel-28 and dhc-1 (which encodes the heavy chain of dynein) or dnc-1 (which encodes 
the p150 subunit of dynactin). dhc-1;mel-28 double mutants produce a drastically reduced brood size compared to each single 
mutant. In addition, dhc-1;mel-28 males are infertile, and hermaphrodites have a disorganized proximal gonad and ovulation 
defects. None of these defects are present in either of the single mutants, suggesting that mel-28 and dhc-1 redundantly 
contribute to germ-line function. The dnc-1 single mutant has a decreased brood size compared to the wild type and lays 
many unfertilized oocytes, suggesting defects with fertilization. Disruption of mel-28 rescues the brood size and fertilization 
defects of dnc-1 animals. This suggests that the dynactin complex and MEL-28 act antagonistically in C. elegans fertilization. 
In conclusion, we have shown that MEL-28 activities intersect with dynein and dynactin in the gonad, and in so doing we 
have revealed a novel role for MEL-28 in C. elegans fertility. 

842A. Germline defects in mitochondrial cholesterol transporter C. elegans mutants following bisphenol A or low cholesterol 
exposures. D.W. Ferreira, P. Allard. Environmental Health Sciences, UCLA, Los Angeles, CA. 
   Bisphenol A (BPA) treatment results in abnormal oocyte development in mammalian species as well as in the nematode C. 
elegans. In C. elegans, these defects are prevented by exposing the worms to cholesterol. We have therefore begun to 
investigate whether there is an interaction between BPA and normal cholesterol homeostasis in the germline. Previously, we 
have shown that mammalian homologs to cholesterol transporters (Steroid Acute Regulator Protein; StAR, 18kDa 
translocator protein; TSPO, and StAR related lipid transfer protein 3; StarD3) mimic germline phenotypes found in BPA-
treated worms. Here we show that developing germ cells of these mutants have increases in germ cell nuclei apoptosis and 
reduced fertility when exposed to no or low cholesterol conditions. Protruding vulva, as well as missing or underdeveloped 
gonads, are also frequently seen in strl-1 (homologous to StAR) worms. To investigate a possible interaction between BPA 
and mitochondrial cholesterol transport, wild type and strl-1 worms were treated with BPA. Diakinetic analysis of the -1, -2 
and -3 oocytes from control-treated worms reveals an increased incidence of abnormal chromatin arrangement in strl-1 
mutant worms compared to wild type (29, 49 and 78 versus 0, 5 and 25 percent). Interestingly, the occurrence among wild 
type and strl-1 worms is similar following BPA treatment (6, 34 and 71 percent in wild type versus 7, 30 and 73 in strl-1). 
Additionally, BPA treatment reduced the incidence of protruding vulva (4 vs 24% in controls) and other severe gonad defects 
(6 vs 31% in controls) in strl-1 mutants. Together, the data suggest that BPA can at least partially rescue the sensitive 
germline phenotype in strl-1 worms. . 

843B. Investigating mechanisms that promote and limit meiotic CO formation. Chloe Girard, Baptiste Roelens, Karl 
Zawadzki, Anne Villeneuve. Departments of Developmental Biology and Genetics, Stanford University, Stanford, CA. 
   Meiotic crossovers (CO) are critical for the formation of chiasmata, which in turn ensure the balanced segregation of 
homologous chromosomes at meiosis I. COs are produced by homologous recombination (HR), which is triggered at meiosis 
by the formation of numerous programmed DNA double-strand breaks (DSBs). Most species make very few COs per 
chromosome pair (in the range of 1 to 3) despite a substantial excess of DSBs.  C. elegans stands at one end of this spectrum, 
usually forming just one CO per chromosome pair.  Thus, HR is tightly regulated during C. elegans meiosis to ensure that 
one, and only one, CO is formed during prophase I and that genomic integrity is restored prior to cell division.  We are using 
direct genetic screening approaches to elucidate and decipher the mechanisms underlying meiotic CO formation and its 
regulation.First, we will report on our analysis of a mutant isolated in a screen for altered numbers of GFP::COSA-1 foci, 
which mark the sites of COs in late meiotic prophase.  Whereas late pachytene nuclei in wild-type worms have six bright 
GFP::COSA-1 foci, corresponding to the single CO site on each homolog pair, late pachytene nuclei in the me102 mutant 
display a single GFP::COSA-1 aggregate, indicative of impaired CO formation.  Further, RAD-51 foci corresponding to 
DSB-dependent HR intermediates are lost in the me102 mutant, and diakinesis nuclei exhibit frayed, aggregated and/or 
fragmented chromosomes.  Together, these phenotypes are reminiscent of defects observed in com-1(t1626) and mre-
11(iow1) mutants. COM-1 and MRE-11 are part of the conserved MRN/X complex (MRE11, RAD50, and NBS1 in 
mammals or XRS2 in yeast) and have been implicated in resection of DNA upon DSB formation to promote HR–mediated 
repair during meiosis. We are currently testing the hypothesis that the me102 mutation disrupts the previously unidentified C. 
elegans ortholog of NBS1/XRS2.Secondly, we are investigating mechanisms that limit CO formation by screening for 
suppressors of a temperature-sensitive him-14 mutation affecting the conserved MSH-4/MSH-5 complex, which collaborates 
with COSA-1 to promote meiotic COs.   The premise of this screen is that suppressor mutations that improve meiotic 
chromosome segregation in the him-14(ts) mutant may identify factors that normally function in antagonizing CO formation. 

844C. Role of proteoglycans in germline development . SANDEEP GOPAL, ROGER POCOCK. Department of Anatomy 
& Developmental biology, Monash University, Melbourne, VIC. 
   Proteoglycans (PGs) are composed of a core protein and multiple glycosaminoglycan chains. At least 14 PGs were 
identified in mammals whereas C. elegans carry four. The PGs present in C. elegans include, a syndecan (sdn-1), a perlecan 
(unc-52) and two glypicans (lon-2, gpn-1). Besides being the signalling molecules themselves, PGs are involved in the 
activation of other signalling molecules such as Wnts (Munoz et al., 2006) or Notch (Pisconti et al. 2010). In C. elegans, PG 



deletion mutants are associated with different developmental defects. For instance, loss of sdn-1 causes defective neuronal 
development (Rhiner et al., 2005). In addition, loss of sdn-1, unc-52 or lon-2 leads to a reduced brood size (Rhiner et al., 
2005; Ceron et al., 2007), which could suggest defective germline development. PGs have been found in stem cells (SC), 
where they interact with various mitogens and morphogens that could play roles in SC niche creation and signal transduction 
(Gasimli et al., 2012). In C. elegans, the germline acts as the only source for SCs where they generate oocytes and sperm. We 
hypothesise that PGs play a role in germline proliferation and differentiation, based on the reduced brood size in PG 
knockout strains. In C. elegans, the SCs originate from a single distal tip cell that signals to the germline to control a network 
of RNA regulators. The FBF-1 and FBF-2 RNA-binding proteins promote mitosis in germ cells located close to the distal tip 
cell, while the GLD-1, GLD-2, GLD-3 and NOS-3 RNA regulators promote entry into meiosis as germ cells leave the SC 
niche. These RNA regulators are promoted via the Notch signalling pathway (Austin and Kimble, 1987; Doyle et al., 2000; 
Lambie and Kimble, 1991; Petcherski and Kimble, 2000). Previous studies in mouse SCs implicated syndecan-3 along with 
Notch in cell differentiation (Pisconti et al. 2010), though the underlying mechanism needs further investigation. In addition, 
extracellular mechanical tension generated at the SC niche plays a major role in signalling the SC differentiation. It is well 
known that distal tip cell in C. elegans provide SC niche. Studies also suggest that PGs indirectly contribute to cellular 
response resulting from extracellular forces. Furthermore, we have identified a role for PGs in transient calcium changes in C. 
elegans (unpublished). Transient calcium is an important factor in SC development where calcium fluxes push the cell cycle 
forward. Our study currently focuses on the role of PGs in SC development and differentiation through various factors 
including notch signalling, calcium metabolism and extracellular mechanical forces. . 

845A. Role of the Anillin ANI-2 in the nucleation of the C. elegans germline syncytium. Eugénie Goupil, Jean-Claude 
Labbé. Institute for Immunology and Cancer (IRIC), Université de Montréal, Montréal, QC, Canada. 
   Cytokinesis is the last step required to separate the daughter cells after mitosis. In the germline of most animals, cytokinesis 
often fails, leading to the formation of a stable intercellular bridge and, eventually, a syncytium. Whereas the C. elegans adult 
germline is syncytial, the regulators implicated in its nucleation remain unknown. ANI-2, a non-canonical form of the 
scaffold protein ANI-1/Anillin, is specifically expressed at the cortex of the last germline blastomere, P4, during C. elegans 
embryogenesis. During the division of P4 into the two primordial germ cells (PGCs), Z2 and Z3, ANI-2 is redistributed and 
accumulates at the midbody between the daughter cells and is enriched throughout the subsequent stages of larval 
development. The presence of ANI-2 in the C. elegans germline is essential, its depletion leading to a loss of stable 
intercellular bridges, a severe gonad disorganization and sterility, suggesting an important role for ANI-2 in the nucleation of 
the syncytial germline. To address this, we first used immunofluorescence to determine which genes are implicated in ANI-2 
cortical loading to P4, using conditions that perturb contractility/cytokinesis regulators (RNAi or conditional mutants). Our 
results show that the guanine exchange factor ECT-2, the GTPase activating protein CYK-4/MgcRacGAP and the GTPase 
RHO-1/RhoA are required for ANI-2 loading to the P4 cortex, whereas other contractility regulators, such as NMY-2/non-
muscle myosin II and the actin filament nucleator CYK-1 are not. Further, we found that, unlike many components of the 
cytokinetic machinery undergoing shedding during cellular abscission, the presence of ANI-2 at the PGC midbody is stable 
during gastrulation and extends in size during embryonic elongation. We found that ECT-2, CYK-4 and RHO-1 are 
important for the proper accumulation and localization of the ANI-2 focus during gastrulation. Moreover, we found that other 
midbody markers, such as NMY-2, also remain at the midbody of the PGCs and undergo changes in shape similar to ANI-2 
during embryogenesis, and that ANI-2 is important for NMY-2 persistence at the PGCs’ midbody. Our results suggest that 
different sets of genes regulate ANI-2’s loading to the cortex of P4 and its subsequent redistribution to the midbody of the 
PGCs. Furthermore, ANI-2 reorganization during elongation could be an important step to stabilize contractility regulators at 
the intercellular bridge and control to syncytium formation. 

846B. MRG-1 and RFP-1 regulate proliferation in the germline. P. GUPTA, L. LEAHUL, C. WANG, X. WANG, D. 
HANSEN. Biological Sciences, University of Calgary, Calgary, AB - Canada. 
   The germ line in C. elegans is organized in an assembly line fashion, with each region containing cells at a specific point in 
development. As cells move proximally, they progress further through the developmental stages of gametogenesis. 
Presumably, different factors are expressed in each region to execute each developmental stage. As cells move proximally, 
some factors must be turned on, while others are turned off. We previously demonstrated that proteasomal degradation of 
proteins is key for cells to properly exit the proliferative fate and enter into meiotic prophase. Reduced proteasomal function 
enhances over-proliferation in a sensitized genetic background (Macdonald et al. 2008). We hypothesized that the proteasome 
is involved in degrading proteins that either promote the proliferative fate, or inhibit meiotic entry. We refer to these as 
proliferation promoting proteins (PPPs). To understand how proteasomal degradation contributes to maintaining the balance 
between proliferation and differentiation, we sought to identify these PPPs. To do this, we first focused on identifying the 
substrate recognition subunits (SRSs) of the E3 ubiquitin ligases to find those that may target the PPPs for degradation. Since 
the SRSs directly bind their target proteins, we reasoned that if we genetically identify the SRSs involved, we could then 
biochemically identify the PPPs as interacting proteins. We screened 826 SRSs by RNAi in four sensitized genetic 
backgrounds and found five proteins that enhance over-proliferation when their activities are reduced. One of these, RFP-1 



(putative E3 ligase), enhances glp-1(ar202gf) to form a germline tumor, albeit incomplete. To identify the target proteins of 
RFP-1, and potential PPPs, we screened the interacting proteins of RFP-1 and looked for suppression of the germline tumor 
when their activity was reduced. Through this, we identified the chromo-domain containing protein MRG-1. mrg-1(0) 
partially suppresses over-proliferation in glp-1(ar202gf); rfp-1(ok572) animals, suggesting that it may function as a PPP. We 
found that MRG-1 levels increase in an rfp-1 mutant, as well as when proteasomal function is decreased through genetic 
mutation or chemical inhibition, suggesting that its activity is regulated, at least in part, through its levels of accumulation 
that is likely controlled through proteasomal-mediated degradation (Gupta et al. 2015). Analysis in tissue culture cells further 
supports that RFP-1 directly targets MRG-1 for degradation by the proteasome. Therefore, we have identified MRG-1 as a 
key player in regulating the proliferation vs. differentiation decision and determined that its activity is controlled, at least in 
part, through proteasomal degradation. 

847C. Regulation of RNP granule remodeling in the germ line. Dustin Haskell, Megan Karrick, Megan Wood, Jennifer 
Schisa. Biology, Central Michigan University, Mount Pleasant, MI. 
   In many animal species, oocytes arrest in meiosis until they are fertilized.  As oocytes age changes occur in their cytoplasm, 
and fertility diminishes. Our goal is to better understand the regulation and function of ribonucleoprotein (RNP) granules in 
the oocytes of Caenorhabditis nematodes that are arrested in meiosis. The assembly of large RNP granules is hypothesized to 
maintain oocyte quality when fertilization is delayed by regulating mRNA metabolism (Jud et al., 2008).  We have taken two 
approaches to identify regulators of RNP granules, a targeted RNAi screen and a candidate approach. In our functional RNAi 
screen we identified 143 candidate regulators of RNP granule assembly. We are currently performing a secondary screen to 
identify regulators that control RNP granules without altering meiotic arrest. Interestingly, when we knock-down several 
regulators to inhibit RNP granule assembly in arrested oocytes, oocyte quality appears to decline.The first part of our 
candidate approach is based on experiments in Drosophila and other systems that indicate a role for microtubule motor 
proteins in regulating RNP granule dynamics in the germ line. In C. elegans, meiotically-arrested oocytes undergo a dramatic 
reorganization of their microtubules at the same time RNP granules assemble (Harris et al., 2006).  We targeted sixteen 
kinesin and dynein motor protein components to characterize the role of microtubule motor proteins in the assembly and 
dissociation of RNP granules.  Our preliminary results indicate several motor proteins promote the assembly of RNP 
granules. We are also exploring the role of the actin cytoskeleton in regulating RNP granules by targeting six genes related to 
wsp-1, a homolog of the human WASP complex that was identified in the RNAi screen.  The second avenue of our candidate 
approach targets the MEG proteins that were recently identified as regulators of P granule assembly in embryos (Wang et al., 
2014). Our preliminary data suggest the MEG proteins also regulate the assembly of the large RNP granules in oocytes. We 
are currently investigating the role of phosphorylation in regulating RNP granule dynamics. 

848A. LST-1 and SYGL-1, key regulators of germline stem cell fate . Kimberly A. Haupt1,3, Heaji Shin1,3, Aaron M. 
Kershner2, Judith Kimble1,2. 1) Dept of Biochemistry, Univ of Wisconsin-Madison, Madison, WI; 2) HHMI, Madison, WI; 3) 
co-first authors. 
   Stem cells rely on signaling from their niche, but the genes directly downstream of niche signaling that drive stemness are 
for the most part unknown. It is well established that GLP-1/Notch signaling from the distal tip cell niche maintains germline 
stem cells (GSCs), and that an RNA regulatory network acts downstream of GLP-1 signaling to control the germline decision 
between stemness and differentiation (Kimble & Crittenden 2007). Recently, two genes, lst-1 and sygl-1, were found to be 
direct targets of GLP-1 signaling critical for GSC maintenance (Kershner et al. 2014). Here we describe recent findings about 
the LST-1 and SYGL-1 proteins and their control of GSCs.The LST-1 and SYGL-1 amino acid sequences give few clues 
about their molecular function. LST-1 possesses a zinc finger, but its deletion does not affect LST-1 function; SYGL-1 has 
no recognizable motif. To learn more about these proteins, we generated rescuing epitope-tagged single copy transgenes. 
Both proteins are restricted to a cluster of distal germ cells within the niche, corresponding roughly to the GSC pool. 
Moreover, both reside in cytoplasmic granules. LST-1 granules are predominantly perinuclear, whereas SYGL-1 resides 
more broadly in the cytoplasm. By confocal microscopy, the two proteins do not colocalize. Taken together with experiments 
showing that lst-1 and sygl-1 have unique genetic interactions, this lack of colocalization leads us to hypothesize that LST-1 
and SYGL-1 may have independent roles in GSC regulation.The lst-1 and sygl-1 genes fully account for the effect of GLP-
1/Notch on GSC maintenance: single mutants are essentially wild-type, but lst-1 sygl-1 double mutants are phenotypically 
indistinguishable from glp-1 null mutants (Kershner et al. 2014). To ask if LST-1 and SYGL-1 are not only necessary but 
also sufficient for GSCs, we made single-copy transgenes of each expressed ubiquitously throughout the germline. We find 
that unregulated LST-1 and unregulated SYGL-1 each drives germline tumor formation and prevents differentiation. We are 
now using these gain-of-function tumor transgenes to place LST-1 and SYGL-1 in the regulatory network of GSC control. 
Preliminary results suggest that they may provide a molecular link between GLP-1 and the downstream RNA regulatory 
network. We conclude that LST-1 and SYGL-1 are cytoplasmic proteins that act as key regulators of stemness and the GSC 
fate. Insight into these proteins and their place in the network will lead to more complete understanding of the molecular 
mechanism and control of GSC maintenance. 



849B. A computational model of cell mechanics and decision-making in the C. elegans germ line. K. Atwell1,2, Z. Qin3, H. 
Kugler2, D.J. Gavaghan1, E.J.A. Hubbard3, J.M. Osborne1,2. 1) Computational Biology Group, Department of Computer 
Science, University of Oxford, Oxford, UK; 2) Biological Computation Group, Microsoft Research Cambridge, Cambridge, 
UK; 3) Skirball Inst, New York Univ Sch Medicine, New York, NY. 
   Understanding germline development as a whole can be challenging. The combination of cell-cell signalling, systemic 
effects, gonad growth, cell mechanics and movement all complicate the link between individual cell behaviour and whole 
organ properties. Computer models provide one approach to address this challenge. They can also provide testable 
predictions and can aid in interpreting data.We have produced a dynamic, 3D model of the C. elegans germ line that builds 
on previous work (Setty et al. 2012) by incorporating both the mechanical forces between cells and a model of the decision-
making molecular processes at work inside cells. The mechanics component of the model was built using the software Chaste 
(Cancer Heart and Soft Tissue Environment; Mirams et al. 2013) and represents cells as deformable spheres that exert force 
on each other when they overlap. The behaviour of individual germ cells is determined by a Statechart (Harel 1987), a 
formalism for representing complex systems that is widely used in engineering and computer science. By applying a growing 
gonad boundary condition that forms along the path of the DTC we were able to simulate both larval development and adult 
homeostasis in a single program run.Our simulations produce a reasonable agreement with experiment across a range of 
measured germ line properties, including ovulation rate, sperm count and total cell count. To achieve this fit, we found that 
two new biological properties had to be incorporated into the model. First, we include a period of “stretching” growth during 
late L4, in which the turn region of the gonad moves centrifugally. We measured this growth in larval stage worms and 
speculate that it may result from germ cell pressure inside the gonad. Second, we included  contact inhibition among 
proliferative germ cells. This robustly stabilized proliferative cell numbers at a reasonable level compared to attempts to 
balance a fixed cell proliferation rate and a fixed death rate. Finally, we also demonstrate in silico cell tracking and lineage 
labelling between L3 and adulthood. 

850C. Role of Glycogen Synthase Kinase 3 beta in C. elegans germline development. Hyoe-Jin Joo1,2, Shin-Yu Chen1, 
Tokiko Furuta1, Jessica Jie Chen1,3, Kenneth Trimmer1,3, Swathi Arur1,2,3. 1) Department of Genetics,; 2) Center for genetics 
and genomics,; 3) Graduate School of Biomedical Science, UT MD anderson cancer center, Houston, TX, 77030. 
   Gametogenesis involves complex developmental programs executed by the integrated activities of multiple signaling 
networks and molecular pathways. The precise orchestration of all individual events during gametogenesis is essential for 
normal development. The RAS/ERK signaling pathway is a critical pathway regulating oogenesis in C. elegans. Glycogen 
synthase kinase 3β (GSK-3β), a serine/threonine kinase, was identified as a substrate of MPK-1 that regulates oocyte growth. 
While probing the function of gsk-3 and its impact on oocyte growth, we noticed a striking phenotype in the distal mitotic 
region of the gsk-3(0) germlines. To understand the nature of the phenotype in the mitotic cells of gsk-3(0) mutants, we 
characterized the germlines obtained from gsk-3(0) mutant adults. We found that loss of gsk-3 results in 60% reduction of 
proliferative cells, suggesting that GSK-3 promotes cell proliferation. Mitotic cells in a WT germline display cell cycle with 
both a short G1 and M phase to allow for rapid expansion of the tissue and production of gametes. Interestingly, loss of gsk-3 
function, while does not alter the M phase index, results in very delayed S phase. This suggests that loss of gsk-3 alters the 
cell cycle structure. To test whether the G1-S transition is affected in gsk-3(0) mutants, we depleted Cye-1/Cdk2 and DNA 
licensing factors.  Neither the loss of cye-1, cdk-2 or DNA licensing factors had an impact on mitotic cells in gsk-3(0) 
mutants, unlike mitotic cells in WT that underwent cell cycle arrest. This suggests that the proliferative cells in gsk-3(0) 
mutants skip G1, and enter an abnormal G2/M phase of the cell cycle. To determine whether mitotic cells under metabolic / 
nutrient stress display a similar phenotype, we assayed WT and gsk-3(0) germlines obtained from either fed/starved animals 
for M phase and number of proliferative cells. We find that starvation for 4-12 hours abrogates M phase in WT and gsk-3(0) 
germlines equally, but does not deplete the number of mitotic cells in the gsk-3(0) mutant as it does in WT. Together, our 
results suggest that the metabolic regulator GSK-3 regulates the adult germline mitotic cell homeostasis, such that in normal 
conditions, the cells are rapidly cycling with short G1 to continuously generate gametes, and do not display any adult ‘stem’ 
cell behavior (such as slow cycling / quiescent cells). However in metabolically depressed conditions / under stress, or loss of 
gsk-3, the cells enter dormancy/quiescence and maintain tissue output to basal levels, thus fine tuning the tissue output to 
metabolic conditions. 

851A. The putative helicase ddx-15 plays a role in ribosome biogenesis and germline development. Jonathan Karpel. Dept 
Biol, Southern Utah Univ, Cedar City, UT. 
   ddx-15 is a putative helicase of the “DEAH box” family that is a homologue of the yeast spliceosomal protein, Prp43p. In 
yeast, Prp43p is required for the release of the lariat intron from the spliceosome and also plays a significant role in ribosome 
biogenesis. Although Prp43p and ddx-15 are homologous in amino acid sequence, there seem to be key differences in 
function between the two proteins. For example, loss of Prp43p in yeast is lethal, while homozygous ddx-15 knockouts are 
viable but display a sterile phenotype. DAPI staining of these homozygous mutants reveals that their germline contain only 
undifferentiated cells and produce no sperm. We have subsequently identified a defect in ribosomal biogenesis, and a 
concomitant effect on nucleolar structure, in these undifferentiated germ cells. This evidence supports a functional 



relationship between ddx-15 and the yeast Prp43p, since both now seem to play important roles in ribosome biogenesis, 
separate from an assumed role in splicing. 

852B. Monitoring S-phase in aging wild type and mutant C. elegans germlines using EdU labeling and a GFP:PCNA 
transgene. Zuzana Kocsisova1,2, Ariz Mohammad2, Tim Schedl2, Kerry Kornfeld1. 1) Department of Developmental 
Biology; 2) Department of Genetics, Washington University in St. Louis, St. Louis, MO. 
               The success of an organism is rooted in its ability to generate offspring that will survive and reproduce, but this 
capacity declines with age. Prominently, in C. elegans hermaphrodites, about one-third of adult lifespan is post-reproductive, 
even when sufficient sperm are provided by male mating (Hughes et al. 2007). Several mutants have been identified that 
display an extended mated reproductive span, including eat-2(ad1116), daf-2(e1370), am117, am293, and am294. While we 
have described quantitatively the progeny output of these mutants, the mechanism of reproductive span extension is 
unclear.  We hypothesize that these mutants have delayed aging of the germline.            The development and function of 
larval and young adult germline have been studied extensively, and it is known that Notch signaling maintains a pool of 
proliferating mitotic germline stem cells into adulthood. It is not established whether the proliferation of germline stem cells 
declines with age or whether mutations that extend the reproductive span influence such a decline. The proliferative zone can 
be assayed by DAPI or by REC-8 HIM-3 staining. However, these methods do not distinguish proliferating and quiescent 
cells. Pulse labeling with EdU has been used to monitor S-phase in the proliferative zone of young animals (Fox et al. 2011), 
but this technique requires ingestion of EdU-labeled bacteria. A pie-1p::GFP:PCNA transgene has been used to monitor S-
phase in embryos (Brauchle, Baumer, and Gönczy 2003; Kisielewska, Lu, and Whitaker 2005). Here we evaluate whether 
this transgene can also be used as an alternative to EdU to monitor S-phase in the germline, and whether the two methods 
mark a highly overlapping pool of nuclei. 

853C. spe-43 is a member of the spe-8 class of genes and is required for spermiogenesis in C. elegans. Amber 
Krauchunas1, Ernesto Mendez1, Jean Parry2, Andrew Singson1. 1) Waksman Institute of Microbiology, Rutgers, The State 
University of New Jersey, Piscataway, NJ; 2) Georgian Court University, Lakewood, NJ. 
   Successful fertilization requires that sperm are activated prior to contacting an oocyte. In C. elegans, this activation process, 
called spermiogenesis, transforms round immobile spermatids into motile, fertilization-competent spermatozoa. 
Spermiogenesis in males is dependent on the TRY-5 protease pathway, whereas in hermaphrodites it is controlled by the 
SPE-8 pathway. Here we describe the phenotypic and genetic characterization of spe-43, a new component of the SPE-8 
pathway; spe-43 hermaphrodites are self-sterile, while spe-43 males show wild-type fertility. Consistent with other members 
of the spe-8 class, spe-43 hermaphrodite sperm can be trans-activated by male seminal fluid. However, when exposed to 
Pronase to activate the sperm in vitro, spe-43 spermatids form long rigid spikes radiating outward from the cell periphery 
instead of forming a motile pseudopod. We also find that spe-43 male sperm are smaller and move more slowly than sperm 
from N2 males. Yet these sperm are not only capable of successful fertilization, they are also able to outcompete 
hermaphrodite sperm from fertile animals, suggesting that size and speed are not the only factors that provide male sperm 
with their competitive advantage over hermaphrodite sperm. Using a combination of recombinant and deletion mapping and 
whole genome sequencing we identified a C>T mutation in F09E8.1 as the molecular lesion in spe-43(eb63). Transgenic 
rescue experiments confirm that F09E8.1 is the spe-43 gene. SPE-43 is predicted to exist in two isoforms; one isoform 
appears to be a transmembrane protein with a large extracellular domain while the other is predicted to be a secreted protein. 

854A. Investigating the function of HOP-1 presenilin in germ line development. Donna Leet, Brian Brady, Valerie Hale, 
Caroline Goutte. Biology Department, Amherst College, Amherst, MA. 
   HOP-1 is a presenilin protein that shares 35.4% a.a. identity with the SEL-12 presenilin.  The deletion allele hop-1(ar179) 
does not cause any overt phenotype other than a decrease in brood size. However, in a reduced SEL-12 background, the hop-
1(ar179) allele causes classic loss-of-function Notch signaling phenotypes: sterility and maternal-effect lethality. The sterility 
observed in hop-1; sel-12 double mutants resembles the null phenotype of glp-1 (Notch receptor), in which germ cells fail to 
proliferate and enter meiosis prematurely.  Thus, for the purposes of stimulating mitotic proliferation in the developing 
gonad, hop-1 and sel-12 are considered redundant.  We have analyzed germ line development in hop-1(ar179) 
hermaphrodites, and demonstrate two different roles for HOP-1: one during larval development when it is co-expressed with 
SEL-12, and one during adulthood when SEL-12 is no longer present.  We analyze several aspects of gonad development in 
order to monitor the effect of each HOP-1 function.  The most dramatic phenotype we observe in hop-1(ar179) mutants is the 
rapid decline in germ line proliferation during adulthood, demonstrating that adult germ line proliferation is dependent on 
HOP-1. Other aspects of gametogenesis such as the onset of meiosis, spermatogenesis, and oogenesis are comparable to wild 
type, as is the amount of sperm produced by hop-1(ar179) animals.  We also compare the rate of embryo production and the 
reproductive span of hop-1(ar179) hermaphrodites to those of wild type animals.  Our analysis suggests that under normal 
conditions HOP-1 functions in the larva to regulate Notch activation levels, and functions in the aging adult to maintain germ 
cell proliferation.  These results provide an explanation for the low brood size of hop-1(ar179) hermaphrodites and provide 
insight into the interplay of the two presenilins of C. elegans. . 



855B. PUP-1 and PUP-2: two redundant poly(U) polymerases regulating C. elegans germline development. Yini Li, Matt 
Snyder, Eleanor Maine. Biology, Syracuse University, Syracuse, NY. 
   Poly(U) polymerases can catalyze 3’ uridylation of RNAs, a modification that is implicated in regulating RNA stability and 
editing in multiple organisms. The targets of poly(U) polymerases are diverse, and include mRNAs, siRNAs, and 
unmethylated miRNAs. Here, we report phenotypic findings of a double knock-out of two poly(U) polymerases, pup-1 and 
pup-2. We used the CRISPR-Cas9 system to delete the pup-1 pup-2 gene region. The pup-1(0) pup-2(0) double mutant 
exhibits several temperature-sensitive defects, including an incompletely penetrant maternal effect sterility. Maternal effect 
sterility was not observed in the pup single mutants. In addition, we also observed a mortal germline phenotype in the pup-
1(0) pup-2(0) double mutant, and the germline mortality appeared to occur more quickly at high temperature. Phenotypic 
analysis shows that a great majority of sterile adults contain no germ cells, and a minority of sterile adults have germ cells but 
do not produce functional gametes. Our preliminary results indicate that the most severe phenotype may be associated with 
germ cell death during larval development. Taken together, our findings suggest that pup-1 and pup-2 function redundantly in 
regulating germline development. We are currently investigating the impact of pup-1 and pup-2 on chromatin during meiosis, 
and working to identify their potential protein/RNA interactors. 

856C. Analysis of a new genetic enhancer of glp-1. Jim Lissemore1, Francisco Gomez-Chaves1, Joshua Krach1, Chelsea 
Pallo1, Jill Spoerke2, Eleanor Maine2. 1) John Carroll Univ, University Heights, OH; 2) Syracuse University, Syracuse, NY. 
   glp-1 encodes a transmembrane receptor required for germline stem cell maintenance. Using a genetic approach to identify 
other proteins involved in germline stem cell maintenance, we previously recovered EMS- and UV-induced mutations that 
enhance the mild germline proliferation defect of a weak, temperature-sensitive glp-1 allele, glp-1(bn18) (Qiao, et al. 
1995).  Many ego (enhancer of glp-one) genes have been characterized molecularly and shown to encode a variety of factors 
important for germline development.  Mutations recovered in the ego screen include alleles of the GLP-1 signaling pathway 
component, lag-1, a Bro-domain protein implicated in endosomal trafficking (ego-2), and components of the small RNA 
network (ego-1, ekl-1, drh-3) (Qiao, et al. 1995; Smardon, et al. 2000; Liu and Maine 2007; She, et al. 2009).  Moreover, 
mutations in a number of other germline regulators enhance glp-1, including the translational regulator atx-2 and the cell 
cycle regulators cye-1 and cdk-2 (Maine, et al. 2004; Fox, et al. 2012). We are now undertaking a molecular analysis of 
additional ego mutations recovered in our UV/TMP screen for recessive enhancers of the glp-1(bn18) germline proliferation 
defect.  We are focusing on one ego mutation, om92, that in a glp-1(+) background has substantially reduced germline 
proliferation and that is sterile.  We will present preliminary phenotypic characterization and genetic mapping results for 
om92, a new enhancer of glp-1.  . 

857A. A genetic screen for mutants with defects in the regulation of gonad membrane dynamics during adult oogenesis. Josh 
Lowry, Bruce Bowerman. Institute of Molecular Biology, University of Oregon, Eugene, OR. 
   C. elegans hermaphrodites produce oocytes in an assembly line fashion with syncytial nuclei located at the periphery of the 
distal arm sharing a common cytoplasm called the rachis. As oocyte nuclei move proximally and approach the bend of the 
gonad they begin to cellularize and then enlarge as they move through the proximal arm toward the spermathecum and 
uterus. This process results in the production of oocytes equivalent in volume to the entire gonad every six hours1. Thus 
oogenesis must involve a dynamic regulation of the complex membrane architecture of the gonad as oocyte nuclei move 
proximally and undergo cellularization. To identify genes that mediate this regulation of membrane dynamics, we have 
screened for temperature-sensitive mutants that share two phenotypes: osmotically sensitive eggshell-defective (Osm) after 
up-shifts of L4 larvae to the restrictive temperature, and adult sterility (Ste) after up-shifts of L1 larvae. Because eggshell 
formation and gonad development both require membrane trafficking, we hypothesized that Osm/Ste mutants might be 
defective in membrane-trafficking functions important for the dynamic regulation of the adult gonad membrane architecture 
during oogenesis. From a collection of 102 Osm mutants, we identified a subset of 25 that are recessive and also are highly 
penetrant Ste mutants. To determine if these Osm/Ste mutants have defects in adult oogenesis, we applied a high-throughput 
positional cloning approach that uses Illumina-based whole-genome sequencing and SNP mapping2,3. After identifying 
candidate mutations, we then used genetic complementation tests with available deletion alleles to determine gene identity 
for 10 Osm/Ste mutants. With one exception, all of the genes we identified are highly conserved and a subset—vps-15 (yeast 
vacuolar protein sorting), drp-1 (dynamin-related protein), ippk-1 (homolog of vertebrate inositol polyphosphate kinase 1)—
have orthologs in other organisms that are known to be involved in membrane trafficking or membrane metabolism. We also 
identified an allele of sqv-8, which is required for the glycosylation of extracellular matrix proteins, and alleles of genes that 
are likely to be required for more general processes of gene expression and thus are unlikely to be specifically required for 
membrane regulation: abtm-1 (ABC-family iron transport protein, mitochondrial), crn-3 (cell death-related nuclease), and 
rpl-7 (large ribosomal subunit protein). To explore the requirements for vps-15, drp-1, and ippk-1, we have examined gonad 
membrane architecture after up-shifting mutants to the restrictive temperature at the L1, L4 and early adult stages, using 
confocal microscopy and a fluorescent marker labeling the plasma membrane. 



858B. Visualization of regulated transcription using single-molecule FISH. Tina R. Lynch1, ChangHwan Lee2, Judith 
Kimble1,2. 1) Department of Biochemistry, University of Wisconsin-Madison, Madison, WI; 2) Howard Hughes Medical 
Institute, University of Wisconsin-Madison, Madison, WI. 
   Transcriptional regulation controls many aspects of germ cell development, including maintenance of stem cells and sex 
determination. Our lab is particularly interested in Notch signaling and its transcriptional regulation of downstream genes 
required for germline stem cell (GSC) maintenance. We recently identified two genes, lst-1 and sygl-1, that respond directly 
to Notch signaling and are essential for GSC maintenance, albeit redundantly (Kershner et al., 2014). Transcriptional 
reporters are widely used to visualize the readout of signaling. However, here we use single-molecule RNA Fluorescent In 
Situ Hybridization (smFISH) as a more direct readout of transcriptional regulation and compare endogenous transcription to 
more common transcriptional reporters. Specifically, we visualized transcripts from the endogenous sygl-1 gene and also 
from transcriptional reporter transgenes, Psygl-1::SYGL-1::GFP and Psygl-1::H2B::GFP. The sygl-1 transcripts were detected 
using both sygl-1 intron- and exon-specific probe sets whereas the reporter transcripts were seen using a gfp exon-specific 
probe set. Each probe set consisted of more than 30 20nt-long probes designed against the sequence of interest, and all probes 
within a probe set were labeled with the same fluorophore. Using these probes we saw many relatively dim cytoplasmic spots 
and a few bright nuclear spots in the distal germline. The cytoplasmic spots disappeared from N2 and Psygl-1::SYGL-1::GFP 
worms after treatment with sygl-1 siRNA, as expected for mature mRNAs. By contrast, the bright nuclear foci disappeared 
after α-amanitin treatment, as expected for primary transcripts. Importantly, the nuclear foci disappear in a glp-1(ts) mutant 
soon after shifting to restrictive temperature. We are currently quantifying both primary and cytoplasmic transcripts as a 
function of distance from the distal end for both endogenous and reporter transcripts. We propose that the smFISH method to 
visualize both primary and cytoplasmic Notch-regulated transcripts will provide new insights into the dynamics of the Notch 
signaling response and provide a glimpse of how transgenes are expressed compared to endogenous genes.Kershner, A.M., 
Shin, H., Hansen, T.J., and Kimble, J. (2014). Discovery of two GLP-1/Notch target genes that account for the role of GLP-
1/Notch signaling in stem cell maintenance. Proc. Natl. Acad. Sci. U. S. A. 111, 3739-3744. 

859C. PUF-8 promotes niche-germline stem cell signalling via the ER protein FARL-11. Richa Maheshwari1, Pushpa 
Kumari1, Kuppuswamy Subramaniam1,2. 1) Department of Biological Sciences and Bioengineering, IIT Kanpur, Kanpur, 
Uttar Pradesh; 2) Department of Biotechnology, IIT Madras, Chennai, Tamilnadu. 
   Continuous gametogenesis requires the maintenance of a balance between the number of proliferating and differentiating 
germ cells. PUF family RNA regulators are key regulators of this process in multiple species. In a genetic screen, we found 
that the C. elegans protein PUF-8 functions redundantly with FARL-11 to promote the proliferation of germline stem cells 
(GSC). Whereas the single mutant worms produce fewer progeny than the wild-type, the farl-11 puf-8 double mutant animals 
are sterile. In the double mutant gonads, germ cells prematurely enter meiosis and the GSCs are lost before the worm reaches 
adulthood. Our genetic analysis and GFP-3’ UTR fusions reveal that the farl-11 mutant isolated is a hypomorphic allele and 
that PUF-8 promotes the translation of farl-11 mRNA by direct binding to farl-11 3’ UTR. Thus, the double mutant 
phenotype appears to result from the reduced expression of a “weaker” version of FARL-11.Reporter fusions indicate that 
FARL-11 is an endoplasmic reticulum (ER) protein. Consistently, ER morphology is significantly altered in the farl-11 
mutants; this effect is more pronounced in the farl-11 puf-8 double mutant. Importantly, the membrane localization of the 
GLP-1 Notch receptor, which is synthesized on ER and transported to the cell membrane, is significantly reduced in the 
GSCs of these worms. In C. elegans, the GSC niche promotes GSC maintenance by signaling via the GLP-1 Notch 
receptor. Together, these results reveal that the PUF-8 protein contributes to GSC maintenance by promoting the membrane 
localization of GLP-1 via the ER protein FARL-11. 

860A. Primordial germ cell survival requires niche cell conact in the C. elegans gonadal primordium. Daniel McIntyre, 
Jeremy Nance. Developmental Genetics, NYU Medical Center, New York, NY. 
   Niche-derived signals have been shown to control stem cell quiescence, proliferation and differentiation. Because the niche 
is needed for stem cells to function, formation of the niche is a critical event in development. Yet, niche formation is poorly 
understood. This is because in most models, the cells participating in the niche are not well identified prior to niche assembly, 
and because formation is very difficult to observe in vivo. To understand niche formation, we are studying the gonad 
primordium in C elegans.  The gonad primordium is a simple organ consisting of just four cells – two primordial germ cells 
(precursors to the germline stem cells), and two somatic gonadal precursor cells (niche cells). The primordium forms via a 
fascinating morphogenetic process in which the two niche cells migrate posteriorly along the endoderm, turn and recognize 
the germ cells, and finally wrap almost completely around the germ cells. This process recapitulates many key steps that must 
occur more generally in niche formation including cell recognition, adhesion with the niche, and activation of the quiescent 
stem cells. Using transgenic analysis, fluorescent imaging and embryological manipulations including laser ablations we are 
investigating the early signals exchanged between stem and niche cells, and how niche cell contact promotes stem cell 
survival. Previously, it was reported that ablation of niche precursors resulted in a loss of the primordial germ cells. We have 
repeated this experiment using fluorescent reporters to follow cells in the primordium. In animals where niche cells have been 
ablated, the germ cells are lost through an interesting mechanism in which the germ cells fragment and these pieces are 



consumed by the neighboring endodermal cells. We are currently investigating the mechanisms used by the niche cells to 
prevent germ cell death. Ultimately, we hope to identify how the niche cells are able to surround the stem cells, and 
determine the signals in the niche that protect the germ cells and enable their function in the animal. 

861B. The Dynamics of Alternative Polyadenylation Usage in C. elegans Germ Cell Development. Desirea G. Mecenas1, 
Sean M. West1, Michelle Gutwein1, Wenting Bian1, Jerome Reboul2, Jola Polanowska2, Kristin C. Gunsalus1,3, Fabio 
Piano1,3. 1) NYU, New York, USA; 2) Inserm, Marseille, FRA; 3) NYUAD, Abu Dhabi, UAE. 
   Proper spatio-temporal control of gene activity is vital for C. elegans germline development and maintenance and is 
determined primarily by regulatory elements within 3’UTRs (Merritt et al., Curr Biol 2008). Because almost half of protein-
coding genes in the genome are subject to alternative polyadenylation (Mangone et al., Science 2010; Jan et al., Nature 
2011), we are investigating whether the regulatory potential of genes during germline development is controlled by 
alternative 3’UTR isoform expression. We have established a Low Input 3’-End Sequencing (LITE-Seq) method to 
simultaneously identify and quantify mRNA transcript abundance and 3’UTR isoforms from small RNA samples, and we 
have applied it to investigate differences in transcripts and 3’UTR isoforms expressed in oocyte- and sperm-producing 
germline and in three distinct developmental stages within the hermaphrodite germline (mitosis, early meiosis, and 
developing oocytes). We observe on a global level that 3’UTRs in sperm-producing germline tend to be shorter than those 
expressed in oocyte producing germline, and that 3’UTRs become progressively longer as germ cell nuclei proliferate, enter 
meiosis, and differentiate into oocytes. We have identified numerous transcripts whose abundance and/or 3’UTR isoforms 
differ in a sex- or developmental stage-dependent manner. We also detect examples of 3’UTR isoform switching between 
sexes or developmental stages, including for some genes whose total transcript abundance is similar. To test the idea that 
individual transcripts may be subject to differential post-transcriptional regulation by selective expression and/or degradation 
of alternative 3’UTR isoforms at different developmental times, we developed an in vivo assay that reports on the 
translational regulatory potential of alternative 3’UTR isoforms in the germline. The reporter construct enables the cloning of 
two distinct 3’UTR isoforms into a Gateway-compatible, two-color reporter system in which each fluorophore is subject to 
translational regulation by a single 3’UTR isoform. Using this reporter system, we found that protein expression for several 
genes identified above is altered in a 3’UTR isoform-dependent manner, and that protein levels vary in different 
developmental contexts. Future work to identify cis-regulatory elements within the variable regions of 3’UTRs will enable us 
to assay their relative contributions to specific spatio-temporal expression patterns of known developmental regulators in the 
germline and to ascertain their functional significance in different developmental processes. 

862C. LIN-35 is Necessary for Germ Line Development and Function When Faced With High Temperature Stress. Brian P. 
Mikeworth, Lisa N. Petrella. Marquette University, Milwaukee, WI. 
   It is necessary for all organisms to protect themselves from ever changing environmental conditions to maintain viability 
and fertility.  It has recently been observed that members of the nematode DRM complex, such as lin-35 and lin-54, play a 
role in germline gene regulation in the both the soma and germ line.  It has been shown that loss of LIN-35 leads to a high 
temperature larval arrest (HTA) phenotype when grown at 26°C but not at 20°C.  This is due to ectopic expression of 
germline genes within the intestine, leading to failure of intestine cell function and starvation of the organism (Petrella et al. 
2011). Rescue of lin-35 via extrachromosomal array expression in the intestinal cells (elt-2p::lin-35) or all somatic tissues 
(let-858p::lin-35) allows for lin-35 mutants raised at 26°C to develop to adulthood with germ lines that lack LIN-35. 
Although both lin-35 transgenic strains can develop germ lines when raised at 26°C, these animals display a weak fertile or 
sterile phenotype. Conversely, both transgenic strains are fertile when raised at 20°C. We found that upshifting either 
transgenic line at the L4 larval stage from 20°C to 26°C resulted a significant decrease in fecundity, thus suggesting that LIN-
35 plays a functional role in maintaining proper germ line function when faced with high temperature stress.  Temperature 
sensitive sterility was not rescued in transgenic hermaphrodites raised at 26°C and mated with wild-type (N2) males, 
suggesting that oocyte development or fertilization may require LIN-35 to function properly.  However, when assessing the 
ability for male sperm to localize in both transgenic strains, it was observed that the sperm were not properly localized to the 
spermatheca of mutants with elt-2p::lin-35 raised at 26°C, where male sperm was found in the spermatheca of mutants with 
let-858p::lin-35 raised at 26°C.  This data suggests that LIN-35 may be necessary for the proper development or function of 
the spermatheca, or for the expression of proper cues for sperm localization under high temperature stress conditions. Upon 
investigating germline development via DIC microscopy, oocytes were not observed beyond the bend in the gonad arm of 
mutants with elt-2p::lin-35 raised at 26°C, where they were observed in mutants with let-858p::lin-35 raised at 26°C. This 
suggests that the LIN-35 may aid in cross talk between the somatic gonad and germ cells to initiate oocyte development in 
high temperatures situations. Taken together, our lab has found that LIN-35 plays a multitude of roles in the development and 
function of the germ line and the somatic gonad in C. elegans when faced with high temperature stress. 

863A. SCF complex and GLD-1 function together to repress germ cell proliferation but are not needed for initiation of 
meiotic gene expression. Ariz Mohd, Tim Schedl. Genetics, Washington University in St. Louis, St. Louis, MO. 
   In C. elegans the decision to switch from mitotic proliferation to entry into meiosis depends on the spatio-temporal 



regulation of key molecular factors. We hypothesized that ubiquitin-mediated proteolysis is used to degrade mitotic proteins 
as part of the switch to meiosis and investigated the effect of depletion of components of SCF (Skp1, Cullin, F-box) 
complex, an E3 ubuquitin-ligase, on the proliferation vs. meiosis decision. CYE-1 (Cyclin E ortholog) is necessary for the 
proliferative cell fate and mitotic cell cycle progression, is expressed in the distal proliferative zone and abruptly disappears 
as germ cells enter meiotic prophase, ~20 cell diameters from the distal tip cell. We found that the SCF complex is necessary 
for removal of CYE-1 at the onset of meiotic prophase. In prom-1(-), an F-box protein, and in skr-2(-), a Skp1 homolog, 
CYE-1 persists past the normal meiotic entry point, till about 40 cell diameters from the distal tip. Despite the presence of 
ectopic CYE-1 in prom-1 (-) or skr-2(-) germlines, proliferation stops at ~20 cell diameters and cells enter meiosis. As germ 
cells with ectopic CYE-1 are not mitotically cycling, CYE or its partner CDK-2 may be inactive or other components 
required for proliferation are absent. The GLD-1 RNA binding protein has previously been shown to regulate CYE-1 
expression in the medial region of the germline. We found that GLD-1 is necessary to repress proliferation in cells 
ectopically expressing CYE-1 in prom-1(-) or skr-2(-) germlines. In gld-1(-)prom-1(-) or gld-1(-)skr-2(-) double mutants, 
germ cell proliferation extends to greater than 40 cell diameters, as evident by EdU incorporation and pH3+nuclei. 
Surprisingly, HIM-3 and other meiotic markers appeared at ~20 cell diameters, similar to WT, but their loading onto 
chromatin is largely impaired. That this distal ectopic proliferation is the result of an extension of the proliferative zone, 
rather than a return to mitosis of female meiotic prophase cells, typical of gld-1 single mutants, is supported by the finding 
that a) the phenotype is independent of germ cell sex; b) M-phase uniformly follows S-phase and c) arresting meiotic 
progression does not suppress the extended proliferation. Reducing cye-1 dose in gld-1(-)prom-1(-) mutants results in partial 
suppression of both HIM-3 loading defect and extended distal proliferation, suggesting that the defect is in part due to ectopic 
CYE-1. Thus the SCF complex and GLD-1 function in parallel to remove regulators needed for proliferation but are not 
required for expression of meiotic proteins. Unlike other overproliferation mutants where mitotic and meiotic markers are 
mutually exclusive, in gld-1(-)prom-1(-) the markers are co-expressed. 

864B. Splicing machinery potentiates post-transcriptional regulation of germline development. Preston Novak, Xiaobo 
Wang, Mary Ellenbecker, Sara Feilzer, Ekaterina Voronina. DBS, University of Montana, Missoula, MT. 
   Germline stem cell proliferation in C. elegans is controlled in a large part by the FBF genes (fbf-1 and fbf-2; Crittenden et 
al., 2002). In the course of searching for FBF cofactors, we found that components of splicing machinery may contribute to 
FBF activity. Individual knockdowns of several splicing factors caused enhanced sterility of fbf-1 and fbf-2 single mutants 
compared to the wild type worms. This sterility was associated with masculinization of germline, a phenotype associated 
with disruption of FBF function. We further found that knockdown of these splicing factors caused misexpression of a 
transgenic reporter controlled by fog-1 3’UTR, which is normally repressed in stem cells by FBFs. Next, we tested whether 
splicing factors influence other post-transcriptional regulation in germline in addition to their contribution to FBF function or 
oogenesis. We find that splicing factor knockdown is also able to enhance defects in spermatogenesis caused by the 
temperature-sensitive mutation in fog-1, arguing that functional splicing cascade influences multiple post-transcriptional 
processes. Finally, we found that splicing factor knockdown does not worsen embryonic lethality caused by a mutation 
unrelated to post-transcriptional regulation (dhc-1ts). In all these assays, we think that knockdown of splicing factors 
decreased the efficiency of RNA processing, but did not completely eliminate it.We conclude that inefficient pre-mRNA 
splicing may interfere with multiple post-transcriptional regulatory events, which has to be taken into account when 
conducting genetic interaction screens. 

865C. CDK-11.1 regulates signalling between sperm and egg during fertilization. Christopher Williams, Kevin O'Connell. 
Dept LBG, NIDDK/NIH, Bethesda, MD. 
   Signaling between sperm and egg is required to coordinate the events of fertilization. In C. elegans, oocytes release F-series 
prostaglandins to promote the mobilization of sperm while sperm promote oocyte maturation and ovulation through release 
of the major sperm protein (MSP). The molecular components that regulate these signaling events are not completely 
understood.  CDK-11 is a conserved kinase with established roles in transcription, centrosome duplication, microtubule 
nucleation, and apoptosis. C. elegans possesses two cdk-11 genes, (cdk-11.1 and cdk-11.2) We find that deletion of the cdk-
11. 1 gene results in a significant reduction in brood size and that loss of CDK-11.1 in either male or female germ cells is 
sufficient to reduce fertility. Interestingly, mutant cdk-11.1 hermaphrodites are able to produce both sperm and eggs, many of 
which appear morphologically normal. We find that when mated to wild-type females, mutant sperm can mobilize and target 
properly to the spermatheca yet are unable to fertilize oocytes.  Conversely, when wild-type males are mated to mutant 
hermaphrodites, sperm remains in the uterus.   These results suggest that CDK-11.1 is required in both gametes for proper 
signaling.  We are currently working to confirm the defect in signaling and to understand the role played by CDK-11.1 in this 
process. 

866A. The Role of Histone H3 Lysine 9 Trimethylation in Germ Cell Development. J. Olson, E. Voronina. Division of 
Biological Sciences, University of Montana, Missoula, MT 59812. 
   Chromatin modifications are covalent modifications of nuclear histone proteins that can result in activation or repression of 



transcription of DNA. Some chromatin modifications have been linked to fertility and specification of reproductive cells 
called germ cells. We found that trimethylation of Lysine 9 in Histone H3 becomes prominent in late embryo germ cells of C. 
elegans, which has not been previously reported. Our research has been focused on identifying the methyltransferase that 
generates H3K9me3 in germ cells to help determine if H3K9me3 is required for germ cell development and fertility.Previous 
reports suggested that SET-25 is a major H3K9-trimethylating enzyme in C. elegans (Towbin et al., 2012). We found set-25 
mutant embryos lose H3K9me3 in all somatic cells, but maintain H3K9me3 enrichment in the germ cells of later-stage 
embryos. We employed two strategies to find the H3K9 methyltransferase responsible for the residual H3K9me3 in the germ 
cells of set-25 mutant. In one approach, we used a double set-25;met-2 mutant, which was reported to completely prevent 
H3K9 methylation in the embryos (Towbin et al., 2012). We find that the set-25;met-2 double mutant embryos have almost 
no H3K9me3 in any cells and a fraction of resulting adults manifests temperature dependent sterility. This suggests that 
trimethylation of H3K9 may be important for germ cell development and fertility.Our second approach was RNAi screen of 
predicted H3K9 methyltransferases in set-25 mutant background to identify conditions that would disrupt the residual 
H3K9me3 germ cell enrichment. Through this approach, we identified two other possible regulators of H3K9me3, set-9 and 
set-26. Both set-9 and set-26 RNAi increased sterility in set-25 worms. Ongoing research includes determining if mutants of 
set-9 and set-26 affect the levels of H3K9me3 in germ cells to further examine the role of H3K9me3 in fertility. Since 
H3K9me3 modification has been shown to play a significant role in germ cell development in Drosophila and mouse, we 
hope our research in C. elegans will identify conserved targets of this regulatory mechanism. 

867B. Development and sex ratio distortion of the cockroach-gut parasitic nematodes. S. Ozawa1, R. Sriwati1,2, R. Shinya3, 
T. Kikuchi4, K. Hasegawa1. 1) Department of Environmental Biology, Chubu University; 2) Agrobiotechnology Department, 
Syiah Kuala University; 3) HHMI and Division of Biology and Biological Engineering, California Institute of Technology; 
4) Parasitology, Faculty of Medicine, Miyazaki University. 
   The thelastomatid parasitic nematode of cockroach inhabits in the intestine of mainly Blattodea insects. The nematode 
belongs to Spirurina (clade III), and exhibits an obligate parasitic lifecycle absolutely depending on the host cockroaches. 
Because cockroaches are referred to as a “living fossil” with about 350-million-years history, it’s intriguing to examine the 
mechanism and evolution of their parasitic nematode lifecycle.First we observed the embryonic and postembryonic 
development of the two cockroach parasitic nematodes, a parasite of the Smokybrown cockroach Leidynema appendiculata 
and a parasite of the American cockroach Thelastoma bulhoesi, by DIC microscopy. Although L. appendiculata embryo was 
oblong and T. bulhoesi embryo was spherical, developmental patterns were similar to each other. A huge number of shell-
formed eggs were observed in the mature female uterus and all were 1-cell stage. Some embryos had two pronuclei and the 
others had only one. Number of the blastomere then increased via repeated cell division, followed by the embryo elongation 
and twitching. The pharynx became clearly visible, marking the beginning of the L1 stage. The active vermiform L1 stage 
embryo then molted to become a balloon-shaped L2-resting stage. Almost all embryos reached to L2 stage successfully but 
never hatched on slide glasses or in buffers.We then artificially infected the cockroaches with L2-resting stage eggs and 
observed the post-hatching development of L. appendiculata and T. bulhoesi after dissections of infected cockroaches. After 
1 and 3 days of infection, a few nematode larvae appeared in the cockroach hindgut, and there was no morphological 
difference between male and female. After 7 days of infection, we detected that some nematodes were molting. After this 
molting, morphological difference between male and female appeared clearly. After 30 days, male and female had reached 
adulthood; a body size of adult male was significantly smaller than that of the female.In order to examine sex ratio of the 
parasitic nematodes we dissected about 100 each infected Smokybrown and American cockroaches, those have been sub-
cultured in our laboratory. In both the two species, population was almost always composed of one male and a few females. 
The regulation mechanism of their sex ratio is still unclear but that might have been evolved as the thelastomatid nematode 
strategy to propagate offspring efficiency during their parasitic lifestyle. 

868C. A Novel Pathway for Germ Cell Differentiation in C. elegans. Mainpal Rana1, Jeremy Nance2,3, Judith Yanowitz1. 1) 
Magee Women Research Institute, University of Pittsburgh, Pittsburgh, PA; 2) Helen L. and Martin S. Kimmel Center for 
Biology and Medicine at the Skirball Institute of Biomolecular Medicine, NYU School of Medicine, New York, NY 10016, 
USA; 3) Department of Cell Biology, NYU School of Medicine, New York, NY 10016, USA. 
   Despite the central importance of germ cells for the transmission of genetic material between generations, our 
understanding of the molecular programs that control primordial germ cell (PGC) specification and differentiation are 
limited. Here we present our studies that xnd-1 (X nondisjunction factor-1), which we previously showed has a role in 
regulating meiotic crossover formation, is also an early determinant of germ cell fates. Maternal XND-1 protein first appears 
in the P4 germline blastomere where it is required to ensure the division into the PGCs, Z2 and Z3. Hence, xnd-1 mutant 
embryos display a novel “one PGC” phenotype due to G2 arrest of P4. Zygotic XND-1 comes at on at the ~250 cell stage 
making it the earliest PGC marker in the worm. This protein then dictates the ultimate size of the germline. Based on similar 
expression patterns and phenotypes, we explored xnd-1’s epistatic relationships with the Nanos homologs, nos-1 and nos-2. 
Double mutants display synthetic sterility with nearly half of the animals developing without a germ line. Further removal of 
nos-1 leads to almost complete sterility, and the vast majority of animals develop without germ cells. The sterility in xnd-1 



and the double and triple mutants is preceded by an increase within the PGCs of the transcription-associated activating 
histone mark, H3K4me2. These data strongly suggest that xnd-1 defines a new branch for PGC development that functions 
redundantly with nos-2 and nos-1 to promote germ line fates by maintaining transcriptional quiescence and regulating germ 
cell proliferation. . 

869A. Preferential misregulation of spermatogenesis genes in male sterile C. nigoni carrying an X-linked C. briggsae 
fragment. Yu Bi1, Xiaoliang Ren1, Cheung Yan1, Jiaofang Shao1, Runsheng Li1, Dongying Xie1, Zhongying Zhao1,2. 1) 
Department of Biology,Hong Kong Baptist University, Hong Kong,China; 2) State Key Laboratory of Environmental and 
Biological Analysis, Hong Kong Baptist University, Hong Kong,China. 
   Genetic basis of hybrid incompatibility (HI), a collective term of compromised fitness in hybrid, including sterility and 
lethality, has been intensively studied in Drosophila species, but remains poorly understood in other species, especially in 
nematodes. Recent discovery of a C. briggsae sister species, C. nigoni, has opened up the possibility of dissecting the genetic 
basis of HI in nematode species. We have generated 96 chromosomally integrated GFP markers in the C. briggsae genome 
and mapped them into the defined locations by PCR and Next-Generation Sequencing (NGS). Aided by the marker, we 
backcrossed the GFP-associated C. briggsae genomic fragments into C. nigoni for at least 15 generations and produced 111 
independent introgression lines. The introgression fragments cover most of the C. briggsae genome. We finally dissected the 
patterns of HI by scoring the embryonic lethality, larval arrest, sex ratio and male sterility for each introgression line, through 
which we identified pervasive HI loci and produced a genome-wide landscape of HI between the two nematode species, the 
first of its type for any non-Drosophila species.To further understand the genetic basis of HI between the two species, we 
focused on the molecular understanding of two introgression fragments that produce male sterility but are located on different 
parts of X chromosome. To this end, we performed RNA-seq for both sterile and parental males and quantified the reads 
using C. briggsae genome as a reference. A total of 957 genes were found differentially expressed (Fold Change>1.5, 
FDR<0.05) in both hybrids compared with both parental species with most genes showing down-regulation. Surprisingly, 
364 out of 957 genes are those enriched during spermatogenesis, suggesting that preferential down-regulation of 
spermatogenesis genes caused by the introgression may at least partially to be blamed for the observed sterility. More details 
on the differentially expressed genes will be presented in the meeting. 

870B. A search for lst-1 and sygl-1 enhancers. Sarah L. Robinson1, Aaron M. Kershner3, Heaji Shin2, Kimberly A. Haupt2, 
Peggy Kroll-Conner3, Judith Kimble1,2,3. 1) Department of Genetics, University of Wisconsin-Madison, Madison, WI; 2) 
Department of Biochemistry, University of Wisconsin-Madison, Madison, WI; 3) Howard Hughes Medical Institute, 
University of Wisconsin-Madison, Madison WI. 
   Notch/GLP-1 signaling maintains germline stem cells (GSCs) in C. elegans through two essential, albeit functionally 
redundant target genes, lst-1 and sygl-1 (Kershner et al., 2014).  Loss of the Notch receptor GLP-1 results in loss of GSCs 
and production of a few sperm ultimately leading to sterility, referred to as a Glp phenotype (Austin and Kimble, 
1987).  Single mutants for either lst-1(ok814) or sygl-1(tm5040) have a virtually normal germline and are fertile healthy 
animals; however, lst-1(ok814) sygl-1(tm5040) double mutants have a Glp phenotype that is indistinguishable from a Glp-1 
null.  To identify other GSC regulators, we performed a forward genetic screen for enhancers of either lst-1(ok814) or sygl-
1(tm5040).  Taking advantage of the fertility of lst-1 and sygl-1 single mutants, we mutagenized each of them and screened 
for lst-1 and sygl-1 enhancers with a Glp phenotype.  Initially, we screened 8749 lst-1 and 5504 sygl-1 haploid genomes and 
uncovered nine glp-1 alleles and one mutation in an unknown gene.  We next modified the screen to include a Mos inserted 
version of glp-1 (qSi44) in addition to endogenous glp-1.  We screened 7922 haploid genomes of lst-1; qSi44 but found no 
enhancers; a screen of sygl-1; qSi44 generated two lst-1 alleles.  Overall, we isolated nine alleles of glp-1, two alleles of lst-1, 
and one allele of an unknown gene.  The nine glp-1 alleles included three missense mutations, three nonsense mutations, one 
splice site mutation, one inversion in an intron, and one unknown mutation located outside the coding sequence and the 
adjacent region extending 2 kb upstream and 500 bp downstream.  These glp-1 mutations are all novel and provide additional 
reagents for analysis of Notch signaling.  The two lst-1 alleles included a nonsense mutation and a splice site mutation.  The 
lack of sygl-1 alleles shows that our screen was not saturated.  The unknown gene maps to the right end of chromosome I, 
causes sterility on its own, and cloning is underway.  In summary, our enhancer screen identified one additional gene critical 
in the pathway for GSC self-renewal.Austin and Kimble (1987) Cell, 51, 589-599Kershner et al. (2014) PNAS, 111(10), 
3739-44. 

871C. Understanding the cell cycle dynamics of germline stem/progenitor cells during expansion and maintenance phases. 
Debasmita Roy1, David Michaelson1, Anthony Santella2, Tsivia Hochman1, Judith Goldberg1, Zhirong Bao2, E. Jane Albert 
Hubbard1. 1) New York University School of Medicine, New York, NY; 2) Sloan-Kettering Institute, New York, NY. 
   Establishment and maintenance of stem/progenitor cells (SPCs) is key to proper organogenesis during development and 
tissue homeostasis in adulthood. The dynamics of establishment, expansion and homeostatic maintenance of stem cell pools 
are subject to developmental and physiological influences like the availability of a suitable niche microenvironment, 
nutrition, and age. However, how these various stimuli influence the cell cycle, and the relationship of cell cycle state to cues 



from the niche remain unclear. We used the C. elegans hermaphrodite germ line as a simplified model to study the dynamics 
of SPC pool expansion and homeostasis in response to developmental and physiological influences. Activity of the GLP-
1/Notch receptor in the germ cells in response to ligands produced by the niche (distal tip cell, DTC) prevents differentiation 
and maintains the proliferative fate of germline SPCs. Additionally, during larval stages when the SPC pool is expanding, the 
germ line responds to nutrition and nutrient-sensitive pathways like Insulin/IGF and TOR/S6K to promote robust cell cycle 
progression. However, as the SPC numbers peak in the early-adulthood maintenance phase, they become less sensitive to 
nutrition. To assess cell cycle dynamics of the SPC pool, we examined various parameters at multiple ages, in mutants and 
under different nutrient conditions. First, we found that larval (expansion phase) germ cells cycle faster and have lower 
average DNA content than adult (maintenance phase). Second, these differences cannot be attributed to sperm-fated versus 
oocyte-fated cells. Third, in adults (but not larvae) the proportion of cells in M/G1/S/G2 phases varies as a function of 
distance from the niche: a greater proportion of SPCs closest to the DTC are in G1/early-S phase than those farther away. 
Fourth, we found that some of these parameters vary greatly between wild type vs. mutants affecting cell fate (Notch) or cell 
cycle (Insulin). Last, to determine whether the faster cell cycle and nutritional sensitivity of the larval germ line is related to 
expansion (vs. maintenance) or larval (vs. adult) developmental stage, we studied re-growth of the adult germ line following 
starvation in early-L4 larvae (post-ARD re-feeding). We found that the SPC pool in adults expands with characteristics 
similar to that in larvae. Collectively, these data support our hypothesis that spatial constraints impose key regulations on cell 
cycle dynamics.Supported by NYSTEM C026880, NIH R01 GM61706, UL1TR000038. 

872A. Re-visiting the cell-cycle length of mitotic germ cells. Hannah Seidel1,3, Judith Kimble1,2. 1) Biochemistry, University 
of Wisconsin - Madison, Madison, WI; 2) HHMI; 3) Ellison Medical Foundation Fellow of the Life Sciences Research 
Foundation. 
   Studies of the mitotic cell cycle rely on a foundational knowledge of cell cycle length. For mitotic germ cells in the C. 
elegans germline, estimates of cell-cycle length in day-1 adult hermaphrodites vary, ranging from 6.5-8 hours (Dev 
138:2223-34) to 16-24 hours (Dev Biol 346:204-14; Mol Biol Cell 17:3051-61). Here we revisit these estimates. First, we 
find that cell-cycle stages of mitotic germ cells can be determined by a combination of EdU labeling (to mark S-phase nuclei) 
and nuclear size: G1 and early S-phase nuclei are small; G2 and late S-phase nuclei are large; and mid S-phase nuclei are 
intermediate in size. The size difference between G1- and G2-phase nuclei is large enough that in EdU-labeled germlines, 
G1- and G2-phase cells can be distinguished by eye. Using this method, we assessed cell-cycle stages of mitotic germ cells in 
adult hermaphrodites and estimate a G1-phase index of ~5%, an S-phase index of ~70%, a G2-phase index of 20-25%, and an 
M-phase index of 2-3%. (Our S-phase index is higher than previous estimates and likely reflects increased sensitivity to 
detect weaker EdU labeling.) Similar indices were observed in L4 hermaphrodites and in L4 and adult males. Additionally, 
we observed that G1-phase cells nearly always occur in pairs. This pattern is consistent G1 being short and suggests that 
nascent daughter cells initiate S-phase with similar timing. Next, we estimated cell-cycle length by exposing animals to 
continuous EdU and measuring the rate of increase in EdU-labeled cells. We performed this analysis in day-1 adult 
hermaphrodites (24 hours post mid-L4) and in early adult hermaphrodites (~2-4 hours after the molt into adulthood). We 
estimate a median cell cycle length of ~10 hours in day-1 adult hermaphrodites and ~6 hours in early adult hermaphrodites. 
Yet our data also indicate that cell-cycle lengths follow a long-tailed distribution, with some cells having a cell-cycle length 
of 15-26 hours or more. We analyze our data using varying assumptions about the source of this variation and discuss the 
robustness of estimates of cell-cycle length to estimates of underlying parameter values. 

873B. Nutritional control of adult germ cell divisions in C. elegans. Hannah Seidel1,3, Judith Kimble1,2. 1) Biochemistry, 
University of Wisconsin - Madison, Madison, WI; 2) HHMI; 3) Ellison Medical Foundation Fellow of the Life Sciences 
Research Foundation. 
   The germline of the nematode C. elegans provides a tractable model for studying how nutritional cues regulate stem cell 
behavior. Previous work has shown that food availability influences proliferation of undifferentiated germ cells in the larval 
germline (Curr Biol 22:712-9; Dev 139:859-70; Dev 137:671-80), and that in oogenic hermaphrodites, nutrient deprivation 
causes dramatic yet reversible changes in germ cell number (Science 326:954-8; PLoS ONE 6: e28075). Here we show that 
proliferation of adult germ cells requires food: Under fed conditions, germ cells occupying the proliferative zone divide 
continuously, only ceasing division as they enter the meiotic cell cycle; upon food removal, however, these germ cells stop 
dividing and become quiescent. This quiescence is characterized by a block to M-phase entry and a prolonged S-phase, such 
that the quiescent germ cells slowly accumulate in G2. Quiescence persists as long as the animal remains without food, but 
germ cell divisions resume rapidly upon re-feeding. This quiescence is distinct from the DNA damage response and occurs 
independently of factors affecting behavioral responses to food. In addition, quiescence of adult germline stem cells does not 
require certain factors involved in the larval germline’s response to nutritional cues (e.g. certain components of insulin/IGF-
like signaling, TGF-β signaling, or the AMPK pathway). Finally, we find that quiescence blocks germ cell differentiation 
regardless of GLP-1/Notch signaling, which becomes dispensable for germline stem cell maintenance under quiescent 
conditions. We are currently investigating possible regulators of starvation-induced quiescence and stem cell maintenance. 



874C. Studies on the function of heparan sulfate in C. elegans germline development. D. C. Severiano da Cunha1,3, K. 
Ames2, H. Nader3, A. Meléndez2, H. Bülow1. 1) Genetics Dept, Albert Einstein College of Medicine, Bronx, NY, USA; 2) 
Biology Dept, Queens College-CUNY, Queens, NY, USA; 3) Biochemistry Dept, Universidade Federal de São Paulo, SP, 
Brazil. 
   Germline development is a process common to all multicellular organisms and requires tight control of proliferation and 
stem cell maintenance. Most of the work into the function heparan sulfate in stem cell biology to date has been conducted in 
vitro and essentially nothing is known about their function in living animals. We are using the C. elegans hermaphrodite 
germ line as a model to study stem cells and cellular proliferation, as well as germ cell fate specification and maintenance. In 
C. elegans, each germ cell is surrounded by a thickened extracellular matrix that is comprised of a variety of macromolecules 
including highly modified heparan sulfates. Our experiments show that heparan sulfate with certain modifications can restrict 
mitotic activity whereas other modifications can promote mitotic activity of germ cells. On the other hand, some 
proteoglycans (sdn-1/syndecan and unc-52/perlecan), but not others are required for germ cell proliferation and to prevent 
premature entry into meiosis. Thus, these genes could be required for stem cell maintenance. Furthermore, our preliminary 
experiments suggest that some heparan sulfates are acting in the germ line, whereas others may act in the somatic gonad that 
surrounds the germ cells, suggesting complex interactions between the extracellular matrix of the germline and the somatic 
gonad during normal germ cell development. We will report on our progress to understand the role of heparan sulfate 
proteoglycans in germline development. 

875A. Identification of regulators of sperm motility in C. elegans males. Tyler Shimko, Daniela Chavez, Gillian Stanfield. 
Department of Human Genetics, University of Utah, Salt Lake City, UT. 
   The sperm of C. elegans provide an excellent model system in which the molecular interactions governing the development 
of motility can be studied. C. elegans sperm, unlike their swimming mammalian counterparts, move using a crawling motion, 
similar to that of mammalian lymphocytes. To gain motility, sperm cells must undergo a process known as activation. 
Previous work has shown that males and hermaphrodites rely on distinct genetic pathways to activate their sperm, though 
both pathways are present in sperm from each sex. In males, two factors, SWM-1 and TRY-5, have been shown to regulate 
sperm activation. SWM-1 activity is required to delay activation while spermatids reside in the male seminal vesicle. TRY-5 
is a sperm activation signal that is transferred to the hermaphrodite during mating. Mutants of swm-1 display premature 
activation of spermatids inside the seminal vesicle of the male. We previously performed a genetic screen to identify 
mutations suppressing the swm-1 premature activation phenotype, and recovered a number of suppressors. To identify 
genomic regions containing suppressor mutations, we have performed bulk segregant analysis and whole genome 
sequencing. Common variants, variants inconsistent with the mutagen of choice, and variants in genes not enriched in sperm 
were filtered out of the total variant list, leaving only mutations in genes with a relatively high likelihood of affecting the 
activation process. For two of our suppressors, single candidate variants have been identified. We are currently testing these 
variants for causality by generating deletions of candidate genes using CRISPR/Cas9-targeted mutagenesis. 

876B. CUP-2, a Derlin protein, promotes Notch signalling in C. elegans. Ramya Singh, Xin Wang, Tiffany Sutton, Kevin 
Kowalchuk, Hilary Racher, Dave Hansen. Biological Sciences, University of Calgary, Calgary, Alberta, Canada. 
   The C. elegans germ line has grown to become an important model system to study the molecular mechanisms regulating 
the decision made by stem cells to self-renew (proliferate) or to differentiate. The Notch protein, GLP-1, is the principal 
regulator for promoting self-renewal in the germ line (Austin & Kimble, 1987). This study identifies CUP-2, a Derlin family 
protein, as a player in regulating the self-renewal vs. differentiation decision.  Our results suggest that CUP-2 promotes self-
renewal by promoting Notch signalling.  cup-2 is shown to promote Notch signalling in both the germ line and the vulva. 
Loss of CUP-2 activity is able to suppress germline over-proliferation that is due to increased Notch signalling. However, 
cup-2(0) is unable to suppress a GLP-1 independent germ line tumour, which suggests that CUP-2’s influence on 
proliferation is Notch signalling dependent. This is the first known example of a Derlin protein’s influence on Notch 
signalling. Other studies on CUP-2 have focused on its role as a Derlin in targeting misfolded proteins from the ER (Lilley & 
Ploegh, 2004) and plasma membrane (Schaheen et al., 2009; Dang et al., 2011) for cytosolic degradation. We believe that 
CUP-2 may be involved in regulating levels of properly folded Notch receptors on the plasma membrane of cells. . 

877C. A genetic screen for fertilization mutants identifies an Izumo-like gene. Gunasekaran Singaravelu1, Sina Rahimi1, 
Amber Krauchunas1, Anam Rizvi1, Sunny Dharia1, Diane Shakes2, Harold Smith3, Andy Golden3, Andrew Singson1. 1) 
Waksman Inst, Rutgers Univ, Piscataway, NJ; 2) College of William and Mary, Williamsberg, VA; 3) NIDDK, National 
Institutes of Health, Bethesda, MD. 
   Fertilization is a conserved process in all sexually reproducing organisms whereby sperm binds and fuses with oocytes. 
Despite the acknowledgement of the importance of sperm-oocyte interactions in fertilization, the molecular underpinnings are 
still not well understood. Here we describe a novel genetic screen to isolate fertilization mutants in Caenorhabditis elegans. 
We cloned and characterization spe-45, one of the genes identified in our screen. SPE-45 is an Izumo-like protein and 



represents an ancient sperm function that is also required for mammalian fertility. This observation holds the promise that 
characterization of additional mutants from our screen will be useful to discover conserved components in fertility pathways. 

878A. The Elusive role of APH-2 in the C. elegans gonad. Karen Smith, Cassandra Farnow, Caroline Goutte. Biology 
Department, Amherst College, Amherst MA. 
   Proliferation of the germ line is dependent on continuous Notch signaling of germ cells in the C. elegans gonad.  The 
somatic distal tip cell presents Notch ligand, and the GLP-1 Notch receptor is found on plasma membranes of the 
gonad.  GLP-1 activation begins during early larval development and continues throughout adulthood.  Ligand-Receptor 
interaction triggers release of the Notch intracellular domain from the membrane as a result of intramembranous cleavage of 
Notch by gamma secretase.  The gamma secretase enzymatic complex consists of four integral membrane subunits: 
Presenilin, APH-1, APH-2/Nicastrin, and PEN-2.  Studies in a variety of systems have shown that these four components are 
necessary and sufficient for gamma secretase activity.  While the Presenilin component carries the catalytic site for substrate 
cleavage, the other three subunits are thought to be essential for the assembly, trafficking, and stability of a mature active 
enzyme, though the precise roles are still not fully understood.  Mutations that compromise any one of the four gamma 
secretase complexes result in phenotypes that resemble Notch loss-of-function phenotypes, demonstrating the essential role 
of each component.  In this way, the essential role of APH-2 in the Notch-mediated events of embryonic and vulval cell fate 
inductions is clear.  However, a role for APH-2 in Notch-mediated germ-line proliferation has never been demonstrated, 
although such a role for Presenilin, APH-1, and PEN-2 is evident.  We have carried out a detailed analysis of germ-line 
proliferation in aph-2 homozygous null mutants to look for evidence of APH-2 function in the germ line.   We use glp-1 loss 
and gain-of-function mutants to sensitize the genetic backgrounds in which we assess APH-2 function.  Our results 
demonstrate a role for APH-2 in germ-line proliferation, but also point to the interesting possibility of residual Notch 
signaling without APH-2. In order to minimize the contribution of maternally-supplied APH-2 protein, our analysis focuses 
on adult worms and on aph-2(RNAi) treated worms. . 

879B. ChIP-Seq analysis of GLP-1/Notch signaling target genes in germline stem cells. Erika B. Sorensen1, Elena P. 
Sorokin1, Amy C. Groth2,3, Judith Kimble1,2. 1) Department of Biochemistry, University of Wisconsin-Madison, Madison, 
WI; 2) Howard Hughes Medical Institute, University of Wisconsin-Madison, Madison, WI; 3) Department of Biology, 
Eastern Connecticut State University, Willimantic, CT. 
   The C. elegans mesenchymal niche for germline stem cells (GSCs) employs GLP-1/Notch signaling to maintain a pool of 
~50 GSCs (1,2).  Loss-of-function Notch mutants cannot maintain GSCs (3) and gain-of-function mutants cause germline 
tumors (4).  All metazoan Notch signaling relies on cleavage of the Notch receptor to generate the Notch intracellular domain 
(NICD), which moves into the nucleus and forms a ternary complex with DNA-binding protein LAG-1 and transcriptional 
co-activator LAG-3/SEL-8.  To date, identification of direct transcriptional targets of GLP-1/Notch signaling in the germline 
has relied on indirect methods and revealed four possible genes:  fbf-2 (5), lip-1 (6), lst-1 and sygl-1 (7).  We set out to test 
the validity of these proposed targets and to identify others by chromatin immunoprecipitation (ChIP).  To this end, we 
generated Mos-mediated transgenic lines expressing epitope-tagged versions of the GLP-1 receptor and LAG-1 DNA-
binding protein.  The glp-1 transgene includes the glp-1 genomic locus plus a C-terminal 6xmyc6HIS tag; it rescues glp-1 
null homozygotes to fertility and enables visualization of both transmembrane and intranuclear GLP-1 NICD.  The lag-1 
transgene is driven by the germline-specific mex-5 promoter and contains an N-terminal 6xFLAG tag; it rescues 
homozygotes for the unusual germline-specific lag-1(q426) allele from 75% sterility/25% embryonic lethality to 100% 
fertility and viability.  GLP-1::6xmyc6HIS is expressed in the distal germline and 6XFLAG::LAG-1 is expressed in the 
germline.  ChIP-Seq with these epitope-tagged Notch signaling components enriches for the sygl-1 and lst-1 promoters, 
confirming their identification as direct targets, but not for fbf-1 or lip-1, casting doubt on those genes as direct Notch 
targets.  In addition, our ChIP-Seq data identifies other likely targets currently being assayed for biological 
effects.References: (1) Angelo and Van Gilst (2009) Science 326(5955): 954; (2) Cinquin et al. (2010) PNAS 107(5): 2048; 
(3) Austin and Kimble (1987) Cell 51: 589; (4) Berry et al. (1997) Development 124: 925; (5) Lamont et al. (2004) Dev 
Cell 7(5): 697; (6) Lee et al. (2006) EMBO J 25(1): 88; (7) Kershner et al. (2014) PNAS 111(10): 3739. 

880C. Cloning the male sterile, sperm defective genes fer-2 and fer-3. D. Starr. Mol & Cellular Biol, Univ California, Davis, 
Davis, CA. 
   We all know that the sperm of our favorite model organism are weird. But, did you know they do not have a membranous 
nuclear envelope? Wolf et al (1978) showed using EM that sperm nuclei are surrounded by a diffuse perinuclear halo that 
encapsulates the condensed chromatin and the centriole. The peri-nuclear halo is hypothesized to consist of RNA and protein. 
Sam Ward and his lab performed forward genetic screens for fertilization-defective mutants that disrupted spermatogenesis 
(Argon and Ward 198). Their ultrastructural analyses identified an interesting disruption of the perinuclear halo in fer-2, fer-
3, or fer-4 mutant sperm. The mutant sperm lack the perinuclear halo. Instead, tubular complexes ~50 nm in diameter seem to 
originate from near the nucleus and radiate away from the nucleus (Ward et al 1981). Given my long-term interest in the 
nuclear envelope, I set out to clone these fer mutants with the goal of identifying components of the perinuclear halo as an 



alternative to the nuclear envelope that normally circles eukaryotic nuclei. Using whole-genome sequencing, I have identified 
possible molecular lesions for fer-2 and fer-3. For fer-2, I identified a nonsense mutation near the beginning of the mib-1 
gene. RNAseq and microarray experiments deposited in Wormbase show that mib-1 expression is enriched in sperm. The 
MIB-1 protein is a predicted RING Zn-finger E3 Ubiquitin ligase with ankyrin repeats that is conserved with fly and 
vertebrate Mindbomb. fer-3 had a nonsense mutation in the eri-3 gene. Mutations in eri-3 were previously shown to cause 
temperature-sensitive male sterility. ERI-3 is a nematode-specific accessory component of DICER. 

881A. The highly divergent germ line in Strongyloididae. Arpita Kulkarni, Anja Holz, Dorothee Harbecke, Christian 
Roedelsperger, James W Lightfoot, Adrian Streit. Dept Evolutionary Biol, MPI Dev Biol, Spemannstr. 35, 72076 
Tuebingen, Germany. 
   Parasitic nematodes of the genus Strongyoides are small intestinal parasites of various vertebrates including man. 
Strongyloides spp. alternate between parthenogenetic parasitic and facultative free-living sexual generations. Generally, all 
progeny of free-living parents is female and parasitic. Whereas, Parastrongyloides trichosuri reproduces sexually, produces 
males and females in both generations and can form many consecutive free-living generations.Although superficially the 
gonads of free-living Strongyloides spp. appear rather similar to those of Caenorhabditis elegans, there exist dramatic 
differences between them. Most obvious is a population of non-dividing giant nuclei in the distal gonadal syncytium, which 
is populated by mitotically dividing germ line stem cells in C. elegans. These giant nuclei appear to be an evolutionary 
novelty restricted to the Strongyloididae and their close relatives (e.g. Rhabditophanes).Combining electron microscopy, light 
microscopy including immuno-staining for multiple histone modifications and FISH, bromo-dUTP incorporation 
experiments, and quantitative DNA and RNA sequencing we present a detailed characterization of the gonads of both sexes 
of free-living S. ratti, S. papillosus and Parastrongyloides trichosuri. The principle findings are:i) The distal portion of the 
gonad shows all signs of high gene expression activity hinting to nurse cell activity. In the giant nuclei of this region the 
DNA is highly amplified with autosomal regions present in higher copy numbers than X chromosomal regions. X linked 
genes are, on average, expressed at a lower level than autosomal ones suggesting that differential DNA amplification serves 
as a mechanism for the control of gene expression.ii) In S. ratti germ cells H3K9 tri-methylation and H3S10 phosphorylation 
appear mutually exclusive marking the autosomes and the X chromosome respectively.iii) New DNA synthesis is very low if 
not absent in gonads of adult free-living Strongyloides spp. suggesting that there is no mitotically dividing stem cell 
population within the adult germline.iv) As expected, genetically male determining sperm is present in P. trichosuri and 
absent in S. papillosus. Contrary to expectations, nullo-X sperm appears to exist in S. ratti indicating differential mechanisms 
to avoid the formation of males.. 

882B. PUF-8 and TOCA-2 regulate mitochondrial dynamics to control germline apoptosis. A. Chaturbedi2, M. Ariz2, K. 
Subramaniam1,2. 1) Department of Biotechnology, Indian Institute of Technology - Madras, Chennai, India; 2) Department 
of Biological Sciences & Bioengineering, Indian Institute of Technology - Kanpur, Kanpur, India. 
   In many organisms, germline apoptosis plays crucial role during oogenesis.  However, the regulation of this process is still 
not well understood.  Here we show that PUF-8, member of a conserved PUF family of RNA-binding proteins and TOCA-2, 
a F-BAR domain-containing protein, together regulate mitochondrial dynamics to control apoptosis in the Caenorhabditis 
elegans germline.  puf-8; toca-2 double mutant germlines have reduced mitotic region and produce a few sperm but no 
oocyte.  The double mutant worms exhibit excessive germline apoptosis and mitochondrial aggregation.  Interestingly, 
downregulation of the factors involved in mitochondrial biogenesis such as MIRO-1, a mitochondrial Rho GTPase, DRP-1, a 
dynamin-related protein and the mitochondrial fission factor MFF-1 rescues puf-8(-); toca-2(-) worms to fertility.  In 
addition, removal of KAT-1, a thiolase enzyme present in mitochondria also suppresses the puf-8; toca-2 phenotype.  We 
found that PUF-8 and TOCA-2 negatively regulate DRP-1 expression in the germline: in the absence of PUF-8 and TOCA-2, 
DRP-1 protein level is significantly increased.Previous work in our laboratory has identified the kat-1 mRNA as a potential 
target of PUF-8.  Here we provide evidence that PUF-8 binds to the kat-1 3' UTR in vitro and suppresses the expression of 
kat-1 3' UTR reporter in the germline.  Further, our results show that the removal of KAT-1 partially rescues the temperature-
sensitive sterile phenotype of puf-8(-) worms.  These results support that the PUF-8-mediated control of KAT-1 expression is 
essential for normal germ cell development.In summary, our work reveals that PUF-8 controls the germline apoptosis by 
regulating the expression of genes involved in mitochondrial dynamics and function. 

883C. spe-45 is essentially required during gamete fusion like mouse Izumo1. T. Tajima1, J. Takayama2, S. Onami2, S.W. 
L'Hernault3, H. Nishimura1,3. 1) Dept of Life Sci, Setsunan Univ, Neyagawa, Japan; 2) Lab for Dev Dyn, RIKEN QBiC, 
Kobe, Japan; 3) Dept of Biol, Emory Univ, Atlanta, GA. 
   Among C. elegans spe (sperm-defective) genes, those required for fertilization are categorized into spe-9 class.  By reverse 
genetic approach, we have recently identified spe-45/oig-7, which encodes an immunoglobulin (Ig)-like transmembrane 
protein.  spe-45 likely belongs to spe-9 class, since ~300 self-sperm are not consumed by fertilization in spe-45(tm3715) 
hermaphrodites.  However, we don’t have easy, direct methods like in vitro fertilization to evaluate how spe-45(tm3715) 
spermatozoa are defective during fertilization.  In this study, we carried out the live imaging analysis of fertilization by spe-



45(tm3715) spermatozoa and the determination of SPE-45 localization by using transgenic worms.  First of all, we made him-
5(e1490) and him-5(e1490); spe-45(tm3715) male strains that produce spermatids whose nuclei are brightened by 
mCherry.  We also used fem-1(hc17) females where the oocyte plasma membranes are labeled with GFP.  After outcrossing 
the female and male worms, movies of the spermatheca were captured during fertilization.  As GFP-labeled oocytes were 
fertilized by him-5(e1490) spermatozoa, a part of the GFP signal was missing like a patch, where gamete fusion probably had 
occurred.  Contrarily, him-5(e1490); spe-45(tm3715) spermatozoa barely produced the dark patch on the oocyte plasma 
membrane.  Therefore, spe-45(tm3715) spermatozoa seemed incapable of fusing with oocytes.  If SPE-45 directly functions 
in sperm-oocyte fusion, this protein likely resides on the sperm pseudopods.  We thus constructed two transgenes, a gfp gene 
that is flanked by native 5’- and 3’-UTRs of spe-45, and a modified spe-45 gene that encodes SPE-45 protein where a FLAG 
tag is inserted into the cytoplasmic tail (SPE45-CTFLAG).  As the gfp reporter gene was expressed in him-5(e1490) male, 
germ cells became GFP-positive in the proximal gonads.  To figure out the subcellular localization of SPE-45, we integrated 
a single copy of the SPE45-CTFLAG transgene into the spe-45(tm3715) genome.  Currently, immunofluorescence of male 
germ cells expressing the SPE45-CTFLAG transgene is ongoing by using anti-FLAG monoclonal antibody.  Through this 
study, it was found that the male germline-specific gene spe-45 is essentially required for gamete fusion.  In mice, the sperm-
specific Ig-like protein IZUMO1 acts during sperm-oocyte fusion.  Hence, findings that are obtained from functional analysis 
of spe-45 might provide clues to elucidate the sperm fusogenic machinery that is evolutionally conserved. 

884A. A sperm-derived ion channel TRP-3 induces a Ca2+ wave in the fertilized C. elegans oocyte. J. Takayama, S. Onami. 
Lab. for Developmental Dynamics, RIKEN QBiC, Kobe, Japan. 
   Embryonic development is triggered by Ca2+ waves during fertilization. How these Ca2+ waves are induced is poorly 
understood. Here we show that a sperm-derived plasma membrane channel TRP-3 induces a Ca2+ wave in fertilized oocytes 
in C. elegans by using high-speed in vivo imaging and genetic analysis. We visualized the fertilization Ca2+ dynamics by 
using spinning disk confocal microscopy and a chemical Ca2+ indicator. Image analysis revealed that the fertilized oocyte 
showed a local Ca2+ rise near the sperm entry point upon sperm entry, followed by a traveling Ca2+ wave. Both the local Ca2+ 
rise and the traveling Ca2+ wave was absent in sperm-defective mutants such as spe-9 and spe-42, in which sperm cannot 
enter the oocyte. The local Ca2+ rise was dependent on a sperm ion channel, TRP-3, also known as SPE-41, because no local 
Ca2+ rise was observed in the fertilized oocyte in trp-3 mutants. The traveling Ca2+ wave was observed in the trp-3 mutant, 
but the onset was significantly delayed. These defects were sperm-dependent because wild-type oocytes fertilized by trp-3 
mutant sperm showed a trp-3 mutant-type Ca2+ response, and trp-3 mutant oocytes fertilized by wild-type sperm showed the 
wild-type Ca2+ response. Moreover, sperm-specific expression of a trp-3 transgene partially rescued both the absence of the 
local Ca2+ rise and the delay in the onset of the traveling wave. Transgenic experiments revealed the sperm-specific 
expression of the trp-3 gene and the surface localization of TRP-3::TagRFP-T fusion protein in mature sperm. We visualized 
the fertilization between oocytes whose plasma membrane was labeled with GFP::PH and the TRP-3::TagRFP-T-expressing 
sperm, and found that sperm entered the oocyte via direct plasma membrane fusion. Moreover, during the sperm-oocyte 
fusion, TRP-3::TagRFP-T was transferred from the sperm plasma membrane to the oocyte plasma membrane. The Ca2+ 
concentration of the mature trp-3 mutant sperm before fertilization was not different from that of the wild-type sperm. The 
estimated Ca2+ concentration in the fused sperm cytoplasm increased from a resting level after the sperm-oocyte fusion. 
Furthermore, transgenic rescue experiments for the trp-3 mutant showed that the larger the local Ca2+ rise, the earlier the 
traveling wave was induced. This correlation was explained by a numerical simulation, which assumes Ca2+-induced Ca2+ 
release machinery in the oocyte. These results suggest that sperm-derived TRP-3 channel acts as a Ca2+ conduit to induce the 
local Ca2+ rise in the fertilized oocyte. The local Ca2+ rise then induces the traveling Ca2+ wave probably via the Ca2+-induced 
Ca2+ release machinery. 

885B. hke-4.1/ ZIP7 encodes a zinc transporter involved in zinc homeostasis and sperm function in Caenorhabditis elegans. 
Chieh-Hsiang Tan1, Yanmei Zhao2,3, Nicholas Dietrich1, Kurt Warnhoff1, Ronald E. Ellis3, Kerry Kornfeld1. 1) Dept of Dev 
Biol, Washington University School of Medicine, St. Louis, MO; 2) Lab of Noncoding RNA, Institute of Biophysics, 
Chinese Academy of Sciences, Beijing, China; 3) Dept of Mol Biol, Rowan University SOM, Stratford, NJ. 
   Zinc is an essential trace element that plays many important roles in biological systems. The homeostasis of zinc in 
eukaryotes is mediated by two conserved families of transmembrane proteins- Znt/CDF (Cation Diffusion Facilitator) 
proteins transport zinc out of the cytoplasm, whereas ZIP (Zrt/Irt–like protein) proteins transport zinc into the cytoplasm. 
Based on the existence of CDF and ZIP homologues for every zinc transporter in humans, the nematode Caenorhabditis 
elegans is a promising model for the study of zinc homeostasis. While important progress has been made in understanding 
CDF proteins in worms, there is very little information about the function of ZIP proteins. Studies of human cells suggest that 
ZIP7 functions as a key component of intracellular zinc signaling by mediating release of ER-stored zinc molecules after 
being activated by phosphorylation. There are two homologues of human ZIP7 in C. elegans, hke-4.1 and hke-4.2. To 
investigate the function of hke-4.1, we analyzed a deletion mutation that creates a null allele. Loss of hke-4.1 caused worms 
to be hypersensitive to low dietary zinc induced by using a zinc chelator. Moreover, the level of hke-4.1 mRNA was 
increased by low dietary zinc. Thus, hke-4.1 is induced by low dietary zinc and necessary for growth in these conditions, 



suggesting it plays a role in zinc trafficking and homeostasis. Loss of hke-4.1 also caused a partially penetrant, cold-sensitive 
sterile phenotype in hermaphrodites and reduced the fertility of males. The sterile phenotype of the hermaphrodites was 
rescued by mating to wild-type males. These results indicate hke-4.1 is necessary for sperm function. We are currently 
analyzing the sperm defects in hke-4.1 mutant animals and investigating the hypothesis that hke-4.1 mediates a zinc signal 
during C. elegans sperm development. 

886C. Lineage Tracing in the C. elegans Germline. K. Trimmer1,2, S. Arur1,2. 1) Genetics, UT MD Anderson Cancer Center, 
Houston, TX; 2) Graduate School of Biomedical Sciences, UT MD Anderson Cancer Center, Houston, TX. 
   Understanding the organization of a tissue provides a solid foundation for genetic and cell biological analyses.  A 
comprehensive map of the somatic lineage of Caenorhabditis elegans has laid a foundational groundwork that aided in 
determining of the organization of its tissues through understanding how they are derived.  Unfortunately, due to technical 
limitations, a germline lineage has yet to be investigated.  In the mitotic zone, this leaves many questions unanswered such as 
how many times mitotic cells divide before entering meiosis, how long are they exposed to differentiation signals before 
entering meiosis, and whether alteration of these parameters will alter the viability or maturation of a germ cell.  To answer 
these questions and further resolve the organization of the germline, I am developing methods to lineage trace in the germline 
through conditional recombination and live imaging.  Here I present my progress to date. 

887A. Membrane Remodeling in the C. elegans Germ Line. Alicia Trombley, Megan Wood, Michael Davis, Kevin Schmidt, 
Jennifer Schisa. Biology, Central Michigan University, Mount Pleasant, MI. 
   In many animal species, oocytes arrest in meiosis until they are fertilized.  As oocytes age, changes occur in their 
cytoplasm, and fertility diminishes. Our goal is to better understand the regulation and function of ribonucleoprotein (RNP) 
and membrane remodeling in the oocytes of Caenorhabditis nematodes that are either arrested in meiosis or exposed to 
stress. The assembly of large RNP granules is hypothesized to maintain oocyte quality by regulating mRNA stability or 
translation (Jud et al., 2008). Increased blebbing of nuclear membranes also occurs in these oocytes, along with the assembly 
of annulate lamellae (Patterson et al., 2011).        The remodeling of nuclear membranes into blebs in meiotically-arrested or 
heat-stressed oocytes correlates with the remodeling of RNPs and the formation of annulate lamellae at the oocyte 
cortex.  Our current experiments are leveraging the discovery of large stacks of annulate lamellae in cgh-1 and ifet-1 oocytes. 
We are assessing the extent of nuclear blebbing in these, and related CGH-1 complex mutants, and so far have discovered 
increased blebbing in a subset of the mutants.  We are also using TEM and the SP12::GFP strain to analyze membranes at the 
oocyte cortex and throughout the germ line. In addition to stacks of aligned membranes visualized by TEM in the mutant 
germ lines, we also observe large patches of ER membrane in oocytes and in the distal core. In combination with analyses of 
RNP granules, our results will address the hypothesis that nuclear blebbing initiates the formation of AL at the oocyte cortex, 
which in turn promotes the assembly of RNP granules. 

888B. A role for dynein light chain in germline stem cell maintenance in C. elegans. Xiaobo Wang1, Mary Ellenbecker1, 
Dominique Rasoloson2, Ekaterina Voronina1. 1) DBS, University of Montana, Missoula, MT; 2) MBG Department, Johns 
Hopkins University School of Medicine/HHMI, Baltimore, MD. 
   FBF-1 and FBF-2, two similar PUF family translational repressors, are required for maintenance of germline stem cell in C. 
elegans (Crittenden et al., 2002). Here we report identification of dynein light chain DLC-1 as a specific cofactor of FBF-2, 
but not FBF-1. In germline stem cells, FBF-2 localizes to perinuclear RNA granules called P granules (Voronina et al., 2012). 
This localization is important for FBF-2 binding to target mRNAs and its activity as a translational repressor. By contrast, 
FBF-1 does not localize to P granules, and its function does not depend on P granule integrity. The goal of this study is to 
investigate mechanisms of FBF-2 localization to P granules. DLC-1 is an LC8-type light chain, a cargo-binding component 
of dynein motor complex. Dynein traffics organelles, proteins, and mRNAs toward the minus ends of microtubules. Knock-
down of dlc-1 by RNAi correlates with loss of FBF-2 perinuclear accumulation even when P granules are not affected and 
also causes a decrease in FBF-2 activity as a translational repressor. By contrast, both FBF-1 localization and its 
repressor function are not affected by dlc-1 knock-down. In vivo, FBF-2 is found in a complex with DLC-1. In the in vitro 
pulldown assay, DLC-1 interacts with FBF-2, but not FBF-1, suggesting that specificity of DLC-1 contribution to FBF-2 
function is based on selectivity of protein-protein interactions. Interaction between DLC-1 and FBF-2 depends on the regions 
of sequence divergence between FBF-2 and FBF-1. Mutations disrupting the interaction of FBF-2 with DLC-1 do not 
interfere with the in vitro ability of FBF-2 to bind RNA, but disrupt FBF-2 localization to P granules in vivo.We conclude 
that DLC-1 binds to FBF-2 and promotes its localization to P granules, which is important for FBF-2-mediated translational 
regulation and germline stem cell maintenance. Dynein motor complex has been implicated in formation, transport, and 
dynamics of RNA granules in several cell types. Our findings suggest that LC8-type light chains such as DLC-1 may directly 
regulate recruitment of specific components to the RNA granules. 



889C. Fam20C function in C. elegans. Carolyn Worby1, Adena Gerson-Gurwitz2, Karen Oegema2, Arshad Desai2, Jack 
Dixon1. 1) Pharmacology, UCSD, La Jolla, CA; 2) Ludwig Cancer Research, UCSD, La Jolla, CA. 
   A new family of atypical secreted kinases in human was recently identified, an archetypal member of which is 
Fam20C.  Fam20C phosphorylates S-x-E motifs in caseins and several secreted proteins implicated in bone mineralization. In 
humans, mutations in Fam20C cause an osteosclerotic bone dysplasia known as Raine syndrome. In addition to 
biomineralization, phosphorylation by FAM20C is likely to be important for other functions, since many secreted hormones, 
proteases and other factors have been shown to be phosphorylated on S-x-E motifs.Intriguingly, the C. elegans genome 
encodes a FAM20C ortholog, which contains a signal-peptide for secretion and phosphorylates proteins within S-x-E motifs 
in vitro. Since mineralization does not occur in C. elegans, we are hoping to identify new roles for FAM20C in this system.In 
collaboration with the Oegema and Desai laboratories at UCSD, we are addressing the significance of FAM20C kinase 
activity in C. elegans. Preliminary work reveals that FAM20C is expressed and localized in the spermatheca and that its 
deletion leads to germline phenotypes and ~40% embryonic lethality. We are currently investigating potential substrates of 
FAM20C in C. elegans to determine the molecular basis for the observed phenotypes. 

890A. Omega-6 polyunsaturated fatty acid is required for yolk endocytosis and lipid uptake in C. elegans oocytes examined 
by CARS microscopy. Yung-Hsiang Yi1,2,7,8, Wei-Wen Chen3,5,6,7, Tian-Hsiang Ma1, Kuei-Ching Hsiung1, Kuan-Yu Liu1, 
Cheng-Hao Chien3,4, Yi-Chun Lin3, Yu-Sun Chang2, Szecheng J. Lo1,2,8, Ta-Chau Chang3,5,8. 1) Department of Biomedical 
Sciences, Chang Gung University, Tao-Yuan,Taiwan, R.O.C; 2) Center of Molecular Medicine, Chang Gung University, 
Tao-Yuan 333, Taiwan, R.O.C; 3) Academia Sinica, Institute of Atomic and Molecular Sciences, Taipei 106, Taiwan; 4) 
National Yang-Ming University, Institute of Biophotonics, Taipei 112, Taiwan; 5) Academia Sinica, Institute of Atomic and 
Molecular Sciences, Molecular Science and Technology Program,Taiwan International Graduate Program, Taipei 106, 
Taiwan; 6) National Tsing Hua University, Department of Chemistry, Hsinchu 300, Taiwan; 7) equal contribution; 8) 
corresponding author. 
   The transportation of yolk lipoprotein, the major carrier of nutrition that brings fatty acids into oocytes, is critical for the 
maturation of oocytes in the nematode Caenorhabditis elegans (C. elegans). However, it is unclear how polyunsaturated fatty 
acids (PUFAs) regulate the transportation of yolk lipoprotein and maturation of oocytes in C. elegans. Here we utilize 
coherent anti-Stokes Raman scattering (CARS) and two-photon excitation fluorescence microscopy to examine the 
transportation of yolk lipoprotein and maturation of oocytes in wild-type C. elegans and PUFA-related fat mutants (fat-1 to 
fat-4) on single-cell level. We found higher percentage of worms containing large yolk lipoprotein accumulation in the 
psuedocoelom of all fat-1 to fat-4 mutants. To investigate the maturation of oocytes, we have established a quantification 
method by integrating CARS lipid signal in each oocyte in live C. elegans. We demonstrate that the integrated lipid signal 
has a strong linear correlation (R2>0.9) with the integrated fluorescent signal of GFP-tagged yolk lipoprotein in oocytes. Our 
further study shows that the supplement of omega-6 PUFA to fat-2 mutant, but not omega-3 PUFA, can rescue the 
transportation of yolk lipoprotein into oocyte and hence recover the ovulation rate of oocytes. This result suggests that 
omega-6 PUFA is essential for the transportation of yolk lipoprotein and maturation of oocytes in C. elegans. In summary, 
our work demonstrates that CARS imaging is a useful tool which can provide a fast, label-free, and quantitative means for 
examining the transportation of yolk lipoprotein and the maturation of oocyte in live C. elegans. 

891B. exc-2, a gene involved in maintaining tube structure of the excretory canals. Hikmat Al-Hashimi, Matthew Buechner. 
Molecular Biosciences, University of Kansas, Lawrence, KS. 
   The excretory canals of C. elegans represent an attractive model for studying maintenance of seamless, narrow, single-cell 
biological tubes.  Many genes have been identified that play a role in the maintenance of canal diameter.Mutation of the exc-
2 gene leads to short (30-40% of wild-type length) canals containing multiple fluid-filled cysts. In order to identify the exc-2 
gene, we carried out whole-genome sequencing for the allele rh90.  The results showed a frameshift insertion in candidate 
gene ifa-4, which encodes intermediate filament A4.  RNAi against ifa-4 in N2 worms causes formation of short, cystic 
canals similar to those of exc-2 mutant worms.  In order to confirm the identity of the exc-2 gene, we performed a rescue 
assay and a complementation test between exc-2 and ifa-4.  Surprisingly, injection of the ifa-4 sequence into exc-2 worms did 
not rescue the phenotype, and the two genes complemented each other, which indicates that exc-2 and ifa-4 are different 
genes.  Sequencing of three additional alleles of exc-2 showed the same frameshift, as did sequencing of our wild-type 
strains!  Galaxy Cloudmapping uses an older version of the genome (WS220); the latest version of Wormbase (WS247) has 
corrected this sequence error.  We have now performed whole-genome sequencing of all 4 alleles of exc-2, two of which 
were outcrossed to Hawaiian wild-type worms to allow identification of the exc-2 mutation.  We are now screening candidate 
genes via confirmation of mutations via Sanger sequencing, RNAi, and fosmid rescue in order to identify the exc-2 gene, 
which should have mutations in all 4 alleles.Our lab’s previous work suggests that exc-2 acts genetically upstream of exc-9, 
exc-1, and exc-5.  A FRAP analysis of mutants labeled with endosomal tags suggests that, while most endosomal 
compartments are unaffected, the turnover of RAB-11 on recycling endosomes requires wild-type EXC-2 function.  EXC-2 
may therefore participate in endosomal recycling. 



892C. The DevoWorm Project: raising the worm with data. Bradly Alicea1,2, Stephen Larson3, Steven McGrew4, Richard 
Gordon5. 1) Crop Sciences, University of Illinois Urbana-Champaign; 2) Orthogonal Research, Champaign, IL; 3) MetaCell 
LLC, San Diego, CA; 4) New Light Industries Ltd, Spokane, WA; 5) Gulf Specimen Aquarium & Marine Lab, Panacea, FL. 
   DevoWorm [1] is a distributed collaboration, part of the OpenWorm project [2], focused on meta-analysis and 
computational modeling to better understand C. elegans embryogenesis by synthesizing and leveraging the existing 
knowledge-base: 
    1) Assembly/integration of existing datasets: DevoWorm will use cellular-level data (position, radius, mother and 
neighboring cells, expressed genes) [3] to build phenomenological, mean-field [4] and dynamic models starting from early 
embryogenesis. Building developmental emulations from this wealth of community data will have wide-ranging implications. 
    2) Higher-level data/computational modeling: DevoWorm will derive higher-level descriptions of the C. elegans embryo 
including annotation via higher-level markup languages (SBML, RDF), with biophysical modeling using CompuCell3D [5]. 
Secondary datasets of new created variables will graphically represent developmental processes, complementing higher-level 
descriptions in the form of layered data analysis. 
    3) Theoretical investigations: It may be possible to re-interpret the classic lineage tree view of C. elegans development and 
explain mosaic and regulative development via a unified theory. One way this can be accomplished is through reorganization 
of the C. elegans lineage tree as a differentiation tree [6]. A C. elegans differentiation tree may prove useful for 
understanding developmental mutants, and the evolutionary relationships between various types of developmental systems 
[6, 7].1. Alicea, B. et.al DevoWorm: differentiation waves and computation in C. elegans embryogenesis, 2014. 
http://www.biorxiv.org/content/early/2014/10/03/009993  
2. Szigeti, B. et.al OpenWorm: an open-science approach to modelling Caenorhabditis elegans. Front Computa Neurosci 
2014, 8, #137. 
3. Bao, Z.R. et.al Automated cell lineage tracing in Caenorhabditis elegans. PNAS 2006, 103, 2707-2712. 
4.    Ellner, S.P., Guckenheimer, J. Dynamic Models in Biology; Princeton University Press, 2011. 
5. Izaguirre, J.A. et.al CompuCell, a multi-model framework for simulation of morphogenesis. Bioinformatics 2004, 20, 
1129-1137. 
6. Gordon, R. The Hierarchical Genome and Differentiation Waves: Novel Unification of Development, Genetics and 
Evolution; World Scientific: Singapore, 1999. 
7. Schierenberg, E. WormBook, The Online Review of C. elegans Biology: Embryological variation during nematode 
development, 2006. http://www.wormbook.org/chapters/www_embryovariationdevelop/embryovariationdevelop.html. 

893A. Charcterising the role of ZK185.1 in Caenorhabditis elegans embryonic contraction. Elizabeth D. Drewnik, Ben G. 
Chan, Ryan B. Smit, Paul E. Mains. University of Calgary, Cumming School of Medicine, 3330 Hospital Drive NW, 
Calgary, Alberta, T2N 4N1. 
   Our lab uses Caenorhabditis elegans as a model organism to study actin/myosin contractile networks that are employed for 
morphogenic changes in animal development. We focus on the contraction of the epidermal cells responsible for elongating 
the ovoid embryo into a worm-shaped tube.Previous research in our lab determined the key players (and their regulatory 
relationships) involved in worm embryonic contraction, including the worm homologs of vertebrate LET-502/Rho-binding 
kinase, MEL-11/myosin phosphatase, FEM-2/protein phosphatase 2c and non-muscle myosin. Furthermore, parallel 
pathways generate contraction: mel-11 and let-502 are involved in one pathway, while fem-2 and pak-1 are involved in a 
different pathway.Only the lateral epidermal cells contract during elongation, and localized activity of a Rho GEF (guanine 
exchange factor) could contribute to this asymmetry. We found that loss of the C. elegans Rho GEF encoded by rhgf-
2 results in arrest during early elongation. Genetically, rhgf-2 acts as an activator of let-502/Rho-binding kinase, in parallel 
to fem-2/PP2c phosphatase. Although expressed throughout the embryo, RHGF-2 in the lateral cells can mediate elongation. 
The Rho GAP (GTPase activating protein) RGA-2 is known to prevent contraction in the dorsal and ventral epidermis. In the 
absence of both rhgf-2 and rga-2, elongation still occurs, although this still requires let-502(+).Recently, by screening for 
genetic interactions, a new player has been identified: the gene ZK185.1, which encodes a protein with a Cys-His Zinc finger. 
Three alleles are known but no phenotypes are exhibited for any of them. Currently double mutants are being constructed 
between the three alleles and mutations of known genes in the contraction pathway to determine where ZK185.1 acts in 
elongation. GFP reporters using CRISPR will be generated to visualise where ZK185.1 is acting. . 

894B. Critical roles for the apical extracellular matrix in C. elegans excretory duct and pore tube development. Hasreet Gill, 
Jennifer Cohen, Rachel Forman-Rubinsky, Pu Pu, Meera Sundaram. University of Pennsylvania School of Medicine, 
Philadelphia, PA. 
   Polarized tubular epithelia are vital components of most organ systems. The apical (or lumenal) and basal domains in tube 
cells are demarcated by specialized apical junctions that link adjacent cells. These domains also associate with distinct 
extracellular matrix (ECM) environments. While it has been well established that basal ECM proteins, such as laminins and 
collagens, facilitate proper cell shaping, promote tissue integrity, and influence cell-cell signaling, contributions of apical 
ECM proteins to tubulogenesis and signaling have only recently begun to be elucidated. Importantly, defects in the apical 



ECM have been shown to be major contributors to diseases affecting tubular epithelia, such as chronic kidney disease and 
cardiovascular disease.Here, we describe broad insights into the role of the apical ECM in morphogenesis and maintenance of 
the C. elegans excretory duct and pore tubes. The mature duct and pore are narrow, cuticle-lined unicellular tubes that 
connect the excretory canal cell to the outside environment. Development and shaping of these cells during embryogenesis 
occurs in the context of a poorly understood pre-cuticular apical ECM.  Multiple aspects of duct tube development also 
depend on LIN-3/EGF signaling from the canal cell, which is connected to the duct via an apical junction and lumen.In EMS 
mutagenesis screens for lethal mutants with duct or pore abnormalities, we identified many transmembrane or secreted 
proteins, including the extracellular leucine-rich repeat only (eLLRon) proteins LET-4 and EGG-6, the lipocalins LPR-1 and 
LPR-3, the tetraspan protein RDY-2, the nidogen and zonadhesion-related protein DEX-1, and the Zona Pellucida domain 
and mucin-related protein LET-653.  Many of these proteins localize to apical epithelial domains and affect apical ECM 
organization. A combination of live imaging and transmission electron microscopy (TEM) revealed that all of these gene 
products are required to maintain duct lumen continuity during morphogenesis, when the duct undergoes elongation and 
narrowing; most are also required to maintain the shape and/or integrity of apical junctions within and between the tube cells. 
Epistasis experiments suggest at least two separate groups that act in parallel, where the defects in one group are suppressible 
by hyperactivation of EGF-Ras-ERK signaling. Together, these results challenge the paradigm of a passive apical ECM, and 
suggest instead that, like the basal ECM, the apical ECM plays important roles in epithelial cell shaping, maintenance and 
signaling. 

895C. Decoding Embryonic Developmental Pathways Using 4D-High Content Imaging of C. elegans embryos. Rebecca 
Green, Stacy Ochoa, Renat Khaliullin, Zhiling Zhao, Shaohe Wang, Ronald Biggs, Adina Gerson-Gurwitz, Arshad Desai, 
Karen Oegema. LICR - UCSD,Dept Cell/Molec Med, 3071G, La Jolla, CA 92093. 
   Embryogenesis is a complex process requiring coordination of cell division, signaling, migration, differentiation, and death. 
Systematically defining the genetic pathways that drive these morphogenetic events during embryogenesis is an important 
current challenge. Our goal is to construct a comprehensive functional network map of essential developmental genes for the 
model metazoan, C. elegans. To this end, we have developed a 4D-high-content screening based approach to functionally 
classify ~2600 developmental genes, using two-specifically engineered marker strains that readout defects in (1) germ layer 
specification and positioning and (2) cell shape changes and cell migration during morphogenesis. Following RNAi of 
targets, we image C. elegans embryos throughout the developmental time course (~10hrs) using a CV1000 spinning disk 
confocal high-content imaging system, which enables collection of developmental data for 50-100 embryos in a single 
experiment. To date, we have completed a pilot set of >500 genes. Among these, we have recovered expected phenotypes for 
well described developmental genes as well as severe developmental phenotypes for many uncharacterized genes, validating 
our overall experimental approach. This pilot data set is being used to develop custom data management algorithms 
(cropping, orienting, and indexing embryos) and data analysis protocols, including: manual and automated scoring of 
phenotypic features (Imaris and custom). Using this approach, each individual embryogenesis movie is scored and genes are 
clustered according to phenotypic profiles. When complete, this will be the first systems-level view of embryonic 
development in a complex multicellular organism. We anticipate such an effort will translate to higher organisms and help 
reveal the genetic basis for congenital defects, such as neural tube, craniofacial, and ventral body wall closure abnormalities. 

896A. Multiple DUF23 proteins are required for normal surface coat, bacterial biofilm formation, pathogen susceptibility and 
viability. Jonathan Hodgkin, Maria J Gravato-Nobre, Dave Stroud, Delia O'Rourke. Dept Biochemistry, Univ Oxford, 
Oxford UK. 
   DUF23 is a Domain of Unknown Function consisting of ~270aa, which is found in predicted proteins encoded by at least 
60 genes in the genome of C. elegans.   One of these, GALT-1, has been shown to have galactosyltransferase activity and 
confers sensitivity to a fungal toxin (Titz et al. 2009, PMID: 1958195).  Another is BAH-1, which confers sensitivity to head 
biofilm formation on lawns of Yersinia pseudotuberculosis (the Bah phenotype; Drace et al. 2009, PMID: 1970590).   We 
have found that two other genes with Bah mutant phenotypes, bah-2 and srf-2, also encode DUF23 proteins.   In addition, 
selections for mutants resistant to the coryneform surface pathogen Leucobacter Verde1 (Hodgkin et al. 2013, PMID: 
24207844) have identified another DUF23 gene, called subs-4.   Null mutants of subs-4 die at a late embryonic stage, 
probably as a result of epidermal defects.   However, srf-2; subs-4 double mutants are viable, small and resistant to Verde1, 
unlike srf-2 single mutants which are killed by Verde1. This surprising effect implies interactions between DUF23 proteins in 
forming normal surface structures and surface coat.   Related DUF23 genes are under further investigation.  Mutants of bah-1 
and bah-2 are abnormal in their interaction with Leucobacter Verde1 as well as with Yersinia, because they rapidly form 
“tangles” of aggregated worms when exposed to Verde1 in liquid, rather than the “stars” formed by wildtype worms.   These 
observations suggest that nematode DUF23 proteins are frequently involved in determining surface properties, perhaps by 
affecting glycosylation. DUF23-encoding genes occur also in plants, insects and some vertebrates, but their functions in these 
organisms are unknown. 



897B. FBN-1 is an apical matrix protein essential for the integrity of epithelial organs under mechanical stress during larval 
development. S. Katz, H. Maul-Newby, T. Chong, V. Meli, A. Frand. Biological Chemistry, School of Medicine, UCLA, 
Los Angeles, CA. 
   The exchange of mechanical forces among extracellular matrices, polarized epithelial cells, and adhesive complexes is 
critical for the development and performance of many vital organs. However, the role of apical matrix proteins in shaping and 
maintaining epithelial organs is not well understood. This presentation describes two key functions of fbn-1, which emerged 
from a preliminary screen and encodes a set of secreted glycoproteins composed of serialized EGF-like domains, integrin-
binding motifs, and a Zona Pellucida (ZP) polymerization module. Transcriptional and translational fbn-1 fusion genes are 
made throughout the epidermis in phase with the molts. A functional FBN-1::mCherry fusion protein localizes to emergent 
apical matrices lining the body, mouth and other openings to the environment. The pattern of FBN-1 macromolecules in 
nascent cuticles is similar to the pattern of transient actin filament bundles corseting the epidermis. Consistent with this 
pattern, mutations in fbn-1 are associated with detachment and malformation of newly made cuticles. These findings suggest 
that mechanical coupling between apical FBN-1 fibrils and compressive actin filaments contours the body of molting 
larvae. FBN-1 also comprises temporary plugs in the mouths of molting larvae. The presence of FBN-1 in this location 
prevents rupture of the anterior epidermis and dislocation of the mouth during ecdysis. Genetic interactions between fbn-1 
and the α-integrin ina-1, which is expressed in the pharyngeal epithelium of molting animals, suggest that the loss of integrin-
based attachments triggers these catastrophic events. Collectively, our findings show that FBN-1 prevents the deformation 
and detachment of epithelial organs under mechanical stress during the molts. Findings about FBN-1 may apply to similar 
human matrix proteins affected in certain cardiovascular, lung and kidney diseases.  . 

898C. Characterizing tension-dependent events required for post-embryonic development of the epidermis. Sophie Katz, 
Alison Frand. Biological Chemistry, UCLA, Los Angeles, CA. 
   Mechanical forces influence the behavior of stem cells in culture and live animals, but the underlying pathways are not well 
understood. Development of the lateral epidermal (seam) cells provides an effective model system amenable to genetic, 
molecular, and biophysical approaches. The seam cells repeatedly switch behavior in phase with the molting cycle. The cells 
remain connected and quiescent and also produce matrix while larvae molt, but divide asymmetrically shortly thereafter. In 
addition, circumferential acto-myosin filaments appear beneath the apical membrane of the syncytial epidermis during the 
molts, suggesting a change in cortical tension. Based partly on the timing of seam cell division relative to rearrangement of 
the cytoskeleton, we hypothesize that tension-dependent signaling pathways affect epidermal development in larvae. To 
visualize actin dynamics in live animals using fluorescence microscopy, we constructed a UtrophinABD::tdTomato fusion 
protein that decorates actin filaments in the hypodermis. While AFBs encircle the epidermis and recruit non-muscle myosin 
(NMY-2::GFP), the shape of the seam cells becomes more elliptical and less rectangular, consistent with increased tension on 
hyp7-seam junctions. Further, genetic manipulation of the acto-myosin cytoskeleton leads to striking abnormalities in 
morphogenesis of the larval and adult epidermis. These findings support our central hypothesis and motivate ongoing studies 
of the related molecular pathways, which might include modulators of acto-myosin contractility, components of cell-cell 
junctions, and downstream regulators of cell fate and proliferation. Related findings may improve our basic understanding of 
the pathology of human cancer, fibrosis, and certain disorders of connective tissue. . 

899A. A novel regulatory network in C. elegans embryos contributes to epidermal structural integrity during development. 
Melissa Kelley, David Fay. Department of Molecular Biology, University of Wyoming, Laramie, WY. 
   During development, biomechanical forces contour the body and provide shape to internal organs. We have discovered a 
regulatory network that is required to maintain epidermal architecture in response to biomechanical forces in C. elegans 
embryos. Embryos and larvae that are doubly mutant for mec-8; sym-3 or mec-8; sym-4 have defective anterior morphology, 
called the Pharynx Ingressed or Pin phenotype. Using a microarray approach, we have discovered that the expression of C. 
elegans fbn-1, a fibrillin-related protein, is regulated by a conserved splicing factor, MEC-8/RBPMS, which is required for 
the correct processing of fbn-1 mRNA. FBN-1 is secreted at the apical surface of epidermal cells as a component of the 
embryonic sheath. Acting in a parallel pathway to MEC-8 are two conserved proteins, SYM-3/FAM102B and SYM-
4/WDR44, which localize to vesicles at or near the plasma membrane. Our data indicate that SYM-3 and SYM-4 function 
with the RAB-11 GTPase, a known regulator of endocytic recycling and exocytosis. We have also identified VHA-20/ATP6-
ap2/(P)RR, a multifunctional protein involved in vesicle acidification and planar cell polarity, as enhancing the Pin defect in 
the sym-4 mutant background and being critical in RAB-11 recycling endosome localization. Thus, SYM-3–SYM-4–RAB-11 
and VHA-20 may promote the correct targeting of FBN-1 or other extracellular matrix proteins to the embryonic sheath. In 
addition to providing resistance of the epidermis to a pharyngeal pulling force, FBN-1 stabilizes the epidermis during 
embryonic elongation, when circumferential actomyosin bundles arrayed along the body axis undergo contraction. C. elegans 
FBN-1 has two integrin-binding RGD domains. We found that mutations in sym-3 and sym-4 enhance the notched-head 
phenotype seen in integrin pathway mutants, suggesting that SYM-3/4 may be important in proper integrin localization. 
Correspondingly, inhibition of alpha and beta integrins enhances the Pin phenotype in sym-3, sym-4, and fbn-1, indicating 
that integrins help to maintain structural integrity against biomechanical forces. RNAi studies have revealed that spectrins 



and cadherins are also a part of this regulatory network to maintain epidermal structure and integrity. Taken together, we 
have identified a novel network that is required to maintain epidermal architecture in response to a variety of biomechanical 
forces during embryogenesis. 

900B. Gene expression during C. elegans male sexual maturation. Byunghyuk Kim1, Bangxia Suo1, Scott W. Emmons1,2. 1) 
Department of Genetics, Albert Einstein College of Medicine, Bronx, NY, USA; 2) Department of Neuroscience, Albert 
Einstein College of Medicine, Bronx, NY, USA. 
   Most animals show sexual dimorphism in their body structures as well as behaviors. When compared to the hermaphrodite, 
the C. elegans male has a distinct gonad system, 40 male-specific muscles, and 85 additional neurons, all of which contribute 
to the copulatory structures and behavior. The morphological differentiation of the male, including the addition of the male-
specific cells and the formation of a large number of synapses, arises mostly at L3 and later stages. To identify genes that are 
employed during male development, we constructed a time series of the whole-animal transcriptome ranging from L3 to 
young adult stages for the two sexes. Differential expression analysis of the ten time points (5 male, 5 hermaphrodite) 
revealed 1,751 genes differentially expressed in the male (>4-fold higher), whereas only 68 genes were upregulated in the 
hermaphrodite. As expected, the male-enriched set included many genes for known sperm proteins and several transcription 
factors critical for male development (e.g. egl-5, mab-3, mab-23 and dmd-3). Strikingly, 78% of the male-enriched genes 
(n=1,366) have no gene name and usually no listed mutant phenotype, probably reflecting the fact that males and male 
behavior are typically not examined in global RNAi screens. Unbiased gene correlation analysis partitions the 21,143 genes 
with significant expression into multiple modules, several readily correlated respectively with oogenesis/germline (5,747), 
ribosomal proteins (1,016), cuticle/hypodermis (1,421), semen (1,148), sperm (2,319), and the nervous system (3,628). Each 
module contains many uncharacterized genes, suggesting this is a rich source for gene discovery. In preliminary validation 
experiments, we showed that the most strongly male-expressed gene, F59B2.12, is a component of semen. The large class of 
clec genes (C-type lectin-like domain genes) partitions between sperm (34), semen (64) and the nervous system (24). Two 
tested genes selected respectively from the semen and nervous system subsets validated these assignments. The protein 
product of the strongly male-expressed gene ins-31 is in semen. We have shown this protein is not responsible for the 
shortened lifespans of mated hermaphrodites (Shi and Murphy, 2014) and are testing the idea that its function is to stimulate 
release of sperm-attracting prostaglandins by oocytes (Edmonds et al., 2010). By correlation with known synaptic proteins, 
we identified 47 genes (29 with human orthologs) that are candidates for previously unrecognized synaptic components. 

901C. Blister formation in bli-5 is suppressed by knocking down nas-36 and nas-37. Sedona Murphy, Anna Malawista, 
Timothy Chaya, Philip Meneely. Dept of Biology, Haverford College, Haverford, PA. 
   Blisters in a bli-5 mutant are located primarily in the head, unlike the phenotypes of the other blister mutants.  This 
phenotype is not explained by bli-5 transcription, since a bli-5:GFP transcriptional reporter gene is expressed broadly in the 
worm.  Since bli-5 is predicted to encode a protease inhibitor, it is also possible that the phenotype can be explained by a 
localilzed expression of its protease target.  We reasoned that knocking down the expression of the target protease should 
suppress blister formation in  bli-5 mutants, which would allow us to investigate the expression pattern of the target 
protease.  We find that bli-5 mutants are completely suppressed by RNAi knockdowns of nas-36 and nas-37, two proteases 
involved in molting, but not by other proteases including bli-4.  Thus, it seems likely that NAS-36 and NAS-37 are targets of 
BLI-5 inhibition.  Both nas-36 and nas-37 are expressed widely, but the proteins are found more strongly in the head during 
molting, which may partly explain the Bli-5 phenotype.  Blister formation in bli-5 may also initiate at the junction of hyp4 
and hyp5, where the body wall muscles no longer underlie the hypodermis; this hypothesis is being tested.  . 

902A. in vivo Mechanisms of Epithelial Cell Junction Formation. Jose Montoyo-Rosario, Jeremy Nance. Developmental 
Genetics, NYU School of Medicine , New York, NY. 
   Epithelial cells are specialized cells that line our organs and have specialized junctions that connect the cells together. Loss 
of junctions compromises tissue structure and has been linked to human disease, such as kidney disease, cancer, and birth 
defects. Previous studies in our lab demonstrated that PAR-6 is required for junctions to form in differentiating epithelial 
cells. PAR-6 functions together with the kinase PKC-3, but the targets of PKC-3 important for junction formation are largely 
unknown. Using a temperature-sensitive hypomorphic allele of pkc-3, we found that junctions in the spermatheca can break 
in mutant animals, leading to sterility. To find genes that function together with pkc-3 to regulate junctions, we performed a 
suppressor screen to identify pkc-3 mutants that are fertile at the restrictive temperature. We isolated 27 independent 
mutations, including several intragenic mutations in the pkc-3 gene and a new allele of a known pkc-3 effector, lgl-1. We are 
using whole genome sequencing to clone the remaining mutants, and will characterize their function in junction maturation.  . 

903B. Assessing the Pathogenicity of Orsay Virus Capsid Protein Using PROFECE. Frederic Pio, Ombeline Hueber, 
Michelle Mony, Alex Bikov. Simon Fraser University , Burnaby, British Columbia 8888 University Dr. V5A 1S3, Canada. 
   The recent discovery of a natural viral infection in Caenorhabditis elegans by Orsay virus provides new opportunities to 



study host-pathogen interactions in this model organism. Although the viral capsid is mainly composed of the protein alpha, 
neither the structure nor the function of the protein delta or alpha-delta fusion protein is known. Using a new method called 
PROFECE (PROtein Feeding in C.Elegans), we assessed the pathogenicity of the viral capsid proteins by survival assays of 
synchronized population of nematodes and their abilities to induce the intestinal abnormalities observed in infected nematode 
by fluorescence microscopy. Escherichiae coli were engineered to express either the proteins alpha-delta or delta and were 
given to Caenorhabditis elegans as food source for further studies. The results demonstrate a reduction of the nematode’s 
lifespan while fed with the viral proteins along with digestive problem.  Indeed, the capsid proteins fused to a fluorescent 
protein reporter allows observing a narrower lumen and a less efficient digestion when fed with viral proteins. The study 
suggests that the protein alpha-delta as well as delta alone play a pathogenic role during the viral infection and warrant 
further studies to address the nature of the host-viral interaction. In another extent, the method could also be used for a wider 
application such as metabolic studies. 

904C. Nematode moulting enzymes as potential drug targets. Gillian Stepek1, Gillian McCormack1, Doug Houston2, 
Malcolm Walkinshaw2, Antony Page1. 1) INSTITUTE OF BIODIVERSITY, ANIMAL HEALTH & COMPARATIVE 
MEDICINE, UNIVERSITY OF GLASGOW; 2) INSTITUTE OF STRUCTURAL & MOLECULAR BIOLOGY, 
UNIVERSITY OF EDINBURGH. 
   The nematode cuticle is a collagenous extracellular matrix that is synthesised repeatedly during development via the 
moulting process.  The enzymology of cuticle collagen biosynthesis and more importantly the enzymology of cuticle ecdysis 
and moulting represent potential novel targets for parasitic nematode control. Using C. elegans we have identified and 
characterized key moulting enzymes and have focused on the nematode astacin (NAS) metalloproteases. As an example, 
mutation of the enzyme-encoding genes NAS-36 and NAS-37 reveals an essential developmental role for these enzymes in 
C. elegans moulting. We have identified the orthologs in the diverse parasitic nematodes Brugia malayi and Haemonchus 
contortus that are able to rescue the moulting phenotypes associated with nas-36/ -37.Using in silico-modelling we have 
screened available chemical libraries and have tested several hundred potential inhibitors using in vivo and in vitro assays in 
C. elegans, Brugia malayi and Haemonchus contortus.The screening process will be described and the main finding of this 
study will be presented. 

905A. C. elegans WD40 domain containing protein LAWD-1 possibly mediates protein-protein interactions during epithelial 
morphogenesis. Mengmeng Qiao, Patricia Kuwabara. Biochemistry, University of Bristol, Bristol. 
   Morphogenesis in C. elegans is a highly dynamic process in which a bean shaped embryo is transformed into its final adult 
form. During this process, epithelial cells extend to form sheets and tubes that shape the body and form organs. Disrupted 
epithelial morphogenesis often leads to embryonic arrest and defects, such as those displayed by the vab-1 and vab-2 
mutants, which encode the ephrin and eph receptor, respectively(1,2). Here, we describe the role of the lawd-1 (lumen 
associated with WD40 domain) gene in epithelial morphogenesis. The lawd-1 mutants cr7 and tm4605 each display a highly 
penetrant viable Vab (Variable abnormal) phenotype and a less penetrant embryonic lethality. Genetic analyses indicate that 
neither allele is likely to be null, hence a new knockout allele is being generated using CRISPR/Cas9. Both lawd-1 mutants 
are rescued by a recombineered fosmid containing lawd-1::mCherry (C-terminal). The LAWD-1::mCh reporter is expressed 
throughout development in all epithelial tissues except the hypodermis. Given that lawd-1 mutants have a Vab phenotype, the 
absence of hypodermal expression, except in seam cells, is surprising although this may simply be due to a lack of germline 
expression despite the ability of the reporter to rescue lawd-1 mutants. We are making a germline reporter to test this 
possibility. When lawd-1::mCh is co-expressed in embryos with the epithelial markers hmp-1::gfp, dlg-1::gfp or lifeact::gfp, 
we find that LAWD-1::mCh is apically enriched in epithelial cells. The lawd-1 gene is predicted to encode multiple isoforms, 
a number of which have been detected by western analysis. Some of these isoforms have the potential to form an N-terminal 
double-propeller with 2x7 WD40 repeats. The presence of a LAWD-1 WD40 domain has led us to hypothesise that LAWD-1 
mediates protein-protein interactions with other proteins involved in epithelial morphogenesis. To test this hypothesis we 
have co-immunoprecipitated LAWD-1::mCh and identified potential interacting partners by mass spectrometry. Several of 
the candidates isolated have known roles in epithelial development. One such candidate is VAB-10B, a spectraplakin isoform 
that interacts with actin during elongation3. Interestingly, a synthetic lethal interaction has also been detected between lawd-1 
and sma-1, which encodes the actin interacting protein β-H spectrin4. We are currently validating the candidate LAWD-1 
interacting proteins identified in our screen.Ref. 1Chin-Sang ID et al. (1999) Cell. 99;781. 2George SE et al. (1998) Cell. 
92;633. 3Bosher JM et al. (2003) J. Cell Biol. 161;757. 4McKeown C et al. (1998) Development. 125(11);2087. 

906B. Finding the GAPs Between the Membrane Receptors and CED-10/Rac1 During Embryonic Epidermal Morphogenesis 
. Hamidah Raduwan, Martha Soto. Dept. of Pathology and Laboratory Medicine, Rutgers, Robert Wood Johnson Medical 
School. Piscataway, NJ. 
   Embryonic epidermal migration is an essential step during C. elegans development. This process is tightly linked to the 
dynamics of F-actin assembly in the cells. The Arp2/3 actin nucleator, along with the nucleation promoting factor (NPF), the 
WAVE/SCAR complex, are involved in forming branched actin filaments at the protruding cell front to provide the driving 



force for the cell movement. The GTPase CED-10 recognizes the signals and recruits Arp2/3 and WAVE/SCAR complex to 
initiate branched actin formation. Three membrane receptors, UNC40, SAX-3 and VAB-1, were shown to regulate CED-10, 
the WAVE complex, and F-actin in the migrating cells, suggesting their role in recognizing the signals that regulate 
epidermal cell migration. It is, however, unknown as to how the signals recognized by the membrane receptors are sent to the 
intracellular components and at which step does each receptors play a role in the process. CED-10 is one candidate factor that 
could transmit the signals from the membrane, given its role to cycle between an active and inactive state. Two protein 
families are expected to regulate the active and inactive state of the CED-10, the guanine nucleotide exchange factor (GEF) 
and the GTPase- activating protein (GAP), respectively. Understanding this process can help us determine the specific cues 
and mechanisms that can transform a cell into a motile state, similar to the mechanisms that initiate cancer cell metastasis 
from the primary tumor. In this study, we performed an RNAi screen on candidate GAPs in C. elegans to identify those that 
work with the CED-10. Our initial study narrowed the screen to three putative candidates that could serve a role on actin 
assembly during embryonic epidermal migration via the CED-10 pathway. Further characterization of these proteins is 
underway in order to define the mechanistic process of how signals are relayed to CED-10 via the GAPs. . 

907C. Genetic Analysis of the formin fhod-1 and the PP2c phosphatase fem-2 genes during C. elegans embryonic elongation. 
Osama Refai, Paul Mains. Department of Biochemistry and Molecular Biology, University of Calgary, Calgary, Alberta. 
   The essential regulators of the C. elegans embryonic elongation (e.g., let-502 and mel-11) are well characterized; however, 
little is known about their non-myosin downstream targets.  fhod-1, a member of the formin family of actin nucleators 
encodes a protein homologous to human FHOD1 and FHOD3. fhod-1 acts downstream of the let-502/mel-11 pathway. Our 
genetic analysis implies that fhod-1 is likely the only formin acting during embryonic elongation. FHOD-1 also plays a role 
in in C. elegans muscle development and maintenance.Immunostaining showed that FHOD-1 is expressed homogenously in 
epidermal cells before the onset of elongation. FHOD-1 is expressed at higher levels in the lateral epidermal cells that are 
primarily responsible for driving elongation, but only in late elongation. Ubiquitous epidermal expression has been reported 
for other elongation related genes, but with gene function being required only in a specific subset of epidermal cells.   We 
recently found that fhod-1 encodes a novel short isoform that omits exon 8 of the current Wormbase gene model. Protein 
sequence alignments suggest that the alternatively spliced exon encodes a predicted coiled-coil domain with 51% similarity 
to the human and mouse FHOD3 coiled-coil domains. It is possible that the two isoforms act in a tissue-specific manner. I am 
testing CRISPR/Cas9 deletion mutations specific to the alternatively spliced exon to see if they effect elongation or muscle 
function differently. The complementary approach of tissue-specific expression will be used to determine whether short and 
long fhod-1 isoforms function in different cells.Genetic analysis revealed that C. elegans fem-2, which encodes a PP2c 
phosphatase, is required for embryonic elongation in addition to its well established role in sexual differentiation. fem-2 acts 
with pak-1 to mediate elongation in parallel to let-502 and mel-11. I showed that fem-2::gfp, which can rescue fem-2 
elongation defects, is expressed ubiquitously but in higher levels in the epidermis at the onset of elongation. Using tissue-
specific promoters, I found that fem-2 in dorsal/ventral epidermal cells can mediate embryonic elongation even though it is 
the lateral cells that are primarily responsible for driving elongation. . 

908A. Dissecting the teratogenic effects of an insect host pheromone in Pristionchus pacificus embryos. Tess Renahan, Ray 
Hong. California State University, Northridge, LA, CA. 
   Developmental toxicity can be caused by biotic and abiotic factors known as teratogens. However, very little is known 
about possible environmental teratogens that can adversely affect early nematode development inside their tough eggshells. 
Human-made environmental toxins, notably plasticizers in PVC, are known to cause transferable embryonic and other 
developmental defects. Other elements, including barium and mercury, are also known to cause a reduced body size and 
abnormal vulvas in exposed C. elegans embryos. Quite unexpectedly, the host pheromone of the nematode Pristionchus 
pacificus can irreversibly arrest early stage embryos but it is unclear how and what stage do the exposed embryos succumb to 
irreversible arrest. To characterize the threshold of sensitivity to the oriental beetle pheromone ZTDO, we determined the 
minimum exposure duration and developmental window that would result in arrested embryos. While most unexposed 
embryos hatch as J2 larvae after 24 hours, we found that exposing embryos to ZTDO for short as 3 hours during the bean 
stage of development can arrest embryonic development permanently. These active embryos do not hatch and develop an 
incomplete pharyngeal lumen.To further determine if the beetle pheromone arrests embryonic development indirectly by 
inhibiting gas exchange or directly by entering the eggs’ shells and disrupting normal developmental processes, we utilized 
the membrane-specific lipophilic dye FM4-64 known to stain the membrane layers of pre-anaphase oocytes in C. elegans. 
We found that FM4-64 stained the plasma membranes of exposed embryonic tissues, suggesting that the ZTDO pheromone 
likely penetrates the eggshell and permeability barrier. In contrast, in unexposed embryos, only the outermost vitelline layer 
of the eggshell was stained by FM4-64, thus supporting the hypothesis that ZTDO is disturbing the permeability barrier to 
interfere with cell functions, rather than preventing gas exchange. As further support that ZTDO acts on embryonic 
development directly, we show that non-exposed P. pacificus embryos raised in an anaerobic chamber resulted in delayed 
hatching but otherwise normal phenotype, and thus limiting gas-exchange in the embryo does not phenocopy the effects of 
ZTDO exposure. Our study challenges our stereotype about the impermeable nematode egg and showed that the nematode 



embryo is sensitive to its environment and a biotic teratogen. We are currently carrying out a genetic screen to identify 
mutants that can overcome susceptibility to ZTDO-induced arrest to pinpoint factors that mediate host pheromone perception 
in early embryos. 

909B. Nucleolar size scaling in multicellular growth and development. Sravanti Uppaluri, Stephanie Weber, Clifford 
Brangwynne. Chemical and Biological Engineering, Princeton University, Princeton, NJ. 
   Growth and size homeostasis are intricately linked to the protein translation machinery of a cell. The nucleolus is a liquid-
like phase comprised of RNA and protein that functions as the cellular ribosome factory, and is thus a key organelle for cell 
growth. However, the biophysics underlying nucleolar assembly, and the consequences of this assembly for cell growth and 
size control remain poorly understood, particularly in the context of multicellular growth. During C. elegans larval 
development, despite a large volume increase (~100 fold), we find that nucleolar size scales with cell size. This scaling is 
maintained even in the face of altered growth rates due to environmental and genetic perturbations and suggests a cell size-
sensing mechanism.  Consistent with a simple physical phase transition model we find that increasing organelle component 
concentration leads to larger nucleoli. We explore the functional consequences of nucleolar size on ribosomal output and 
organismal growth using a novel microfluidic platform. Our results lay the foundation for a biophysical understanding of 
growth control at different levels - from organelle to cell to organism. 

910C. Neuroblasts mechanically influence epidermal morphogenesis. Denise Wernike1, Karina Mastronardi1, Yun Chen2, 
Alisa Piekny1. 1) Department of Biology, Concordia University, Montreal, Quebec, Canada; 2) Laboratory of Genetics and 
Metabolism, Maternal and Child Health Hospital of Guangxi Zhuang Autonomous Region, Nanning City, Guangxi Province, 
China. 
   Tissue morphogenesis is a highly complex event that is poorly understood, as it involves multiple cellular events such as 
migration, adhesion and shape change. Studies of epidermal morphogenesis and gastrulation in Drosophila revealed that 
these events also involve the coordination of different cell types, yet it was not known how conserved this is in other 
organisms. C. elegans is an ideal model to study tissue morphogenesis, since most tissues are formed from a relatively small 
number of cells in comparison to other organisms. We study ventral enclosure, part of epidermal morphogenesis when 
epidermal cells migrate to cover the ventral side of the embryo using cues from the underlying neuroblasts. During this 
process, F-actin accumulates into a supracellular ring along the margins of the ventral epidermal cells, which was 
hypothesized to close by non-muscle myosin contractility. Consistent with this hypothesis, we found that myosin (nmy-2) is 
required for ventral enclosure, and localizes to foci that form a pattern reminiscent of F-actin. Using modified TIRF (total 
internal reflection fluorescence) microscopy, we found that myosin also localizes to dynamic foci that form intercellular 
networks in the neuroblasts, a tissue that directly underlies the epidermis. We used tissue-specific RNAi to show that myosin 
is required in the neuroblasts for ventral enclosure. In the area underlying the posterior ventral epidermal cells, a subset of 
neuroblasts organizes into a rosette-like pattern, and their surface area also appears to decrease as the epidermal cells are 
drawn together. Interestingly, both rosette formation and changes in surface area fail to occur in mutants with altered 
neuroblast cell shape or contractility. In addition, myosin distribution is altered in the overlying epidermal cells when 
neuroblast shape is altered, suggesting that there could be changes in tension that are sensed by the overlying epidermal cells, 
which affects the distribution of myosin via mechanosensing. We propose that contractility in the neuroblasts may be 
coordinated with constriction of the supracellular actin-myosin ring in the overlying epidermal cells to facilitate ventral 
enclosure. This work emphasizes the importance of the interplay between different cell types for tissue development, where 
contractility could also be contributed by non-epidermal tissues. 

911A. The role of a claudin superfamily gene nsy-4 in male sensory organ development of C. elegans. Dongying XIE, King 
L. CHOW. Division of Life Science, Hong Kong University of Science & Technology,Hong Kong. 
   Epithelial cell junctions are crucial for cell adhesion, cell-cell communication and morphogenesis. In C. elegans, how the 
components of adherens junctions are assembled in organogenesisis is largely unknown. We have previously reported that a 
claudin-like protein NSY-4, located at the apical junctions, is required for sensory ray assembly. nsy-4 knockdown in either 
ray hypodermis or structural cells alone is sufficient to generate ray-missing males. Like its claudin homologs in vertebrates, 
NSY-4 contains a functional PDZ binding motif and intracellular C-terminus, which are dispensable for correct localization, 
while mutation of the GLW motif leads to intracellular retention of the protein. These results suggest that NSY-4 functions 
similarly as its vertebrate counterparts do and may mediate adhesion by direct homophilic binding.  NSY-4 also requires 
HMR-1, the classical cadherin, for correct localization and the two co-localize at the ray tips. hmr-1 and nys-4 double 
knockdown enhances the ray missing phenotype, implying functional interaction between the two proteins. In addition, 
homeobox transcription factor ceh-43 knockdown reduces nsy-4 expression level via a transcriptional reporter assay, pointing 
nsy-4 as a downstream target of ceh-43. Given these results, we propose NSY-4 is an additional building block in C. elegans 
male sensory ray. Further studies on NSY-4, such as homophilic interaction, mapping of membrane localization domain and 
interaction with other adherens junctional proteins, should reveal more information on the roles of claudin-like proteins in 
nematode organ formation.(This study is supported by Research Grants Council, Hong Kong). 



912B. Identification of DMD-3 targets in the C. elegans male tail tip. Ji-Sup Yang1, R Antonio Herrera1, Karin Kiontke1, 
Hana Littleford3, Emily Williams1, Adam Mason2, Sevinc Ercan1, David Fitch1. 1) New York University, New York, NY; 2) 
Siena College, Loudonville, NY; 3) Columbia University, New York, NY. 
   Cellular morphogenesis is a fundamental developmental mechanism that governs how cells migrate, change identity, 
change shape, and fuse.  The C. elegans male tail tip undergoes a morphogenetic event in just four cells during late L4, 
making this a powerful model for elucidating linkage between regulators of timing, position, and epidermal fate and the cell-
biological mechanisms required for morphogenesis.  Male tail tip morphogenesis (TTM) is governed by DMD-3, a conserved 
DM-domain transcription factor that is homologous to DMRT1, which regulates male fate in humans. Expression of dmd-3 is 
necessary and sufficient for TTM to occur (Mason et al. 2008). Previous work done in the lab has shown that DMD-3 is at 
the center of a genetic network with a bow-tie structure, regulated by pathways including Wnt signaling and heterochronic 
regulation, and in turn regulating genes involved in cellular processes such as vesicle trafficking and cytoskeletal 
rearrangement (Nelson et al 2011). However, while some of the regulatory pathways involved in specifying DMD-3 
expression are known, the structure of the network downstream of DMD-3 is uncharacterized. We are using two methods to 
investigate downstream targets of DMD-3: To identify tail tip-specific targets, we are performing transcriptome profiling of 
isolated tail tip tissue from worms that undergo tail tip morphogenesis (wild-type males and hermaphrodites ectopically 
expressing dmd-3), and worms that do not (wild-type hermaphrodites and dmd-3 mutant males). To identify direct DMD-3 
transcriptional targets, we are employing chromatin immunoprecipitation and next-generation sequencing (ChIP-Seq), 
utilizing a CRISPR-generated dmd-3 allele tagged with GFP and 3xFLAG. Preliminary microarray transcriptome analysis on 
tail tip-specific RNA identified 134 significantly differentially expressed genes in the dmd-3 mutant relative to wild-type. 
Combining the results of both approaches will yield direct targets of DMD-3 that act in the male tail tip.References: Mason et 
al. 2008. Development 135:2373-2382. Nelson et al. 2011. PLoS Genetics 7(3):e1002010. 

913C. Identifying a role of N-glycosylation in C. elegans epithelial polarity by an RNAi-based biosynthetic-pathway-screen 
approach. Hongjie Zhang1,2, Nessy Abraham1,3, Liakot Khan1, Nan Zhang1, Verena Gobel1. 1) Mucosal Immunology and 
Biology Research Center, MGH, Harvard Medical School, Boston, MA, USA; 2) Faculty of Health Sciences, University of 
Macau, Taipa, Macau, China; 3) University of Alabama School of Medicine, Huntsville, AL, USA. 
   The contributions of non-proteinaceous molecules (e.g. lipids and sugars) to polarity and tubulogenesis are poorly 
understood. In an unbiased tubulogenesis screen, we previously identified a requirement of lipid-biosynthetic enzymes for C. 
elegans intestinal polarity. A follow-on tiered lipid-biosynthetic-pathway-screen approach* allowed us to identify 
glycosphingolipids (GSLs), presumed membrane raft components, as the synthesized compounds mediating the enzyme’s 
function. The analysis procured in vivo evidence for GSLs’ role in apical sorting and supported aspects of the controversial 
lipid-raft theory on polarity. Similarly controversial is a proposed requirement for sugars, specifically N-glycans, for polarity 
via apical sorting. To systematically investigate an in vivo requirement for sugars in polarity, we here use this biosynthetic-
pathway-screen approach to query carbohydrate biosynthesis.In an initial broad tier-I screen we examined apical marker 
displacement subsequent to RNAi with each of 209 molecules predicted to affect synthesis, transfer, modification and 
transport of nucleotide-sugars, N-glycans, O-glycans, glycosaminoglycans and GPI-anchors. Only two enzyme knockdowns 
affected polarity: F52B11.2, a phosphomannomutase homolog, catalyzing activated nucleotide-sugar synthesis; and BUS-8, 
an alpha-1,3-mannosyltransferase homolog, needed for lipid-linked oligosaccharide N-, but not O-glycosylation. The follow-
on tightened tier-II RNAi screen was thus targeted towards N-glycosylation and detected phenocopy when depleting 7 more 
genes: F09E5.2, a BUS-8 paralog; four oligosaccharyltransferase-complex components and a dolichol-phosphate-mannosyl-
transferase-complex- and GDP-mannose-pyrophosphorylase subunit each. These screens thus identify an in vivo requirement 
for N-glycan biosynthesis in apical polarity. To examine whether N-glycan diversification was required for function, we next 
knocked down 104 N-glycan-derivative-specific lectins. This tier III screen, combined with triple mutant analyses of critical 
enzymes, failed to detect any such requirement. In contrast, an RNAi screen of N-glycosylated proteins revealed that this 
class of molecules is enriched for proteins required for apical marker placement and intestinal lumen morphogenesis. This 
class of molecules contains lumen-associated mucins as well as most secreted ECM components, raising the possibility that 
these molecules, via their sugar-containing portions, affect trafficking pathways for apical polarity. *Zhang et al., 2015, 
Nature Protocol, 10, 681-700. 

914A. Examining interactions between AMPK and HIF-1 during C. elegans development in hypoxia. Stacy Alvares1, 
Courtnee Clough2, Dana Miller1. 1) Department of Biochemistry, University of Washington, Seattle, WA; 2) Department of 
Biology, University of Washington, Seattle, WA. 
   Long-lived cells, including stem cells and cancer stem cells, often reside in a low oxygen (hypoxic) niche.  Accumulating 
evidence suggests that the activation of genetic programs by hypoxia-inducible factor 1 (HIF-1) is important for growth, 
survival, and the self-renewal capability of these cells. C. elegans uses simple diffusion for gas exchange, allowing us to both 
deliver precise amounts of oxygen to all cells in the organism and study the effects of hypoxia on different cell types. In wild-
type animals, development and reproduction continue when animals are exposed to 0.5% O2. In contrast, we have found that 
loss of function mutations in either hif-1 or aak-2, the catalytic subunit of AMP-activated protein kinase (AMPK), cause a 



reversible arrest of cell divisions and postembryonic development in larvae, and reproductive development ceases in 
adults.  Our data indicate that AMPK and HIF-1 act in different pathways to regulate developmental arrest in 
hypoxia.  Activating AMPK by metformin in a hif-1 mutant was not sufficient to sustain reproductive activity in 0.5% O2, 
and developmental arrest was not perturbed in a vhl-1 (ok161); aak-2(ok524) strain. Through an EMS screen, we isolated 
lines that exhibit perturbed development in hypoxia. The identification of the causative genetic lesions in these strains will 
provide insight into the genetic pathways responsible for promoting C. elegans development in hypoxia and may offer insight 
into what long-lived cells require in order to survive. . 

915B. RHO-1 is required for normal oocyte transit through the spermatheca. Alyssa D Cecchetelli, Erin J Cram. 
Northeastern University, Boston MA. 
   Mechanotransduction, converting a mechanical signal into a biochemical response, is vital for proper development, tissue 
function and homeostasis of biological tubes. Defects in a cell’s ability to sense and respond to external stimuli can lead to 
complications and diseases such as asthma, atherosclerosis and cancer. The C. elegans spermatheca, the site of fertilization 
within the worm, provides an ideal in vivo model to study this biological process. Stretch of the incoming oocyte is converted 
into waves of calcium potentiated by PLC-1 that culminates in acto-myosin contractility and expulsion of fertilized embryos 
into the uterus. Loss of functional PLC-1 results in trapping of embryos within the spermatheca due to a lack of calcium 
signaling within the tissue. What remains unknown however, is what proteins act up or downstream of PLC-1 in the 
mechanotransduction pathway. One possible regulator is the small GTPase RHO-1. RHO-1 overexpression using a gain of 
function (gf) allele results in a highly constricted spermathecae and rapid transit, similar to loss of SPV-1, a recently 
identified GTPase-activating protein (GAP). Conversely, RHO-1 depletion via RNAi leads to embryos that become trapped 
in the spermatheca and/or worms that exhibit abnormal ovulations, where incoming oocytes are pinched in half upon entry. 
Preliminary evidence shows that RHO-1 has an affect on proper calcium oscillations, providing evidence that RHO-1 may be 
acting upstream of PLC-1. PLC-1 interestingly contains a unique RHO-1 interaction domain in addition to a CDC25 RAS 
guanine nucleotide exchange factor (GEF), EF hand, and RAS association domains. A structure function analysis of PLC-1 is 
in progress to determine the role of each PLC-1 domain in oocyte transit through the spermatheca. Although the presence of a 
unique RHO-1 interaction site suggests RHO-1 as a direct regulator, preliminary evidence does not support this hypothesis. It 
is possible that RHO-1 is indirectly regulating PLC-1 activity and subsequently calcium release. Given the conservation of 
PLC-1, RHO-1 and the identified mechanotransduction pathway that controls C. elegans ovulation, this work will provide 
insights into the biological mechanisms required to convert a mechanical stimulus into a biochemical response. 

916C. Wnt canonical and calcium pathways regulate cytoskeletal changes in the C. elegans male anal depressor . Xin Chen1, 
Luis Rene Garcia1,2. 1) Department of Biology, Texas A&M University, College Station, TX; 2) Howard Hughes Medical 
Institute. 
   We studied the C. elegans anal depressor development in males and hermaphrodites to address how a differentiated muscle 
cell sex-specifically reprograms developmental paths to achieve sarcomere rearrangement and functional alterations. In both 
larval males and hermaphrodites, the anal depressor muscle possesses a dorsal-ventrally oriented sarcomere. The sarcomere is 
dorsally attached to the hypodermis and is ventrally attached to the rectum. In larval males and hermaphrodites, its 
contraction facilitates defecation behavior; however in adult males, the anal depressor reorganizes its sarcomere on top of the 
dorsal protractors and becomes a copulation muscle. To identify the cytoskeletal alteration events, as well as the sex-
determination mechanism that contribute to the sarcomere rearrangement, we used YFP:actin to monitor, and mutant 
analysis, laser-ablation and transgenic feminization to perturb the cell's morphological dynamics. In young larva, the muscle 
of both sexes has similar sarcomere morphology. However later in L4, the male extrinsic sex mechanism promotes slit 
formation at the anal depressor's ventral region, demarcating the sarcomere into anterior and posterior half. The male intrinsic 
sex determination mechanism then functions to promote the disassembly of both the anterior and posterior sarcomere. The 
anterior sarcomere first disassembles, detaching the myofilaments from the dorsal and ventral attachments. The anterior edge 
of the muscle then extends filopodia anteriorly towards the developing protractors. Subsequently, the posterior sarcomere 
then disassembles, but retains a vestigial attachment to ventral body wall. Finally, the anterior domain establishes a novel 
ventral attachment to the sex muscles, and reassembles an anterior-posteriorly oriented sarcomere. To identify the signaling 
pathways that are sex-differentially activated to promote sarcomere disassembly, we conducted EMS mutagenesis and RNAi 
screens. We discovered a series of Wnt canonical and non-canonical mutants that possess sarcomere disassembly defects in 
the male anal depressor. egl-20 and lin-44 (Wnt ligands), and the lin-17 (Frizzled) mutants possess posterior sarcomere 
disassembly defects. Meanwhile, we found that the Wnt calcium pathway components, EGL-8/PLCβ, GOA-1/Gα, ITR-
1/IP3R, as well as the canonical pathway component, BAR-1/β-catenin, are involved in the posterior disassembly process. We 
are further identifying the functional relationship between these two pathways to investigate how the Wnt canonical and non-
canonical pathways interact to regulate cytoskeletal rearrangement. 

917A. Wnt signaling regulates midline guidance in C. elegans. Jason Chien, Ranjan Devkota, Catarina Mörck. Department 
of Chemistry and Molecular Biology, University of Gothenburg, Gothenburg, Sweden. 



   During the development of the nervous system, axons need to grow in a stereotypical manner in order to form specific 
connections with their targets.  All neurons do not extend axons at the same time; a distinct set of neurons, called the 
‘pioneers’, send out their axons first and serve as scaffolds for other late-outgrowing ‘follower’ axons. Previous laser ablation 
studies in C. elegans suggest that the bilaterally symmetric PVP and PVQ axons serve as substrates for the HSN axons in the 
ventral nerve cord and prevent the HSN axons from crossing over to the opposite sides1,2. However, the molecular 
mechanisms underlying the midline guidance of these three neurons are not well understood.  Through a candidate gene 
approach we found that 70% of the HSN axons cross over to the other side of the ventral nerve cord in cam-1 mutants. The 
majority of HSN guidance defects are likely to depend on earlier guidance errors of PVPs and PVQs. CAM-1 is a receptor 
tyrosine kinase of the Ror family and is implicated in Wnt signaling due to its extracellular Wnt-binding cysteine-rich 
domain. Wnts belong to a conserved family of secreted glycoproteins that are important for a wide range of developmental 
processes, but their roles in midline guidance are unclear. Interestingly, combined removal of three of the five Wnts (CWN-1, 
CWN-2 and EGL-20) results in a crossover phenotype that is indistinguishable from the loss of CAM-1, suggesting that these 
Wnts signal through the CAM-1 receptor for proper midline guidance.  Our preliminary genetic data also indicate that cam-1 
interacts with components of other known midline guidance pathways such as Netrin and Slit. We are currently investigating 
where the Wnts are expressed when the PVPs and PVQs extend and whether CAM-1 acts in these neurons.1Durbin, R. M. 
(1987). PhD Thesis, University of Cambridge.    2Garriga, G., Desai, C. and Horvitz, H. R. (1993). Development 117, 1071-
1087. 

918B. EKL-7 is a putative MPK-1 Erk target during excretory duct cell fate specification. Preston Chin, Phil Cheng, 
Christian Rocheleau. Department of Anatomy and Cell Biology, Faculty of Medicine, McGill University, Montreal, Quebec. 
   The Ras/Mitogen Activated Protein Kinase (MAPK) signaling pathway regulates multiple developmental events including 
the determination of the excretory duct cell fate (EDC) and its maintenance. A lack of an EDC causes a phenotypically 
distinct rod-like lethality due to an inability to excrete waste fluids. The scaffolding proteins Kinase Suppressor of Ras 
(KSR), KSR-1 and KSR-2, are redundantly required for Ras/MAPK signaling and specification of the EDC. ksr-1(n2526) 
null mutants exhibit a wild-type phenotype, but are sensitive to any mutations that reduce Ras/MAPK signaling. 
Subsequently, a forward genetic screen identified vh20 as a candidate allele for Y39G10AR.7, which we have since named 
ekl-7 as an enhancer of ksr-1 lethality (ekl). ekl-7; ksr-1 double mutants reveal a penetrance of rod-like lethality of 35%. The 
vh20 E422K missense mutation disrupts a C-terminal negatively charged domain. EKL-7 does not have a clear homolog 
outside of the genus Caenorhabditis. However, protein alignments identified a cluster of consensus Erk phosphorylation sites 
and Erk docking sites (D-box and FXFP) similar to those found in MPK-1 Erk targets LIN-1 and EOR-1. We hypothesize 
that EKL-7 is a novel downstream target of MPK-1 Erk that promotes the EDC fate or its maintenance.  To characterize the 
rod-like lethality of ekl-7(vh20); ksr-1(n2526) mutants, we generated animals carrying an EDC and apical junction marker. 
While ekl-7(vh20) single mutants are essentially wild-type, ekl-7(vh20); ksr-1(n2526) mutants have ducts that fail to properly 
autofuse into a toroidal cell, suggesting EKL-7 might have a specific role in duct cell autofusion. To elucidate how ekl-
7(vh20) functions within the Ras/MAPK signaling pathway, we have generated double mutants with lin-1 and eor-1 on the 
basis that these transcriptional regulators function downstream of MPK-1 Erk and have demonstrated synergistic effects 
during EDC fate specification. We have observed that both ekl-7(vh20); lin-1(n2515) and ekl-7(vh20); eor-1(cs28) doubles 
display enhanced rod-like lethality, suggesting that EKL-7 functions in parallel to LIN-1 and EOR-1. Indeed, preliminary 
images of ekl-7(vh20); eor-1(cs28) and ekl-7(vh20); lin-1(n2515) mutants show various defects in their excretory systems. 
The ability of the Ras/MAPK pathway to regulate so many developmental processes likely depends on the suite of 
downstream MPK-1 Erk targets available in a given cell type.  EKL-7 might define an important specificity factor that 
functions in coordination with LIN-1 and EOR-1 to promote the EDC fate and maintenance versus promoting other cellular 
processes regulated by Ras/MAPK signaling. 

919C. Functions of C. elegans lin-28 in hermaphrodite fertility. Sungwook Choi, Anna Zinovyeva, Victor Ambros. Program 
in molecular medicine, U Mass medical school, WORCESTER, MA. 
   lin-28 was first characterized as a developmental timing regulator in C. elegans. lin-28 encodes an RNA-binding protein 
whose functions include down regulation of the level of let-7 microRNA. We found that C. elegans lin-28 loss of function 
(lin-28(lf)) mutants exhibit temperature sensitive fertility defects. lin-28(lf) hermaphrodites have an average brood size of 20 
progeny at 20°C (~10% of normal), and are essentially sterile at 25°C. Our data show that lin-28(lf) mutants not only produce 
fewer embryos than wild type, but lin-28(lf) embryos also exhibit about 72% lethality. Some lin-28(lf) oocytes contain 
endomitotic DNA, which is a characteristic of defective ovulation. Many lin-28(lf) embryos become trapped in the 
spermatheca, suggesting defects in spermathecal exit. We found that these defects are associated with abnormal somatic 
gonad development of lin-28(lf) mutants. In particular, an abnormal spermathecal uterine valve structure prevents the proper 
exit of embryos from the spermatheca into the uterus. Moreover, lin-28(lf) embryos are more permeable to liphophilic dye 
than wild type embryos, indicating an abnormal egg shell integrity, which contributes to the embryonic lethality of lin-28(lf) 
mutants. Genetically, let-7 microRNA acts downstream of lin-28 for hermaphrodite fertility, in that let-7(lf) partially 
suppresses the lin-28(lf) fertility phenotypes, including ovulation, spermathecal exit, embryo production and embryonic 



lethality. Loss of lin-29 function, which is positively regulated by let-7 in heterochronic pathway, also partially rescues lin-
28(lf) fertility defects. We found that lin-46 is also involved in the fertility function of lin-28, because lin-28(lf)lin-46(lf) 
double mutants show enhanced fertility phenotypes compared to lin-28(lf) mutants. Currently, we are determining the timing 
and tissue that lin-28 is required for these fertility functions. 

920A. Coordinating Cdk1 and Plk1 activation for mitotic entry in early C. elegans embryos and human cells. L. Cirillo1, Y. 
Thomas2, C. Panbianco1, L. Martino2, F. Schwager1, L. Van Hove2, A. Santamaria3, L. Pindard2, M. Gotta1. 1) Department of 
Cellular Physiology and Metabolism, Faculty of Medicine, University of Geneva, 1, Rue Michel-Servet 1211 Geneva 4 (CH), 
Switzerland; 2) Jacques Monod Institute, UMR7592; Paris-Diderot University-Centre National de la Recherche Scientifique, 
15 rue Hélène Brion 75013 Paris cedex 13, France; 3) 3. Biomedical Research Unit in Gynecology, Collserola building, Vall 
Hebron Research Institute (VHIR) Psg. Vall Hebron 119-129, 08035 Barcelona, Spain. 
   Entry into mitosis is regulated by several kinases including Cdk1, Aurora A and Plk1. However, how the activity of these 
kinases is coordinated in space and time is not fully understood. Our laboratories have recently shown that SPAT-1, an 
activator of Plk1, is phosphorylated by Cdk-1 at several sites in C. elegans. Our in vivo and in vitro data revealed that 
phosphorylation of the N-terminal sites is crucial to promote the interaction with PLK-1 and its activation. Together, our 
results suggest the existence of a positive feedback loop that connects CDK-1 and PLK-1 via SPAT-1 and ensures a robust 
control of cell division timing during embryonic development.The human ortholog of SPAT-1, Bora, regulates several 
aspects of mitosis (Bruinsma et al. 2014, Chan et al 2008, Macůrek et al. 2008, Seki et al. 2008). Although phosphorylation 
of Bora is not strictly required to activate Plk1 (Seki et al. 2008, our unpublished data) we find that Cdk1 phosphorylation of 
Bora greatly increases Plk1 activation in vitro. We have mapped the Cdk1 phosphorylation sites of Bora. Based on the results 
obtained in C. elegans, we have mutated a number of N-terminal sites and found that Bora ability to activate Plk1 is greatly 
reduced in vitro. We are currently testing the function of these sites in human cells by monitoring these mutants in vivo. Our 
data will help to shed light on the activation mechanisms of Plk1 by Bora. Since Plk1 is overexpressed in many cancers, 
understanding the precise mechanisms of activation of this kinase will help the design of anti-cancer 
drugs.References:Bruinsma W. et al. J Cell Sci. 2014; Chan EH. et al. Chromosoma. 2008; Macůrek L. et al. Nature. 2008; 
Seki A. et al. Science. 2008. 

921B. Identifying the cell-type origins of secreted VPR-1 MSP domains. T. Cole1, J. Winek1, J. Vibbert1, P. Cottee1, J. 
Chen2, M. Miller1. 1) Cell Development and Integrative Biology, University of Alabama Birmingham, Birmingham, AL; 2) 
Department of Cell and Developmental Biology. Vanderbilt University School of Medicine. 
               The major sperm protein domain (MSP) is an evolutionarily conserved immunoglobulin-like structure with 
extracellular signaling and intracellular functions. The C. elegans genome encodes numerous proteins containing MSPs, 
including about 28 isoforms expressed specifically in sperm. vpr-1 encodes a type II endoplasmic reticulum protein with an 
N-terminal MSP, coiled coil motif, and C-terminal transmembrane domain. This broadly expressed, ancestral form has 
homologs in most animal species called VAPs. Human VAPB/ALS8 is associated with amyotrophic lateral sclerosis, a 
muscle disease caused by motor neuron degeneration. We have shown that the VAP MSP is proteolytically liberated from the 
transmembrane domain in the cytosol and secreted by an unconventional mechanism. In C. elegans, the secreted MSP binds 
to the CLR-1 Lar-like receptor expressed in body wall muscle, where it promotes mitochondrial localization to myofilament 
I-bands. In addition to muscle metabolism abnormalities, vpr-1 null mutants are sterile, due to arrested gonad development at 
the L2-L3 stage. To identify the cell type(s) in which vpr-1 functions, we conducted genetic mosaic analysis. We previously 
found that vpr-1 is essential in the nervous system and germ line for muscle metabolism (Han et al. 2013). Similarly, we 
show here that vpr-1 is essential in the nervous system, germ line, and to a lesser extent the intestine for gonad development. 
Transgenic vpr-1 overexpression specifically in the intestine, germ line, or subsets of the nervous system is sufficient to 
rescue the muscle and gonad defects in most vpr-1 null worms. These data suggest that VPR-1 MSPs are secreted into the 
pseudocoelom, where they act on muscle and gonadal tissues. Consistent with this idea, Cas9 genome-editing the clr-1 
genomic locus shows that CLR-1 MSP receptors are expressed throughout the muscle plasma membrane. In mammals, VAP 
MSPs are found in blood and cerebrospinal fluid (Tsuda et al. 2008; Deidda et al. 2014). We show that two independently 
generated mouse vapb mutant lines have mitochondrial abnormalities in fast twitch muscle fibers. Collectively, our results 
raise the possibility that VAP MSPs have an ancient endocrine function. We will present current data addressing the 
functions and cell-type origins of secreted VAP MSPs in worms and mice. 

922C. A role for insulin signaling in development of the parasitic nematode Brugia malayi. Kirsten Crossgrove, Danielle 
Zgoba, Lee Smith, Jenna Maiorelle. Dept Biological Sci, Univ Wisconsin, Whitewater, Whitewater, WI. 
   Brugia malayi is a parasitic nematode that causes lymphatic filariasis in humans.  Mosquitoes transmit the parasites as 
infective L3 (iL3) larvae, which molt to L4 larvae upon entering the human host.  We are interested in understanding the 
molecular signals involved in molting of iL3 parasites following transmission to humans.  The infective stage of parasitic 
nematodes is thought to be similar to the arrested dauer stage of the free-living nematode Caenorhabditis elegans since both 
are arrested L3 stages that require an environmental signal to molt to the L4 stage.   The insulin/IGF-1 signaling (IIS) 



pathway regulates dauer formation and recovery in C. elegans and has been implicated in regulating infective stage molting 
in parasitic nematodes such as Ancylostoma caninum and Strongyloides stercoralis.  We have identified genes encoding 
multiple components of this pathway in B. malayi, including its major target, the FOXO transcription factor DAF-16.  In C. 
elegans, IIS negatively regulates DAF-16 activity.  Specifically, phosphorylation of DAF-16 in response to IIS pathway 
signaling results in export to the cytoplasm and the loss of target gene activation. In C. elegans, IIS specifies reproductive 
development, while a lack of IIS allows nuclear localization of DAF-16 and dauer formation. The daf-16 gene encodes 
multiple isoforms that share a common C terminus, but vary in their N-terminal sequences. Bma-daf-16 encodes at least two 
isoforms that vary in their N-terminal sequences, including the N-terminus of the DNA binding domain.  We have expressed 
the Bma-DAF-16a DNA binding domain in E. coli.  Mobility shift and pull down assays show binding of the full length DNA 
binding domain to a canonical DAF-16 DNA binding element (DBE), while a protein with a truncated DNA binding domain 
does not bind, similar to results for A. caninum DAF-16 (Gao et al. 2009. Int J Parasitol. 39: 407-15).  Genomic selection 
experiments are currently underway to try to identify target genes in B. malayi. We have generated full length clones for 
Bma-daf-16a  and Bma-daf-16b and are currently testing the ability of full-length Bm-DAF-16a to activate transcription of a 
luciferase reporter controlled by six copies of the DBE in NIH3T3 cells.  A better understanding of the function of Bma-
DAF-16 will help determine whether the parasite IIS pathway or its targets are good candidates for drugs to treat or prevent 
parasite infection.   . 

923A. Computational model of EGF/Ras and Notch signaling in Caenorhabditis vulval development. Adriana Dawes1,2, 
David Wu1, Karley Mahalak2,3, Edward Zitnik2, Natalia Kravtsova1, Haiwei Su1, Helen Chamberlin2. 1) Department of 
Mathematics, Ohio State University, Columbus, OH; 2) Department of Molecular Genetics, Ohio State University, 
Columbus, OH; 3) Graduate Program in Molecular, Cellular, and Developmental Biology, Ohio State University, Columbus, 
OH. 
   Cell fate specification in the developing Caenorhabditis vulva relies on both inductive signaling, activated by diffusible 
ligands secreted by the anchor cell and mediated by the EGF/Ras pathway, as well as lateral signaling, mediated by the Notch 
pathway. Partial disruption of EGF/Ras signaling by the MEK inhibitor UO126 produces different responses in developing C. 
elegans and C. briggsae, suggesting the underlying signaling networks exhibit species-specific responses to perturbation. To 
investigate the interactions and activity of the EGF/Ras and Notch pathways during vulval development, we developed a 
mathematical model and calibrated it using data from wild type and UO126 treated C. elegans and C. briggsae worms. We 
find that an additional diffusible ligand may be more active during C. briggsae development, resulting in lower sensitivity to 
disruption of the EGF/Ras pathway. Using correlation and sensitivity analysis, we demonstrate that parameters associated 
with Notch pathway are important for vulval development, and that the model is robust to parameter variation. We propose 
specific testable hypotheses based on the model results to better understand the differences in EGF/Ras and Notch signaling 
that may lead to the observed differential responses to UO126 treatment. By investigating differences in cell fate 
specification during vulval development in C. elegans and C. briggsae, we can begin to characterize molecular and genetic 
changes that result in a species-specific response to the same chemical signals, while preserving an identical biological 
outcome under normal developmental conditions. 

924B. Dsh-1/Dishevelled attenuates the repelling activity of Wnt signaling in neurite outgrowth. Margarete Diaz-Cuadros, 
Chaogu Zheng, Martin Chalfie. Biological Science, Columbia U, New York, NY. 
   Wnt proteins act as guidance cues that either repel or attract navigating axons along the A-P axis. The intracellular 
mechanisms that mediate and fine-tune the activity of Wnt signaling in axon guidance, however, remain poorly understood. 
Previous studies in C. elegans (Hilliard and Bargmann 2006) suggested that mutations in lin-44/Wnt and lin-17/Fzd induce 
the reversal of neurite orientation in the PLM neurons. Wild type PLMs grow a long anteriorly directed process and a short 
but prominent posteriorly directed one, whereas PLMs in lin-44 and lin-17 mutants display a short anterior process and a long 
posterior process that often turns around at the tip of the tail and continues to grow anteriorly, and this phenotype was 
interpreted as a defect in cellular polarity. Recent experiments in our lab, however, suggest that Wnts act as repellents that 
regulate PLM neurite outgrowth. First, lin-44 is normally expressed posterior to the PLM cell body and caused the shortening 
of the PLM posterior process when overexpressed from its own promoter. Second, misexpression of lin-44 anterior to the 
PLM cell body elongated the PLM posterior process. These observations can only be explained by a repelling activity of 
Wnts. Furthermore, we found that two Dishevelled (Dvl) proteins, DSH-1 and MIG-5, act redundantly downstream of the 
LIN-17/Fzd receptor; specifically dsh-1 mig-5 double but not single mutants phenocopied lin-17 and lin-44 animals. 
Mutations in none of the Wnt signaling components downstream of Dvl phenocopied lin-17 mutants, suggesting extensive 
genetic redundancy. Nonetheless, we found that mutations in bar-1/ β-catenin and jnk-1/JNK caused an elongation of the 
PLM posterior process, indicating that components from both the canonical β-catenin pathway and the PCP pathway mediate 
the repelling activity of Wnts. Surprisingly, dsh-1 single mutants had significantly shortened PLM posterior process, a 
phenotype opposite to that of lin-17 mutants. Based on studies in frogs and mice, we hypothesized that DSH-1 attenuates the 
repelling activity of Wnts by inducing phosphorylation of the cytoplasmic tail of LIN-17, thereby enabling the growth of a 
posteriorly directed neurite. Further studies showed that the DEP domain of DSH-1 is essential for this attenuation and that 



five putative PKC phosphorylation sites in the LIN-17 C-terminal intracellular region are important for DSH-1-mediated 
down-regulation. We also found that the PCP pathway components VANG-1/Van Gogh and PRKL-1/Prickle antagonized the 
function of DSH-1 in attenuating Wnt signaling. Overall, our results suggest that negative feedback by DSH-1 attenuates the 
repelling activity of Wnts, thus allowing the growth of the PLM posteriorly-directed neurite. 

925C. The Rheb-TORC1 signaling axis and screening for Million Mutation Project alleles. Tam Duong, F. Sefakor Mote, 
David J. Reiner. Institute of Biosciences and Technology, Texas A&M Health Science Center, Houston, TX, USA. 
   Rheb small GTPase activation of Target of Rapamycin (TOR) S/T kinase is a major signaling axis controlling anabolic 
metabolism that is conserved from yeasts to humans. TOR integrates inputs from both local and systemic nutrients to 
orchestrate growth. Activated TOR complex 1 (TORC1; defined by the presence of Raptor/DAF-15) induces protein 
synthesis, builds macromolecules and inhibits autophagy. A few C. elegans genetic reagents for the Rheb-TOR axis have 
been defined: null alleles of let-363/TOR and daf-15/Raptor cause L3 developmental arrest. We characterized outcrossed 
rheb-1 null deletion alleles tm4931 and tm4642 and found that they confer L2 larval arrest. This strong loss-of-function arrest 
phenotype makes it difficult to study genetic interactions with other pathways, particularly their functions at later points in 
life, such as growth rate and aging. Furthermore, Rheb-TORC1 signaling has been studied mainly using in vitro cell culture, 
and Rheb itself has received relatively little attention. We are studying the Rheb-TORC1 signaling axis using two main 
approaches. First, we are investigating rheb-1 genetically and cell biologically. Unusually for a small GTPase, whose 
functions are generally tightly regulated by GEFs and GAPs, RHEB-1 over-expression is toxic, suggesting a possible 
mechanism of TOR regulation through controlling RHEB-1 expression. We have engineered a conditional RHEB-1 
expression system using a heterologous promoter with a nonsense mediated mRNA decay (NMD)-sensitive 3’UTR and the 
smg-1(ts) allele. We are also using CRISPR to tag the endogenous rheb-1 locus to track both expression and subcellular 
localization. Second, we are creating a genetic toolkit for Rheb-TORC1 analysis by assessing viable let-363, rheb-1 and daf-
15 point mutants generated by the Million Mutation Project (MMP). We selected 22 (out of 51) viable let-363 MMP 
candidates; this preliminary selection was based on mutation sites at conserved residues and in critical domains that are likely 
to confer reduced or gain of TOR function. We tracked developmental rate of these let-363 MMP mutant animals grown on 
Raptor/daf-15(RNAi) to sensitize the background. Wild types were mildly growth delayed while our best candidates 
exhibited substantial growth retardation. We identified four potential TOR reduced function alleles. We will further confirm 
these alleles using different genetic backgrounds, and then use them as tools for interrogating novel components of the Rheb-
TORC1 system. We will evaluate their impact on metabolism, fat storage and aging. Taken together, establishing a Rheb-
TORC1 experimental system will provide powerful means to investigate the mechanisms of TORC1 control of metabolism 
and aging in vivo. 

926A. The insulin pathway and its relation to diapause and starvation in beet cyst nematodes (Heterodera schachtii). Syed 
Jehangir Shah, Florian M.W. Grundler, Abdelnaser Elashry. INRES molecula phytomedicine, University of Bonn, Bonn, 
Germany. 
   Plant-parasitic nematodes cause a big economical loss worldwide by affecting the yield quality and/or quantity of many 
important crops. The parasitic nematodes needed to deviate from free-living nematodes in many aspects by evolving and 
acquiring a set of parasitism-specialized genes in order to have a successful parasitism. Nevertheless, species belong to both 
groups are still sharing a fairly high level of similarity. Comparison between C. elegans as one of the free-living nematode 
and plant-parasitic nematodes can benefit the later due to the advanced knowledge about C. elegans as a model organism. 
Sugar beet cyst nematodes (Heterodera schachtii) are considered as a model organism of cyst nematode species, which was 
used successfully to study plant-nematode interaction due to its ability to infect Arabidopsis thaliana. Nevertheless, the lack 
of H. schachtii genomic/transcriptomic sequences in comparison with C. elegans hinder investigating many biological 
aspects of H. schachtii. However, cyst nematodes have no dauer stage, the second stage juveniles (J2) are able to starve for 
several days until finding the suitable host and establishing their feeding site, which is rather more similar to L1 starvation in 
C. elegans. It is crucial for sedentary nematodes such as H. schachtii to have its pre-infective vermiform stage able to starve 
and diapause to survive while searching for the suitable host. In order to investigate H. schachtii diapause and determine its 
similarity with C. elegans, we implemented next generation sequencing (NGS) to sequence sugar beet cyst nematodes (H. 
schachtii) transcriptome. Then, we compared the resulted transcriptome assembly with several nematode species including C. 
elegans. We aimed to identify diapause- and starvation-related genes. We focused our investigation on genes related to the 
insulin pathway. Our results suggested that H. schachtii genes related to the insulin pathway were differentially regulated 
under prolonged starvation, abort of the diapause stage and establishing of the feeding site. Using RNAi to knock down Hs-
akt, which is a single homolog of akt-1 and akt-2 in C. elegans, has increased significantly the number of the 
developmentally arrested juveniles that failed to abort diapause and complete the molting to J3. We conclude that the insulin 
pathway is playing a role in the diapause processes in H. schachtii. We expect that knowing more about the diapause-
processes in plant-parasitic nematodes and successful modulation of genes related to the insulin pathway can decrease the 
ability of these nematodes to make a successful parasitism and could enable management strategies aim to minimize the 
economical losses. 



927B. Defining genetic pathways of disease through genetic suppression screens in Caenorhabditis elegans. Amy Fabritius, 
Andy Golden. NIDDK/NIH, Bethesda, MD. 
   There are approximately 7,000 rare diseases known in humans, many of which are mongenic (caused by a mutation in a 
single gene). C. elegans has orthologs of approximately 50 percent of the genes responsible for human diseases. We are using 
mutations in these orthologous genes in C. elegans to perform EMS mutagenesis suppressor screens to find genes that are 
involved in various disease pathways. This will provide insight into the genetic and molecular mechanisms of these diseases, 
offering possible therapeutic targets. We are using mutants in the C. elegans type IV collagens and the ubiquitin-activating 
enzyme in suppressor screens to identify potential novel therapeutic targets.Humans have six type IV collagens (alpha1-
alpha6) and C. elegans has two type IV collagens (emb-9 and let-2). The type IV collagens in both species are a major 
constituent of basement membranes and play an important role in cell signaling and cell adhesions. Mutations in the human 
type IV collagens can cause Alport syndrome or brain small vessel disease. Mutations in either gene in C. elegans lead to 
embryonic lethality or larval arrest.The ubiquitin-activating enzyme in human (UBA1or UBE1) and in C. elegans (uba-1) is 
required for activation of ubiquitin for downstream ligation of ubiquitin by the ubiquitin ligases and subsequent substrate 
degradation by the proteasome. Mutations in human UBA1 cause early-onset spinal muscular atrophy and are involved in 
some cancers. UBA-1 is the only known ubiquitin-activating enzyme in C. elegans and the temperature sensitive (ts) uba-
1(it129) allele causes embryonic lethality, larval lethality and sperm-specific sterility at restrictive temperatures.We have 
obtained suppressors of the larval arrest and embryonic lethality phenotypes in ts alleles at restrictive temperatures of emb-9, 
let-2 and uba-1.  Through whole-genome sequencing, RNAi candidate testing and recreation of the suppressor mutation in 
the mutant background, we have identified several genes responsible for suppression. One suppressor of the emb-9(hc70ts) 
allele is dig-1, a giant member of the immunoglobulin superfamily. We are currently testing this and other candidates to 
confirm their identities as suppressors and to characterize the suppressor mutations as well as the genetic and molecular 
nature of the suppressor activity that allows the animals with the mutation to survive. These results will help further define 
genetic pathways and potentially identify genes that could serve as therapeutic targets to suppress disease symptoms. 

928C. Functional analysis of the LIN-2/7/10 complex in LET-23 EGFR localization and signalling during vulval 
development. Kimberley Gauthier1,2, Olga Skorobogata1,2, Christian Rocheleau1,2. 1) Department of Anatomy and Cell 
Biology, Faculty of Medicine, McGill University, Montreal, QC; 2) MUHC Research Institute, Montreal, QC. 
   The LET-23 EGFR/ LET-60 RAS/ MPK-1 ERK signalling pathway is activated in the vulva precursor cells (VPCs) to 
initiate vulval development. The LIN-2 CASK/ LIN-7 Veli/ LIN-10 Mint1 (LIN-2/7/10) complex is necessary to maintain 
basolateral localization of LET-23 where it can engage the LIN-3 ligand and initiate downstream signaling. Disruption of this 
complex results in the apical only localization of LET-23 and a vulvaless (Vul) phenotype. This complex has been well-
defined biochemically, however the cellular mechanisms by which it regulates LET-23 localization are not understood. To 
test if the LIN-2/7/10 complex was involved in endocytosis of LET-23 at the plasma membrane, I used RNAi to knockdown 
key endocytosis genes. My results suggest that the LIN-2/7/10 complex is not involved in promoting or inhibiting 
internalization of LET-23 from the plasma membrane. This supports a model in which LIN-2/7/10 is involved in targeting 
LET-23 to the basolateral membrane from the Golgi. We identified the ARF-1.2 and ARF-3 GTPases, the AGEF-1 Arf GEF, 
and the AP-1 clathrin adaptor complex as antagonizing LET-23 basolateral localization and hence signalling likely in 
opposition to the LIN-2/7/10 complex. Interestingly, the PTB and PDZ domains of mammalian LIN-10 homolog Mint1 
interact with Arf GTPases, and Mint1 has been proposed to serve as an adaptor protein analogous to the AP-1 complex. I 
hypothesize that LIN-10 and the AP-1 complex function antagonistically at the trans-Golgi network or recycling endosomes 
to regulate its transport of LET-23 to the basolateral membrane. Consistent with this data, I found that GFP::LIN-10 and 
ARF-1.2::GFP, localize to punctate structures in the VPCs, which may represent Golgi ministacks or recycling endosomes. 
The C-terminal PTB and PDZ domains of LIN-10 regulate its localization in the VPCs, however this localization appears to 
be independent of the ARF-1.2 and ARF-3 GTPases. I also found that GFP::LIN-10 localization is independent of its 
complex components LIN-2 and LIN-7. Unexpectedly I found that overexpression of LIN-10 is sufficient to rescue both the 
lin-2 and lin-7 Vul phenotypes. Going forward, I will see if LIN-10 colocalizes and interacts with ARF-1.2, and I will test if 
this interaction is necessary for the rescue of lin-2 and lin-7 Vul phenotypes and to restore LET-23 to the basolateral 
membrane. Our results suggest that LIN-10 might have LIN-2 and LIN-7 independent functions to promote LET-23 EGFR 
basolateral localization in the VPCs. 

929A. The Mediator CDK-8 Module Represses EGFR Signaling by Modulating LIN-1 Transcription Factor and Mediator 
Activity. Jennifer Grants1, Lisa Ying1, Akinori Yoda2, David Matus3, Charlotte You1, Hideyuki Okano2, Hitoshi Sawa2, 
Stefan Taubert1. 1) University of British Columbia, Canada; 2) Osaka University, Japan; 3) Stony Brook University, NY. 
      Signaling pathways that promote cell division are tightly regulated to prevent developmental anomalies or tumor 
formation. Transcription factors (TFs) and coregulators are important modulators of signaling pathway activity, as they 
regulate downstream target gene transcription. In C. elegans, several subunits in the Mediator coregulator complex activate or 
repress vulva development, which is initiated by Epidermal Growth Factor Receptor (EGFR) signaling. However, the 
mechanisms by which Mediator can both activate and repress vulva development remain poorly defined. Here, we show that 



Mediator’s dissociable Cyclin Dependent Kinase 8 (CDK-8) Module (CKM), consisting of cdk-8, cic-1/Cyclin C, dpy-22, 
and let-19, controls a balance between repression and activation of EGFR signaling-induced transcription.   We find that the 
CKM inhibits vulva formation by repressing EGFR signaling, as CKM mutants ectopically induce the EGFR signaling-
driven vulva precursor cell (VPC) fate. This role is cell autonomous, as ectopic vulvae in cdk-8 mutants are suppressed by 
VPC-specific (but not hypodermal) expression of a wildtype cdk-8 transgene. In line with this, cdk-8 acts genetically 
downstream of let-23/EGFR, which acts in VPCs. Mechanistically, the CKM represses EGFR signaling in two ways: First, 
the CKM promotes transcriptional repression by the LIN-1 Ets-family TF, a repressor of EGFR target genes, as loss of cdk-8 
or let-19 enhances ectopic vulva formation in lin-1 reduction-of-function mutants. In line with this, CDK-8 physically binds 
to LIN-1 in a CDK-8 kinase-dependent manner. Together, these data indicate that CDK-8 is a LIN-1 corepressor. Second, the 
CKM inhibits transcriptional activation by other Mediator subunits. Unexpectedly, vulva formation in CKM mutants is 
independent of the Mediator subunit sur-2, which is required for vulva development in wildtype worms. Instead, vulva 
formation in CKM mutants requires the Mediator subunits mdt-15, -27 and -29. Similarly, multiple genes that are upregulated 
in CKM mutants require mdt-15. Together, these data suggest that the CKM inhibits MDT-15, -27 and -29 activation 
of EGFR signaling target genes; we are now investigating this hypothesis using EGFR signaling target gene reporters in 
VPCs. In sum, the CKM fine-tunes EGFR signaling-induced transcription by corepressing the LIN-1 TF and by inhibiting 
Mediator coactivator function. Thus, the dissociable CKM may define a molecular switch that controls transcriptional 
repression vs. activation in a critical cell signaling pathway. 

930B. Control of TGF-beta DBL-1 secretion in C. elegans. Kathy Beifuss1, Robbie Schultz1,2, Geethanjali Ravindranathan3, 
Tina Gumienny3. 1) - Molecular and Cellular Medicine, Texas A&M Health Science Center, College Station, TX; 2) 
Genetics Graduate Program, Texas A&M University, College Station, TX; 3) Biology, Texas Woman's University, Denton, 
TX. 
   Transforming Growth Factor-beta (TGF-b) is a family of secreted cell signaling ligands. DBL-1, a C. elegans TGF-b 
superfamily member, is secreted from nervous tissue, but must be received by receptors in neighboring cells to regulate body 
size and other processes. This process is tightly regulated at every step, but the control of TGF-b within the secreting cells is 
not well known in any system. We used a GFP-tagged DBL-1 in an RNAi screen to determine candidates that control this 
process. We then asked if the candidate gene products co-localized with GFP-tagged DBL-1. We have found specific rabs 
and the dynamin dyn-1 play a role in this process. This work clarifies the intracellular transport system used to secrete DBL-
1, and suggests a conserved mechanism of secretion control of this superfamily. 

931C. Complementary approaches to dissect C. elegans Notch receptor/ligand interactions. Laurie Holt1, Bogusia Korona1, 
Richard Suckling2, Susan Lea2, Alison Woollard1, Penny Handford1. 1) Department of Biochemistry, University of Oxford, 
Oxford, UK; 2) Sir William Dunn School of Pathology, University of Oxford, Oxford, UK. 
   Studying C. elegans has significantly contributed to our understanding of the Notch signalling pathway, however questions 
still remain as to the precise nature of the interactions between Notch receptors and their ligands. Structural studies of the 
human Notch ligand, Jagged-1, revealed the presence of an important calcium dependant phospholipid-binding domain at the 
N-terminal region. This region is present in the Notch ligands of multiple species, but its precise physiological role has 
remained elusive.We sought to establish a novel system to probe the function of the N-terminal region of C. elegans Notch 
ligands at both the molecular and whole-organism level. Ligands were studied both as recombinant protein fragments, and in 
an in vivo system. Protein expression trials in mammalian and insect cells allowed the purification of a fragment of the ligand 
APX-1, which is now being characterised to establish its biochemical properties, including calcium dependence. 
Simultaneously, a lag-2q420ts mutant C. elegans strain was selected for use in rescue experiments, using ligands including 
APX-1. When hatched at the restrictive temperature of 25 °C, lag-2q420ts mutants arrest at L1, displaying the characteristic 
Lag phenotype. When moved to the restrictive temperature post-L1, lag-2q420ts mutants manifest a variety of development 
defects, such as duplication of the anchor cell (AC). Microinjection of full length LAG-2 and APX-1 ligand cDNAs (driven 
by the lag-2 promotor) into lag-2q420ts mutants reduced penetrance of the Lag phenotype and duplication of the AC 
indicating rescue; however, overexpression of the ligand cDNA as a consequence of traditional injection and 
extrachromosomal array formation appears to cause high levels of embryonic lethality, masking potential rescue. To 
overcome this, experiments are underway to incorporate single copies of these ligands using mos-1 mediated single copy 
insertion. This should provide a more sensitive system in which to test N-terminal mutant constructs.By complementing 
protein-based and in vivo approaches, the effect of mutations in the N-terminal region of Notch ligands can be studied at both 
the biochemical and physiological level in parallel to give novel insights into the functionality of this region. 

932A. dbl-1/TGF-β and daf-12/NHR signaling mediate cell-nonautonomous effects of daf-16/FOXO on starvation-induced 
developmental arrest. Rebecca Kaplan, Yutao Chen, James Jordan, Ryan Baugh. Department of Biology, Duke University, 
Durham, NC. 
   C. elegans responds to the absence of food upon hatching by entering a state of developmental arrest in the first larval 
stage. This “L1 arrest” is associated with increased stress resistance, allowing the larvae to better survive starvation. Loss of 



the transcription factor daf-16/FOXO, an effector of insulin/IGF signaling, results in arrest-defective and starvation-sensitive 
phenotypes. We show that daf-16/FOXO regulates L1 arrest cell-nonautonomously, suggesting that insulin/IGF signaling 
regulates at least one additional signaling pathway. We also show that dbl-1/TGF-β and daf-12/NHR steroid hormone 
signaling pathways are required for the arrest-defective phenotype. Furthermore, loss of dbl-1/TGF-β and daf-12/NHR 
pathway components delayed L1-stage development in fed larvae. Though the dbl-1/TGF-β and daf-12/NHR pathways are 
epistatic to daf-16/FOXO for the arrest-defective phenotype, disruption of these pathways does not suppress the starvation 
sensitivity of the daf-16/FOXO mutant. This observation uncouples starvation survival from developmental arrest, showing 
that daf-16/FOXO mutants do not die rapidly during starvation as a result of inappropriate development and indicating that 
different DAF-16/FOXO targets function as effectors of developmental regulation and starvation resistance. Overall, this 
study shows that daf-16/FOXO promotes developmental arrest by repressing pathways that promote development. 

933B. Two ubiquitin conjugating enzymes (E2s) coordinately regulate pharyngeal attachment in C. elegans. Hilary Kemp, 
Katja Dove, Rachel Klevit, Dana Miller. Biochemistry, University of Washington, Seattle, WA. 
   Post-translational modification by ubiquitination is one important means by which the eukaryotic proteome is 
regulated.  Ubiquitin attachment is achieved via a highly conserved enzymatic pathway in which one of several dozen 
ubiquitin-conjugating enzymes (Ubcs/E2s) pairs with one of several hundred ubiquitin ligases (E3s) to covalently bind 
ubiquitin to a protein substrate. Ubiquitination of proteins is a very common mechanism to regulate cellular 
function.  However it can be difficult to define functional E2/E3 pairs and to identify the protein substrate(s) targeted by each 
E3.  E3 ligases are generally classified based on whether they include a HECT or RING domain.  In vitro, many E2s are able 
to catalyze ubiquitin transfer when paired with either HECT or RING type E3s.  Recent structural and enzymatic studies have 
defined a subclass of RING domain E3 enzymes, called RBR for "ring between ring", that act catalytically like HECT-
domain E3 ligases. Unlike the majority of E2s that have been studied in vitro, the E2 UbcH7 uniquely fails to function with 
RING type E3s, and instead acts solely with HECT or RBR type E3s.  C. elegans has a single UbcH7 ortholog, ubc-18. 
UBC-18 functions with the RBR enzyme ARI-1 in pharynx morphogenesis.  To further define molecular and genetic factors 
that interact with UBC-18, we conducted a genome-wide RNAi screen in C. elegans to identify synthetic interactions with a 
ubc-18 loss-of-function allele.  Here we describe a novel genetic interaction between ubc-18 and another E2, ubc-3.  ubc-18 
mutants depleted for ubc-3 exhibit the same pharyngeal unattached (Pun) phenotype previously observed in ubc-18; lin-35 
mutant larvae.  Depletion of ubc-3 also enhances the Pun phenotype of pha-1(ts) mutant animals.  These and other genetic 
data suggest that lin-35, ubc-3, and ubc-18 coordinately regulate the same developmental pathway during pharynx 
morphogenesis.  Here we will present our ongoing studies of the genetic and biochemical roles for UBC-18 and UBC-3 
during C. elegans development. 

934C. Adult Reproductive Diapause and Embryo Arrest in C. elegans. Isabel Kenny1, Bree Heestand1,2, Bergit Gerisch3, 
Adam Antebi3, Shawn Ahmed1,2. 1) Department of Genetics, Department of Biology, University of North Carolina, Chapel 
Hill NC 27599, USA; 2) Lineberger Comprehensive Cancer Center, University of North Carolina, Chapel Hill NC 27514, 
USA; 3) Max Planck Institute for Biology of Aging, Cologne, Germany. 
   C. elegans have several strategies for surviving starvation conditions. If starved during the last stage of larval development, 
C. elegans can enter adult reproductive diapause (ARD), resulting in shrinkage of the germline cells, morphological changes 
to the gonad arms, and reversible sterility. Separate investigations of the ARD phenotype have resulted in different 
conclusions about the fate of embryos during ARD. Angelo and Van Gilst characterized adult worms in ARD to have 
shrunken germlines as well as 1-2 arrested embryos (1). Kimble, whilst getting adult worms to successfully arrest 
reproduction, did not observe arrested embryos in the ARD animals (2).Our initial focus for investigating ARD was to 
establish a protocol for reliably inducing worms in to the arrested state. The key aspect of this protocol is the timing at which 
worms are introduced on to starvation plates. Once the protocol was developed, we obtained evidence that all wild-type 
adults that enter ARD contain embryos. We demonstrate that these embryos are not dead but are instead in a state of 
developmental arrest. Whilst testing different genotypes involved in stress response and insulin signaling, we found daf-16 
mutant worms did not show the embryo arrest characteristic of wild-type ARD animals. These findings that reduced insulin 
signaling promotes arrest of embryos in ARD. We speculate that the discordant results previously reported regarding the 
presence of embryos in adults that are in starvation-induced ARD (1,2) may be explained by variations in experimental 
protocol.1) Angelo, G. and M. Van Gilst. 2009. Starvation Protects Germline Stem Cells and Extends Reproductive 
Longevity in C. elegans. Science 326: 954-958.2) Kimble, J. and H. Seidel. 2011. The Oogenic Germline Starvation 
Response in C. elegans. PLoS ONE 6(12): e28074. 

935A. Determining the mechanism of spindle positioning in response to the Src polarity cue. Malgorzata J. Liro, Lesilee S. 
Rose. Department of Molecular and Cellular Biology, University of California, Davis, CA. 
   Asymmetric divisions produce daughter cells with different fates, and thus are critical for animal development. In 
asymmetric divisions, the mitotic spindle must be positioned on a polarized axis to ensure the differential segregation of cell 
fate determinants into the daughter cells. The mechanism of spindle positioning has been well characterized in the one-cell C. 



elegans embryo, where the intrinsically polarized PAR proteins establish the anterior/posterior (AP) axis. During this 
division, a cortically localized force generating complex consisting of Gα, GPR, and LIN-5 mediates the recruitment of 
dynactin/dynein that then exerts pulling force on astral microtubules to physically position the spindle along the AP 
axis.  Much less is known about spindle positioning in response to cell signaling in a multicellular context. At the four-cell C. 
elegans stage, the EMS cell divides asymmetrically in response to Wnt and Src cell signaling to generate mesoderm and 
endoderm founder cells. These extrinsic polarizing cues induce the EMS nuclear-centrosome complex rotation from the 
left/right onto the AP axis, and there is a corresponding enrichment of dynactin at the EMS-P2 cell contact. Single mutations 
in either Wnt or Src pathway genes often result in late EMS spindle orientation, while double mutants show a complete 
failure in spindle positioning.  The PARs are not polarized along the AP axis in the EMS cell, and it is unclear how dynactin 
enrichment at the EMS-P2 contact site is regulated. I am testing the hypothesis that in the EMS cell, Src and/or Wnt act 
through the conserved Gα/GPR/LIN-5 complex to recruit dynactin/dynein. I used temperature sensitive mutants to perform 
careful temperature shifts and imaged EMS divisions at the non-permissive temperature while earlier divisions occurred at 
the permissive temperature.  My single and double mutant analysis suggests that LIN-5 is required for EMS spindle 
positioning and is in the SRC pathway, but not in the Wnt pathway. My data suggest that LET-99, which regulates the 
cortical localization of the Gα/GPR/LIN-5 complex in the one-cell, may also act in the SRC pathway for spindle positioning. 
Whether there is asymmetry in the cortical localization pattern of LIN-5 in EMS is unclear, as any enrichment observed could 
be in neighboring cells, not EMS itself. To address this, I am using the CRISPR/Cas9 system to generate a worm strain 
expressing Dendra::LIN-5. Dendra can be photo-converted from green to red in a defined region of a cell. I will photo-
convert the fusion protein specifically in the EMS blastomere and observe its cortical localization in WT and mutant 
backgrounds. . 

936B. Three conserved tetraspanin proteins promote bone morphogenetic protein (BMP) signaling . Zhiyu Liu, Lin Wang, 
Herong Shi, Jun Liu. Department of Molecular Biology & Genetics, Cornell University Ithaca, NY 14853. 
   Bone morphogenetic proteins (BMPs) belong to the transforming growth factor β (TGFβ) superfamily of secreted 
molecules. BMPs play essential roles in multiple developmental and homeostatic processes in metazoans. Malfunction of the 
BMP pathway can cause a variety of diseases in humans, including cancer, skeletal disorders and cardiovascular diseases. 
Identification of factors that ensure proper spatiotemporal control of BMP signaling is critical for understanding how this 
pathway is regulated. In C. elegans, mutations in the BMP-like Sma/Mab pathway exhibit altered body sizes and the 
suppression of the dorsoventral patterning defects of sma-9(0) mutants in the postembryonic M lineage, among a number of 
phenotypes. Our lab has been using the sma-9(0) suppression assay to identify new players in the Sma/Mab pathway. We 
recently identified three conserved tetraspanin proteins, TSP-12, TSP-14 and TSP-21, as positive modulators of the Sma/Mab 
pathway. In addition to suppressing the sma-9(0) M lineage defect, tsp-21(0) single mutants or tsp-12(0); tsp-14(0) double 
mutants exhibit other defects in Sma/Mab signaling, including a small body size and reduced RAD-SMAD reporter 
expression. Genetic epistasis and cell type-specific rescue experiments showed that TSP-21 functions in the signal-receiving 
cells and genetically at the level of the ligand-receptor complex in the Sma/Mab pathway. A functional TSP-21::GFP 
generated via CRISPR/Cas9-mediated homologous recombination is plasma membrane-localized in a number of tissues, 
including the hypodermal, intestinal and M lineage cells. Using the split-ubiquitin yeast two-hybrid system, we found that 
TSP-21 can associate with itself and with TSP-12 and TSP-14. Furthermore, TSP-12 and TSP-14 can also associate with, and 
promote the cell surface localization of, SUP-17, an ortholog of the ADAM protease (a disintegrin and metalloprotease) 
ADAM10, which we have found to function in the Sma/Mab pathway as well. Because TSP-12 and TSP-14 can also 
associate with SMA-6, the type I receptor of the Sma/Mab pathway, in the yeast two-hybrid system, we are currently 
determining whether TSP-12 and TSP-14 may be required for the proper localization of SMA-6. Altered BMP signaling is 
known to play a role in cancer progression. In recent years, tetraspanins have emerged as diagnostic and prognostic markers 
for tumor progression, we speculate that abnormal BMP signaling due to altered expression or function of certain tetraspanins 
may be a contributing factor to cancer development. We therefore plan to determine if the roles of TSP-12, TSP-14 and TSP-
21 in promoting BMP signaling are conserved in mammals. 

937C. Population density in Caenorhabditis elegans controls developmental rate via a small molecule-based push-pull 
strategy . A.H. Ludewig1, C. Gimond3, J.J. Judkins1, R.M. Micikas1, F. Doering2, C. Braendle3, F.C. Schroeder1. 1) 
Schroeder lab, Boyce Thompson Institute/Cornell University, Ithaca NY; 2) Molecular Prevention Group, Institute of Human 
Nutrition and Food Science, Christian-Albrechts-University Kiel, Germany; 3) Institut de Biologie Valrose, CNRS, 
UMR7277, Parc Valrose, Nice cedex 02, 06108, France,. 
   Adequate sensing and processing of information about the environment is crucial for organismal survival. The nematode C. 
elegans is a particularly useful model for investigating responses to changes in environmental parameters such as 
temperature, food availability, and crowding. Here we show that timing of C. elegans reproductive development is controlled 
by a push-pull mechanism based on two different types of small molecule signals. By using the time point of first egg laying 
as a marker for full maturity, we found that animals raised under high density conditions developed up to 10 hours faster than 
animals raised in isolation. Mutant analyses revealed that population-density dependent onset of egg laying (pdde) is 



controlled by chemosensation of different two groups of endogenously produced small molecule signals. Fatty acid β-
oxidation mutants that are defective in the production of a family of glycolipids, the ascarosides, which previously have been 
shown to regulate formation of stress-resistant dauer larvae, showed dramatically enhanced pdde, whereas pdde was 
abolished or greatly reduced in mutants defective in evolutionarily conserved steroid hormone signaling. Correspondingly, 
addition of synthetic ascarosides or steroid hormones diminished or abolished pdde by either reducing or accelerating 
developmental rate. We confirmed pdde in two different C. elegans wild-type strains as well as in a related species, C. 
briggsae. Taken together, our results how that developmental rate in C. elegans is controlled by the interplay of a known 
class of interorganismal signals, the ascarosides, and bile acid-like steroids called dafachronic acids that previously had been 
identified as ligands of the nuclear hormone receptor DAF-12, a homolog of vertebrate vitamin D and pregnane-X receptors. 
Our work shows that the dafachronic acids also function as interorganismal signals that act via chemosensory mechanisms. 
Moreover, we suggest that measuring onset of egg laying provides an efficient method to measure the effect of environmental 
changes on developmental rate. 

938A. moa-1 links the APP-related gene apl-1 to the heterochronic pathway. Vanessa Marfil, Swera Cheema, Chris Li. 
Biology, City College of New York, New York, NY. 
   Cleavage products of APP (Amyloid Precursor Protein) are well-characterized proteins involved in the pathogenesis of 
Alzheimer’s disease. However, little is known about the physiological function of APP.  Deletion of APP and other members 
of the APP-family, APLP1 and APLP2, in mouse models results in postnatal lethality, suggesting that this family of proteins 
has an essential role in development.  apl-1 is the unique APP-related gene in C. elegans, making the worm an excellent 
model to study APP function.   The apl-1(yn10) null allele results in lethality during the L1 to L2 transition due to molting 
defects.  The apl-1(yn5) deletion allele is viable and only expresses the APL-1 extracellular domain.  apl-1(yn5) mutants 
show a delay in development, suggesting that apl-1 has a role in controlling developmental timing.  Heterochronic genes are 
the molecular clocks in C. elegans.  Previous reports have linked apl-1 to the heterochronic pathway, but the exact 
mechanism is still unknown.  We found that moa-1 (modifier of apl-1), which encodes a receptor protein tyrosine 
phosphatase, may be the link between apl-1 and the heterochronic pathway.  Transgenic worms carrying a moa-1 transgene 
show phenotypes characteristic of heterochronic mutants, such as vulval bursting and leptoderan male tail formation.  These 
phenotypes are suppressed by high levels of apl-1.  Moreover, downregulation of moa-1 by RNAi rescues the apl-1(yn5) 
developmental delay, confirming the interaction between moa-1 and apl-1.  Epistatic analysis places moa-1 downstream of 
the miRNA let-7 and the heterochronic protein LIN-41.  Together, our results show that both moa-1 and apl-1 have a role in 
controlling the developmental timing of C. elegans by affecting the heterochronic pathway.  . 

939B. Identifying the proteolytic and functional pathways of APL-1, the C. elegans homolog to human APP. Alexander 
Mir, Alexander Chait, Chris Li. City College of New York, New York City, NY. 
   The progressive, neurodegenerative disorder Alzheimer’s disease (AD) is characterized by deposition of amyloid plaques in 
the brain. These plaques are composed mainly of aggregated b-amyloid peptide, a cleavage product of the poorly understood 
amyloid precursor protein (APP). The study of APP in mammalian systems is complicated by the presence of three genes 
encoding functionally redundant proteins: APP, APLP1 and APLP2. By contrast, C. elegans has only a single APP-related 
gene apl-1.Like APP, APL-1 is a single pass transmembrane protein.  apl-1(yn10) is a null allele that results in lethality.  This 
lethality can be rescued by microinjection of the APL-1 extracellular domain, indicating that that the extracellular domain is 
sufficient for viability.  The extracellular domain of mammalian APP is released during cleavage by ADAM10 as part of the 
a-secretase complex. To investigate the cleavage of APL-1, we examined the two ADAM10 homologues present in the C. 
elegans genome: ADM-4 and SUP-17.  Knockdown of adm-4 decreased cleavage of APL-1, whereas knockdown of sup-17 
did not.  We conclude that ADM-4 is the major protease cleaving the extracellular domain of APL-1.The apl-1(yn5) allele is 
a deletion mutation which removes the coding region for the cytoplasmic and transmembrane segments of the APL-1 protein 
as well as much of the 3’ UTR.  apl-1(yn5) mutants are viable, confirming the apl-1(yn10) rescue experiments that the 
extracellular domain of APL-1 is sufficient for survival.  These mutants show a delayed development that is greatly enhanced 
by the knockdown of the insulin/IGF-1 receptor ortholog daf-2.  To investigate this interaction, we generated a daf-
2(e1368);apl-1(yn5) double mutant that experiences a highly penetrant L1 arrest at 25°C. We are performing a forward 
mutagenic screen to identify mutations rescuing the apl-1(yn5);daf-2(e1368) phenotype to identify novel agents in the APL-1 
pathway.  In a preliminary screen of 3,000 haploid genomes, we have isolated three suppressor mutants that revert the L1 
arrest.  We are currently mapping these suppressors and will identify their molecular lesions. 

940C. Genetic Circuitry of the Molting Cycle Timer. R. Mushtaqh Ali, A. R. Frand. Biological Chemistry, David Geffen 
School of Medicine, University of California, Los Angeles, Los Angeles, CA. 
   C. elegans larvae grow and develop through 4 periodic molts in which the preexisting cuticle is removed and replaced with 
a larger structure. The biological timer that governs the molting cycle has not been fully characterized. This timer presumably 
coordinates the episodic entry and exit from lethargus with renovation of the cuticle, ensuring the viability of the animal. We 
previously found that LIN-42, which is similar to the mammalian circadian clock protein PERIOD, sustains rhythmic molting 



cycles. Null mutants for lin-42a develop more slowly than wild-type larvae and molt at unpredictable times. In addition, 
overexpression of lin-42a lead to anachronistic, fatal molts. These findings uncovered LIN-42A as a core component of the 
molting timer. Our ongoing research seeks to identify additional transcriptional and post-transcriptional regulators that 
comprise the positive and negative limbs of the molting timer.Using bioinformatics, we identified putative binding sites for 
selected transcription factors and miRNAs in the promoters and 3’UTRs of candidate clock genes. We are currently 
measuring the speed of development in corresponding mutants, relative to wild-type larvae. Further, we are evaluating 
whether these molecules transcriptionally and post-transcriptionally regulate one another, using engineered fluorescent 
reporter genes and biochemical approaches. We anticipate that particular clock-controlled genes function in signaling 
pathways that provoke the idiosyncratic behaviors associated with transiting the molts. Although the best understood 
functions of biological clocks relate to scheduling physiological changes, the role of biological timers in development is not 
well understood. Our ongoing studies of the molting cycle timer in C. elegans will address this outstanding question. 

941A. The lipocalin LPR-1 cooperates with LIN-3/EGF signaling to promote excretory duct tube morphogenesis . P. Pu, M. 
Sundaram. Genetics, Upenn School of Medicine, philadelphia, PA. 
   LPR-1 belongs to the lipocalin superfamily, which is a group of structurally related secreted proteins that transport 
lipophilic cargos and in some cases participate in intercellular signaling. lpr-1 loss-of-function(lf) mutants have an 
incompletely penetrant L1 lethal phenotype due to failure to maintain a continuous lumen between the excretory duct and 
pore tubes. Although lpr-1 is normally expressed in both the duct and pore, it can function cell non-autonomously in tissue-
specific rescue experiments, consistent with a transport- or signaling-related function.Epistasis experiments suggest that 
LPR-1 may facilitate LIN-3/EGF signaling from the excretory canal cell to the excretory duct and pore. The EGF-Ras-ERK 
signaling pathway plays multiple roles in the development of the excretory system, including specifying excretory duct 
versus pore cell fate and promoting duct morphogenesis. lpr-1 mutant lethality was significantly suppressed by 
overexpressing a lin-3/EGF genomic fragment or by global hyperactivation of the downstream Ras signaling pathway, 
suggesting that LPR-1 and LIN-3/EGF act in a common pathway.  Temporal rescue experiments with a hsp::LIN-3(EGF) 
transgene demonstrated that signaling acts early, around the time of initial duct and pore tubulogenesis, to rescue lpr-1(lf) 
lethality. Tissue-specific rescue experiments with LET-60/Ras(gf) showed that hyperactivation of Ras was required in both 
the duct and pore cells.lpr-1 mutants do not display duct-to-pore cell fate transformations or other phenotypes expected for a 
general defect in EGF-Ras-ERK signaling; therefore we wondered if LPR-1 facilitates signaling by a specific LIN-3/EGF 
isoform. LIN-3 is the only EGF-related ligand in C. elegans, but alternative splicing generates at least four LIN-3 protein 
isoforms that differ in their extracellular domains and in their biological activities. In order to test which isoform(s) of LIN-3 
could function in the excretory system and which might require LPR-1, single copy integration lines expressing different 
LIN-3 isoforms were generated. All three of the LIN-3 isoforms we tested could rescue lin-3(lf) and lpr-1(lf) mutant lethality, 
although they differ in rescue efficiency. These data do not support the idea that LPR-1 is a dedicated cofactor for a specific 
LIN-3 isoform. Rather, the data suggest that either LPR-1 plays a more general role in facilitating LIN-3/EGF signaling in 
the context of the excretory system, or that signaling upregulates other targets that in some way compensate for the absence 
of LPR-1. 

942B. An AGEF-1/Arf GTPase/AP-1 ensemble antagonizes LET-23 EGFR basolateral localization and signalling in the 
VPCs. Olga Skorobogata, Christian Rocheleau. Departments of Anatomy and Cell Biology, and Medicine, McGill 
University and and the Research Institute of the MUHC, Montreal, Quebec, Canada. 
   EGFR signaling is essential for animal development. Mutations that activate EGFR signaling are commonly found in 
human cancers and most cancers originate from epithelial cells. However, the mechanisms regulating EGFR in polarized 
epithelial cells are not fully understood. In C. elegans LET-23 EGFR signaling from the basolateral membrane of the vulva 
precursor cells (VPCs) is essential for vulva development, providing a unique in vivo model to study EGFR signaling and 
localization.In a genetic screen for negative regulators of EGFR signaling, we have identified a mutation in AGEF-1, a 
homolog of BIG1 and BIG2 Arf GEFs, which regulate secretory traffic between Trans-Golgi network, endosomes and 
plasma membrane. A partial loss-of-function mutation in agef-1 enhances EGFR signaling in sensitized backgrounds as well 
as leads to secretory defects in multiple tissues. Additionally, agef-1 mutants have enormous late endosomes/lysosomes in the 
coelomocytes. These phenotypes suggest that both secretory and endocytic trafficking pathways are affected in agef-1 
animals.Consistent with the GEF function of AGEF-1 being responsible for its role in antagonizing EGFR signal, loss of 
ARF-1.2 and ARF-3 small GTPases leads to vulval phenotypes similar to agef-1. Furthermore, the AP-1 clathrin adaptor 
complex appears to function together with AGEF-1 and the ARFs as a negative regulator of EGFR signaling. Genetic 
epistasis places AGEF-1 at the level of LET-23 EGFR. Our analysis of LET-23 localization shows that an AGEF-
1/ARFs/AP-1 ensemble antagonizes basolateral localization of the receptor. We find that AGEF-1 is required for apical 
localization of SID-2::GFP, a dsRNA receptor, in the intestinal epithelium. Taken together with the recently described role of 
AP-1 adaptor in the maintenance of epithelial polarity, AGEF-1 might regulate LET-23 EGFR signaling via multiple 
mechanisms: directly by antagonizing basolateral localization of LET-23 and indirectly by maintaining epithelial polarity in 
the VPCs. A human homolog of AGEF-1 is mutated in numerous cancer cell lines supporting a tumor suppressive function in 



humans.Our recent data indicate that a small GTPase RAB-10 is required for agef-1 phenotypes, both in negative regulating 
LET-23 EGFR signaling in the vulva and affecting the size of LMP-1-positive endosomes in the coelomocytes. This effect is 
specific to RAB-10 and suggests that AGEF-1 and RAB-10 might function closely in an antagonistic manner. 

943C. The ZEN-4 Kinesin and DHC-1 Dynein microtubule motors promote and antagonize LET-23 EGFR signaling in the 
VPCs. Olga Skorobogata, Jassy Meng, Christian Rocheleau. Departments of Anatomy and Cell Biology, and Medicine, 
McGill University and the Research Institute of the MUHC, Montreal, Quebec, Canada. 
   A highly conserved EGFR/Ras GTPase/MAPK signaling pathway specifies vulval cell fate induction during C. elegans 
development. LET-23 EGFR has to be present on the basolateral membrane of the polarized vulval precursor cells (VPCs) in 
order to engage and transmit EGF signal. In mammals, EGFR also localizes to basolateral membranes of epithelial cells and 
excessive activation of EGFR signaling pathway has been implicated in cancer.EGFR endocytosis and lysosomal degradation 
play an important role in regulation of the strength of signaling. In mammalian cells Rab7 promotes EGFR degradation; 
however its effect on signaling had not been demonstrated. We found that in C. elegans RAB-7 antagonises LET-23 EGFR 
signaling and its loss leads to LET-23::GFP accumulation in the cytoplasmic foci, suggesting a potential role for Rab7 as a 
tumor suppressor. We conducted a genetic screen designed to uncover additional essential regulators of LET-23 EGFR 
signalling and trafficking that identified a mutation in dhc-1, which codes for the heavy chain of the Dynein minus-end 
microtubule motor protein. dhc-1(vh22) animals are small and temperature sensitive, with increased embryonic lethality due 
cell division defects at a restrictive temperature of 200C. RNAi as well as multiple alleles of dhc-1 result in increased LET-23 
EGFR signaling in sensitized backgrounds suggesting that DHC-1 is a negative regulator of EGFR signaling.Genetic 
epistasis places DHC-1 as functioning either upstream or in parallel to LET-23 EGFR. Loss of dhc-1 leads to LET-23::GFP 
accumulation in plasma membrane proximal foci of the VPCs suggesting that Dynein functions at an early step of EGFR 
endosomal trafficking. Moreover, dhc-1(vh22) animals have nearly double the number of LET-23::GFP foci in hypodermal 
cells further confirming a trafficking defect. Our recent findings identify ZEN-4 KIF23, a kinesin plus-end directed 
microtubule motor, as a suppressor of dhc-1(vh22) and a positive regulator of LET-23 EGFR signaling in the vulva. Since 
DHC-1 and ZEN-4 regulate cargo transport in the opposite directions along the microtubule track, we hypothesize that zen-4 
will revert the LET-23::GFP punctuate accumulation observed in the VPCs of dhc-1 mutants. Understanding how these genes 
function in C. elegans will promote our knowledge on how vesicular trafficking along cytoskeleton can regulate the strength 
of the EGFR signaling in epithelial cells. 

944A. Development of early C. elegans embryos in a temperature gradient provides evidence for a cell-non-autonomous 
coordination system. Eric Terry1,2,3, Bilge Birsoy3, Marin Sigurdson2, Dave Bothman2, Carl Meinhart2, Joel Rothman3. 1) 
Biomelecular Science and Engineering, University of California at Santa Barbara, Santa Barbara, CA; 2) Department of 
Mechanical Engineering, University of California at Santa Barbara, Santa Barbara, CA; 3) Department of Biology, 
University of California at Santa Barbara, Santa Barbara, CA. 
   C. elegans embryos can develop normally over a wide range of temperatures, with differences in developmental rates that 
vary correspondingly with temperature. Although each embryonic founder cell lineage possesses a distinct clock, all cells 
must respond coordinately to changes in temperature over the entire viable range to maintain the stereotyped geometry 
characteristic of early embryos. Each cell might independently assess temperature and intrinsically respond accordingly or, 
alternatively, different cells might compare their progress with that of their neighbors and adjust to events that shift other 
cells out of register. Such a compensation system might be used to correct errors that inevitably result from intrinsic or 
environmental noise that embryos experience. To assess these alternatives, we are asking whether cells are able to alter their 
division timing based not on the conditions they experience, but on the conditions of surrounding cells. To this end, we have 
designed, built, and employed a microfluidics device that establishes a temperature gradient of approximately 5oC across the 
long axis of the developing embryo. Exposing embryos to the gradient at the two-cell stage creates a local environment for 
each cell that, in the absence of communication and compensation, would be expected to result in discordant development, 
with aberrant cell division patterns and embryonic geometry, inevitably leading to lethality. In contrast, we found that 
embryos can develop normally in a 5oC gradient, suggesting that cells communicate and compensate for the discordant 
conditions of the temperature gradient. Moreover, observations of cell cycle timings provide direct evidence that cells adjust 
their cell cycle clocks in response to deviations in the relative division timing of other cells. These findings and our 
microfluidics device will make it possible to investigate a previously unexplored biological error correction and 
compensation system that appears to function in the early embryo. 

945B. Mechanisms of SYS-1/β-catenin centrosomal localization in early embryonic blastomeres. Josh Thompson, Setu 
Vora, Bryan Phillips. Integrated Biology, University of Iowa, Iowa City, IA. 
   Asymmetric cell division, the unequal distribution of cell fate determinants between daughter cells, is a critical system 
underlying the development and maintenance of the varied tissue types of a mature organism.  Despite widespread utilization 
of such divisions, the mechanisms behind induction of asymmetry are less understood due to its complex, pleiotropic, and 
often functionally redundant effects.  Throughout C. elegans development, Wnt/β-catenin signaling induces asymmetric 



distribution of Wnt signaling components to polarize a mother cell, differentially regulating Wnt target genes in its daughter 
cells.  For instance, a proper Wnt signaling response results in accumulation of cytoplasmic SYS-1/β-catenin in the proximal 
‘signaled’ cell, which, along with co-activator POP-1/TCF, activates genes to induce the corresponding cell fate.  Despite its 
asymmetric regulation immediately post-division, cytoplasmic SYS-1 localizes symmetrically to mitotic 
centrosomes.  Recent data from our lab indicate that centrosomal localization of SYS-1 serves as a clearance mechanism to 
increase the robustness of Wnt-mediated polarity.  However, the method of SYS-1 trafficking to and accumulation at the 
centrosome is unknown. In the early embryo, centrosomal localization of the b-catenin SYS-1 is dependent on the 
centrosomal scaffolding protein RSA-2.  When SYS-1 is prevented from loading to the centrosome, by loss of RSA-2, it co-
localizes to the region of kinetochore microtubules. This localization suggests a directed transport of SYS-1 to centrosomes 
along microtubules via the action of molecular motors.  We conducted an RNAi and chemical screen specifically aimed at 
depleting microtubules and microtubule transport proteins and quantified resulting SYS-1 centrosomal accumulation. We 
focused on dynein and dynactin components as the primary motor machinery for the observed minus end trafficking. We 
identified several dynein subunits by RNAi knockdown that are required for proper centrosomal localization of embryonic 
SYS-1/β-catenin. Further, the preliminary data from microtubule-destabilizing and ATP-depleting chemical treatment 
indicate that both ATP and microtubules are important for SYS-1 centrosomal localization.  Together, these results begin to 
characterize a regulatory role for the multimeric dynein/dynactin cargo binding complex in SYS-1/β-catenin localization. 

946C. Life and death: discerning the role of the essential gene, lim-7. Laura Vallier, Vidia Ramadin, Arnold Mahabir. Dept 
of Biology, Hofstra University, Hempstead, NY. 
        LIM-homeodomain (LIM-HD) transcription factors are proteins that contain two LIM domains that reside N-
terminally to a homeodomain.  The LIM-HD family of transcription factors is evolutionarily conserved in all multicellular 
organisms and seven LIM-HD proteins are found in the worm, representing each of the six subfamilies of LIM-HD 
proteins.       The sole C. elegans ortholog of the Islet LIM-HD subfamily is lim-7, which localizes to many neurons, the ten 
gonadal sheath cells and other as yet unidentified cells. Its use is mainly noted as a gonadal sheath marker but its precise role 
there and elsewhere is still unknown.  A deletion of the LIM domains is a loss of function mutation that is fully recessive and 
results in 100% lethality in the early L1 larva. Prior to death there is a plethora of phenotypes including a non-penetrant Pun 
occurring during the late embryonic stage, which we have determined is not the cause of death, since all animals die but not 
all are Pun.  Due to the fact that lim-7 is necessary for late embryo pharynx attachment, for early L1 larval viability, and is 
expressed in the somatic gonadal sheath, it appears that lim-7 may act at multiple times throughout the life of the 
worm.       To better understand one of the roles of lim-7, we are focusing on the early essential pathway(s) that lim-7 is 
required in.  Using the Ahringer RNAi feeding library, we have been searching for genes that are able eliminate the 
requirement for lim-7, thus allowing lim-7 homozygotes to live.  We have a collection of candidate genes from our screening 
of Chromosomes I and II that we will present at the meeting along with some initial analysis.  We plan to pursue how the 
candidates and lim-7 act in the mechanisms to promote early larval life in the worm.  . 

947A. Assessing the evolution of lin-3 and the activities of its splice forms in Caenorhabditis vulval development. Amhed 
Vargas Velazquez, Marie-Anne Felix. Institute of Biology of the Ecole Normale Supérieure (IBENS), Paris, France. 
   Vulva cell fate patterning in Caenorhabditis nematodes is a system commonly used to study development and its evolution. 
The ventral epidermal precursors P3.p to P8.p are capable of constituting the vulva. Their cell fate patterning relies on 
intercellular signals, in part coming from a cell of the somatic gonad, known as the anchor cell (AC). This cell produces an 
EGF-like signal (called LIN-3) that activates Ras signaling in P6.p and its neighbors in a graded manner and the transcription 
of Delta ligands. High Ras signaling promotes the 1° fate in P6.p, while activation of LIN-12 (Notch) by Deltas promotes the 
2° fate in P5.p and P7.p. Both prevent the formation of non-specialized epidermis (3° fate). A characteristic pattern, 
3°3°2°1°2°3° (P3.p to P8.p, respectively), arises at the end of the patterning. Remarkably, this pattern is largely preserved 
among different species of nematodes.1) Alternative splicing of lin-3 in C. elegans. The relationship between the AC distance 
to the VPCs and their final fate suggests that LIN-3 acts as a gradient-dependent morphogen in cell fate determination. The 
expression of the gene lin-3 commonly leads to two isoforms, differing in a 15 amino-acid region between the EGF and 
trans-membrane domains. This region could change the way LIN-3 is proteolytically processed (Hill & Sternberg 1992) and, 
possibly, whether its action at a distance or by contact. Therefore, we focused on putative differences in activity of these two 
LIN-3 isoforms and how preserved these are in different Caenorhabditis nematodes. We are forcing one or the other splice 
form at the lin-3 locus through CRISP/Cas9 gene replacement. We will present the characterization of their vulval 
phenotype.2) Evolution of the lin-3 locus. We are aligning lin-3 sequences from different Caenorhabditis species and beyond. 
We first focused on the presence of these alternative exons. We have identified that the exons and splicing signals required 
for the production of the isoforms are overall conserved in the Caenorhabditis genus. We plan to analyze cis-regulatory 
evolution by bioinformatics and experimental assays. 

948B. GRK-2 regulates body development through TGF-beta pathway in C. elegans. Jianjun Wang, Richard Carr, Jeffrey 
Benovic. Department of Biochemistry & Molecular Biology, Thomas Jefferson University, Philadelphia, PA 19107. 



   G protein-coupled receptor kinases (GRKs) regulate the activation-dependent phosphorylation of G protein-coupled 
receptors and control many behaviors in mammals. There are two GRK orthologs in the C. elegans genome, GRK-1 (similar 
to GRK4,5 and 6 in mammals) and GRK-2 (similar to GRK2 and 3 in mammals). grk-2 mutants are defective in 
chemosensory response and also have an egg-laying defect induced by serotonin depletion. Interestingly, knockout strains for 
both GRKs, grk-1(ok1239) and grk-2(gk268), have a decreased body size. For GRK-2, the mutants grk-2(gk268) and grk-
2(rt97) grow slower in the larva stage while their growth is faster in the adult stage. At 72 hours old, both grk-2 mutants are 
around 80% of wild type in body length.Previous studies suggest that the TGF-beta pathway is essential in body size 
regulation in the worm. The signal is initiated by the ligand dbl-1 binding to the type II receptor daf-4 and type I receptor 
sma-6. Ligand binding initiates receptor-mediated phosphorylation of the cytoplasmic signal transducers, sma-2, sma-3 (R-
smad) and sma-4 (co-smad) which then form a complex that goes to the nucleus to regulate gene expression. This signal 
inhibits lon-1 expression which controls the hypodermal ploidy and is down regulated in a lot of small mutants. TGF-beta 
signaling mainly controls body growth through the hypodermis. Interestingly, the seam cell or hyp7 expression of grk-2 is 
sufficient to rescue the body size in grk-2(gk268) mutant strain. This suggests the directed interaction of GRK-2 with the 
TGF-beta pathway. Indeed, grk-2 mutants suppress the long phenotype induced by dbl-1 overexpression. At the same time, 
they can be suppressed by lon-1(wk50) mutant. Using the real time PCR, we detected an increase of lon-1 expression in grk-2 
mutants. Co-immunoprecipitation experiments suggest that GRK-2 can bind SMA-2 that has been C-terminally 
phosphorylated by the receptor. In western blot, we observe no change in the total amount of SMA-2 or the ratio of SMA-2 
C-terminal phosphorylation during the larva stage. This suggests that GRK-2 may phosphorylate SMA-2 and enhance its 
complex formation and nuclear localization to regulate downstream gene transcription. Overall, GRK-2 regulates worm body 
growth mainly through TGF-beta signaling and it is only required in larva stage. 

949C. Modifications in the EGF/Ras/MAPK signalling via hypoxia. Duygu Yucel1,2. 1) Department of Medical Biology, 
Faculty of Medicine, Erciyes University, Kayseri, Turkey; 2) Betul-Ziya Eren Genome and Stem Cell Institute, Erciyes 
University, Kayseri, Turkey. 
   Diverse range of cells are generated throughout development with tight control of gene expression. Various signalling 
pathways act on gene regulation for correct cell fate determination. These factors are conserved among humans and C. 
elegans. EGF/Ras/MAPK signalling pathway which plays important roles for proper development is involved in tumour 
formation/growth in mammals. In C. elegans this fully conserved pathway regulates vulval differentiation. We embarked 
on investigation of hypoxia-induced modifications in the EGF/Ras/MAPK signalling and identified 3 mutants which display 
hypoxia-responsive phenotypes. Analysis of these results are underway. 

950A. Analyses of the mmBCFA-TORC1 pathway controlling postembryonic development and foraging behavior. H. Zhu, 
M. Kniazeva, A. Sewell, K. Anderson, F. Jia, M. Han. Molecular cell and developmental biology, HHMI/University of 
Colorado at Boulder, Boulder, CO. 
   Impacts of fatty acids and lipid nutrients on cellular signaling system controlling animal development and behaviors have 
been underexplored relative to studies on amino acids and sugars. We previously showed that leucine-derived monomethyl 
branched-chain fatty acids (mmBCFAs) are essential for postembryonic development and such a role is mediated by 
mmBCFA-derived glucosylceramide and TORC1 in the gut. We also identified NPRL-2/3 as negative regulators of TORC1. 
Our recent studies have indicated that this intestinal lipid-TORC1 pathway also play critical roles in promoting sensory 
neuron maturation and food seeking behavior under both fed and fasting conditions. We further showed that the expression of 
ceh-36/Hox and likely other genes may mediate such role. We carried out two additional screens to investigate the 
mechanisms underlying the impacts of mmBCFA/glucosylceramide on intestinal TORC1 activity, postembryonic 
development and neuronal functions. In the first screen, we have been performing behavior assays on ~250 genes that are 
specifically downregulated by mmBCFA deficiency from a genome-wide expression analysis. A number of candidates have 
been identified and are being further analyzed for their potential roles in mmBCFA-dependent foraging behavior. In the 
second screen, we carried out a multi-step analyses of >200 genes, selected based their requirement for larval growth, for 
their potential role in mediating TORC1 activation by mmBCFA. Further characterization of 19 genes from this screen has 
provided helpful clues regarding how mmBCFA/glucosylceramide promote TORC1 activity. For example, we found 
subcellular localization of V-ATPase and an oligo-peptide transporter are altered under mmBCFA-deficiency condition but 
not when TORC1 is knocked down, and RNAi of genes for both proteins compromises TORC1 activity. These results 
suggest that mmBCFA/glucosylceramide impacts TORC1 activity by properly localizing key proteins. Moreover, we show 
that loss of NPRL-3 function restores the intestinal lipid-TORC1 activity, at least in part, by recovering the normal 
localization of these two proteins. These results point to a novel mechanism by which NPRL-3 regulates TORC1, which it is 
different from published results showing that NPRL3 function as a GTPase activation protein for RagA in mammalian cells 
and yeast. Taken together, these in vivo studies may provide important insights to how lipid molecules, many are important 
nutrients, impact cell signaling pathways in specific tissues under physiological conditions. . 



951B. APAome.org: a platform to study alternative polyadenylation in C. elegans. S.M. Blazie1,2, K. Kotagama1,2, M. 
Mangone1,2. 1) Molecular and Cellular Biology Graduate Program, School of Life Sciences 427 East Tyler Mall Tempe, AZ 
85287 4501; 2) The Biodesign Institute at Arizona State University 1001 S McAllister Ave, Tempe, AZ 85287-5601. 
   Recent analysis of transcriptome data in human, mouse, worm, plant and yeast showed that alternative polyadenylation 
(APA), a mechanism in which the same gene has multiple 3'ends (3'UTR) due to the presence of more than one 
polyadenylation signal (PAS) element, is pervasive in eukaryotes. Apart from a few cases, their presence, tissue localization 
and functional role, are unclear. 3'UTRs have recently been subject to intense study, since they are targeted by a variety of 
regulatory factors, including microRNAs (miRNAs) that recognize small cis-elements present in these regions, dosing gene 
output at post-transcriptional level.Several groups have finely annotated C. elegans 3’UTRs (3’UTRome), and shown that 
almost half of its 20,000 protein-coding genes use APA. Recent data from several groups showed that intestine and muscle 
tissue transcriptomes display pervasive tissue-specific APA events, potentially providing cells with a powerful regulatory 
mechanism which uses combinatorial variation between cis-elements and trans-acting factors to regulate gene expression 
perhaps in a tissue-specific manner.Unfortunately it is very difficult to expand these results because there is no centralized 
resource that allows targeted searches of APA events in worms. There is a need to centralize these datasets in a 
comprehensive repository, easily accessible to the community interested in these genetic elements.In order to allow such 
studies, we have prepared a useful online resource for scientists interested in 3’UTR biology and APA (www.APAome.org). 
The APAome.org site uses an Apache web server and several custom-made Perl scripts that query a dedicated MySQL 
database. It is currently hosted in the Biodesign Institute at Arizona State University, and offers a simple and well-integrated 
interactive user interface to query gene records and 3'UTR isoform data. The APAome.org uses a dedicated gBrowse 
installation specifically designed to study APA in worms. This database displays tracks for each tissue transcriptome, 
including tissue-specific APA data from several groups, as well as curated 3'UTR and miRNA target data from previously 
published studies. 

952C. Parasitic WormBase. Bruce Bolt1, Michael Paulini1, Paul Davis1, Thomas Down1, Jane Lomax2, Gary Williams1, 
Kevin Howe1, The WormBase Consortium. 1) European Bioinformatics Institute (EMBL-EBI), Wellcome Trust Genome 
Campus, Hinxton, Cambridge, CB10 1SD, United Kingdom; 2) Wellcome Trust Sanger Institute, Wellcome Trust Genome 
Campus, Hinxton, Cambridge, CB10 1SA, United Kingdom. 
   Debilitating disease in humans caused by parasitic worms (helminths) is estimated to be equivalent to the loss of at least 
fifty million productive years of life, whilst agricultural losses can be measured in hundreds of millions of dollars.  As 
international efforts to sequence helminth genomes and transcriptomes gather pace, a systematic approach to the curation, 
integration and presentation of this data is needed to provide maximum utility for biomedical and agricultural 
research.WormBase (http://www.wormbase.org) has approached this problem from two directions. Firstly, we have expanded 
our sequence curation activities to include selected parasitic nematodes with defined research communities, namely: Brugia 
malayi (causative agent of lymphatic filariasis), Onchocerca volvulus (river blindness), and Strongyloides ratti (rat model for 
strongyloidiasis). We now administer the reference genomes for these species, and actively curate the gene models and other 
annotations. Secondly, we have created a sub-portal, WormBase ParaSite (http://parasite.wormbase.org), aimed at researchers 
engaged in parasitic worm genomics. WormBase ParaSite encompases flatworms as well as nematodes, and provides genome 
sequence, genome browsers, semi-automatic annotation and comparative genomics data for approximately one hundred 
species.  Additional tools include a cross-species data-mining platform, protein and nucleotide sequence search, and a variant 
effect predictor to enable the analysis of different strain/isolate genomes in the context of the reference. 

953A. JBrowse: A new genome browsing tool for WormBase. Scott Cain, Todd Harris, Sibyl Gao, Lincoln Stein. Ontario 
Institute for Cancer Research MaRS Centre 661 University Avenue, Suite 510 Toronto, Ontario Canada, M5G 0A3. 
   JBrowse is a next generation genome browsing tool that is part of the Generic Model Organism Database project (GMOD) 
and is being developed as a replacement for the Generic Genome Browser (GBrowse) which currently powers the genome 
browser at WormBase. JBrowse has several advantages as a genome browser, including a very fast user interface, with 
“Google Maps” style, on-demand rendering; local, in the browser rendering of many file formats (GFF, BigWig, BigBed, 
BAM, VCF) so that the files don't have to be uploaded to a server; combination tracks that allow users to combine data in 
tracks using arithmetic and set operations; and a highly customizable user interface. While JBrowse is not expected to replace 
GBrowse at WormBase any time soon, we are rolling JBrowse out to users now to try, use and give feedback on development 
directions. Please try out JBrowse athttp://jbrowse.wormbase.org/. 

954B. SeqPlots - a fast interactive web tool for visualizing next generation sequencing signals along genomic features. 
Przemyslaw Stempor1,2, Julie Ahringer1,2. 1) The Gurdon Institute, University of Cambridge, Cambridge, UK; 2) 
Department of Genetics, University of Cambridge, Cambridge, UK. 
   Sequencing (NGS) based experiments (e.g. ChIP-seq) generate vast amounts of data, which are driving advances in 
functional genomics research. To analyse genomic data sets, signal intensities across selected sets of genomic regions are 
often examined by generating average plots and heatmaps. We found that existing plotting methods were slow or laborious, 



inhibiting users from producing a large number of plots for data exploration.Here we present SeqPlots, a software that rapidly 
generates linear profile plots and heatmaps for exploratory data analyses and publications. SeqPlots can plot any set of 
experimental or in silico produced data (ChIP- and RNA-seq, chromatin accessibility assays, density of sequence motifs, 
nucleosome occupancy predictions, etc.) over one or multiple sets of genomic features, e.g. genes, promoters, peak calls. 
After uploading input files users choose any combination of signals and features. SeqPlots precalculates and stores a numeric 
array of each signal over each feature and presents a clickable array of signal/feature pairs that can be plotted individually or 
in any combination in a matter of seconds. Average signal plots can be displayed with error estimates and heatmaps can be 
sorted or clustered using a choice of three clustering algorithms: (1) k-means, (2) hierarchical clustering and (3) self-
organizing maps. Clustering is particularly useful for exploratory analyses of profiles and pattern discovery.SeqPlots is 
designed to be an efficient and user-friendly plotting tool. SeqPlots brings the powerful data analyses and visualization 
capabilities of the R environment as an easy, intuitive web application, which eliminates the need for a user to have training 
in programing. Hence, our software significantly shortens the time between retrieving sequencing data and extracting the 
biological knowledge.SeqPlots is available as a Mac OS X bundle that runs as a desktop application and as an R package 
from the Bioconductor repository (http://www.bioconductor.org/packages/release/bioc/html/seqplots.html). SeqPlots can also 
be deployed as a server application for data sharing and remote work. SeqPlots is an active, open development project with 
issue tracker, wiki pages and OS X app download page hosted by GitHub (https://github.com/przemol/seqplots). 

955C. The WormBase Community Curation Project. Mary-Ann Tuli, Juancarlos Chan, Ranjana Kishore, Daniela Raciti, 
Xiaodong Wang, Karen Yook, Paul Sternberg. Division of Biology, California Inst of Technology, Pasadena, CA. 
   Comprehensive manual curation of the C. elegans literature is a primary goal of WormBase (www.wormbase.org), and is 
among the most important activities of the curation staff. Curators extract and annotate over twenty different data types from 
published research. For some of these data types, such as gene expression patterns, curation is up to date, however, curation 
of other data types such as capturing the phenotype of mutant alleles and RNAi is sorely lagging. With the increasing number 
of new publications, a backlog of older papers and growing number of genome sequencing projects, for WormBase to meet 
our goal of complete literature curation, our dedicated curators need help from the research community.While WormBase has 
always welcomed data submissions, until now we have only minimally encouraged community participation. In our effort to 
explore new models for reporting, capturing, and annotating research results, we have been developing tools, which will 
allow the community to actively participate in the curation process.  These tools make up The WormBase Community 
Curation system.Submissions received via this system will be prioritised for curation and inclusion in WormBase. Authors of 
newly published papers will be invited to submit their data via user-friendly forms with detailed instructions. Researchers are 
also invited to review and update existing annotations as well as submit data that is not intended for journal publication.  Our 
strategy will allow different levels of submission and review, and the web forms will enforce standards appropriate to each 
data type. The aim is that this semi-automated approach to annotation will make it easier for us to capture bursts of curatorial 
energy from researchers.We currently support the following data types: Expression Patterns, Gene Descriptions, and 
Variation Data (both molecular and phenotypic), with plans to extend the system to other data types in the future.We hope 
these tools will evolve into platforms for authors to receive citation credit (in the form of a micro publication) when 
submitting individual pieces of data that have not been published.The system is available from the www.wormbase.org and 
will be presented at a Workshop during this meeting. . 

956A. WormBase Gene Curation using WebApollo. Gareth Williams1, Bruce Bolt1, Paul Davis1, Thomas Down1, Jane 
Lomax2, Michael Paulini1, Kevin Howe1, The WormBase Consortium. 1) WormBase, European Bioinformatics Institute 
(EMBL-EBI), Wellcome Genome Campus Hinxton, Cambridge CB10 1SD UK; 2) Wellcome Trust Sanger Institute, 
Wellcome Trust Genome Campus, Hinxton, Cambridge, CB10 1SA UK. 
   WormBase currently uses a well-established tool-set for curation of gene structures and other sequence features on 
nematode reference genomes. This comprises the AceDB Fmap software, augmented by our own graphical curation tool that 
continues to to be developed as we incorporate new types of data into the curation workflows. Although this system has 
worked extremely well for a number of years, it is limited in two ways: (a) it does not support the direct visualisation of 
external supporting evidence tracks; and (b) it does not support direct contribution of curation effort from scientists outside of 
WormBase. We have recently embarked on a major internal project to migrate our complete database and curation 
infrastructure to more modern, scalable, cloud-oriented solutions. As part of this project, we have been piloting the use of 
WebApollo, a plug-in for the JBrowse genome browser which supports visualisation of external supporting evidence tracks 
distributed (i.e. community) curation. Here, we summarise the work done in migrating WormBase curation workflows to 
WebApollo, the challenges that remain, and propose a prototype working model for WormBase-faciliated community 
annotation of gene structures in nematode genomes. 

957B. Developing a system for cell-specific isolation of extrachromosomal transgene arrays. Kevin Adams, Colton 
Kempton, Steven Johnson. Microbiology and Molecular Biology, Brigham Young University, Provo, UT. 
   We are seeking to understand how chromatin structure is involved in regulating gene expression. In the lab we have 



transgenic C. elegans that harbor a transgene composed of a minimal unc-54 enhancer coupled with the myo-2 promoter 
driving gfp expression [1].  This combination of genetic elements results in not only the expected GFP in the pharynx due to 
myo-2 pharyngeal expression, but also gfp expression in the body wall muscle cells of the worm, due to the minimal unc-54 
enhancer [1].  These worms serve as a genetic model for studying transgene silencing through generational time (see 
Kempton et al poster) and as a surrogate for studying silencing of gene therapy vectors.To confirm that the genetic silencing 
we see in this model system is due to chromatin remodeling and nucleosome positioning, we are currently focusing our 
efforts on developing a method to extract extrachromosomal transgene arrays by building arrays that can be isolated from all 
native chromatin in a tissue-specific manner using a lacO/LacI system.  Briefly, we integrate a multiple-copy lacO-harboring 
plasmid [2] and a cell-specific LacI-expressing plasmid with our transgene of interest.  By immunoprecipitation of LacI 
bound to our extrachromosomal arrays, we should be able to isolate our chromatin of interest and assay nucleosome 
positioning and chromatin architecture through biochemical and molecular techniques.  The first step in this process is 
building a body wall muscle-specific lacI plasmid as described in this poster.The development of this system will not only 
facilitate our examination of chromatin structure and gene regulation described here, but will also be applicable to the 
isolation and biochemical analysis of any extrachromosomal transgenes in other experimental systems.1) Jantsch-Plunger V. 
and Fire A., 1994 2) Updike D.L. and Mango S.E. 2006. 

958C. Remodeling X chromosome topology during dosage compensation. Erika Anderson, Qian Bian, Barbara J. Meyer. 
University of California, Berkeley and HHMI. 
   In C. elegans, dosage compensation reduces the expression of X-linked genes by half in hermaphrodites (XX) to equal their 
expression level in males (X0).  During dosage compensation, a condensin-like dosage compensation complex (DCC) 
actively remodels X chromosomes of hermaphrodites into a unique, sex-specific spatial conformation, distinct from that of 
autosomes, using its highest-affinity recruitment sites on X (rex) to facilitate long-range interactions across X. The dosage-
compensated X chromosome consists of self-interacting domains resembling mammalian topologically associating domains 
(TADs). TADs are found in all metazoans examined, but neither the mechanism by which they are formed nor their 
functional significance for transcriptional regulation is well understood. Because dosage compensation involves global 
changes in chromosome structure accompanied by chromosome-wide gene repression, we can use this system to investigate 
the mechanisms of TAD boundary establishment and the relationship between TAD structure and transcription. Each DCC-
dependent TAD boundary contains a strong rex site. To test the model that rex interactions establish TAD boundaries, we are 
deleting rex sites from X and inserting new rex sites on X and autosomes. We deleted three strong rex sites that interact with 
each other and are located at adjacent DCC-dependent TAD boundaries using CRISPR/Cas9-mediated homology-directed 
repair. For one of these sites, we have shown that the deletion causes a loss of DCC binding and significantly diminishes the 
TAD boundary. We are assessing the impact on TAD structure and gene expression caused by deleting all three pivotal rex 
sites. 

959A. Chromatin modifiers in dosage compensation and cell cycle. Elizabeth Brouhard, Gyorgyi Csankovszki. Department 
of Molecular, Cellular, and Developmental Biology, University of Michigan, Ann Arbor, MI. 
   Dosage compensation (DC) is a mechanism that regulates X-linked genes to equalize expression levels between the sexes. 
In Caenorhabditis elegans, the dosage compensation complex (DCC), is targeted to both X chromosomes of hermaphrodites. 
It functions to down-regulate gene expression by two-fold thus equalizing X-linked gene expression between the sexes. DC 
causes changes in the chromatin. Specifically, the recruitment of the DCC leads to the accumulation of H4K20me1 and the 
depletion of H4K16ac on the X.  Changes to these histones are achieved by the proteins SET-1, SET-4, MYS-1, and SIR-2.1. 
Interestingly, these histone modifications and the enzymes that produce these changes also play key roles in cell cycle. We 
aim to further investigate how these activities regulate X chromatin by using two different methods. The first method is 
producing high quality antibodies against these proteins. We have successfully produced antibodies against the proteins 
MYS-1 and SIR-2.1. The other method is generating transgenic worms with tagged proteins through biolistic transformation. 
We have successfully created transgenic lines expressing the tagged SET-1 and SET-4 proteins. With these methods, we 
hope to characterize DCC and cell cycle-mediated regulation of these chromatin modifications. 

960B. Examining environmental effects on the germline epigenome. Jessica Camacho1, Zachary Lundby1, Linzi 
Hosohama2, Amander Clark2, Patrick Allard1. 1) Environmental Health Sciences, UCLA, Los Angeles, CA; 2) Molecular 
Cell and Developmental Biology, UCLA, Los Angeles, CA. 
   The high number of compounds to be tested, the diversity of toxicity endpoints, concentrations, and combinations of 
chemicals, all provide a challenge in our ability to assess the safety of chemicals. Of particular importance is the potential 
effect of chemicals on the germline epigenome, which can alter biological processes over several generations. While the 
cases of DES, vinclozolin and BPA provide evidence of epigenetic effects, there is a great need to explore the influence of 
environmental compounds on the epigenome and, especially, to develop methods that allow us to quickly and efficiently 
examine this question. We have established the use of the genetic model system, the worm Caenorhabditis elegans, as a 
relevant model for epigenetic and reproductive toxicity assessment. By taking advantage of the C. elegans genetic tools, we 



propose to comprehensively identify chemicals for their ability to disrupt the germline chromatin. To this aim, we are making 
use of a worm strain where GFP is specifically epigenetically silenced in the germline. We previously showed that valproic 
acid, a well-known mammalian histone deacetylase inhibitor, disrupts the germline epigenetic state leading to the de-
silencing of the transgene in the germline. Our current experiments test this concept further by exposing the worms to 
environmental compounds. We tested vinclozolin and BPA to analyze a disruption in maintenance and/or establishment of 
epigenetic marks. Young adult worms were exposed to the compounds for 48 hours, and three subsequent generations were 
followed and analyzed. Results indicate that de-silencing effects last for at least three generations (up to three-fold compared 
to our DMSO control). Furthermore, most worms showing de-silencing in the first, second and third generation originate 
from worms showing de-silencing in the parental exposed generation indicating that the effect is inherited. Thus, we 
conclude that valproic acid, vinclozolin, and BPA disrupt the germline epigenome over several generations in a heritable 
fashion. Additionally, in concomitant assays, we are working with the lab of Dr. Amander Clark, using mice primordial germ 
cell-like cells (PGCLCs) in a mammalian validation approach. Together, we hope to establish a novel in vitro germline 
differentiation assay to screen for chemicals that affect germline quality. 

961C. Transcriptional regulation of metabolic genes by promoter-localized O-GlcNAc. Ainhoa Ceballos, Germano Cecere, 
Alla Grishok. Columbia University, Department of Biochemistry and Molecular Biophysics, New York, NY. 
   The O-Linked-N-acetylglucosamine (O-GlcNAc) modification of proteins is one of the most abundant in eukaryotes. It is 
very sensitive to glucose levels and environmental conditions and therefore has the potential to lead environmentally-induced 
epigenetic changes. In C. elegans, prominent peaks of O-GlcNAc were identified close to transcription start sites (TSS) of 
many metabolic genes by ChIP/chip, although the identitiy of the O-GlcNAc modified protein is unknown (Love et al.,2010). 
We described a negative regulation of transcription of growth-related and metabolic genes by the conserved chromatin-
binding factor ZFP-1 and its interacting partner the histone methyltransferase DOT-1.1 (Mansisidor et al.,2011; Cecere et al., 
2013).  Intriguingly, ZFP-1 and DOT-1.1 ChIP-chip peaks significantly overlap with O-GlcNAc ChIP-chip peaks at TSS of 
active genes. Although our extensive analyses determined that ZFP-1 and DOT1.1 do not carry this modification, we have 
found that the level of O-GlcNAc on chromatin is elevated in zfp-1 mutant worms, which correlates with the increased 
transcription of ZFP-1 target genes. On the other hand, we have determined that promoter-localized O-GlcNAc stimulates 
transcription of the same genes. These results indicate that ZFP-1 and O-GlcNAc have opposite roles in regulating 
transcription of metabolic genes. We are currently focusing on a candidate protein modified by O-GlcNAc and will present 
our progress in understanding its interplay with the ZFP-1/DOT-1.1 complex at the glucose-responsive promoters. 

962A. AMX-1 and AMX-2, Amine Oxidase Domain Containing Proteins with Varied Activities. Reetobrata Basu, Janet 
Duerr. Dept Biological Sci, Ohio Univ, Athens, OH. 
   We are investigating the functions of two proteins that share a similar protein domain, AMX-1 and AMX-2, using 
heterologous expression in the yeast Pichia pastoris. Full-length 6-HIS tagged proteins were partially purified using Nickel 
and Q-Sepharose columns (AMX-1 to ~90% purity and AMX-2 to ~10% purity). We examined activity in two very different 
biochemical assays, monoamine oxidase activity and histone demethylation. These assays were chosen since the closest 
human homolog of AMX-2 is monoamine oxidase, while the closest human homologue of AMX-1, huLSD-1, as well as the 
paralogs CeSPR-5 and CeLSD-1, are histone demethylases. Partially purified AMX-2 exhibited significant monoamine 
oxidase activity in vitro, which varied for different monoamine substrates. AMX-1 exhibited only minimal activity in this 
assay.  Despite the fact that amx-1 mutant lysates had lower histone demethylase activity than N2 lysates, purified AMX-1 
did not exhibit histone demethylase activity in vitro.  However, purified AMX-1 did significantly increase the histone 
demethylase activity of amx-1 worm lysates.  This suggests AMX-1 requires factors present in worm lysates for either direct 
or indirect effects on histone demethylation.  Overall, our results suggest differing roles for these two AO domain containing 
proteins in the worm. 

963B. Competition between the long and short DOT-1.1 isoforms modulates H3K79 methylation and gene expression in the 
embryo. R. Esse, G. Cecere, A. Grishok. Department of Biochemistry and Molecular Biophysics, Columbia University, New 
York, NY. 
   Histone posttranslational modifications play a crucial role in developmental regulation of gene expression. Specifically, 
methylation of lysine 79 (K79) in the globular region of histone H3 is important for mammalian embryogenesis, cardiac 
function and hematopoiesis, and it has been linked with malignant transformation in leukemias. This modification is 
deposited by the conserved methyltransferase Dot1, which was first described in yeast and subsequently identified in higher 
organisms. There is a prevailing notion that Dot1 proteins enhance transcription of their target genes. However, a recent 
study conducted in our lab has shown that, in Caenorhabditis elegans, H3K79 methylation by DOT-1.1 at the promoters of 
essential widely expressed genes inhibits transcription. This effect is mediated by a decrease in the local levels of H2B 
monoubiquitination (H2Bub1), an epigenetic modification that couples with transcriptional elongation. DOT-1.1 has two 
isoforms, long and short, which are generated from alternative transcription start sites. Interestingly, only the long isoform 
has the methyltransferase domain, while both isoforms interact with the chromatin factor ZFP-1, which recruits them to target 



promoters. Thus, the short DOT-1.1 isoform (sDOT-1.1) may compete with the long isoform (lDOT-1.1) for binding to ZFP-
1. We have created a strain with stable transgenic expression of sDOT-1.1 fused C-terminally with GFP from its own 
promoter. Interestingly, sDOT-1.1 is only expressed in the germline and embryos. Therefore, we propose that the competition 
between the two isoforms allows for a higher level of expression of growth-related genes in the dividing cells of germline and 
embryo than in the somatic tissues of larvae and adult worms. This is consistent with the lower levels of H3K79 methylation 
in the embryo compared to L3 that we described earlier (Cecere at al., 2013). We found that in the sdot-1.1::gfp 
overexpressing strain, global H3K79 methylation in embryos, as assessed by western blotting, was further reduced compared 
to wild-type. This was accompanied by an elevation of mRNA levels of several growth-related genes, as determined by 
quantitative real-time RT-PCR. The expression of some histone-coding genes was more than 4-fold upregulated. ChIP-qPCR 
with an anti-H3K79me2 antibody confirmed a decreased abundance of H3K79me2 at the promoters of these genes.  Now, we 
have obtained a strain deficient in sdot-1.1 expression and have preliminary data showing an increase in H3K79me2 levels in 
the embryos of this strain compared to wild-type, which is consistent with our hypothesis. 

964C. Integrating environmental cues during development: An epigenetic bookmark of hydrogen sulfide. Emily Fawcett1, 
Jenna Johnson2, Dana Miller1. 1) Dept. Biochemistry, University of Washington, Seattle, WA; 2) Dept. Biology, Luther 
College, Decorah, IA. 
   Fluctuations in environmental conditions can be deadly. The ability to rapidly and appropriately respond to stressful 
conditions can mean the difference between life and death. One strategy animals use to survive is to predict the onset and pre-
emptively respond to stressful conditions based on prior life experiences. There is emerging evidence that this strategy, 
known as cellular bookmarking, is established through changes to the epigenetic landscape. However, accumulation of such 
modifications and their effects on gene expression could be detrimental to the success of a species if not tightly controlled. 
We have discovered that in C. elegans the response to the toxic gas hydrogen sulfide (H2S) forms a cellular bookmark that is 
maintained throughout development. Hydrogen sulfide is a common workplace toxin that has rapid and powerful 
physiological effects. We show that animals transiently exposed to sublethal levels of H2S survive subsequent exposure to 
H2S concentrations that are lethal to naïve controls. Animals that have established the H2S bookmark exhibit a more robust 
transcriptional reactivation of H2S-inducible genes when re-exposed to H2S. We discovered that machinery involved in 
H3K4me2 (SPR-5 and SET-2) is required for the maintenance of a bookmark of H2S, including the elevated transcriptional 
reactivation required for survival of subsequent exposure. Surprisingly, the H2S bookmark is readily reversed by short 
periods of fasting, but not by other stresses. This reversal of H2S bookmarking also requires SPR-5, suggesting that H2S 
bookmarking formation and reversal are tightly controlled by H3K4me2 status. We are leveraging this uniquely tractable 
system to define mechanisms that allow animals to code changes of environmental conditions into chromatin modifications in 
a tightly controlled manner. We propose that these mechanisms will help to explain, at least partially, differences in 
sensitivity between individuals to drugs, stress, and even aging. . 

965A. Loss of synMuv B proteins resuls in extended open chromatin environments during early development. Meghan E 
Fealey, Lisa N Petrella. Biological Sciences, Marquette University, Milwaukee, WI. 
   The development of an organism requires cell fate decisions that are dictated by changes in gene expression and chromatin 
environment.  As development proceeds, gene products not needed in a particular cell type are packaged into compact 
chromatin environments whereas genes important in cell identity remain primed for gene expression in an open chromatin 
state.  synMuv B proteins are a group of chromatin regulators important for correct deployment of the epigenome throughout 
development.  synMuv B proteins  include LIN-15B and members of the DRM complex, such as LIN-35 and LIN-
54.  Mutations in many synMuv B genes result in a high temperature larval arrest phenotype due to ectopic expression of 
germline genes in somatic cells (Petrella et al., 2011).  This phenotype can be rescued by loss of germline chromatin 
modifiers, suggesting that changes in chromatin states underlie the temperature-sensitive gene misexpression in synMuv B 
mutants.  To investigate changes in chromatin in synMuv B mutants we are using the lacO/LacI system and FISH techniques 
to visualize chromatin compaction at elevated temperatures.  We analyzed the level of compaction of lacO containing 
extrachromosomal arrays in two ways: visually scoring arrays as either open or closed and by using Metamorph software to 
quantify the volume of the array contained in the nuclei.  We analyzed wild-type, lin-15B, lin-35, and lin-54 mutant intestinal 
cells at 8E, 16E and L1 developmental stages at 20°C and 26°C.  Open chromatin found in early development is closed and 
compacted in wild-type embryos by the 8E stage. We found that chromatin compaction is delayed in synMuv B mutants.  At 
20°C many cells at the 8E stage in synMuv B mutants contain open arrays, but the majority of these arrays are closed by the 
16E stage.  Increased temperature enhances this phenotype, as synMuv B mutant embryos exhibit prolonged open arrays at 
both 8E and 16E stages at 26°C.  synMuv B mutants at high temperature exhibit open chromatin during a developmental 
window where ectopic expression of germline genes in somatic tissue begins to occur in these mutants. Open chromatin 
during this crucial developmental time point may be the reason synMuv B mutants incorrectly express germline genes in 
somatic tissue.  Genes located on improperly open chromatin may be poised for ectopic expression during development and 
lead to the high temperature larval arrest demonstrated by synMuv B mutants.  FISH experiments to look at the native 
genomic loci are underway in order to investigate the chromatin environment at synMuv B regulated genes. . 



966B. Analysis of RNA editing regulation and function. Nabeel Ganem, Ayelet Lamm. Department of Biology, Technion - 
Israel Institute of Technology, Haifa 32000, Israel. 
   A-to-I RNA editing is the deamination of adenosine to inosine within dsRNA. Inosine recognized as guanine by the 
translation machinery, causing alteration in the protein sequence and structure. The deamination is performed on dsRNA by 
the Adenosine Deaminase that Act on RNA (ADAR) family of proteins that are found across metazoans. Two ADAR genes 
are known in C. elegans, adr-1 and adr-2. Previous studies show that worms lacking both ADAR genes have significant 
reduction in RNA editing events and suffer from chemotaxis defects and reduced lifespan, as well as reduced expression of 
transgenes. In contrary to human and mouse Knockout of ADAR genes in C. elegans is not lethal, which makes C. elegans 
an ideal organism for studying the regulatory effects of RNA editing on the transcriptome and proteome.To study RNA 
editing in vivo, we designed a system that gives the ability to visualize when RNA editing occurs, in which tissues and 
developmental stage. The system includes RNA editing dependent expression of GFP and mCherry. The main goal of this 
system is to indicate whether the RNA editing process is tissue specific and/or developmental stage dependent. Here I will 
present our system and our finding that RNA editing occur in the nervous system, which is in line with the correlation of 
ADARs function to neurodegenerative diseases in human.  In addition, I will show how we plan to use the system to perform 
RNAi and mutagenesis screens to find genes that are involved in regulation of RNA editing.    . 

967C. Epigenetic Regulation and the O-GlcNAcase: OGA as a Nutrient Sensitive Eraser and Reader of the Histone Code. 
Katryn Harwood, John Hanover. NIH/NIDDK, Bethesda, MD. 
   Dynamic posttranslational modifications (PTMs) are a major mechanism by which protein function is modulated.  One 
often-overlooked PTM is protein O-GlcNAcylation. O-GlcNAc is added and removed by a single pair of proteins, OGT and 
OGA, respectively. O-GlcNAc transfer is the final step of the hexosamine biosynthetic pathway and its addition/removal 
likely informs upon a cell or organism’s nutritive state. Of particular interest is not only the ability of a cell to translate its 
nutritive state into the up/down-regulation of certain genes, but further to transmit this information to future generations. 
Many modifications including O-GlcNAc have been implicated in transgenerational inheritance. PTMs of histone proteins 
that change chromatin structure and subsequent gene expression are of note: these are largely conserved between humans and 
C. elegans. It is possible that this “code” of histone PTMs facilitates intergenerational communication on a transcriptional 
level. We hypothesize that the interplay between O-GlcNAc cycling and histone PTM may be a mechanism by which cells 
fine-tune transcriptional activity in response to cellular cues. In C. elegans, the early embryo reflects the germline gene 
expression profile and the overall maternal contribution to transcriptional activity. In these early embryos, two groups of 
proteins lay down specific PTMs on histones, the MES-4 protein and the MES-2,3,6 group of proteins.  These PTMs 
maintain an important gene expression profile in early C. elegans embryos. Specifically, methylation by MES-4 is associated 
with active transcription and is maintained primarily on autosomal genes. In contrast, histone methylation by the MES-2,3,6 
group of proteins is associated with repressive chromatin and is largely restricted to the X chromosome. Recent in vitro work 
done in our lab has identified a domain of the OGA protein that is responsible for its specific interaction with the MES-4 
methyl mark. Our current work has focused on “decoding” the interplay between the O-GlcNAc modification and these 
histone PTMs, as well as OGA protein activity/binding properties, to further interrogate the roles each play in transcriptional 
regulation as associated with metabolism, particularly as it relates to the transmission to future progeny. Taking advantage of 
mutant alleles of oga-1, ogt-1, and mes-4, we are using ChIP-seq and ChIP-qPCR approaches to investigate the complex 
relationship between O-GlcNAc cycling and transcriptional regulation in early C. elegans embryos. These experiments will 
provide insight into the mechanism by which the nutritive state is translated into changes in transcriptional profiles on the 
level of an entire organism across generations. 

968A.  Number not programmed. 

969B. Chromosome-scale and local patterns of nucleosome fragility in C. elegans. Tess Jeffers1, Jason Lieb2. 1) Curriculum 
in Quantitative and Computational Biology, Princeton University, Princeton, NJ; 2) Department of Human Genetics, 
University of Chicago, Chicago, IL. 
   Nucleosomes and higher-order chromatin structures restrict access to the underlying DNA sequence, which affects 
downstream biological processes such as gene regulation, replication, and DNA repair. We mapped nucleosome position and 
“fragility” in C. elegans mixed-stage embryos by digesting chromatin with micrococcal nuclease for varying lengths of time. 
At each timepoint, liberated mononucleosomes were subjected to paired-end Illumina sequencing. The earliest 
mononucleosomes released are referred to as “fragile”, while the latest are “resistant”. This approach captures correlations 
between nucleosome position, transcriptional activity, and fragility. At the gene level, fragile nucleosomes are enriched just 
upstream and downstream of genes, at positions often called the “nucleosome free region”. Resistant nucleosomes are 
enriched in the coding regions and are increasingly resistant with increasing levels of gene transcription.  In contrast, fragile 
nucleosomes are enriched upstream of genes irrespective of their transcriptional status. The TATA box motif was highly 
associated with fragile nucleosomes. The most striking observation was made at the chromosomal level of organization. 
Fragile nucleosomes are enriched at the center of the autosomal chromosomes, while resistant nucleosomes are enriched at 



the chromosome arms. This pattern is broadly consistent with fragility being inversely proportional to chromosome-nuclear 
lamina interactions measured by LEM-2 ChIP-seq.  Experiments underway will investigate how the fragile and resistant 
nucleosome landscape changes in response to environmental exposures and developmental cues. 

970C. Histone modifications are required for the persistence of hydrogen sulfide memory in C. elegans. Jenna Johnson1, 
Emily Fawcett2, Dana Miller2. 1) Department of Biology, Luther College, Decorah, IA; 2) Department of Biochemistry, 
University of Washington, Seattle, WA. 
   The formation of cellular memories allows animals to increase their probability of survival upon future stressors. The 
mechanisms by which this cellular memory persists in the absence of stimuli, however, remain unclear. To address this 
question, we developed a model by which the nematode Caenorhabditis elegans acclimates to the toxic gas hydrogen sulfide 
(H2S). We discovered that transient acclimation to sub-lethal concentrations of H2S allows for survival when exposed to 
otherwise lethal concentrations. Acclimated animals then have a more robust transcriptional activation upon subsequent H2S 
exposure. The SWI/SNF chromatin remodeling complex is known to play a role in the mechanism by which H2S memory 
persists in the absence of stimuli. We hypothesized that chromatin modifiers in addition to the SWI/SNF complex contribute 
to the formation and persistence of H2S memory.  To test this we performed a candidate screen of mutant animals that had 
defects in chromatin modifications. We identified two genes, set-2, a histone methyl transferase, and spr-5, a histone 
demethylase, which are required for the persistence of H2S memory. Importantly, set-2 and spr-5 were also required for 
enhanced transcriptional activation when acclimated animals were subsequently exposed to H2S. Our data suggests that H3 
lysine 4 dimethylation (H3K4me2) may be significant in H2S memory as both set-2 and spr-5 play a role in it. Based on our 
findings, we propose a mechanism by which acclimation to H2S and recruitment of the SWI/SNF complex changes 
methylation of histones at H2S-inducible promoters, thereby modifying the transcriptional response in the event that H2S is 
encountered again. This study identifies one fundamental mechanism that contributes to the persistence of cellular memories 
of environmental stressors. Additionally, our findings show potential conserved aspects of how environmental stress early in 
life influences chromatin structure and function. . 

971A. DNA sequence and its influence on gene expression and chromatin architecture. Colton Kempton, Collin Skousen, 
Julie Roberts, Katie Church, Daniel Evans, Steven M. Johnson. MMBIO, Brigham Young University, Provo, UT. 
   We seek to understand the effects of chromatin architecture (specifically nucleosome positioning) on gene expression. The 
nucleus contains all the requisite genetic information for an organism's growth and survival. Most of this information is likely 
contained in the DNA and chromatin. Large eukaryotic genomes need to be carefully packaged and compacted to fit into the 
relatively small individual nuclei and still remain functional. DNA wrapped around a histone octamer comprises a single 
nucleosome and is the primary level of DNA packaging and compaction. Physical positions of nucleosomes affect gene 
expression by controlling access to regulatory elements in a genome's sequence.    To study the effects of nucleosome 
positioning on gene expression, we are attempting to position and/or reposition nucleosomes that surround genic regulatory 
elements by manipulating non-coding and non-regulatory flanking DNA. Manipulations are done on plasmids with reporter 
genes that we inject into C. elegans forming transgenic lines of animals harboring extrachromosomal arrays. Preliminary 
observations indicate that in certain enhancer/promoter combinations reporter expression decreases over multiple generations. 
Some manipulations have led to more rapid silencing of reporter expression. In the future we hope to maintain strong reporter 
expression over multiple generations using putative nucleosome positioning and or attracting sequences to reposition or 
influence nucleosome positions and or formation. In parallel we are also developing methods to isolate extrachromosomal 
arrays and assay nucleosome positions on them directly. We are also performing genetic screens to identify factors involved 
in transgene silencing.    Long term we expect these data and observations will contribute to a general understanding of how 
chromatin architecture influences gene expression. We also hope to identify factors important for transgene silencing  in vivo 
and to clarify how the combined influence of these factors and the DNA sequence contribute to overall chromatin 
architecture and gene expression. 

972B. Epigenetic inheritance of ethanol preference in C. elegans. Kaeli Knudsen, Hillary Parker, Chris Todd, Jose Andres, 
Carlos Carvalho. Biology, University of Saskatchewan, Saskatoon, Saskatchewan. 
   Neurodevelopmental disorders in humans have been associated with changes in chromatin markers suggesting that 
epigenetics may contribute to complex behavioural predispositions. An example is substance abuse that can lead to addictive 
behaviours like alcoholism; to date there is no definitive evidence advocating for a genetic basis for alcoholism. As in 
humans, ethanol has neurodepressive effects on the behaviour of C. elegans. Whereas worms usually avoid ethanol, this 
initial repulsion can be overcome by a prolonged ethanol exposure. Similarly, mammals can become tolerant to ethanol, a 
process thought to precede developing ethanol preference (or addictive) behaviours. It is not well known how ethanol 
exposure impacts the epigenome and if it does or does not influence ethanol sensitivity of later generations. While 
investigating the effect of preconditioning in ethanol avoidance behaviour through standard chemotaxis assays, we found that 
hermaphrodites exposed to 400 mM of ethanol for 4 hours (P0) show a distinct tendency to track towards an ethanol source 
when tested on plates. In contrast to control animals, adults of the first (F1) and second (F2) generations derived from selfing 



P0 ancestors display the ethanol-preference behaviour to a similar magnitude despite never been exposed to ethanol 
themselves.  This starts to wane in the F3 generation, though most worms still track towards the source of ethanol. The results 
above are consistent with a transgenerational effect triggered by epigenetic switches in the P0 generation upon exposure to 
ethanol. An epigenetic basis for the altered ethanol taxis behaviour predicts a role of the male or female germline through 
imprinting. We tested whether exposed males could elicit the same effect on the progeny when mated to hermaphrodites that 
had not been exposed to ethanol. Our results suggest that the switch involved happens specifically during oogenesis. 
Epigenetic switches in C. elegans are restricted to histone modifications. We have looked in the germline of worms 
displaying the ethanol-preference behaviour for global differences in histone methylation patterns by antibody staining. We 
have detected a significant increase of H3K27 methylation in pachytene chromosomes of these worms compared to controls 
though the relevance of this has yet to be verified. Work is underway to identify the specific type of chromatin modification 
involved in this switch and its roles in the chemosensory machinery of C. elegans.  . 

973C. Spatial organization of chromosomes in polyploid nuclei of C. elegans. Kristina Krassovsky, Barbara J Meyer. 
Department of Molecular and Cell Biology, UC Berkeley, Berkeley, CA. 
   Polyploidy is a cell property that indicates presence of multiple copies of the genome. During polyploidization, the nucleus 
increases in size, thus decreasing the surface to volume ratio. In the eukaryotic cell, gene transcription occurs in the context 
of packaged DNA, and different aspects of this packaging and nuclear organization may influence gene transcription. For 
example, genes positioned close to the nuclear membrane and associated with nuclear lamins are usually silent. Peripherally 
positioned genes that interact with a nuclear pore complex are active, and this association is often necessary for optimal 
expression. We are first addressing two key questions.  How does chromosome organization change with increase in ploidy? 
Do polyploid cells equalize DNA packaging factors such as position inside the nucleus, e.g., proximity to lamins and nuclear 
pores, in order to proportionately transcribe gene copies?Classical work showed that the intestinal nuclei of C. elegans 
hermaphrodites increase their ploidy from 2 to 32 during development from the L1 stage to adulthood. Unlike in polytene 
chromosomes of Drosophila, identical gene copies in guts are spatially separated, as shown by FISH studies of ours and 
others. These observations make the C. elegans intestine a good model for studying gene copy transcription in polyploid 
cells; however, the exact details of this DNA content amplification and intestinal chromosome structure are unknown. Using 
fluorescent in situ hybridization (FISH) to visualize individual gene copies, immunofluorescence (IF) to visualize nuclear 
pores and lamins, and next generation sequencing of hand-dissected intestines we set out to obtain a comprehensive picture 
of DNA content, chromosome structure and spatial organization of gene copies inside the worm’s intestinal nuclei. Because 
males have a transcription program distinct from that of hermaphrodites, we are performing our studies in both sexes and 
extending classical ploidy measurements to males. We anticipate that this spatial map of polyploid nuclei can be used to infer 
the presence or absence of a mechanism that equalizes distances of gene copies relative to nuclear lamins and nuclear pores. 
This question is of general interest because amplified genomes are common in both healthy organisms and cancer cells. 

974A. Transgenerational response to a challenging environment in C. elegans. I. Lev, O. Rechavi. Department of 
Neurobiology, The Life Sciences Faculty, Tel Aviv University, Israel. 
   Over a century ago August Weismann showed in his experiments that offspring of tail-mutilated mice grow 
morphologically normal tails. From these experiments and others he concluded that acquired phenotypic changes are not 
heritable, a well-known principle termed “The Weismann barrier”. Recent studies suggest that in some cases the Weismann 
barrier can be breached and that certain acquired traits can be transferred to ensuing generations. 
In response to different environmental challenges, such as viral infection or starvation, C. elegans synthesize and 
transgenerationally transmit small RNAs that either protect their descendants from the infecting virus or enhance their life-
span, respectively. In this work we show an additional environmental cue that changes the morphology of C. elegans 
progeny, possibly preparing them for adverse conditions associated with the environmental challenge. 

975B. Study of transgenerational inheritance of acquired odor-related traits in Caenorhabditis elegans. Fernando Munoz-
Lobato, Noelle D. L'Etoile. Cell and Tissue Biology Department UCSF, San Francisco, CA. 
   Animals thrive despite the vagaries of nature by adapting their innate behaviors to suit their circumstances. The ability to 
inherit the information about a parent's experiences in a specific environment would represent an obvious advantage for 
progeny that inhabit the same environment. Though evidence for transgenerational inheritance of epigenetic effects is 
growing, the molecular mechanisms that allow a parent's sensory or behavioral experience to affect subsequent generations 
have yet to be identified. Our lab has previously found that C. elegans sensory neurons produce small RNAs in response to 
environmental stimulation. Specifically, exposing starving animals to the odor butanone causes these animals to ignore that 
innately attractive odor.  This plasticity we term odor adaptation.  Though the small RNAs induced in the pairing of odor and 
starvation arise from the sensory neuron, we find they induce organism-wide increases in small RNA and that this increase is 
dependent upon the double stranded RNA channel, SID-1. Intriguingly, it is well known that gene-silencing induced by 
exogenously provided dsRNA occurs not only in the treated animals, but also in the progeny of the treated worms. It has also 
been suggested that environmental stimuli can cause changes in small RNAs levels that can be inherited through several 



generations. As a whole, this suggests that extracellular RNAs might be responsible for the transfer of information about the 
environment from sensory neurons to the gonad where epigenetic changes to the germ line would allow transmission to the 
progeny. These changes would ultimately affect the progeny's response to its environment. This project aims to test these 
hypotheses. Preliminary results from our lab show that the progeny of animals that have been previously trained by pairing 
the odorant butanone with starvation show less attraction to butanone in our adaptation paradigm. This enhanced plasticity 
could provide an advantage to animals that are exposures to odors that are not associated with food. 

976C. The Argonaute CSR-1 mediates genome-wide chromatin remodeling and gene expression changes resulting from 
distinct early life history events. M. Ow, S. Hall. Biology, Syracuse University, Syracuse, NY. 
   Although it is widely documented in animals that environmental experiences during early development can have profound 
effects on adult phenotypes through programmed changes in gene expression, the molecular mechanisms by which the 
environmental programming occurs are largely unknown. Our previous work established C. elegans as a model system to 
investigate environmental programming by exploiting the dauer developmental decision. Wildtype animals that transiently 
passed through the dauer stage (postdauers) due to high pheromone conditions retained a cellular memory of their early 
developmental history that is reflected in changes in their gene expression profiles, small RNA populations, and life history 
traits compared to animals that experienced continuous growth (controls). We also showed that postdauer adults exhibited a 
CSR-1-dependent, genome-wide decrease of euchromatic histone marks compared to controls. Argonaute CSR-1 and its 
associated 22G siRNAs target nascent RNAs to establish and maintain euchromatic chromatin regions to promote expression 
of highly expressed genes in the germline. To further investigate the role of CSR-1 in mediating the genome-wide chromatin 
state as a result of environmental and developmental history, we performed ChIP-Seq and RNA-Seq in wildtype and csr-1 
hypomorph control and postdauer animals that experienced either high pheromone or starvation conditions to induce dauer. 
Our preliminary results indicate that postdauer adults exhibit distinct genome-wide chromatin states based on their 
experienced environmental conditions in early development. Wildtype postdauer adults that experienced either high 
pheromone or starvation conditions exhibited a significant genome-wide decrease or increase, respectively, in histone 
H3K4me3 compared to controls. The postdauer chromatin state of csr-1 hypomorphs appeared similar regardless of early 
environmental experience, but distinct from wildtype, suggesting that CSR-1 mediates the chromatin state in response to 
distinct dauer-inducing environmental experiences. Furthermore, our RNA-Seq data indicate that the CSR-1 mediated 
changes in chromatin state correlate with changes in gene expression. For example, the gene family of major sperm proteins 
(MSPs), which we showed previously to be downregulated in postdauer animals that experienced high pheromone compared 
to controls, exhibited a significant increase in expression levels in postdauer animals that experienced starvation. These 
changes in gene expression correlate with the observed changes in the chromatin state and are dependent on CSR-1. Our 
analyses suggest a critical role for CSR-1 in modulating the adult epigenome in response to early environmental and 
developmental history. 

977A. Description of two synMuv B Suppressor Genes Identified from a Genome-Wide RNAi Screen. Nicholas B. 
Sepulveda, Lisa N. Petrella. Biological Sciences, Marquette University, Milwaukee, WI. 
   For ectotherms like C. elegans, maintaining critical physiological processes like gene expression is challenging in an 
environment with variable temperatures.  Studies in D. melanogaster and flowering plants demonstrate that exposure to high 
temperature favors a more open chromatin state, traditionally called euchromatin.  Euchromatin’s structure facilitates gene 
expression, as transcriptional machinery is able to access DNA more readily. C. elegans is able to regulate gene expression 
across a broad range of temperatures: 12° C – 26° C, despite the dramatic changes in kinetics.  Our lab is especially interested 
in how this is accomplished at high temperature. Previously, we have shown that synMuv B proteins, a class of 
transcriptional repressors, help maintain proper gene expression at high temperature. Loss of synMuv B proteins causes a 
high temperature larval arrest (HTA) phenotype that is rescued by knockdown of germline chromatin modifiers like mes-4. 
Studying genetic suppressors reveals important information about the nature of the pathways, so we continued this strategy 
and used a genome-wide RNAi screen to identify new genes that suppress the HTA phenotype of lin-13.  Of the 74 candidate 
genes found in this screen we are focusing on two genes, C24H11.1, and M03C11.3 that when knocked-down in a secondary 
screen resulted in changes in germline-transgene suppression suggesting that they may have a role in chromatin function. 
C24H11.1 encodes a Protein Phosphatase I Catalytic Subunit Beta (PPICβ).  Previous research has shown that a the 
specificity of PP1 phosphatases is found in their regulatory subunit, but the converse may be true in C. elegans, where 
diverse catalytic subunits may also be determinants for substrate specificity.  M03C11.3 is an uncharacterized phospho-
protein that likely functions in germline and somatic transgene silencing.  Here, we describe our strategies for examining the 
roles these genes play during C. elegans development at high temperature. First, we are characterizing any developmental or 
fertility defects of null mutations of these synMuv B suppressors over a range of temperatures.  Additionally, we have created 
double mutants with synMuv B mutations and these synMuv B suppressors to assess a variety of phenotypes not observable 
through RNAi.  Finally, we will be observing the localization and expression patterns of the synMuv B suppressor proteins 
by tagging them with GFP using the newly developed CRISPR/Cas methodology, which tags the gene at its native locus, thus 



preserving wildtype characteristics. Using the aforementioned methods, we will advance understanding of the pathways that 
contribute to proper gene expression and development in C. elegans.. 

978B. Epigenetic landscape of C. elegans sperm chromatin. Tomoko Tabuchi, Andreas Rechtsteiner, Susan Strome. MCD 
Biology, University of California, Santa Cruz, Santa Cruz, CA. 
   Information can be passed from parent to child through DNA sequence and through packaging of DNA into distinct types 
of chromatin. The latter, termed epigenetics, is a critical facet of normal development. In contrast to our growing 
understanding of maternal contributions to epigenetic control of development, paternal contributions are relatively 
unexplored. The Strome lab has shown that H3K36me and H3K27me, histone modifications associated with gene expression 
or gene repression, respectively, are transmitted to embryos from sperm and persist on paternal chromatin for at least a few 
cell divisions. This finding supports the notion that C. elegans sperm chromatin transmits epigenetic information to embryos. 
To elucidate paternal epigenetic contributions to progeny, we are defining the epigenetic landscape in C. elegans sperm using 
chromatin immunoprecipitation followed by sequencing (ChIP-seq). We developed a protocol to efficiently and reproducibly 
fragment and solubilize tightly packaged C. elegans sperm chromatin, and determined optimal conditions for ChIP from two 
million sperm. We found that the sperm H3K36me3 landscape looks strikingly similar to the H3K36me3 landscape in early 
embryos, suggesting retention in embryos of most inherited H3K36me3 marking.  Some genes marked with H3K36me3 in 
sperm lose H3K36me3 in early embryos, which likely reflects erasure by either a histone demethylase or histone 
replacement. The landscapes of other histone modifications are currently being investigated. Comparing sperm patterns with 
the embryonic patterns will provide us with a first glimpse of which aspects of sperm patterns are likely to be retained versus 
erased in early embryos. This study will expand our understanding of transgenerational epigenetics and how sperm epigenetic 
information may influence embryo development. 

979C. A laboratory adaptation in the nucleosome remodeling factor nurf-1 in C.elegans regulating epigenetic changes in the 
nervous system. W. Xu, P.T. McGrath. Georgia Institute of Technology, Atlanta, GA. 
   Chromatin remodeling plays a central role in epigenetics, which controls many aspects of cellular development and is 
associated with human cognitive dysfunction such as Alzheimer’s disease. The mechanism of how these complex traits work 
remains elusive, so research on model organism Caenorhabditis elegans may enhance our understanding of the genetic 
basis of chromatin-remodeling related neuronal signaling pathways. Quantitative trait locus (QTL) mapping on a number of 
traits between N2 and another laboratory adapted strain LSJ2 identified a causative genetic variant within the nucleosome 
remodeling factor (nurf-1) gene variant. nurf-1 seems to be involved in a number of traits controlled by the nervous system, 
including egg-laying rate and dauer formation. nurf-1, which has multiple isoforms resulting from alternative splicing, is able 
to cooperate with ISWI ATPase and transcription factors to regulate histone occupancy on sequence-specific DNA 
regions. To explore its molecular and cellular functions, we are using co-conversion CRISPR to engineer stop codons within 
various exons, create loxP sites to inhibit gene function in specific neurons, or create epitope and fluorescent 
fusions. After assaying these edited strains, we will be able to uncover the functional process and cellular site of action 
of NURF-1. Further in vivo and in vitro pull down assays will identify specific genes that nurf-1 regulates. This effort can 
expand our knowledge of neuronal regulation through chromatin remodeling, and it may also provide therapeutic 
opportunities for neuronal diseases. 

980A. Identifying genes involved in H3K9me2 regulation in C. elegans. Bing Yang, Xia Xu, Eleanor Maine. Biology 
Department, Syracuse University, Syracuse, NY. 
   Histones can receive many different modifications, and the presence/absence of certain modifications is implicated in 
transcriptional control and chromosomal events. One modification, H3K9me2, has been found to be associated with unpaired 
chromatin during meiosis in different organisms, including C. elegans [1-3]. For example, in the male C. elelgans germline, 
the single X chromosome is unpaired during pachytene and is detected as a single strong focus of H3K9me2 by immuno-
labeling. This interesting phenomenon led to the question of how H3K9me2 marks are specifically targeted to their genomic 
sites.In order to address this question, we are identifying H3K9me2 methyltransferase (MET-2) co-factors. To do so, we 
generated antibody against MET-2 and epitope-tagged met-2 transgenes. Using these reagents, we performed 
immunoprecipitation and tandem MS sequencing to recover potential co-factors.  Currently, we are testing a list of potential 
interactors by two different approaches. First, we utilize RNAi to knock down or a mutation to knock out the candidate gene 
product and then examine the H3K9me2 distribution pattern in the male germline. Second, we perform reverse co-
immunoprecipitation by using antibody against the candidate gene product or epitope-tagged transgene product generated 
either by Mos1-mediated single copy insertion [4] or CRISPR-Cas9 [5] methods. Among the list of candidate genes that have 
been tested so far, we have identified several genes whose activity impacts H3K9me2 deposition.References: 1. Shiu, P.K., et 
al., Cell, 2001. 107(7): 905-16.  2. Kelly, W.G., et al.,  Development, 2002. 129(2): 479-92.  3. Turner, J.M., et al.,  Nat 
Genet, 2005. 37(1): 41-7. 4. Frokjaer-Jensen, C., et al.,  Nat Meth, 2014. 11(5): 529-534.  5. Ran, F.A., et al., Cell. 154(6): p. 
1380-1389. 



981B. Investigating the regulation of temporal co-expression of cuticle collagen genes in C. elegans. P. Abete-Luzi, D.M. 
Eisenmann. University of Maryland Baltimore County - Dept. of Biological Sciences. 
   The temporal control of gene expression represents an essential aspect of metazoan development. In C. elegans, the 
heterochronic pathway is known to regulate cellular events in a temporal manner during larval life. The most downstream 
effector of this pathway is LIN-29, a zinc finger transcription factor that was shown to be required for the larval-to-adult 
switch in the lateral hypodermal cells. Examinations of modENCODE project RNA seq data showed that during C. elegans 
development a large number of cuticle collagen genes display a strong peak of expression in only one larval stage,  such that 
each larval stage is characterized by a subset of co-expressing collagen genes. Such a set of temporally co-regulated similar 
genes provides a useful system to study temporal regulation of gene expression. Our work is focused on a subset of collagen 
genes that peak during the L4 larval stage: bli-1, col-38, col-49, col-63, col-138 and col-175. Expression patterns of 
transcriptional YFP reporters made with the promoters of these genes were consistent with the RNA seq data: all the 
constructs showed peaks of expression in the hypodermis during the L4 stage. Promoter deletion analyses narrowed the 
necessary promoter region to a 591 bp fragment in col-49, and less than 270 bp fragments in col-38 and col-63. Previously 
published work showed that LIN-29 directly regulates the expression of two adult cuticle collagen genes, col-7 and col-19. In 
our work on L4 stage-specific cuticle collagens, both expression of transcriptional reporters and endogenous transcript levels 
were significantly reduced when worms were treated with lin-29 RNAi. Moreover, ectopic overexpression of lin-29 from a 
heat shock promoter significantly increased endogenous transcript levels of col-38, col-49, col-63, col-138 and col-175, but 
did not affect the expression of the L2 stage-specific cuticle collagen, col-54. Our results suggest that the transcription factor 
LIN-29 regulates the expression of the L4 stage-specific subset of cuticle collagens. Our current objectives are: 1) to test 
whether LIN-29 directly binds to the promoters of the L4 stage-specific cuticle collagen genes in vitro, and if so, to identify a 
LIN-29 binding motif; and 2) to find LIN-29 responsive genes on a genome-wide scale.  . 

982C. Novel regulators of RUNX transcription factor in Caenorhabditis elegans. Soungyub Ahn1,2, Hyun-Seok Oh3, Peter 
Swoboda4, Jongsik Chun1,3, Junho Lee1,2,5. 1) School of Biological Sciences, Seoul National University, Seoul, Korea; 2) 
Institute of Molecular Biology and Genetics, Seoul National University, Seoul, Korea; 3) Interdisciplinary Program in 
Bioinformatics and Bioinformatics Institute, Seoul National University, Seoul, Korea; 4) Department of Biosciences and 
Nutrition, Karolinska Institutet, Huddinge, Sweden; 5) Department of Biophysics and Chemical Biology, Seoul National 
University, Seoul, Korea. 
   RUNX transcription factors play pivotal roles in mammalian development and carcinogenesis. Proper expression and 
regulation of RUNX foster proper organismal development and prevent cancer development. We previously reported that 
RNT-1, the C. elegans sole RUNX homolog protein, is degraded by ubiquitin-proteasome system (UPS) and is stabilized 
upon acute oxidative stress response by repressing UPS. Nevertheless, other mechanisms of RNT-1 degradation remain 
elusive. To solve this question, we tried to find the novel regulator of RNT-1 stability and understand its mechanism. We 
isolated novel regulator genes involved in RNT-1 stabilization by random mutagenesis. Now we are characterizing RNT-1-
stabilized mutants, and investigating the effect of the mutation on RNT-1 stability. Our study will contribute to further 
understanding of RUNX-involved development and carcinogenesis. 

983A. Chromsosomal context influences X chromosome targeting by the C. elegans Dosage Compensation Complex. Sarah 
Albritton, Lara Winterkorn, Anna-Lena Kranz, Sevinc Ercan. Center for Genomics and Systems Biolog, New York 
University, New York, NY. 
   Multi-subunit condensin complexes are essential for chromosome condensation during both mitosis and meiosis and have 
also been implicated as having important roles in transcriptional regulation during interphase.  Metazoans contain two 
condensin complexes, I and II, which specifically localize to different chromosome regions where they perform different 
functions. Caenorhabditis elegans contains a third condensin complex, Condensin DC, whose localization is uniquely 
restricted to the hermaphrodite X chromosome where it acts as part of the Dosage Compensation Complex (DCC) to repress 
X-transcription. The regulatory mechanisms by which Condensin DC is targeted specifically to the X chromosome are not 
yet fully understood.As part of the DCC, Condensin DC interacts with at least four other non-condensin proteins, including 
two zinc-finger-containing proteins, SDC-2 and SDC-3, which act to recruit Condensin DC to approximately 100 recruitment 
sites across the X-chromosome. Evidence suggests that this initial targeting is sequence-dependent. Sites of initial 
recruitment, termed recruitment elements on X (rex), are enriched for a 10bp recruitment motif. Our analyses indicate that 
this motif is four times enriched on the X-chromosome as compared to autosomes and is often clustered at rex-sites. 
However, the motif is not unique to the X-chromosome; both the X chromosome and the autosomes contain many perfect 
matches that are not bound by the DCC. Further, we show that insertion of a rex-site in single-copy onto an autosome fails to 
detectably recruit DCC. Increasing the number of inserted rex-site copies overcomes the inability recruit on autosomes. We 
conclude that motif sequence, while important for DCC recruitment, is not sufficient to recruit the complex on its own. We 
hypothesize that chromosomal context of the X chromosome facilitates the specificity of DCC recruitment. . 



984B. Casein kinase 2 facilitates target binding and silencing of the microRNA Induced Silencing Complex in C. elegans. 
Amelia F Alessi*1,2, Vishal Khivansara*1,3, Ting Han*1,4, Mallory A Freeberg1,5, James J Moresco6, Patricia G Tu6, Eric 
Montoye7, John R Yates III6, Xantha E Karp7, John K Kim1,2. 1) Life Sciences Institute, University of Michigan, Ann Arbor, 
MI; 2) Department of Human Genetics, University of Michigan, Ann Arbor, MI; 3) Children's Research Institute, Department 
of Pediatrics, UT Southwestern Medical Center, Dallas, TX; 4) Department of Biochemistry, UT Southwestern Medical 
Center, Dallas, TX; 5) Department of Computational Medicine and Bioinformatics, University of Michigan, Ann Arbor, MI; 
6) Department of Chemical Physiology, The Scripps Research Institute, La Jolla, CA; 7) Department of Biology, Central 
Michigan University, Mount Pleasant, MI. 
   MicroRNAs (miRNAs) regulate diverse biological processes via repression of target mRNAs that contain complementary 
sites in their 3’ untranslated regions (3’ UTRs). While studies over the past two decades have provided fundamental insights 
into miRNA biogenesis and function, mechanisms controlling the activity of the miRNA-induced silencing complex 
(miRISC) are not well understood. Here we report the identification of a conserved serine/threonine kinase, casein kinase 2 
(CK2), that functions in the miRNA pathway in Caenorhabditis elegans. Inactivation of CK2 results in developmental timing 
defects that phenocopy loss of the let-7 family of miRNAs. In addition, CK2 broadly regulates the activities of multiple 
miRNAs in diverse developmental contexts, including lsy-6 in neuronal fate choice, miR-84 in vulval precursor cell 
specification, and the miR-35 family of miRNAs in embryogenesis. By direct analysis of target mRNAs and proteins, we 
found that CK2 is required for the silencing of miRNA targets, including lin-41 and lin-14. CK2 is dispensable for the 
accumulation of mature miRNAs and the stability of core miRISC components. Instead, it is required for efficient association 
of target mRNAs with miRISC. Specifically, we find that CK2 directly phosphorylates miRISC component CGH-1 at a 
conserved N-terminal serine residue. Our study therefore reveals the novel role of CK2 in miRISC regulation at the level of 
target binding and silencing by phosphorylation of a key miRISC component. 
(* indicates equal contribution). 

985C. The roles of CpG density and H3K4me3 at C. elegans promoters. Ron Chen, Przemyslaw Stempor, Yan Dong, 
Carolina Gemma, Jurgen Janes, Eva Zeiser, Sky Feuer, Thomas Down, Julie Ahringer. Gurdon Institute, University of 
Cambridge, Cambridge, UK. 
           A hallmark of most vertebrate promoters is their association with non-methylated CG-dense sequences (CpG islands), 
while methylation of the more sparsely distributed CpGs in the remainder of the genome is thought to contribute to 
transcriptional repression.  Non-methylated CG dinucleotides are recognized by the CXXC finger protein 1 (CXXC1/CFP1) 
which is part of the COMPASS complex.  In the complex, the Set1 methyltransferase (SET-2 in C. elegans) generates 
H3K4me3, a mark of active promoters.  Promoter CpGs were thought to be either absent or irrelevant in invertebrates that 
lack DNA methylation, such as C. elegans.  However, a C. elegans CXXC1 ortholog (CFP-1) is present and required for the 
generation of H3K4me3 (1,2).         We found that C. elegans CFP-1 targets promoters with high CpG density and that these 
promoters are marked by high levels of H3K4me3.  Furthermore, as for mammalian promoters, high promoter CpG content 
in C. elegans is associated with nucleosome depletion irrespective of transcriptional activity.  We further show that highly 
occupied target (HOT) regions identified by the binding of a large number of transcription factors are CpG-rich promoters in 
C. elegans and human genomes, suggesting that the unusually high factor association at HOT regions may be a consequence 
of CpG-linked chromatin accessibility. Our results indicate that non-methylated CpG-dense sequence is a conserved genomic 
signal that promotes an open chromatin state, and is targeted by a CXXC1 ortholog and H3K4me3 modification in both C. 
elegans and human genomes.        To understand the function of CFP-1 and COMPASS/H3K4me3, we are studying a cfp-1 
deletion mutant. This mutant has nearly undetectable H3K4me3 and has defects in fertility and the repression of somatic 
genes in the germline, similar to the phenotype of set-2 mutants (3). Profiling RNA and chromatin in cfp-1 mutants 
uncovered alterations in histone modifications, chromatin accessibility, and patterns of gene expression. Our results shed 
light on the mechanism of action and role of CFP-1/H3K4me3 in chromatin regulation and function.References: (1) Simonet 
et al., 2007, Dev. Biol. 312, 367-83. (2) Li and Kelly, 2011, PLoS Genet. 7, e1001349 (3) Robert et al., 2014, Cell Reports 9, 
443–450. 

986A. In vivo protein interaction mapping in C. elegans embryos. Jia-Xuan Chen1,2, Patricia Cipriani2,3, Desirea Mecenas2, 
Jolanta Polanowska2,4, Fabio Piano2,3, Kristin Gunsalus2,3, Matthias Selbach1,5. 1) Max Delbrück Center for Molecular 
Medicine, Berlin, Germany; 2) New York University, New York, USA; 3) New York University Abu Dhabi, Abu Dhabi, 
United Arab Emirates; 4) INSERM, U1104, 13288 Marseille, France; 5) Charité-Universitätsmedizin Berlin, Berlin, 
Germany. 
   Mapping protein-protein interactions in vivo is instrumental in deciphering the molecular mechanisms underlying animal 
development. We have developed a new method combining in vivo expressed GFP-tagged proteins with label-free 
quantitative proteomics to identify protein-protein interactions in developing C. elegans embryos.  This strategy is generic 
and can in principle be used with any GFP-tagged protein. To test our approach we focused on eight proteins involved in 
essential biological processes during embryogenesis and built a pilot embryo in vivo interaction map comprising 559 
interactions among 472 proteins. This network captures known biology and is highly enriched in functionally relevant 



interactions.  We further show the utility of the map by searching for new regulators of P granule formation during 
embryogenesis.  We discovered the worm-specific protein GEI-12 as a novel interaction partner of the DYRK kinase MBK-2 
and as an important regulator of P granule dynamics and germline maintenance. This leads us to propose a hypothetical 
model in which the phosphorylation state of GEI-12 regulates P granule assembly and disassembly during early 
embryogenesis. Additionally, GEI-12 also induces granule formation in mammalian cells, suggesting that a common 
mechanism of ribonucleoprotein granule assembly exists in worms and humans. Our results show that in vivo interactome 
mapping is a powerful and versatile approach that provides unique insights into animal development. 

987B. Detection of promoter-terminator loops at active germline genes by 3C . Blanca Craven-Bartle, Alla Grishok. 
Biochemistry and Molecular Biophysics, Columbia University Medical Center, New York, NY. 
   The formation of DNA loops during active transcription has been described in yeast, mammals and plants. Gene looping 
leads to a special proximity of the promoter and the terminator regions, which provides a bridge for RNA polymerase II (Pol 
II) to immediately start transcribing again. Such an organization is thought to reinforce the directionality of Pol II 
transcription while limiting antisense transcription. It has been shown in yeast that gene looping depends on SSu72, a 
phosphatase involved in transcriptional termination, and TFIIB, a general transcription factor.  In Arabidopsis, BAF60, a 
subunit of the SWI/SNF chromatin-remodeling complex, controls the gene loop formation at the FLOWERING LOCUS C. 
Chromatin loops can be detected by the chromosome conformation capture (3C) technique.  Since the 3C protocol had not 
been adapted for C. elegans and formation of gene loops had not been tested, our major objective is to establish this approach 
based on the methods used in yeast, plants and Drosophila, and to identify factors that regulate gene looping in C. elegans. 
We detected putative gene loops at several germline-expressed genes and now testing whether this gene looping depends on 
transcriptional activity. We will present our progress in surveying chromatin-remodeling and transcription factors that could 
be involved in gene loop formation in C. elegans. . 

988C. A novel role for LET-23 in lipid synthesis via the transcription factor SBP-1. Niko Contos, Matt Crook. Biology, 
Whitman College, Walla Walla, WA. 
   LET-23 has multiple roles in development and is also involved in the control of ovulation rate. Recent work on the role of a 
let-23(sa62) gain of function mutant in the prevention of cell death discovered a link between LET-23 signaling, 
phosphatidylcholine synthesis and the lipid responsive transcription factor SBP-1. This link suggests that LET-23 signaling 
may be linked to the control of lipid synthesis. Our hypothesis is that overactive LET-23 signaling increases 
phosphatidylcholine synthesis which in turn down-regulates SBP-1 expression and causes its retention in the cytoplasm, 
which together result in a reduction in overall lipid levels. To begin testing this hypothesis, we used SBP-1 cellular 
localization as a readout for lipid synthesis, as SBP-1 is retained in the cytoplasm under high lipid conditions and translocates 
to the nucleus to activate transcription of lipid synthesis genes when lipid levels drop. Therefore, an increase in the ratio of 
nuclear to cytoplasmic SBP-1::GFP infers an increase in lipid synthesis and vice versa. We found that 30µM exogenous 
phosphatidylcholine had no effect on SBP-1::GFP cellular localization in a wild-type background. We observed that let-
23(sa62)gf animals had visibly reduced intestinal fat storage in their intestine compared with wild-type animals and that sbp-
1 expression was reduced and appeared less nuclear localized. These results suggest that overactive LET-23 signaling is 
suppressing lipid synthesis by down-regulating sbp-1 expression and causing its retention in the cytoplasm but that this 
modulation of SBP-1 function does not occur by increased phosphatidylcholine synthesis. 

989A. A modular system of DNA enhancer elements mediates tissue-specific activation of transcription by high dietary zinc 
in C. elegans. C. Cubillas, H. Roh, K. Kornfeld. Developmental Biology, Washington University in St. Louis, St. Louis, 
MO. 
   Zinc is essential for biological systems, and abnormal zinc metabolism is implicated in multiple human diseases. To 
maintain homeostasis in response to fluctuating levels of dietary zinc, animals regulate gene expression; however, 
mechanisms that mediate the transcriptional response to such zinc variations have not been fully defined.Here we describe 
the identification of DNA enhancer elements that mediate intestine-specific transcriptional activation in response to high 
levels of dietary zinc in C. elegans. Using bioinformatics, we characterized an evolutionary conserved enhancer element 
present in multiple zinc-inducible genes, the high zinc activation (HZA) element. The HZA location was consistently 
adjacent to a GATA element that mediates gene expression in intestinal cells. Functional studies of zinc regulated genes 
(GFP fusions and RNA expression analyses) demonstrated that this modular system of DNA enhancers mediates tissue-
specific transcriptional activation in response to high levels of dietary zinc. To characterize the mechanism of enhancer 
function, we demonstrated that the GATA transcription factor ELT-2 and the mediator subunit MDT-15 are necessary for 
zinc-responsive transcriptional activation.We used this information to search the genome and successfully identified several 
novel zinc-inducible genes. A subset of these genes is predicted to be involved in retinoic acid metabolism, such as bcmo-2 
and cyp-13a7. These genes have a HZA and are responsive to high levels of dietary zinc, suggesting that retinoic acid may 
play a role in high zinc detoxification. We are currently combining bioinformatics and RNA-seq approaches to identify the 
complete set of zinc-regulated transcripts in C. elegans under high dietary zinc conditions. 



990B. Identification of an enhancer element that mediates transcriptional activation in response to low dietary zinc. Nicholas 
Dietrich1, Kurt Warnhoff1, Daniel Schneider1, Hyun Roh2, Kerry Kornfeld1. 1) Department of Developmental Biology, 
Washington University in Saint Louis, Saint Louis, MO; 2) Division Of Endocrinology, Diabetes, and Metabolism, Beth 
Israel Deaconess Medical Center, Boston, MA. 
   Zinc is a trace element that is essential for the structure and function of a wide range of proteins, and disrupted zinc 
metabolism is implicated in a number of human diseases.  Because both zinc deficiency and excess are deleterious, animals 
require homeostatic mechanisms to respond to dietary changes in zinc availability. In biological systems, zinc exists as a 
divalent cation that cannot passively cross cell membranes.  Therefore, transmembrane proteins that transport zinc across the 
plasma membrane and the membranes of intracellular organelles play a critical role in zinc trafficking. Two families of 
evolutionarily conserved zinc transporters have been characterized in animals.  Cation diffusion facilitator (CDF) proteins 
reduce the level of cytoplasmic zinc by transport out of cells or into the lumen of intracellular organelles, whereas Zrt, Irt-like 
proteins (ZIPs) increase the level of cytoplasmic zinc by transport in the opposite direction. C. elegans has been used to study 
the function of CDF proteins, but little work has been done to characterize ZIP proteins. To analyze the regulation of ZIP 
genes, we used qRT-PCR to analyze transcript levels in response to low dietary zinc.  Three ZIP genes displayed increased 
transcript levels in response to zinc deficiency.  We used bioinformatics to identify a DNA motif that is present in the 
promoters of all three regulated genes, which we named the low zinc activated (LZA) element. The LZA was necessary for 
low zinc activated transcription in native promoters and it was sufficient to mediate low zinc activated transcription in a basal 
promoter. To characterize the function of ZIP genes, we used feeding RNAi to analyze growth and development in low 
dietary zinc induced with a zinc chelator.  RNAi against Y54G9A.4 caused sensitivity to low zinc.  This phenotype was also 
observed in animals with a deletion allele. Thus, Y54G9A.4 is necessary for survival and growth in low dietary zinc, 
suggesting it plays an important role in zinc homeostasis.  Using transgenic animals, we demonstrated that Y54G9A.4 is 
expressed in intestinal cells, and the promoter of this gene is induced by low dietary zinc.  These studies identify important 
factors in the response to low zinc including an enhancer element that mediates transcriptional activation and a ZIP 
transporter that promotes homeostasis. . 

991C. Separating the different contributions of the GATA factors ELT-2 and ELT-7 to intestinal gene expression. A. 
Dineen1, E. Osborne Nishimura2, A. Robinson2, J. Lieb3, J. Rothman4, J. McGhee1. 1) University of Calgary, Calgary, 
Alberta; 2) University of North Carolina, Chapel Hill, NC, USA; 3) University of Chicago, Chicago, Il, USA; 4) University 
of California, Santa Barbara, CA, USA. 
   The C. elegans intestine is produced from a single blastomere, which is specified by the GATA transcription factors END-1 
and END-3. END-1 and END-3 are transiently expressed during development and activate transcription of ELT-2 and ELT-
7. ELT-2 and ELT-7 regulate terminal differentiation genes important for intestinal development and function. Null 
mutations in elt-2 result in larval arrest after hatching due to a non-functional intestine, but elt-7 null mutants have no 
obvious phenotype. However, elt-7; elt-2 double mutants show more severe phenotypes than elt-2 null mutants alone. The 
aim of this study was to investigate how ELT-2 and ELT-7 work together to regulate intestine expressed genes. To dissect the 
individual contributions of ELT-2 and ELT-7, we used a COPAS Biosorter to isolate starved L1 larvae of elt-2 null mutant, 
elt-7 null mutant, and elt-7; elt-2 double mutant worms, as well as other genetic backgrounds. RNAseq was performed on 3-6 
replicates per population, to an average of ~20 million mapped reads per sample. The most abundant class of intestinal 
mRNA transcripts were those dependent on ELT-2, whereas relatively few were dependent on ELT-7, consistent with their 
mutant phenotypes. A number of genes were activated by either ELT-2 or ELT-7 but only a few genes appeared to respond to 
both factors in an additive manner. There were no genes found to be regulated by both ELT-2 and ELT-7 in a manner that 
implied synergy or cooperation at the molecular level. Intestinal genes activated by either factor have a greater number of cis-
regulatory TGATAA sites in their proximal promoters than those activated exclusively by ELT-2. Further, about one hundred 
transcription factors were differentially expressed in elt-2, elt-7, or double mutant backgrounds, indicating a high potential 
for indirect gene expression changes. Finally, preliminary results of ELT-2 ChIP-seq indicate that many ELT-2 targets are 
direct. We conclude that ELT-2 is the primary GATA transcription factor regulating intestinal transcription. In contrast, ELT-
7 regulates a subset of ELT-2 targets and generally plays an auxiliary role. We propose a model of intestinal gene activation 
in which the greater number of cis-regulatory sites in promoters of genes activated by either factor results in greater ELT-7 
binding than to the fewer sites in ELT-2 exclusively activated promoters. 

992A. Specificity of binding site selection by the C. elegans dosage compensation complex. Anna-Lena Kranz, Sevinc 
Ercan. Dept Biol, New York University, New York, NY. 
   Sequence-specific transcription factors (TFs) bind to a small fraction of their sequence motifs in the genome. Previous 
studies showed that strength and number of DNA sequence motifs, cooperative binding, and chromatin structure influence TF 
specificity. Here, we studied X-chromosome specific targeting of a specialized condensin complex that constitutes the core of 
the C. elegans dosage compensation complex. Based on the ChIP-seq analysis of DCC recruiters (SDC-2, SDC-3, DPY-30), 
we have categorized condensin DC recruitment motifs into “bound” and “unbound”. Some of the unbound motifs have the 
same characteristics (motif strength and clustering) as bound motifs and were termed "potential". Using these categories we 



tried to distinguish bound and potential motif containing sites using motif strength and number, histone modifications, 
chromatin accessibility, and genomic distribution of the motifs. Our preliminary data suggest that histone modifications do 
not explain X-specificity of condensin DC recruitment. Motif strength and number, as well as the intergenic distribution of 
the motifs explain part of the specificity, but not all. We also noted that while condensin DC recruiters localize to hundreds of 
sites on the autosomes, condensin DC-specific subunit DPY-27 is not recruited to those sites. It is possible that some 
unknown feature of the X chromosome is important for the X-specific recruitment of condensin DC. 

993B. Mapping chromatin accessibility using ATAC-seq in C. elegans. Victoria Ettorre, Sevinc Ercan. Department of 
Biology, New York University, New York, NY. 
   Specificity of transcription factor (TF) targeting is at the heart of gene regulation, but it is a process that is not well 
understood. TF binding specificity is accomplished in part by the chromatin accessibility of the DNA sequence motifs to 
which the TF binds. To understand X-specific binding of the dosage compensation complex (DCC), we will map chromatin 
accessibility across the genome. This will allow us to test whether the 10 base pair DNA sequence motif that is important for 
DCC recruitment is more accessible on the X. We use transposase-accessible chromatin sequencing (ATAC-seq) to map 
chromatin accessibility. In this technique, transposases insert sequencing adaptors into regions of chromatin not occupied by 
nucleosomes. ATAC-seq has been developed by the Greenleaf lab using human lymphoblastoid cells. We have obtained 
preliminary data from embryo and L3 larval stage worms and naked DNA as a control.  Our results indicate that the 
transposase has a sequence preference for insertion. In embyros, we do not see many distinct peaks, but we do see those in 
L3s. Currently, we are working to optimize ATAC-seq in C. elegans for embryo and larval stages. . 

994C. The role of general transcription factors in dosage compensation. Nicholas Fuda, Barbara Meyer. HHMI, Department 
of Molecular and Cellular Biology University of California Berkeley, Berkeley, CA. 
   X chromosome gene expression is equalized between the sexes in dosage compensation by reducing transcription on the 
hermaphrodite X chromosome through a specialized condensin complex. Recently, our lab used Global Run-On sequencing 
(GRO-seq) to identify the transcription start sites (TSS) for 6353 genes and show that dosage compensation reduces X 
chromosome transcription by decreasing RNA polymerase II (Pol II) recruitment or initiation. The mechanisms behind this 
regulation are still unclear, and little research has been conducted into the basic transcriptional mechanisms in the worm. 
Extensive studies from various model organisms have identified the general transcription factors (GTFs) required for Pol II 
recruitment and formation of the pre-initiation complex (PIC). These studies have defined an ordered assembly of GTFs. 
TATA Binding Protein interacts with its promoter sequence element and interacts with TFIIIA, TFIIB, and TFIID. These 
factors recruit TFIIF and Pol II to the promoter. Then, TFIIE and TFIIH are recruited and aid in promoter melting and 
transcription initiation. In addition, the Mediator complex interacts with Pol II and enhances transcription. GTF binding on 
promoters can provide insight to the steps in Pol II recruitment impacted, and potentially regulated, by dosage compensation. 
Therefore, I’m investigating the localization of basal transcription machinery within C. elegans genome to define the sites of 
initiation and the promoters that guide initiation. The changes in the levels of specific GTFs on dosage compensated 
promoters between wild type and dosage compensation mutants will identify points in PIC assembly altered by dosage 
compensation to decrease X chromosome gene expression in hermaphrodites. 

995A. Regulation of gene expression by the DREAM complex. C Gal, M Chesney, I Latorre, A Appert, J Ahringer. 
University of Cambridge, Cambridge, UK. 
   The conserved eight subunit DREAM (DP, Retinoblastoma [Rb]-like, E2F, and MuvB) complex is a regulator of cell cycle 
and quiescence genes and plays an important role in development and disease. The C. elegans DREAM members are LIN-
35/Rb-like, EFL-1/E2F, DPL-1/DP1, LIN-8, LIN-37, LIN-52, LIN-53, and LIN-54.  Recent work has demonstrated that C. 
elegans direct DREAM targets are de-repressed in the absence of the Rb-like protein LIN-35 and that high gene body levels 
of the histone variant H2A.Z are linked with target repression1.  However, the mechanism that generates gene body H2A.Z 
enrichment, and the relationship between DREAM and H2A.Z are not currently understood. Furthermore, the functions and 
regulatory interactions of individual complex members are not clear. For example, LIN-35 has been demonstrated to be a 
transcriptional repressor by a number of groups, whilst the DP and E2F proteins have previously been reported to act as 
activators of transcription2. In addition, mutants of individual DREAM complex members do not all have the same 
phenotype, indicating different functions. Therefore, we are investigating the contribution of DPL-1 (DP) and EFL-1 (E2F) to 
DREAM target gene repression. We are also carrying out a GFP reporter screen to identify additional components required 
for DREAM-mediated repression, to elucidate the mechanisms behind DREAM mediated developmental control.1. Latorre, 
I., Chesney, M.A., Garrigues, J.M., Stempor, P., Appert, A., Francesconi, M., Strome, S., and Ahringer, J. (2015) ‘The 
DREAM complex promotes gene body H2A.Z for target repression’, Genes Dev., 29, 495-5002. Chi, W & Reinke, V. (2006) 
‘Promotion of oogenesis and embryogenesis in the C. elegans gonad by EFL-1/DPL-1 (E2F) does not require LIN-35 (pRB)’, 
Development, 133, 3147-57. 



996B. Identifying components of the germ cell transcriptional regulatory network activated upon loss of the Dp, Rb, and 
MuvB (DRM) complex. Paul Goetsch, Susan Strome. Molecular, Cell and Developmental Biology, University of California, 
Santa Cruz, Santa Cruz, CA. 
   Cellular specification during embryogenesis relies on coordinated transcriptional regulatory networks that transition cells 
from old to new developmental programs. We seek to understand how developing somatic cells avoid expressing the germ 
cell program. C. elegans Synthetic Multivulval class B genes, which include genes that encode the 8 subunits of the Dp, Rb, 
and MuvB (DRM) transcriptional repressor complex, are known to protect somatic cells from activating germ-like regulatory 
networks. Mutations that compromise DRM complex activity, including loss of the Retinoblastoma-like pocket protein LIN-
35, result in expression of germline genes in somatic cells. Importantly, many promoters of ectopically expressed germline 
genes (e.g., pgl-1) are not directly targeted by the DRM complex. We hypothesize the DRM complex represses germline 
genes in somatic cells through direct repression of transcription factor(s) required for germline gene expression. DRM binds 
to the promoters of 311 predicted transcription factor-encoding genes. Using a lin-35(n745) Ppgl-1::pgl-1::GFP reporter 
strain that displays somatic pgl-1::GFP expression, we tested for suppression of ectopic GFP expression following RNA 
interference of 243 of these candidate trans-acting factors, as compared to empty vector control. This qualitative screen 
identified 51 candidate trans-acting factors that potentially activate germline genes in somatic cells following loss of DRM. 
We also evaluated changes in chromatin accessibility, which can identify transcription factor binding sites, following loss of 
LIN-35. Chromatin accessibility can be measured by sensitivity of genomic regions to DNase I digestion. Changes in DNase 
I sensitivity as measured by quantitative PCR indicate an increase in chromatin accessibility at the pgl-1 promoter in lin-
35(n745) as compared to wild type. This analysis will be linked to high throughput sequencing of DNase I hypersensitive 
fragments between lin-35(n745) and wild type to reveal novel transcription factor binding events enriched upon loss of DRM 
activity. Together, these complementary approaches will identify transcription factors that drive germline gene expression in 
somatic cells following loss of DRM complex activity. This study provides a strong foundation for the identification and 
analysis of potential novel components of the germ cell transcriptional regulatory network required for in vivo germ cell 
specification. 

997C. Mediator Subunit cdk-8 and GATA Factor elt-2 Form a Pathway Regulating Cadmium-Inducible Gene Expression. 
Jennifer Grants, Anik Muhuri, Grace Goh, Stefan Taubert. University of British Columbia, Canada. 
      Organisms respond to environmental insults by inducing detoxification and cellular repair genes. Gene induction is 
controlled by sequence-specific transcription factors (TFs) that bind to response elements in promoters of the inducible 
genes, and recruit transcriptional coregulators to stimulate RNA polymerase II transcription. Exposure of Caenorhabditis 
elegans to the toxic heavy metal cadmium induces a robust gene expression response, which is partially dependent on mdt-
15, a subunit of the Mediator transcriptional coregulator complex; however, additional molecular factors that partner with 
mdt-15 in this response remain unknown. Here, we show that the elt-2 GATA-family TF, two GATA-site response elements, 
and the Mediator subunit cdk-8 are also required for cadmium-inducible gene expression. Furthermore, we identify regulatory 
interactions between elt-2, cdk-8, and mdt-15 in vivo.   Microarray profiling revealed significant overlap between cdk-8-
dependent genes and cadmium-responsive genes. In line with this, cdk-8 is required for cadmium-induced gene expression, 
e.g. cdr-1 (cadmium-responsive 1), mtl-1 and mtl-2 (metallothioneins). Mediator subunit mdt-15 is known to activate these 
cadmium-inducible genes, indicating that cdk-8 and mdt-15 converge on common gene targets.   The cdr-1 promoter contains 
several putative regulatory elements that may be bound by TFs. By mutating these elements or RNAi depleting their putative 
TF partners, we showed that only two GATA elements and the corresponding elt-2 GATA-family TF were required for 
cadmium-induced cdr-1 promoter activation.   To test if cdk-8, mdt-15, and elt-2 form a pathway regulating cadmium-
inducible transcription, we performed genetic epistasis analysis. Loss of cdk-8, mdt-15, or elt-2 alone caused cadmium 
sensitivity in C. elegans. Cadmium sensitivity upon combined loss of mdt-15 and elt-2 could not be assessed, as these worms 
exhibited severe developmental delay; therefore, mdt-15 and elt-2 appear to act in parallel to promote an unidentified 
developmental pathway. Combined loss of cdk-8 and elt-2 did not significantly enhance cadmium sensitivity compared to 
each single mutant; therefore, cdk-8 and elt-2 form a pathway to promote cadmium resistance. Overall, this study identifies a 
new transcriptional regulatory pathway governing an inducible transcription response to the toxic heavy metal cadmium. 

998A. Putative binding site for Odd-skipped transcription factors in the promoters of C. elegans germline genes. Garrett M. 
Dancik2, Meaghan M. Kennedy1, Alice A. DiFrancesco1, Amy C. Groth1. 1) Department of Biology, Eastern Connecticut 
State University, Willimantic, CT; 2) Department of Math and Computer Science, Eastern Connecticut State University, 
Willimantic, CT. 
   We have identified a potential binding site for Odd-skipped (ODD) proteins in the promoters of likely germline GLP-1 
targets. MEME analysis identified a motif in the promoters of sygl-1, lst-1, and fbf-2. JASPAR analysis indicated high 
similarity between the motif and binding sites for the Drosophila Odd and mouse Odd-skipped related 1 (OSR1) and 2 
(OSR2) transcription factors. C. elegans has two odd homologs, odd-1 and odd-2. In 2004, Buckley, et al. showed that ODD-
1/2 have non-redundant functions in the C. elegans intestine. Worms injected with odd-1 or odd-2 RNAi died as early larvae 
from intestinal defects. While intestinal ODD-1/2 expression was demonstrated with GFP, germline expression was not, 



possibly due to its presence on an array. Odd genes are involved in the development of many mammalian tissues and OSR1 
has been implicated in gastric and pancreatic cancer. The Drosophila Odd proteins activate transcription, but have mostly 
been implicated in gene repression. We therefore hypothesized that odd genes might repress germline genes in non-germline 
C. elegans tissues. Preliminary results support this hypothesis. An in situ hybridization showed no hermaphrodite germline 
expression of odd-2. We analyzed gene ontology of promoters containing the potential ODD binding site (OBS) compared to 
promoters without it. Analysis of affiliated anatomy terms using the statistical program R showed that genes with an OBS 
were slightly more likely (1.13x) to be associated with intestine (where the ODD protein is known to be expressed) than 
those without an OBS  (P <.005). Germline terms, however, were 1.6x more likely to be associated with OBS-containing 
genes than those without (P < .00001). The odd-2 gene is most closely related to the mammalian homologs and a larval lethal 
mutant of odd-2 is available. We have initiated studies with an available odd-2::GFP fusion (OP405) to determine germline 
expression by presence of GFP or in somatic-rescue phenotypes. The array is unstable, which may be a feature of odd-2; 
Buckley, et al. could only maintain their strain for a few generations. When we have stable transgenes, we plan to perform 
biochemical studies to show whether ODD-1/ODD-2 bind this motif. We have also planned experiments to study expression 
of potential target genes in the embryos/early larvae of the odd-2 mutant. For financial support, we would like to 
acknowledge the Kimble lab for the initial stages of this project, ECSU and the CSU-AAUP. . 

999B. Weird gene structure: the 5’ region of mRNA for the essential glycosyltransferase BUS-8 encodes a cis-acting 
regulatory peptide. Delia O'Rourke, Dave Stroud, Jonathan Hodgkin. Dept Biochemistry, Univ Oxford, Oxford UK. 
   The bus-8 gene encodes a diverged homolog of the conserved bifunctional glycosyltransferase ALG2, which probably acts 
in N-linked glycosylation.   As previously published (Partridge et al. 2008, PMID: 18395708), bus-8 has essential functions 
in embryogenesis and in maintaining cuticle integrity, as well as affecting drug sensitivity, pathogen susceptibility, 
locomotion and mate recognition.   Most bus-8 transcripts contain two 5’ exons (exons 1 and 2) that are out of frame with the 
rest of the coding sequence (exons 3-10).   A missense mutation in exon 1, lj22, fails to complement missense alleles in exons 
5 and 10, and has similar phenotypic properties.   This suggested that a long form of BUS-8 could be made from all ten exons 
by translational frameshifting.  However, mass-spectrometry data obtained using purified C-terminally-tagged BUS-8 
constructs revealed peptides only from exons 3-10 and none from exons 1 and 2, so translational frameshifting is 
unlikely.  Moreover, transgenes expressing only exons 1 and 2 partially rescued the lj22 mutation, but did not rescue other 
bus-8 mutations.    Therefore, it seems that exons 1 and 2 can act on their own, as a 72aa peptide, modifying the activity of 
the BUS-8 protein encoded by exons 3-10.  Most bus-8 mutants, including lj22, are killed by Leucobacter Verde1, unlike 
wildtype worms; this sensitivity allows strong selection for suppressors.  Verde1 selections carried out with different bus-8 
alleles have yielded both extragenic and intragenic suppressors, whose sequences and properties add further 
complexity.   The unusual gene structure of bus-8 seems to be conserved in other rhabditids at least, and bus-8 homologs are 
found in more distant nematode genomes (Brugia, Onchocerca).  Why nematodes apparently need both bus-8 and a less 
diverged ALG2 homolog (algn-2 in C. elegans) is mysterious, as is the role of the regulatory peptide. 

1000C. blmp-1 positively regulates bed-3. Hei Tung Fong, Jin Yang, Zhengyang Xie, Jason Tan, Takao Inoue. Department 
of Biochemistry, Yong Loo Lin School of Medicine, National University Singapore, Singapore. 
   We are studying the regulation of bed-3, a gene required for molting and terminal cell division during vulval development. 
BLMP-1, the C. elegans ortholog of the human zinc finger transcriptional repressor PRDM1/BLIMP1, plays various roles in 
development as a component of the heterochronic pathway. Using in vivo assays, we found that blmp-1 positively regulates 
the activity of an enhancer element in the third intron of bed-3. Using EMSA, we identified BLMP-1 binding sites in a 200bp 
minimal enhancer fragment. Mutation of these sites abolished BLMP-1 binding as well as enhancer activity. Thus, in C. 
elegans vulva and hypodermis, BLMP-1 acts directly on bed-3 as a positive regulator of transcription. These results suggest 
that the heterochronic pathway acting through blmp-1 and bed-3 regulate vulval cell division and molting at specific 
developmental time points. 

1001A. H4K20me1, a player in cell cycle and dosage compensation. Jianhao Jiang, Laura Custer, Györgyi Csankovszki. 
MCDB, UNIVERSITY OF MICHIGAN, ANN ARBOR, MI. 
   Dosage compensation balances gene expression levels between males and females as well as between the X chromosome a
nd autosomes. In C.elegans, dosage compensation represses both X chromosomes by half in hermaphrodites. The histone mo
dification H4K20me1 was discovered as late mark of dosage compensation in C.elegans. Before this discovery, H4K20me1 
was considered mainly a cell cycle regulator which is required in M phase. SET-1 and SET-
4 are H4K20 methylases that control the level of H4K20me1 during cell cycle and dosage compensation. To determine the ro
le of H4K20me1 in dosage compensation, we use seam cells as a model. Seam cells are “stem cell like” cells that keep their 
mitotic potential in post-
embryonic development. The seam cells go through the cell cycle late in an embryonic developmental stage while most of the
 other cells are quiescent at this same time. By compare QV5 and V4 cells, we show that H4K20me1 level is low at S phase a
nd high at M phase. By contrast, in quiescent G1 cells H4K20me1 levels are high on the X chromosome and low on autosom



es. Our data suggests a model in which dosage compensated X chromosomes in G1 cells maintain a state partially resembling
 mitosis. 

1002B. Identification of novel Kallmann syndrome genes by fluorescence activated cell sorting and expression profiling. 
Samuel Keenan, Alyse Steves, Taylor Voyles, Joy Chibuzo, Alicia Schwieterman, Martin Hudson. Molecular and Cellular 
Biology, Kennesaw State University, Kennesaw, GA. 
   The kal-1/anosmin gene encodes the secreted extracellular matrix protein anosmin-1, which is required for axon 
pathfinding and branching during early development. In humans, mutations in the kal-1/anosmin gene lead to X-linked 
Kallmann syndrome (KS), which is characterized by loss of the ability to smell and impaired sexual development. KS is a 
polygenic trait, and 20 genes have been associated with this disease to date. Despite that, only 35% of affected individuals 
exhibit abnormalities in genes that have been shown to cause KS, suggesting that other genes may be involved in this disease. 
We hypothesize that genes required for the transcriptional control of known KS genes may be KS candidates in their own 
right. Based on this hypothesis, loss-of-function mutations in genes regulating kal-1 transcription may present similar 
phenotypes to kal-1 loss-of-function mutations. In addition, we might expect to see changes in the expression pattern of a kal-
1-GFP transgene.We have used modENCODE to predict which transcription factors might be involved in kal-1 gene 
regulation. Preliminary data indicates that cnd-1, the C. elegans ortholog of human NeuroD, may be required for kal-1 
transcription in a subset of kal-1-positive cells. In parallel with this, we have also adopted a fluorescence activated cell sorter 
(FACS) approach to isolate GFP-positive and negative cells from a kal-1-GFP C. elegans strain. Quantitative reverse-
transcription polymerase chain reaction assays confirm that we are enriching for kal-1 and GFP transcripts in our GFP-
positive samples. Our next step is to perform a transcriptome analysis on mRNA extracted from the GFP-positive and 
negative populations to assist in identifying the transcription factors that are present in these cell populations. High-ranking 
candidates in the GFP-positive dataset will be validated using TF loss-of-function mutants and C. elegans assays of KS. 

1003C. Developmental dynamics of X chromosome dosage compensation in C. elegans. M. Kramer, A.-L. Kranz, A. Su, L. 
Winterkorn, S. Albritton, S. Ercan. Department of Biology, New York University, New York, NY. 
   In many animals, X chromosome dosage compensation is mediated by a dosage compensation complex (DCC) that 
specifically binds to and regulates X chromosome transcription and chromatin structure. Although X chromosome dosage 
compensation is a temporally regulated and essential process during development, the dynamics of dosage compensation 
during development are unclear. Here, we studied X chromosome dosage compensation during C. elegans development. In 
C. elegans, DCC equalizes X expression between XO males and XX hermaphrodites by repressing X transcription by two-
fold in hermaphrodites. Our results indicate that dosage compensation is a gradual process during development. Although the 
DCC starts localizing to the X at around the 40-cell stage, majority of compensation occur after the comma stage of 
embryogenesis, and is established X-chromosome wide by adulthood. The timing of H4K20me1 enrichment on the X 
coincides with the timing of X chromosome dosage compensation. Using spike-in controlled ChIP-seq and mRNA-seq 
experiments, we found that H4K20me1 is transcriptionally repressive and contributes to dosage compensation by the DCC. 
Functional analysis of dosage compensation across developmental time points indicate that multiple mechanisms ensure 
consistent compensation of genes with predicted housekeeping functions, while timing of dosage compensation differs for 
some developmentally regulated genes. In summary, our work indicates that in C. elegans, X chromosome-wide dosage 
compensation is gradually established during development in part due to the mechanism by which the DCC increases 
H4K20me1 on the X, and the dynamics and mechanisms of dosage compensation differ for genes with different functions. . 

1004A. RNA code and protein structure determining the specificity of mRNA regulation by the TRIM-NHL protein LIN-41. 
Pooja Kumari1, Cristina Tocchini1,2, Jeremy Keusch1, Heinz Gut1, Rafal Ciosk1. 1) Friedrich Miescher Institute for 
Biomedical Research, Basel, Switzerland; 2) University of Basel, Basel, Switzerland. 
   The TRIM-NHL family of proteins is conserved among metazoans and several members have well-established roles in 
development and disease. TRIM refers to the presence of a tripartite motif consisting of RING finger, B-box(es) and coiled-
coiled domains and at the C-Terminus, these proteins also contain a filamin domain and multiple NHL repeats. A common 
feature of some members of the TRIM-NHL family is a positively charged NHL domain, which has been suggested to 
mediate the binding to RNA but the mechanisms, underlying the binding specificity, remain unknown. LIN-41, a founding 
member of the TRIM-NHL family, functions as a post-transcriptional regulator in the C. elegans heterochronic pathway, 
which regulates developmental timing in the soma. Additionally, LIN-41 functions as a regulator of pluripotency in the 
germline. While LIN-41 targets might be different in the germline and the soma, the putative RNA binding NHL domain is 
required in both cell types.I will use genetics, biochemical purification and structural analysis to understand how LIN-41 
recognizes its RNA targets. To this end, I will determine both the RNA motifs recognized by LIN-41 and the LIN-41 
structure that mediates RNA binding. We have established expression and purification of recombinant LIN-41 domains. 
RNA gel-shift assays show that LIN-41 directly binds to RNA. Current efforts are focused on identifying the specific RNA 
motif recognized by LIN-41. Upon identification of the RNA recognition motifs, we will attempt to co-crystalize LIN-41 
with RNA. I will extend my analysis to identify potential LIN-41 co-factors, which could provide insight into how LIN-41 



regulates expression of its mRNA targets. The findings from this project will give us the molecular understanding of how the 
specificity of TRIM-NHL proteins towards their mRNA targets is determined and how this important class of proteins 
regulate the expression of specific mRNAs and acquire tissue specific functions. 

1005B. Exploring the relation between transcription factor binding affinity and target gene activation. Brett Lancaster, 
James McGhee. University of Calgary, Calgary, Alberta. 
   We are developing a quantitative experimental system to investigate, inside a living animal, how transcription factor 
binding affinity determines the rate of target gene transcription. The zinc finger transcription factor ELT-2 binds to a 10 base 
pair (bp) motif with a core TGATAA sequence to regulate the majority (possibly all) of the genes transcribed in the post-
specification intestine. The asp-1 gene encodes the major intestinal-specific aspartic protease of the worm and is under direct 
ELT-2 control; asp-1 transcript levels decrease ~50 fold in elt-2 null mutants and asp-1 has two TGATAA sites in its 1.4kb 
upstream regulatory promoter (both of which are necessary for transcription). Two reporters were constructed with different 
single silent mutations in the asp-1 coding sequence, each introducing a novel KpnI site at a unique position. One reporter is 
under transcriptional control of the wildtype asp-1 promoter, the other is under control of a variant asp-1 promoter in which 
the sequence of the two ELT-2 binding sites has been altered. Extrachromosomal multicopy transgenic arrays are created by 
co-injection of the two reporters in equimolar amounts and ensure that each transgene is exposed to the same cellular 
environment. The total RNA (containing transcripts for both reporters) is purified from a population of transgenic worms and 
reporter transcripts are reverse transcribed, amplified by PCR, and KpnI digested to reveal a diagnostic band pattern for each 
reporter following microfluidic electrophoresis. The band intensity is easily quantitated and should reflect in vivo transcript 
levels. Although TGATAA is the critical sequence on which transcription of asp-1 depends, the four nucleotides flanking 
each TGATAA (2bp upstream and 2bp downstream) contribute to the total transcriptional activity of the promoter.  I show 
that the asp-1 promoter with TGATAA sites flanked by the nucleotides that appear least frequently in promoters of 
intestinally enriched or exclusive genes (CATGATAATC) produces 4.3±1.2 fold fewer transcripts than the wildtype 
promoter (p<0.01).  This system provides the means to quantitate the transcriptional potential of any desired sequence, 
relative to the wildtype control in the same living animals.  ELT-2 binding affinity to these sequences will be measured in 
vitro by competitive electrophoretic mobility shift assays or by fluorescence anisotropy. Also, ELT-2 binding kinetics are 
being examined in vivo by measuring the diffusion of fluorescently labelled ELT-2 protein at foci in the nucleus containing 
multiple copies of ELT-2 binding sequences (see poster by Y. Tyulenev et al.). 

1006C. Network analysis of time-resolved transcriptome data reveals interactions among genes and signaling pathways that 
affect the susceptibility of C. elegans to P. aeruginosa PA14 infection. Lucy Lee1, Javier Irazoqui2, Erel Levine1. 1) 
Department of Physics and Center for Systems Biology, Harvard University, Cambridge, MA; 2) Laboratory of Comparative 
Immunology, Massachusetts General Hospital, Boston, MA. 
   Availability of large-scale gene-interaction networks for C. elegans presents a unique opportunity to identify novel genes 
and pathways that play an important role in complex biological functions. Based on a random walk approach, we identified 
gene clusters, which comprise of closely interacting genes. Interested in the immune response of C. elegans, we selected 
potentially important clusters related to infection process with transcriptome profiling of PA14 infected worms. To verify the 
function of genes in these clusters we performed a series of killing assays using RNAi, and found that significantly high 
number of genes in these clusters affected the susceptibility of worms. Interestingly, genes with the same phenotype are co-
localized within the cluster, suggesting that the cluster’s network properties contain the important information about the 
interactions among these genes. Our results reveal surprising interactions between known signaling pathways, that we are 
validating using genetic and pharmaceutical approaches. 

1007A. Communication between daf-7/TGFβ and the insulin-like peptide network connects food abundance to longevity. 
Chang Liu1, Eugeni V. Entchev1, Dhaval S. Patel1, Giovanni Diana1, Mei Zhan2,3, Hang Lu2,3, QueeLim Ch'ng1. 1) MRC 
Centre for Developmental Neurobiology, King’s College London, London, UK; 2) Wallace H. Coulter Department of 
Biomedical Engineering, Georgia Institute of Technology, Atlanta, GA, USA; 3) School of Chemical & Biomolecular 
Engineering, Georgia Institute of Technology, Atlanta, GA, USA. 
   Sensory perception enables animals to optimize their physiological states to changing environments. Nutrient sensors that 
initiate specific longevity responses under different dietary regimens have been identified; however, the path of information 
flow from environment to physiology is unclear. In C. elegans, we uncovered a multiphasic relationship between food 
abundance and lifespan that is more complex than previously anticipated. Our recent studies showed that daf-7/TGFβ is a 
component of a neural coding mechanism that mediates this relationship (Entchev et al., 2015). daf-7 expression in ASI 
sensory neurons is regulated by food status and daf-7 acting from this neuron pair contributes to the food-dependent 
bidirectional lifespan response (Ren et al., 1996; Entchev et al., 2015). In addition, our work suggests that daf-7 activity is 
interpreted by specific insulin-like peptides (ILP) that are embedded in a regulatory network. Previous studies (Liu et al., 
2004; Shaw et al., 2007; Narasimhan et al., 2011) and our qPCR measurements at ad libitum food level revealed that daf-7 
signalling regulates the expression of certain ILPs, some of which have longevity phenotypes. This result suggests a model 



where daf-7 modulates longevity bi-directionally in response to different food status by controlling ILP expression. 
Consistent with this model, double mutant analysis identified epistatic relationships between daf-7 and ILPs in lifespan 
modulation. Furthermore, functional analysis delineated transcriptional regulation (de Abreu et al., 2014) as well as epistasis 
between ILPs, indicating they potentially act in a linear pathway downstream of daf-7. Together with systematic analysis of 
ILP gene expression across different food conditions, our findings provide insight into how information is transmitted 
through food-dependent interactions between daf-7 and its effectors such as components of the ILP network to regulate 
longevity. 

1008B. Tissue homogeneity requires embryonic inhibition of stochastic RNA silencing. Hai Le1, Lanelle Edwards1, Monika 
Looney1, Benjamin Strauss2, Michael Bloodgood2, Antony Jose1. 1) Department of Cell Biology and Molecular Genetics, 
University of Maryland, College Park, MD 20742; 2) Center for Advanced Study of Language, University of Maryland, 
College Park, MD 20742. 
   Differences in gene expression between cells within tissues may arise after tissue specification during proliferative cell 
divisions. Here we uncover a factor that controls susceptibility of genes to such variation and a developmental mechanism 
that inhibits variation to ensure uniform gene expression. We found that embryonic differences in RNA-directed 
heterochromatin formation at repetitive DNA make nearby genes susceptible to up to 100-fold differences in expression 
between intestinal cells in C. elegans that can persist in the absence of an RNA exonuclease. RNA-directed heterochromatin 
formation is locus-specific, can be independent of single-copy loci with sequence homology, and can occur at endogenous 
DNA repeats. Examination of expression from a repetitive DNA transgene at single-cell resolution suggests that unequal and 
stochastic segregation of factors during early cell divisions causes silencing. Our analyses reveal a mechanism that could be 
deployed by animals with high repetitive DNA content in their genomes to ensure tissue homogeneity. 

1009C. Effects of introns on gene expression. Alexander Mendenhall, Bryan Sands, Roger Brent. Basic Sciences, Fred 
Hutchinson Cancer Research Center, Seattle, WA. 
   In C. elegans, as in the early days of recombinant DNA in mammalian cells, introns are generally used to increase 
transgene expression. Specifically, to increase expression, most C. elegans promoter-fused-to-fluorescent-protein reporter 
genes in use have three synthetic introns developed by the Fire lab inserted into the coding sequence of mCherry or 
GFP.  But exactly how much more expression do those introns result in?  Are all three introns necessary for the increased 
expression?  Here, using single copy reporters integrated into the same defined locus, we measured the effects of different 
numbers, positions and sequences of introns on mean gene expression.  We quantified expression from whole animals in flow 
and individual intestine cells using a point scanning confocal microscope.  Preliminary findings suggest that, relative to no 
intron reporter gene controls, different combinations of the original three synthetic introns can result in increased or 
decreased mean expression.  We intend to use these combinations to set reporter gene expression output to desired levels, for 
example, so as to be within the dynamic range of measurement of other reporters whose products are expressed in the same 
cells or in the same visual field. . 

1010A. Large scale RNAi screening for vitamin B12-related processes. Huimin Na, Albertha J.M. Walhout. University of 
Massachusetts Medical School, worcester, MA. 
   Large scale RNAi screening for vitamin B12-related processesHuimin Na, Albertha J.M. WalhoutProgram in Systems 
Biology, University of Massachusetts Medical School, Worcester, MA 01605Vitamin B12, also known as cobalamin, is a 
member of the water-soluble vitamin B family and plays an essential role in cellular metabolism. Vitamin B12 cannot be 
synthesized by eukaryotes, but can be made by some bacteria and archaea. Deficiency of vitamin B12 can lead to severe 
pernicious anemia and permanent damage to nervous system. Vitamin B12 fulfills two important metabolic roles in C. 
elegans: it regulates development through the synthesis of the major methyl donor SAM using Me-Cbl as a co-factor of 
methionine synthase (METR-1); it breaks down the short-chain fatty acids using Ado-Cbl as a co-factor of methylmalonyl 
coenzyme A mutase (MMCM-1). Many genes have been identified as important for vitamin B12 metabolism in humans with 
inborn errors of metabolism. However, the mechanisms by which vitamin B12 is transported within cells remain poorly 
understood.We performed RNAi screens in sensitized genetic backgrounds to identify candidate genes that are involved in 
vitamin B12 metabolism, including import into cells. We are currently finalizing and validating the screens, and an overview 
will be presented. 

1011B. Cell-specific and sub-cellular mRNA patterning in early embryogenesis. Erin Osborne Nishimura1,2, Sophie 
Tintori2, Jay C. Zhang2, Adam D. Wertz2, Bob Goldstein2, Jason D. Lieb3. 1) Lineberger Comprehensive Cancer Center, 
University of North Carolina, Chapel Hill, NC; 2) Biology Dept., University of North Carolina, Chapel Hill, NC; 3) 
Department of Human Genetics, University of Chicago. Chicago, IL. 
      We are interested in understanding how the transcriptomes of embryonic cells are regulated at single-cell and sub-cellular 
levels and how key mRNA transcripts promote lineage-specific development.   Using RNA-seq on pooled, hand-dissected 



AB and P1 blastomeres, we identified over 200 transcripts that were asymmetrically patterned after the first cell division in 
the C. elegans zygote. We confirmed asymmetric abundance patterns for a subset of these transcripts using smFISH. smFISH 
also revealed heterogeneous subcellular patterning of some transcripts including chs-1 and bpl-1 that were granularly 
distributed in cells of the P lineage. We screened asymmetric transcripts for embryonic defects using RNAi and identified the 
gene neg-1 as an AB-enriched (anterior) transcript that was required for proper morphology of anterior tissues. In addition, 
we identified sequence motifs and features that were over-represented in asymmetric transcripts, giving us clues to regulatory 
mechanisms. Current research includes efforts to unveil mechanisms responsible for cellular and subcellular patterns of 
mRNA abundance. Further, we are using single-cell transcriptome profiling to identify blastomere-specific transcripts in the 
4-cell to 16-cell stages of embryogenesis. 

1012C. The effects of Cyclosporin A on gene expression in Caenorhabditis elegans. David Pertab1,2, Vicky Butler2, Tony 
Page2. 1) School of Biology, FBS, University of Leeds, Leeds, LS2 9JT, UK; 2) IBAHCM, MVLS, University of Glasgow, 
Glasgow, G61 1QQ, UK. 
   Cyclosporin A (CsA) has previously been shown to have potent anthelmintic activity, producing severe morphological 
defects in C. elegans associated with disrupted collagen formation. With the aim of developing novel anthelmintics which 
mimic this activity of CsA, but without its immunosuppressive effects, a group of molecules based on a dimedone structure 
were identified in silico to bind cyclophilin. These molecules have been shown to produce similar phenotypes in C. 
elegans and the parasitic nematode Haemonchus contortus, to those provoked by CsA.Microarray analysis was performed to 
identify and compare changes in global gene expression in C. elegans treated with Cyclosporin A and the novel cyclophilin 
inhibitor EM234. This approach revealed many genes upregulated as part of the xenobiotic response, including cyps, ugts 
and gsts, and selected results were confirmed by quantitative PCR. The profiles of genes upregulated in response to CsA and 
EM234 have been compared to those identified as differentially regulated by various xenobiotics in other transcriptomics 
studies.Here we present the morphological phenotypes developed in response to treatment with CsA and novel cyclophilin 
inhibitors, the results of the gene expression experiments, and the use of a fluorescent reporter to investigate the regulation 
of cyp-33c2. 

1013A. It’s expression o’clock: Understanding cell-intrinsic regulation of gene expression. Euclides F. Póvoa, Lorenzo 
Rella, Annabel L. P. Ebbing, Marco C. Betist, Hendrik C. Korswagen. Hubrecht Institute, Utrecht. 
   Precise timing of developmental processes is essential in the correct formation of any multicellular being. At the core of 
these processes, cell-cell communication orchestrates development at the whole-organism level through temporal regulation 
of gene expression. However, during shorter periods of time, single cells need to modulate certain aspects of their behaviour 
in order to properly react to external cues. Despite their potentially important role, such intrinsic molecular clocks are still 
largely unknown. The stereotypical migration of the C. elegans QR neuroblast descendants (QR.d) offers a powerful system 
to study cell-intrinsic temporal regulation at single cell resolution, in vivo. Our group showed that this migratory mechanism 
is regulated through the cell-autonomous time-dependent expression of the frizzled receptor mig-1. By using the expression 
of this Wnt receptor as a read-out, we are investigating how intrinsic temporal regulation of gene expression can be 
controlled at the molecular level. One potential model of regulation imvolves a time-dependent decrease of a transcriptional 
repressor, which allows the induction of expression only at a certain threshold. Such a model has been recently proposed in 
vertebrate neurons. Similarly, the time-dependent accumulation of an activator that is required to reach a certain threshold to 
trigger expression is also plausible. However, our preliminary in silico analysis of such models revealed an inherent lack of 
robustness in these systems, evidencing for the need of additional regulatory elements. Our purpose is therefore to unravel 
how such multidimensional regulation is achieved. To accomplish this, we have established a multidisciplinary approach. 
First, we are characterizing the cis-regulatory elements (CRE) of the mig-1 locus by combining the use of the CRISPR/Cas9 
system to introduce deletions in this genomic region, with smFISH to examine the effects of these deletions. Second, we will 
identify the transcriptional regulators that act on these CRE by using sequence-specific interaction assays in yeast, RNAi 
screens in C. elegans, and RNA-seq of isolated QR and QR.d cells. Third, since the changes in mig-1 expression dynamics 
seem to correlate with cell division, we aim to understand how blocking the cell cycle will affect these dynamics. Ultimately, 
we will use the data collected in the mentioned experimental approaches to develop theoretical models, which will allow us 
to make predictions on the underlying regulatory mechanisms that will, in turn, be verified in vivo. Altogether, these different 
approaches will allow us to get unique insights on how robust cell-intrinsic temporal regulation of gene expression can be 
achieved. 

1014B. Evolutionary Comparison of Dosage Compensation Between C. elegans and C. briggsae. Emily Powers, Te-Wen 
Lo. Department of Biology, Ithaca College, Ithaca, NY. 
        In heterogametic organisms, dosage compensation is required to equalize X chromosome gene dose between 
hermaphrodites/females (XX) and males (XY/XO).   Strategies to compensate X-chromosome dosage between sexes have 
evolved independently; mammals, flies, and worms utilize different methods. Therefore, comparisons between more closely 
related species are required for an evolutionary perspective.  Comparison of dosage compensation across nematode species 



has shown that many of the components of the dosage compensation complex (DCC) and the genetic pathway that 
coordinates dosage compensation are conserved. Despite conservation of the DCC and its regulatory hierarchy, X-
chromosome targeting mechanisms have diverged. The cis-acting DNA recruitment elements on X (rex) and their motifs are 
distinct. C. elegans rex sites ported to C. briggsae fail to bind the C. briggsae DCC. The reciprocal also holds: C. briggsae 
rex sites ported into C. elegans fail to bind the C. elegans DCC. Also, C. briggsae rex sites lack the X-enriched C. elegans 
DNA motifs pivotal for DCC recruitment (Lo and Meyer, in preparation).     To further investigate the conservation of dosage 
compensation mechanisms between C. elegans and C. briggsae we are performing a genetic suppressor screen in C. brigssae. 
The goal of our screen is to identify dosage compensation components which act downstream of the conserved 
developmental switch gene, xol-1. While there is a wealth of knowledge amassed about C. elegans dosage compensation, the 
mechanism by which xol-1 signals to the downstream DCC is unknown. Components of the C. briggsae xol-1 pathway will 
be identified based on their ability to suppress the xol-1 lethality phenotype.  We anticipate that we will identify two classes 
of suppressors.  First, we will identify C. briggsae homologues of known C. elegans dosage compensation 
components.  Second, we will identify novel components where their C. elegans homologues have no known role in dosage 
compensation.  Homologues of novel components identified in C. briggsae will also be tested to determine if they have a role 
in C. elegans dosage compensation. Therefore, our data will not only provide an evolutionary context in which to interpret C. 
elegans dosage compensation mechanisms, but also potentially provide new insights that will further our understanding of C. 
elegans and C. briggsae dosage compensation. 

1015C. Comparative genomics of cholinergic gene locus structure and regulation. Jim Rand1,2, Ellie Mathews2, Greg 
Mullen2,3. 1) Oklahoma Center for Neuroscience, Norman, OK; 2) Oklahoma Medical Research Foundation, Oklahoma City, 
OK; 3) Oklahoma City University, Oklahoma City, OK. 
        In C. elegans, the acetylcholine biosynthetic enzyme (choline acetyltransferase; ChAT) and vesicular acetylcholine 
transporter (VAChT) are encoded by the cha-1 and unc-17 genes, respectively. These two genes comprise a single complex 
locus; the unc-17 gene is nested within the first intron of cha-1, and the two gene products arise from a common precursor 
mRNA by an unusual type of alternative splicing. A comparable genomic organization of these genes is found throughout the 
animal kingdom, and is now known as the Cholinergic Gene Locus (CGL). It is noteworthy that the genes encoding the 
biosynthetic enzymes and vesicular transporters for other neurotransmitters are not organized in a comparable manner, 
suggesting that the structure of the CGL reflects constraints on the expression and regulation of ChAT and VAChT. 
However, very little is known about the precise relationship between the genomic architecture of the CGL and the expression 
and regulation of its two genes and their gene products.      We have therefore examined the CGL genomic structure from 10 
species of the genus Caenorhabditis and 40 other nematode species from different clades; we observe that the overall 
structure of the genes (including both the number and location of introns) varies by clade. Furthermore, comparison of the 
CGL promoter regions from different species has identified a large number of both small (7-12 bp) and large (20-50 bp) 
conserved sequence motifs, a number of which correspond to known transcription factor binding sites.      We have also 
identified two pairs of complementary sequence elements within the C. elegans locus. These elements are able to form stem-
loop structures in the primary mRNA transcript, and we have shown that both pairs of elements are required for efficient 
splicing to the distal (cha-1) acceptor. We have also demonstrated that proper distal splicing depends more on sequence 
complementarity within each pair of elements than on the sequences themselves. We believe that these stem-loop structures 
provide a novel mechanism to regulate CGL splicing. We have identified complementary elements at comparable locations in 
the cholinergic loci of most or all nematode species, as well in the genomes of representative species of many other animal 
phyla; these observations suggest that this unusual regulatory mechanism may be a general feature of the CGL.  . 

1016A. Manganese-induced gene expression changes in Caenorhabditis elegans. Martina Rudgalvyte1, Juhani Peltonen1, 
Merja Lakso1, Richard Nass2, Garry Wong3. 1) A. I. Virtanen Institute of Molecular Sciences, Department of Neurobiology, 
University of Eastern Finland, Kuopio, Finland; 2) Indiana University School of Medicine, Indiana University, Indianapolis, 
Indiana, USA; 3) 3Faculty of Health Sciences, University of Macau, Macau S.A.R., China. 
   Background. Manganese (Mn) can be found in many enzymes controlling growth and development of the nervous system. 
Nonetheless, excessive amounts of Mn can cause accumulation of the element in brain tissues causing manganism. Mn 
promotes production of reactive oxygen species, that effects function of mitochondria and leads to impaired metabolism. 
Oxidative stress can influence the state of endoplasmic reticulum (ER) via interfering with protein folding. Accumulation of 
unfolded proteins on ER triggers the unfolded protein response. Several studies have established Mn-induced neurotoxicity. 
Moreover, recent evidence indicates that ER stress is related with neurodegeneration in Parkinson’s disease suggesting that 
Mn can be involved in neurodegenerative diseases. Nonetheless, the mechanism(s) of Mn- induced neurotoxicity remain 
unclear.Results. Age-synchronized N2 worms at stage L1 were treated with MnCl2 (50 mM) and potassium gluconate as an 
osmotic control (75mM) for 30 min at room temperature and placed onto NGM/OP50 plates and allowed to recover for 48 h 
at 200C. Total RNAs were isolated from both samples. Sequencing of RNA-seq libraries from Mn (50 uM) and potassium 
gluconate (75mM) groups produced approximately 30 million sequence reads, respectively. From Cufflinks RNA-seq data 
analysis program, 2575 genes were found to be regulated, of which 746 were up and 1829 were down. The biological 



meaning for the regulated genes were extracted with DAVID functional annotation tool, and analyzed for statistical 
enrichment of Gene ontology (GO) biological processes, cell compartment or molecular function. Gene annotation results 
revealed a number of genes involved in neuron generation and development to be regulated. Also ER located FKB (4/8 up) 
and lipocalin-related LPR (6/7 up) gene family members were found to be regulated. Expression changes were confirmed by 
quantitative real time PCR.Conclusions.  Our studies demonstrate that Mn exposure can influence the transcriptional levels 
of multiple gene families. These changes may contribute to the reported neurotoxic effects of Mn. 

1017B. Enhancer Regulatory Logic Controlling the Muscle-Hypodermal Differentiation Decision in the Caenorhabditis 
elegans C Lineage. Jonathan Rumley, Amanda Zacharias, John Murray. Department of Genetics, University of 
Pennsylvania, Philadelphia, PA. 
   During development, tissue-specific transcription factors direct differentiation decisions as undifferentiated cells adopt 
various fates. Uncovering how enhancers regulate the cell specificity, timing of onset, and duration of maintenance of target 
gene expression is thus vital for understanding normal development. We have begun to study the enhancers that control the 
expression of the master regulators of muscle and hypodermal specification in the C. elegans C lineage through the 
regulation of the terminal selector genes elt-1 and hlh-1.Previous work from other labs showed that PAL-1 is expressed in all 
C lineage cells, and induces the expression of the hypodermal regulator elt-1 and the muscle regulator hlh-1 as well as other 
targets. POP-1 inhibits the expression of hlh-1 in the anterior C granddaughters (hypodermal progenitors), and may induce its 
expression in the posterior granddaughters (muscle progenitors). In contrast, elt-1 is initially expressed in all C descendants 
but expression is maintained only in the anterior C granddaughters and its maintenance may be repressed by hlh-1 in muscle 
progenitors. An enhancer (enh1) of hlh-1 has two PAL-1 binding sites but no high affinity POP-1 binding site and drives 
expression in embryonic blastomeres, consistent with it being responsible for hlh-1 initiation. The cis elements controlling 
elt-1 initiation in the C lineage, however, are unknown.We plan to study the role of PAL-1 and POP-1 binding sites in 
regulating enh1-driven expression by incorporating enh1 into an enhancer-reporter construct, changing the number and 
affinity of PAL-1 and POP-1 binding sites, and inserting modified enh1 enhancer-reporter constructs into the genome. In 
parallel, we plan to identify elt-1 enhancers bearing PAL-1 and POP-1 binding sites that drive expression in C lineage 
hypodermal progenitors. We will track lineal reporter expression by time-lapse confocal microscopy and automated lineage 
tracing. By manipulating the number, affinity and organization of binding sites in these enhancers and in synthetic enhancers, 
we hope to begin to understand the logic controlling embryonic gene expression. 

1018C. Mechanism of dosage compensation complex spreading . Mohammad Sadic, Sarah Albritton, Anna-Lena Kranz, 
Sevinc Ercan. Department of Biology, New York University, New York, NY. 
   Condensins are evolutionarily conserved protein complexes that regulate chromosome structure in eukaryotes. However, 
the mechanisms of condensin binding remain unknown. In C. elegans, a condensin complex known as the dosage 
compensation complex (DCC) specifically binds to both X chromosomes in hermaphrodites and represses transcription by 
half to equalize hermaphrodite (XX) and male (XO) X-expression. The DCC serves as a clear paradigm to study the 
mechanisms of condensin binding because we can distinguish two modes of binding: recruitment and spreading. Recruitment 
is fairly well understood, but spreading is not. Our ChIP-seq analysis of DPY-27 binding in embryos, L3, and young adult 
stages indicate that DCC binding correlates positively with active transcription. Here, using X;A fusion strains, we show that 
DPY-27 spreading drops off at regions with lower transcription. To test if DCC spreading is facilitated by RNA Pol II, we 
will target a catalytically inactive Cas9 protein (dCas9) to block RNA Pol II, and determine how this affects DCC spreading. 
Determining the mechanisms of condensin spreading is important for understanding how condensins carry out their function 
on a chromosome wide-basis. 

1019A. Transcriptional regulation in stress recovery of Caenorhabditis elegans . Mark G. Sterken, L. Basten Snoek, Roel 
P.J. Bevers, Joost A.G. Riksen, Jan E. Kammenga. Laboratory of Nematology, Wageningen University, Wageningen, The 
Netherlands. 
   C. elegans serves as an important model for integrative analysis of stress response. Analyzing the transcriptional regulation 
of stress response and subsequent recovery provides insight into the mechanisms of fitness optimization. Although C. elegans 
stress responses are well studied, the recovery from stress is poorly understood. We investigated the transcriptional response 
over the course of a heat-shock experiment in fully sequenced recombinant inbred lines (RILs). This allowed us to identify 
regulatory loci for stress recovery.The RILs, derived from a cross between N2 and CB4856, were exposed to heat-shock after 
which they were allowed to recover. In both environments, and in a control environment (no heat stress), genome-wide 
expression levels were measured.  We then performed expression quantitative trait loci (eQTL) mapping across these three 
environments to identify regulatory loci that contribute to the recovery response.Across all RILs the largest difference in gene 
expression was found between control and heat-shock. Recovering populations showed patterns of gene expression that were 
in-between the control and heat-shock. Some RILs had a more control-like gene expression phenotype while other RILs were 
more heat-shock-like, thus allowing for mapping of loci regulating genetic variation in recovery. We found that genetic 
variation in gene expression was largely independent of the environment. More specifically, approximately 50% of the eQTL 



were similar in location and effect over the three environments; therefore did not display interaction with the environment. 
Only 1% of the genes with an eQTL in all environments displayed environment-specific interaction. The remainder of the 
eQTL with an environment-specific interaction were specifically detected in one environment.In conclusion, the combination 
of natural variation and gene expression over the course of a stress response allows for mapping loci underlying regulation in 
this response. The genes with an eQTL displaying environment interaction are specific for one environment. Incorporation of 
environment interactions facilitates specifying groups of related eQTL and thereby allows for detailed eQTL network 
analysis. 

1020B. Insulation of Nuclear Receptor Gene Regulation by Boundary Effectors. Deborah Thurtle, Keith Yamamoto. 
Cellular and Molecular Pharmocology, University of California San Francisco, San Francisco, CA. 
   Cellular identity is established and maintained through proper genetic regulation by transcriptional regulatory factors. 
Transcriptional regulatory factors bind to regulatory elements to modulate the expression of cognate target genes. Regulating 
only the appropriate target gene is integral to the fidelity of the cell’s transcriptional regulatory network, yet how a 
transcriptional regulatory factor regulates only the appropriate target gene is not well understood. We are exploiting the 
compact genome of C. elegans, which likely necessitates very efficient mechanisms to insulate a transcriptional regulatory 
factor’s influence due to the close proximity of response elements to multiple promoters, to examine the mechanism of 
transcriptional regulatory factor insulation. We have performed RNA-Seq of wildtype (N2), nhr-25(RNAi) and an nhr-25 
hypomorphic mutant, ku217, to determine the nhr-25 dependent transcriptome in L4 animals. Analysis of this RNA-Seq data 
in combination with the NHR-25 ChIP-Seq dataset from modencode (Araya et al. 2014) has revealed several pairs of 
divergently transcribed genes in which one gene is regulated by NHR-25 and the other gene is not. We are developing a 
boundary reporter assay using fluorescent reporters, and will utilize this assay to screen for boundary effectors. . 

1021C. Evolution of the GATA family of transcription factors in nematodes. Christian Turner, Morris Maduro. University 
of California, Riverside, Riverside, CA. 
   The GATA family of transcription factors is found throughout many organisms, from fungi to humans. In C. elegans, 
GATA factors are found in the epidermis (ELT-1, ELT-3, EGL-18/ELT-6), in the gut (ELT-2, ELT-4, ELT-7) and in the 
early endomesoderm (MED-1/2, END-1, END-3). With the availability of genome sequences from many nematode species, 
including several within Caenorhabditis, we have identified putative orthologues of these GATA factors within and outside 
the genus. We find that while a core set of GATA factors appears to be widely conserved, the early endomesodermal GATA 
factors (MED-1/2, END-1, END-3) are found only within the Elegans Supergroup. Our data support the hypothesis that the 
MED-1,2 -> END-1,3 regulatory gene cascade of early endomesoderm specification originated at the base of this 
Supergroup. We will present our putative identification of GATA factors within and outside Caenorhabditis, as well as 
putative conserved protein domains that lie outside of the zinc finger and DNA-binding domains found in a subset of these. 

1022A. A Novel bacterial factor involved in the infection of Caenorhabditis elegans by Pseudomonas aeruginosa. 
Alejandro Vasquez-Rifo, Emiliano Ricci, Melissa Moore, Victor Ambros. Program in Molecular Medicine, UMass Medical 
School, Worcester, MA. 
   Pseudomonas aeruginosa (P. aeruginosa) is widely recognized as a human pathogenic bacteria, responsible for life 
threatening infections in the context of cystic fibrosis, burns, and in immunocompromised patients. P. aeruginosa can also 
lethally infect the nematode Caenorhabditis elegans (C. elegans), using virulence processes and mechanisms that it also 
deploys against mammalian hosts. P. aeruginosa virulence factors include enzymes that promote tissue damage such as 
elastase, collagenase and phospholipase C, toxic bacterial metabolites (siderophores), and enzymes (such as endotoxin A) 
that inactive physiological processes of the host cells required for an adequate immune response, such as protein 
translation.We are investigating how P. aeruginosa infection of C.elegans impinges on distinct classes of worm RNAs. We 
observed that upon infection, worm RNA profiles are significant altered. In particular, this profiling evidenced a novel RNA 
nuclease activity. The activity does not require the action of the host pmk-1/p38 or apoptotic pathways, and,our analysis 
indicates that the RNA nuclease responsible for the observed activity is encoded by the bacteria and is likely actively secreted 
into the host cells. A bacterial mutant that does not induce the nuclease activity displays attenuated virulence against C. 
elegans suggesting a role for the nuclease as a virulence factor. We are currently characterizing this nuclease to define its 
precise roles during infection. 

1023B. Microfluidic high-throughput fluorescence-based sorter for studying stochastic expression of heat shock proteins on 
C. elegans. Nadia Vertti-Quintero1, Xavier Casadevall i Solvas1, Oliver Dressler1, Stavros Stavrakis1, Jan Gruber2, 
Rudiyanto Gunawan1, Andrew deMello1. 1) Institute of Chemical and Bioengineering, ETH Zürich, Vladimir-Prelog-Weg 1, 
8093 Zürich, Switzerland; 2) Center for Life Sciences, Yale-NUS College, 6 College Avenue East, #B1-01, 138614 
Singapore. 
   Population screening, phenotyping and sorting are among the most common operations in studies involving C. elegans. 



Manual executions of these tasks often depend on subjective qualitative analysis and are generally time-consuming. Here, we 
developed a low-cost high-throughput microfluidic fluorescence-based sorting system for quantitative automation of these 
tasks. We separate worm populations according to three levels of fluorescence intensity and demonstrate the efficacy of our 
sorting system in the study of the stochastic dynamics of heat shock proteins.Heat shock proteins (HSPs) function as 
molecular chaperones assisting protein folding and preventing protein aggregation in cells. The regulation of HSPs plays an 
important role in cellular homeostasis of organisms. Several studies previously reported that the level of heat shock response 
in worms varies among individuals and that this level correlates with the worm ability to survive lethal thermal stresses and 
interestingly also with its lifespan. The variability among homogeneous worm population can arise due to intrinsic and 
extrinsic factors that control stochastic gene expression. Such stochasticity has further been shown to play fundamental 
functional roles in cell processes, such as in cell decision making. In this study we focused on delineating and quantifying 
different sources of stochasticity in HSP gene expression in C. elegans. To achieve this we use transgenic C. elegans strain 
TJ375 [hsp-16.2p::GFP] which allows for an accurate assessment of the amount of expressed native HSP-16.2. Depending on 
the HSP expression level, isogenic worms are sorted iteratively at different days, so that chronological histories of HSP 
expression in these worms can be built. Specifically, worms suspended in M9 buffer solution are processed on a microfluidic 
device in which single worms are screened for fluorescence along their body. The measured intensity is then used in real-time 
to rapidly sort each worm (by means of on-chip PDMS hydraulic valves) into one of the three different outlets of the device. 
The threshold parameters for population segmentation can be tailored to collect worms with different levels of HSP 
expression. We can achieve worm sorting at a rate of 80 ms per individual, corresponding to a maximum throughput of 
hundreds of worms per minute, a rate that is higher than previously reported microfluidic systems. 

1024C. Determining when, where, and how much each gene is expressed, and the regulatory relationships between them. 
Adam D. Warner, Timothy J. Durham, Chau Huynh, Robert H. Waterston. Genome Sciences, University of Washington, 
Seattle, WA. 
   Transcription changes dramatically during embryonic and larval development, as evidenced in whole embryo RNA-seq 
data (Gerstein et al, 2014). Likewise, mixed age populations of cell type specific cells using SAGE (Meissner et al, 2009), 
and microarray (Spencer et al, 2011), show differences in gene expression. We are producing a more comprehensive dataset, 
providing gene expression information for individual cell types from time synchronized populations of those cells throughout 
embryonic development.As part of the Expression Patterns in Caenorhabditis (EPiC) project (Murray et al, 2012), we have 
been producing fluorescent reporter strains for transcription factors (TFs) in the worm, and utilizing 4-D microscopy and cell 
lineaging to obtain real time expression levels for a single gene, in each embryonic cell 
(http://epic2.gs.washington.edu/Epic2/). Using these strains and FACS, we are isolating time synchronized, cell type specific 
cells at regular intervals throughout the first half of embryonic development. Choosing reporters with the earliest possible 
expression allows for isolation of cells at all stages of embryonic development, and our movies identify exactly which cells 
we are collecting at each time point. Using RNA-seq, we have determined the mRNA content of the ABa sublineage (tbx-37), 
and muscle (hlh-1, hnd-1), intestinal (end-1), pharyngeal (pha-4, excluding end-1), and hypodermal cells (elt-1) as they 
develop over time, with the goal of covering all of the major lineages and cell types in the embryo. Dramatic differences in 
gene expression occur both between cell types, and over time within the same cell population. Starting with the body wall 
muscle lineages, we intend to use our RNA-seq data to determine the order and specificity of expression of all TFs, and pair 
this with ATAC-seq information to infer regulatory networks (Neph, 2012). We are also utilizing mutations and RNAi to 
look at the downstream transcriptional changes in muscle cells after loss of key TFs. We see hundreds of genes with changes 
in transcription after loss of hlh-1, including both known muscle genes, and genes with no previous association with hlh-1 or 
muscle cells. Combined with HLH-1 binding site data from ChIP-seq experiments (Araya et al, 2014), we see decreased 
expression of genes that have binding sites for HLH-1 as well as some genes that do not have detected binding sites. This 
suggests both direct and indirect effects of the mutation. By combining these various data sets, we expect to construct a 
robust model of the TF regulatory cascade in the major cell lineages of the worm. 

1025A. Beyond Cell Death: Comprehensive Analyses of Non-apoptotic CED-3 Caspase Functions. Benjamin Weaver, Yi 
Weaver, Min Han. HHMI and MCDB Dept, University of Colorado, Boulder, CO. 
   Recent findings from several labs, including ours, have implicated important non-apoptotic functions for the canonical 
apoptotic regulatory pathway in C. elegans. We have recently reported a miRISC enhancer screen that identified 126 genetic 
interactors. We further carried out extensive analyses of one of them, the CED-3 caspase previously known for its essential 
role in apoptosis (Weaver, et al. 2014). Our results indicated that a non-apoptotic caspase activity of CED-3 negatively 
regulates the expression of LIN-28 and likely also LIN-14 and DISL-2 (ribonuclease) in the LIN-28 pluripotency pathway in 
late larval development to support proper cell fate patterning. Following these findings, we have carried out two sets of 
experiments to address two important questions related to this non-apoptotic function of CED-3. First, we examined whether 
CED-3 cleavage renders the target protein more susceptible to other proteolysis pathways. Our data show that compromising 
the N-end rule ubiquitin (NRU) pathway delays the downregulation of LIN-28 protein and enhances the miRISC 
developmental timing defect including the appearance of supernumerary seam cells by early adulthood similar to our findings 



for CED-3 and miRISC. However, compromising the NRU pathway does not enhance ced-3(lf) phenotypes, suggesting that 
the NRU pathway may act with CED-3 cleavage to repress the expression of LIN-28 and possibly other factors in the 
heterochronic pathway. Second, to systematically investigate the extent of non-apoptotic functions for the CED-3 caspase 
beyond temporal cell fate patterning, we have performed a ced-3(lf) enhancer screen using a genome-wide RNAi approach. 
We identified over 500 candidate genes in the primary screen and confirmed more than 100 of these in a secondary screen. In 
combination with ced-3(lf), RNAi of the candidate genes resulted in pleiotropic developmental defects. These genes encode 
proteins of diverse functional categories including protein stability regulators, signal transduction factors, RNA-binding 
proteins and transcriptional regulators, thus revealing the involvement of CED-3 caspase in a wide-range of non-apoptotic 
developmental regulatory pathways. Additional network and pathway analyses have implicated several proteins that are 
potential common targets of CED-3 and specific regulators identified in the above ced-3(lf) enhancer screen. CED-3 cleavage 
assays, expression analyses and genetic analyses are being performed to characterize the interaction network and its 
functional significance. Altogether, our data suggest that the CED-3 caspase is widely used in non-apoptotic cellular 
processes to enhance the robustness of dynamic gene expression patterns of diverse regulatory pathways. 

1026B. ELT-2 can specify, differentiate and maintain the C. elegans intestine in the absence of the endoderm factors END-
1,END-3, ELT-4 and ELT-7. Tobias Wiesenfahrt1, Janette Berg1, Erin Osborne Nishimura2, Jason Lieb3, James McGhee1. 
1) University of Calgary; 2) University of North Carolina; 3) University of Chicago. 
   We are using the C. elegans intestine to test the flexibility of transcription factor networks. Can we switch factors around 
within a network and still produce a functional organ? The redundant GATA type transcription factors END-1 and END-3 
are expressed from the 1-~8E cell stage and are necessary for endoderm development. Their main function may be to turn on 
a second pair of GATA type transcription factors, ELT-2 and ELT-7, at the 2-4E cell stage. ELT-2 may be the only necessary 
transcription factor in the post specification intestine. To determine how elt-2 expression is activated and maintained, we 
analyzed the 5kb upstream region of elt-2 revealing three conserved regions (CRI-CRIII), containing 3, 3 and 4 conserved 
GATA sites respectively. 3’ and 5’ deletion series and analysis of reporter constructs containing the CRs in different 
combinations show that all CRs contribute positively to elt-2 expression. Only CRIII is able to drive reporter expression by 
itself from embryos to adults and thus seems to be the most important CR. The conserved GATA sites were the only 
necessary transcription factor binding sites we were able to identify. Band shift assays showed that END-1, ELT-7 and ELT-
2 can bind to all four GATA sites within CRIII in vitro suggesting that END-1 and ELT-7 can activate elt-2 expression 
directly and that ELT-7 and ELT-2 seem to be directly involved in maintenance of elt-2 expression. CHIP analysis using an 
ELT-2 monoclonal antibody revealed that ELT-2 binds to all three CRs. To test if ELT-2 can drive intestinal specification, 
differentiation and maintenance in the absence of END-1/END-3/ELT-4/ELT-7, we expressed elt-2 under control of the end-
1 promoter in an end-1/end-3/elt-4/elt-7 quadruple mutant. The end-1p::elt-2 construct is able to rescue the end-1/end-3/elt-
4/elt-7 quadruple mutant with >80% penetrance as a multicopy integrated array. The rescued quadruple mutant shows a 
surprisingly mild phenotype: an embryonic and larval lethality rate of ~3% and ~12% respectively, a reduction of brood size 
and a slight delay in gastrulation and overall development. An integrated single copy of the end-1p::elt-2 construct is not able 
to specify the E cell in the absence of end-1/end-3, suggesting that ELT-2 has to be overexpressed to compensate for the loss 
of end-1/end-3. Our results show that the intestinal transcription factor network is surprisingly flexible: the endoderm 
differentiation factor ELT-2 can drive endoderm specification by itself and in these experimental conditions is the only 
GATA type transcription factor necessary for intestinal development. 

1027C. Deciphering the regulation of FLP-8 induction in dauer touch receptor neurons. Tian Xia1, Roger Pocock1,2. 1) 
Biotech Research and Innovation Centre (BRIC), University of Copenhagen, Ole Maaløes Vej 5, Copenhagen, Denmark; 2) 
Department of Anatomy and Developmental Biology, Faculty of Biomedical and Psychological Sciences, Monash 
University, Clayton, Victoria, Australia. 
   Neuropeptides regulate complex worm behaviors such as dauer formation and environmental sensing. Studying the 
regulation of neuropeptide expression in different developmental stages will provide better understanding of their functions. 
We are interested in the regulation of the expression of an FMRFamide-related peptide FLP-8 in touch receptor neurons. It 
has been reported that FLP-8 is expressed in the PVM neurons in non-dauers, while in dauers it is induced in all 6 touch 
receptor neurons [1]. We wish to understand how this induction is regulated and what the function of FLP-8 is in dauers. We 
performed systematic promoter dissection study, and have identified an 86-bp sequence that is required for FLP-8 induction 
in dauers. By crossing the pflp-8::gfp reporter stain with mutants of genes acting in the touch receptor neurons, we found that 
the induction of FLP-8 is partially dependent on MEC-7 and MEC-17, but not on MEC-4. We also performed a forward 
genetic screen to identify mutants defective in pflp-8::gfp induction in dauers, and have identified such a mutant. In addition, 
we examined the behavior of the flp-8(pk360) mutant, and found that loss of FLP-8 does not affect dauer formation, dauer 
recovery, percentage dauer movement, dauer exploration, or dauer SDS resistance. We are currently working on identifying 
the transcription factor(s) and pathways that regulate the FLP-8 induction in dauer touch receptor neurons. This will shed 
light on how molecular pathways change in neurons in different developmental stages.[1] Kim, K. and Li, C. J. Comp. 
Neurol. 2004; 475: 540–550. 



1028A. A genetic E. coli screen to identify genes that regulate C. elegans size. Jingyan zhang, Albertha JM Walhout. 
Program in Systems Biology, University of Massachusetts Medical School, Worcester, MA. 
   Diet is crucial for the development and survival of all organisms, and changes in the composition and abundance of the diet 
alter physiology and metabolism. Precisely how changes in diet affects metabolism, health and lifespan is largely unknown. 
To understand how dietary changes affect C. elegans, we conducted a genetic screen in E. coli to identify genes involved in 
C. elegans growth. We fed synchronized L1 animals the Keio E. coli BW25113 collection, which contains deletion mutants 
for 3,985 non-essential E. coli genes. After 48 hours of feeding, we visualized C. elegans by bright field microscopy and 
quantified animal body size. We identified several bacterial gene deletion strains that, when fed to worms, conferred a larger 
animal body size phenotype. We also found multiple E. coli deletion strains that when fed to worms resulted in a decrease in 
animal body size. The E. coli genes we identified encode metabolic enzymes, transporters, transcription factors, and others. 
Many of these genes could be mapped onto different metabolism pathways, suggesting a crucial roll of bacterial metabolism 
in regulating animal size. Future directions include the analysis of bacterial genes and metabolites that affect the 
developmental rate of animals, and a more detailed phenotypic analysis of animals fed with mutant E. coli strains. 

1029B. Genetic control of cell-specific susceptibility to protein aggregation. Jasmine Alexander, Mingjie Ying, Tali 
Gidalevitz. Department of Biological Sciences, Drexel University, Philadelphia, PA. 
   Many neurodegenerative diseases, such as Huntington’s disease (HD) and Alzheimer’s disease (AD), are characterized by 
the misfolding and aggregation of proteins. Individuals suffering from these diseases succumb to the detrimental symptoms 
associated with them, such as dementia, loss of motor function, and ultimately death.In the human population, individuals 
with these diseases have the striking characteristic of cell-specific vulnerability to the mutant protein, despite its ubiquitous 
expression. By using wild strains of Caenorhabditis elegans, we have identified a genetic variant that modulates the 
susceptibility of a certain subset of muscle cells to polyglutamine aggregation. We find that this phenotype is caused by a 
single recessive variant. We have mapped this variant to a 400kb genetic interval on the left arm of chromosome I, and are 
conducting a RNAi survey of 24 candidate genes in that interval. Identification of the specific causative variant will allow a 
better understanding of mechanisms that determine whether specific cells are resistant or susceptible to protein aggregation. 

1030C. Comparative Transcriptomic Analysis of Individual Embryos during Embryonic Development between Three 
Steinernema Species. Marissa Macchietto1,2, Dristi Angdembey1, Nicole El-Ali1, Ali Mortazavi1,2. 1) Department of 
Developmental and Cell Biology, University of California, Irvine, CA 92697, USA; 2) Center for Complex Biological 
Systems, University of California, Irvine, CA 92697, USA. 
   Cells express distinct sets of genes in a precise spatio-temporal manner during embryonic development. There is a wealth 
of information about embryonic development in C. elegans, but much less is known about embryonic development at the 
molecular level in nematodes from other taxa. We are interested in insect pathogenic nematodes from the genus Steinernema 
as models of parasitism and symbiosis as well as satellite model for evolution in comparison to C. elegans. We determined 
the timing of embryonic developmental stages in three Steinernema species (S. carpocapsae, S. feltiae, and S. glaseri) for 
which we have assembled genomes. We found that the timing between embryonic developmental stages in Steinernema is 
longer than in C. elegans, and that the timing also varies among Steinernema species. We then sequenced the transcriptomes 
of single embryos of each species during embryonic development at specific stages (2-cell, 4-cell, 8-cell, comma, and 2-fold) 
for comparative analysis. Approximately two-thirds of all genes in S. carpocapsae and S. feltiae were expressed (> 1 FPKM) 
throughout embryogenesis. Single embryo transcriptomes correlated within early and late developmental stage embryos, but 
not between early and late embryos.  An analysis of gene expression dynamics in S. feltiae revealed 5,513 genes with 
significant temporal dynamics in 8 distinct clusters, which have specific gene ontology enrichments. In the future, we will 
compare the temporal expression of Steinernema and C. elegans orthologs to determine their degree of temporal conservation 
during development between these distantly related species. . 

1031A. A model for feeding-site formation by root-knot nematode. David Bird. Bioinformatics Research Cntr., NC State 
Univ, Raleigh, NC. 
   Root-knot nematode (RKN: Meloidogyne spp.) is an obligate parasite of land plants and causes severe yield reduction in 
crops world-wide. Characteristic of the parasitic interaction is the induction of a permanent feeding site, composed of several 
Giant Cells (GC) surrounded by a gall. Interrogation of the M. hapla genome revealed that the nematode encodes replicas of 
plant peptide hormone families, including 12 CEP, 8 CLE, IDA, RALF, and RGF. In planta, peptide hormones work as 
powerful developmental and physiological regulators at the cell-to-cell level and as plant-wide signals. These hormones are 
not found in other animals. Thus, by encoding a full gamut of these peptides, which I term "xenomones," RKN is 
unique.Based on the assumption that the role played by the M. hapla xenomones will recapitulate that of the cognate, 
indigenous plant-peptide hormones, I propose a model of infection by RKN. Central is the sequential release of specific 
xenomones by the nematode to facilitate/execute the necessary plant response:1) Mechanical penetration of root by L2 
dauer;2) intercellular migration: secretion of IDA xenomone3) cytokinin release by L2 to initiate development of root stem 
cells4) induction of cell expansion: secretion of RALF xenomone5) suppression of cytokinesis: secretion of CEP 



xenomone6) suppression of differentiation: secretion of CLE xenomoneTo establish the relationship of M. hapla xenomones 
with their receptor(s), we have solved the structure of 8 xenomones to atomic resolution, and modeled their docking onto the 
380 predicted Arabidopsis trans-membrane receptors. These docking experiments are double blinded and reveal distinct 
classes of receptor::ligand relationships. 

1032B. An integrative analysis of alternative polyadenylation and miRNA regulation in C. elegans. S. Blazie1,2, C. Babb2, H. 
Wilky3, A. Rawls1, J.G. Park4, M. Mangone1,2,3,4. 1) Molecular and Cellular Biology Graduate Program, School of Life 
Sciences 427 East Tyler Mall Tempe, AZ 85287 4501; 2) The Biodesign Institute at Arizona State University 1001 S 
McAllister Ave, Tempe, AZ 85287-5601; 3) Barrett Honors College, Arizona State University, 751 E Lemon Mall, Tempe, 
AZ 85281; 4) Virginia G. Piper Center for Personalized Diagnostics, The Biodesign Institute at Arizona State University, 
1001 S McAllister Ave, Tempe, AZ, USA. 
   The 3’ Untranslated Regions (3'UTRs) of eukaryotic mRNAs are major targets of microRNAs (miRNAs) and RNA-binding 
proteins that dose gene expression at the post-transcriptional level. Recently, several groups finely annotated the worm 
3’UTRome, and detected that almost half of C. elegans protein-coding genes uses alternative polyadenylation (APA), a 
poorly understood event that produces multiple 3'UTR isoforms for the same gene. APA in worms appears to be coordinated 
through development where average 3'UTR length decreases with worm age, but its specific function, especially at the tissue-
specific level, is still unclear. APA may allow genes in specific tissues to escape targeting by factors such as miRNAs that 
repress them, thereby buffering gene networks to drive and maintain tissue identities. To investigate this hypothesis, we have 
recently developed a method called polyA-tagging and sequencing (PAT-Seq), by coupling the widely used mRNA-tagging 
technique with deep sequencing to isolate and map high-quality tissue-specific mRNAs from C. elegans somatic tissues. We 
have used PAT-Seq to isolate intestine, pharynx, and body muscle tissue mRNAs, and study changes in their transcriptomes 
and 3’UTRomes. We have precisely mapped ~20,000 tissue-specific polyadenylation sites, and discovered that ~70% of 
transcripts in these somatic cells use APA in a tissue-specific manner. In addition, we found that tissue-specific 3’UTR 
isoforms are significantly enriched with predicted and experimentally validated microRNA targets, suggesting novel and 
unexplored tissue-specific post-transcriptional regulatory networks operated through APA in somatic cells. We are now using 
an integrative systems biology approach to further investigate these networks in intestine and muscle tissues, by isolating, 
sequencing, and mapping tissue-specific miRNAs and their targets to study how they integrate with tissue-specific APA.Our 
approach significantly increases our understanding of tissue-specific APA and how it interfaces with miRNA regulation in 
worms. . 

1033C. An annotated genome of the root-knot nematode, Meloidogyne chitwoodi. S. Cha, D. Bird. Bioinformatics Research 
Center, and Department of Plant Pathology, NC State University, Raleigh, NC. 
   Plant-parasitic nematodes are responsible for annual crop losses in excess of USD123 billion worldwide. Most important 
are the root-knot nematodes (RKN: Meloidogyne spp.), which establish an intimate association with their host. As a 
genus, Meloidogyne has a host-range that spans the tracheophyta, although individual isolates are more restricted. In cool 
climates, M. hapla and M. chitwoodi predominate and are a significant problem on potato in Europe and the US. Because of 
its genetic tractability, we selected M. hapla for sequencing, and an annotated public release (HapPep1) was made in 2008 
(Opperman et al., 2008). Since then we have undertaken on-going curation, and the current release (HapPep5) includes 
~2xE9 RNA-Seq reads (Guo et al., 2014). We have also sequenced two additional strains of M. hapla (VW8 and LM) but 
they have not yet been released. Because M. hapla and M. chitwoodi are sympatric, they presumably have similar gene 
compliments. To test this, we sequenced the M. chitwoodi genome.Genomic DNA was isolated from nematodes collected in 
a potato field in Washington State, and confirmed by Axel Elling to be M. chitwoodi. Using an Illumina MiSeq II we 
obtained 20,079,197 short (~300 bp) paired-end reads. The assembly parameters were empirically optimized, and 4,735 
contigs assembled; N50 is 82 kbp. The longest is ~758 kbp with coverage of 33 reads per bp. Average coverage genome-
wide is 289 reads. At the protein level, CEGMA  identified 245 (98.79%) of the core proteins, pointing to near 100% genome 
coverage. When CEGMA proteins as a query were blasted against the assembled contigs as a database, it was observed that 
one protein had hits with more than two contigs. Using CEGMA (and other) proteins, as well as M. chitwoodi ESTs, we 
trained AUGUSTUS for gene prediction. GO categorization was performed using InterProScan. Analysis of these data is in 
progress, with an emphasis on genes encoding replicas of plant peptide hormones (xenomones). Because of a potential role in 
speciation of the closely-related parasites, we have, in collaboration with David Lunt (University of Hull), examined the 
numbers and distribution of transposable elements: not surprising, M. chitwoodi is much more similar to M. hapla than it is 
to M. incognita.Operman et al., 2008. Proc Nat Acad Sci 105: 14802 –14807.Guo et al. 2014. Worm 3:e29158. 

1034A. CGC ver 2.0: What you need to know. Aric Daul, Theresa Stiernagle, Julie Knott, Kemi Awoyinka, Ann E Rougvie. 
CGC, Univ of Minnesota, Minneapolis, MN. 
   The Caenorhabditis Genetics Center (CGC), supported by the National Institutes of Health - Office of Research 
Infrastructure Programs (NIH-ORIP) and housed at the University of Minnesota, supplies Caenorhabditis strains and 
information to researchers throughout the world. The CGC will be releasing a new website and on-line ordering system later 



this year.  Our new system will include innovations such as enabling users and PIs to view their order history with ship dates, 
submit strain information when donating strains, and request lab codes directly through our site.  There will be two types of 
accounts for each lab:  A PI level account that will allow the PI or lab manager to edit lab information (billing and preferred 
shipping addresses, manage lab member accounts, view the order history for the entire lab, etc.) and a lab member level 
account that will allow each user to place orders, select or edit their preferred shipping address, view their personal order 
history, etc.  The head of the lab must activate their PI account before lab members may set up their individual accounts.  All 
users will be required to register and are encouraged to set up their lab’s PI and personal accounts prior to our 
transition to the new site to avoid delays in placing or receiving their orders.  We will provide an overview of our new 
website, outline key changes to the ordering system, and explain how to prepare your lab for the move to CGC 2.0! 

1035B. From genetic interaction modules to robustness and evolution of a multicellular organism. Benjamin Boucher1, Anna 
Lee2, Michael Hallett2, Sarah Jenna1. 1) Dept Chemistry, UQAM, Montreal, Canada; 2) McGill Center for bioinformatics, 
Montreal, Canada. 
   A genetic interaction (GI) between two genes is defined when the genetic alteration of one gene modifies the phenotypic 
expression associated with the alteration of a second gene. Genome-wide efforts to map GIs in yeast revealed structural 
properties of a GI network, providing insights into the mechanisms underlying the robustness of yeast to genetic and 
environmental insults, and also into the link existing between genotype and phenotype. While GIs appear to be highly 
conserved between distant yeast species, conservation of GIs and GI network structures between unicellular and multicellular 
organisms is less evident. Characterization of the structure of the GI network in these later organisms is consequently of high 
interest. In this study, we present an in-depth characterization of ~1.5K GIs in the nematode Caenorhabditis elegans. We 
identified and characterized six distinct classes of GIs by examining a wide range of properties of the underlying genes and 
network structure including co-expression, phenotypical profiles, relationship with protein-protein interaction dense 
subnetworks (PDS) and pathways, molecular and biological functionalities, gene essentiality and pleiotropy. Our study 
highlights significant differences between GI relationships with PDS and pathways. We also established that specific classes 
of GIs define two types of functional modules: PDS-centric and PDS-independent modules with low and high pleiotropic 
indices, respectively, as well as pleiotropic and non-pleiotropic connectors. Our study provides the first in-depth 
characterization of a genetic interaction network in a multicellular organism. It also suggests how the modular structure of 
this network contributes to system robustness and evolution. 

1036C. A mechanistic study of alternative polyadenylation in C. elegans. K. Kotagama1,2, S.M. Blazie1,2, C. Babb2,3, K. 
Ramirez2,3, H. Wilky4, M. Mangone1,2,3,4. 1) Molecular and Cellular Biology Graduate Program, School of Life Sciences 427 
East Tyler Mall Tempe, AZ 85287 4501; 2) The Biodesign Institute at Arizona State University 1001 S McAllister Ave, 
Tempe, AZ 85287-5601; 3) Virginia G. Piper Center for Personalized Diagnostics, The Biodesign Institute at Arizona State 
University, 1001 S McAllister Ave, Tempe, AZ, USA; 4) Barrett Honors College, Arizona State University, 751 E Lemon 
Mall, Tempe, AZ 85281. 
   Cleavage and polyadenylation (CP) is a universal mechanism to produce mature mRNAs in eukaryotes. The exact sites 
where CP occurs determines the length of the 3’Untranslated Region (3’UTR), which is the sequence between the STOP 
codon and the polyA tail. This process is mainly executed by two large multimeric complexes named Cleavage and 
Polyadenylation Specificity Factor (CPSF) and Cleavage Stimulation Factor (CstF). CPSF recognizes and binds to the polyA 
signal element (PAS), which in metazoans is commonly the hexamer AAUAAA. CstF directly interacts with CPSF and binds 
to GU-rich elements downstream of the cleavage site. Genes often possess multiple PAS elements leading to the production 
of different 3'UTR isoforms through alternative polyadenylation (APA). Both CPSF and CstF are likely to have a role in 
managing the choice between PAS elements within the 3’UTRs and inducing APA. We have recently developed an HT 
approach (PAT-Seq) to isolate and sequence tissue-specific 3'UTRs from C. elegans intestine and muscle tissues, and found 
that APA occurs pervasively in these tissues. We do not know how 3'UTR isoforms are produced in intestine and muscle 
tissues. While the function of CPSF and CstF in 3'end formation has been well documented, their activities are not fully 
understood in the context of alternative polyadenylation, where multiple PAS elements are in place.In order to study the 
expression and localization of CPSF and CstF complexes in these tissues, we cloned the worm genes cpsf-1, pfs-2, and cpf-2 
and fused them to GFP reporter vectors and followed their expression patterns through different larval stages. We are also 
performing whole transcriptome and tissue-specific RNA-IP Seq analysis, to validate our previous findings and to better 
understand the interactions of CPSF and CstF in these tissues, especially in regards to the usage of non-canonical and variant 
PAS elements. We are also preparing a sensor strain to detect in vivo cleavage and polyadenylation to perform RNAi screens 
which will allow us to identify accessory factors that play a role in tissue-specific PAS usage. 

1037A. Comparative genomics of Steinernema reveals deeply conserved regulatory networks in nematodes. Marissa 
Macchietto3, Adler Dillman1,2, Camille Porter4, Alicia Rogers2, Brian Williams2, Igor Antoshechkin2, Ming-Min Lee5, Zane 
Goodwin6, Xiaojun Lu7, Edwin Lewis8, Heidi Goodrich-Blair6, Patricia Stock5, Byron Adams4, Paul Sternberg1,2. 1) Howard 
Hughes Medical Institute, Pasadena, CA 91125, USA; 2) Division of Biology and Biological Engineering, California 



Institute of Technology, Pasadena, CA 91125, USA; 3) Center for Complex Biological Systems and Department of 
Developmental and Cell Biology, University of California Irvine, Irvine, CA 92697, USA; 4) Department of Biology and 
Evolutionary Ecology Laboratories, Brigham Young University, Provo, UT 84602, USA; 5) Department of Entomology, 
University of Arizona, Tucson, AZ 85721, USA; 6) Division of Biology and Biomedical Sciences, Washington University, 
St. Louis, MO 63110, USA; 7) Department of Bacteriology, University of Wisconsin-Madison, Madison, WI 53706, USA; 8) 
Department of Nematology, University of California Davis, Davis, CA 95616, USA. 
   Parasitism is a major ecological niche for a variety of nematodes. Multiple nematode lineages have specialized as 
entomopathogens, deadly parasites of insects used in biological control. We have sequenced and analyzed the draft genomes 
and transcriptomes of the entomopathogenic nematode Steinernema carpocapsae and four sister species (S. scapterisci, S. 
monticolum, S. feltiae, S. glaseri), which are distantly related to Caenorhabditis elegans. We used these genomes to establish 
phylogenetic relationships, explore gene conservation across species, identify genes uniquely expanded in insect parasites, 
and to identify conserved non-coding regulatory motifs that influence similar biological processes in Steinernema and C. 
elegans. Protein domain analysis of these genomes reveals a striking expansion of numerous putative parasitism genes 
including certain protease and protease inhibitor families as well as fatty acid- and retinol-binding proteins. We identify rapid 
evolution and expansion of the important developmental Hox gene cluster and identify novel conserved non-coding 
regulatory motifs that are associated with orthologous genes in Steinernema and Caenorhabditis. The deep conservation of 
the network of non-coding DNA motifs between these two genera for a subset of orthologous genes involved in neurogenesis 
and embryonic development suggests that a kernel of protein-DNA relationships is conserved through nematode evolution. 

1038B. MAPPS: A high-throughput approach to identify gene function in C. elegans. Calvin Mok1, M. Edgley2, L. 
Gevirtzman1, DG. Moerman2, RH. Waterston1. 1) Genome Sciences, University of Washington, Seattle, WA; 2) Dept. 
Zoology, University of British Columbia, Vancouver, BC. 
   The “Million Mutation Project” (MMP, Thompson et al., 2013) provides a collection of 2007 highly mutagenized and 
sequenced strains of C. elegans carrying loss-of-function mutations in many of the non-essential protein-coding genes and 
likely hypomorphic alleles in essential genes. We hypothesized that mutations in some genes related to development or 
survival fail to be identified due to subtle phenotypes or buffering interactions with additional genes, thereby obscuring their 
functional analysis. To investigate this phenomenon we used the MMP strains in conjunction with RNAi targets in a high-
throughput approach to identify genetic interactions (GIs) and thus possible gene function. We developed a method to 
identify GIs related to population fitness using a Molecular Inversion Probe (MIP)-based Admixed Population Phenotyping 
Screen (MAPPS). We first tested MAPPS on a small scale using a group of RNAis focused on transcription factors (TFs) and 
possible TF interactors. In C. elegans there are over 800 predicted TFs with data to identify spatiotemporal and binding 
patterns although little is known of the function of most of them. We selected a group of 43 MMP strains and grew them 
together on 71 separate RNAi targets over several generations, assessing their relative abundance at multiple time points. We 
tracked the abundance of each strain using multiple MIPs targeting the loci of strain-specific SNVs. These MIPs consistently 
reported the relative proportion of each strain within any given pool. We identified interactions related to population fitness 
through changes in overall strain abundance when compared to its average representation across all experimental replicates. 
In this single experiment we interrogated more than 180K gene pairings across more than 2600 genes. We identified 
candidate interactions and are currently investigating these relationships in more depth while continuing to query additional 
RNAi targets. Our results will contribute to the development of genetic interaction networks and elucidate how specific 
mutations may give rise to strong or subtle effects. The development of MAPPS will allow multiple research groups to 
coordinate the study of genetic interactions and gene function across diverse pathways. 

1039C. Genetic mapping of hybrid developmental delay with novel near-isogenic lines of Caenorhabditis briggsae. Jordan 
Montgomery, Joseph Ross. California State University, Fresno, Fresno, CA. 
   When two organisms are able to reproduce, but their hybrid offspring exhibit reduced fitness, this is often evidence of the 
onset of speciation. Such hybrid incompatibility is a result of genetic differences between the parental populations. C. 
briggsae is a useful system for studying the onset of speciation because of its unique and distinct phylogeographic population 
structure. C. briggsae is also well suited for speciation studies because of empirical evidence suggesting that genetic 
differences between populations result in reduced hybrid fitness. For example, previous studies have shown that 
approximately 20% of F2 offspring from an AF16-HK104 cross exhibit a developmental delay phenotype. This phenotype is 
associated with homozygosity of AF16 alleles near the middle of chromosome III. Identifying the genetic basis of this hybrid 
dysfunction phenotype will aid in the identification of the genetic basis of a putative speciation event. To achieve this goal, 
we created a panel of replicate near-isogenic lines (NILs), with AF16 alleles on chromosome III introgressed onto the HK104 
background.By comparing genotypes of the NILs able to produce developmentally delayed offspring with those that cannot, 
we propose that the locus on chromosome III partly responsible for the epistatic interaction producing the delay phenotype 
exists between 4.271 and 5.649 Mbp. Future studies will focus on high-resolution genotyping of the NILs, followed by fine-
mapping and candidate gene approaches to identifying the molecular basis of this trait. Ultimately, these results assist in 
better understanding the evolutionary forces and genetic mechanisms driving speciation events. 



1040A. Comprehensive identification of worm and fly transcription factor binding sites. modERN consortium1, V Reinke2, 
M Gerstein2, S Celnicker3, KP White4, RH Waterston5. 1) model organism Encyclopedia of Regulatory Networks (see 
http://epic2.gs.washington.edu/modERN/); 2) Yale University, New Haven CT; 3) Lawrence Berkeley National Laboratory, 
Berkeley CA; 4) University of Chicago, Chicago, IL; 5) University of Washington Genome Sciences, Seattle WA. 
   Studies of the nematode worm Caenorhabditis elegans and the fruit fly Drosophila melanogaster have vastly increased our 
understanding of metazoan biology. Both organisms have provided test beds for genome sequencing strategies, and since the 
publication of their genome sequences at the turn of the century, efforts at understanding the information content of these key 
genomes have been at the forefront. As members of modENCODE, we established ChIP-seq pipelines and identified binding 
sites for about 100 transcription factors or chromatin modifiers in each organism. We have now combined efforts and work 
together as the modERN (model organism encyclopedia of regulatory networks) consortium.  We have created a merged, 
more efficient pipeline to systematically and comprehensively identify binding sites for the remaining ~600 transcription 
factors (TFs) in each organism.  Since the project began in Sept 2013, we have analyzed about 100 additional factors for each 
organism.  We are also embarked on efforts to assign TF binding sites to regulated genes using RNA-seq to monitor gene 
expression changes in TF loss-of-function animals.  We will map these results to a network framework to provide functional 
validation.  In addition, we will perform targeted bioinformatic analyses to examine the association of binding sites between 
factors, their distribution in the genome, and how they are linked with changes in gene expression from the RNAi 
experiments. All strains are being deposited in the stock centers. All data are being incorporated in the ENCODE database 
(www.encodeproject.org) and will be made available through WormBase and FlyBase. 

1041B. Improved C. briggsae genome assembly. Philipp Kaempfer1, Mathew Tinney2, Stephanie Merret2, Sylke Winkler3, 
Andreas Dahl4, Siegfried Schloissnig1, Mihail Sarov2. 1) Computational Biology, HITS, Heidelberg; 2) Sarov lab, MPI-
CBG, Dresden; 3) DNA sequencing, MPI-CBG, Dresden; 4) Deep Sequencing Group, CRTD, Dresden. 
   C. briggsae is and essential sister model to C. elegans for comparative genomics and evo-devo studies. Since the original 
genome was published in 2003 the genome assembly has been improved several times but it is still incomplete. We attempted 
to improve the quality of the C. briggsae genome assembly using the Pacific Bioscience sequencing platform and the more 
conventional approach of Illumina paired-end sequencing of total genomic DNA  and an arrayed genomic fosmid library. We 
find that the PacBio data is sufficient for a very high quality assembly even in highly repetitive regions. 
The C. briggsae sequencing was our proof of principle experiment  before we move on to other currently unsequenced or 
partially sequenced genomes that we need in order to study the evolutionary divergence of developmental programs.  
The meeting will be a good opportunity to compare our agenda with other similar initiatives to avoid duplication of effort and 
to optimise the use our resources. 

1042C. Genomic determinants of the entomopathogenic lifestyle from independently arising nematodes. Hillel Schwartz1, 
Adler Dillman2, Paul Sternberg1. 1) HHMI and Division of Biology and Biological Engineering, California Institute Of 
Technology, Pasadena, CA 91125, USA; 2) Department of Nematology, University of California Riverside, CA 92521, USA. 
   Entomopathogenic nematodes (EPNs) live in symbiosis with pathogenic bacteria, which they use as a food source and as a 
means of killing insects. EPNs disperse as infective juveniles, an analog of the dauer state of C. elegans, to hunt their insect 
prey. Upon finding a suitable host, they invade its body and release symbiotic pathogenic bacteria that rapidly kill the insect 
and convert it into a food source suitable for the nematode, while also preventing colonization of the carcass by other 
microorganisms and predation by other scavengers. This lifestyle has arisen independently at least three times, in two 
different clades: the many species of Steinernema and of Heterorhabditis nematodes, and the species Oscheius 
carolinensis.To better understand how these distantly related nematodes have converged on this shared strategy, we have 
sequenced the genomes and transcriptomes of five species of Steinernema, four species of Heterorhabditis, and of O. 
carolinensis. We are seeking genomic traits common to these nematodes but not shared with free-living or with parasitic 
nematodes, some of them more closely related to these EPNs but not sharing their symbiosis. Comparisons of these species 
may reveal mechanisms that regulate responses to bacterial interactions and variations that correlate with differences in 
lifestyle or in bacterial compatibility.In addition to genomic studies of the different EPN species, we are developing H. 
bacteriophora as a laboratory organism. H. bacteriophora grows well on plates, is reportedly susceptible to RNAi and 
transgenesis, and can develop as selfing hermaphrodites, and so should be a powerful system for molecular genetic study of 
the aspects of biology to which it is uniquely well suited, especially symbiosis. When cultured at low density these 
nematodes develop almost exclusively as females. We have screened for and isolated a constitutively hermaphroditic mutant 
for use in molecular genetic studies of symbiosis. This mutant also offers the opportunity to explore the basis of 
hermaphrodite sex determination in H. bacteriophora. 

1043A. Using C. elegans to discover functions of conserved unknown human genes. Erich M. Schwarz1, Shawn J. Kim2, 
Xiawei Huang2, Ravi D. Nath2, Srimoyee Ghosh2, Paul W. Sternberg2,3. 1) Department of Molecular Biology and Genetics, 
Biotechnology 351, Cornell University, Ithaca, NY, 14853-2703, USA; 2) Division of Biology and Biological Engineering, 
156-29, California Institute of Technology, Pasadena, CA, 91125, USA; 3) Howard Hughes Medical Institute, 156-29, 



California Institute of Technology, Pasadena, CA, 91125, USA. 
   Biologists have an essentially complete list of protein-coding genes in humans, of which two-thirds are conserved between 
humans and invertebrates. But we still do not know what many of these genes do: their full protein products often have no 
well-defined function, and sometimes even lack functionally recognizable domains. Embedding these enigmatic genes into 
molecular or cellular pathways would shed light on functions that are obscure, yet must be deeply important for human and 
animal biology. We are therefore using a combination of bioinformatics and C. elegans biology to identify roles for these 
"conserved unknown" genes. We have computed a census of unknown gene families conserved between humans, 
Caenorhabditis elegans, Drosophila melanogaster, and other model organisms, as of October 2014. Our census identified 
186 C. elegans genes with conserved but functionally unknown human orthologs, falling into 160 gene families, of which 
146 had only one C. elegans gene. We then used RNAi or classical mutations to inactivate C. elegans genes representing 
these conserved unknown gene families, and assayed the resulting loss-of-function worms for defects in UTSE cell migration 
and behavior. Of 171 genes inactivated with RNAi and assayed for UTSE migration, we found 20 with migration defects. To 
define a focused subset of conserved unknown genes with possible neurological functions, we identified 16 C. elegans genes 
that were unique members of a conserved unknown gene family, that had deletion alleles removing only that gene locus, and 
that had no evidence against neuronal expression (i.e., that either had known neuronal expression or had no expression data at 
all). We then tested mutants of these 16 genes with three behavioral assays (locomotion, pumping rate, and olfactory 
response): this revealed four genes with hyperactive mutant phenotypes and one with a chemosensory phenotype. In our 
assays of both cell migration and behavior, we find that the conserved unknown gene families have considerable functional 
specificity, with 12-30% of the genes assayed for a particular phenotype exhibiting defects, and without obvious pleiotropy. 
We expect that further characterization of conserved unknown genes with a broad panel of C. elegans phenotypes will 
identify functions for many previously uncharacterized genes crucial to human biology. 

1044B. Comparing software for mutation identification from whole-genome sequence data. Sijung Yun, Michael Krause, 
Harold Smith. NIH/NIDDK, Bethesda, MD. 
   Whole-genome sequencing is a powerful tool for analyzing genetic variation on a global scale. One particularly useful 
application is the identification of mutations obtained in classical phenotypic screens. Sequence data from the mutant strain is 
aligned to the reference genome, and variants are called to generate a list of candidate alleles. A number of software pipelines 
for mutation identification in C. elegans have been developed, with particular emphasis on ease of use, incorporation of 
mapping strain data, subtraction of background variants, and similar criteria. Although success is predicated upon the 
sensitive and accurate detection of candidate alleles, relatively less attention has been invested in the underlying software 
components required for mutation identification. Therefore, we have benchmarked a number of commonly used tools for 
sequence alignment or variant calling, in all pair-wise combinations, against both synthetic and actual datasets. We compare 
the sensitivity and specificity of these pipelines, and recommend a workflow that is optimized for variant detection in C. 
elegans. 

1045C. Risk of gene deletion in worms with impaired DNA repair machinery. Yuji Suehiro, Sawako Yoshina, Tomoko 
Motohashi, Satoru Iwata, Katsufumi Dejima, Shohei Mitani. Department of Physiology, Tokyo Women's Medical University, 
Shinjuku, Tokyo. 
     Our genome is damaged by environmental factors such as UV, endogenous reactive oxygen, and chemicals. Because the 
accumulation of DNA damage can lead to aging and disease such as cancers, DNA repair machinery is essential for the life. 
In human, it is reported that polymorphisms in DNA repair genes are correlated to cancers. Additionally, WRN, which is a 
responsible gene of Werner syndrome characterized by the premature aging, is involved in DNA repair. However, it remains 
unclear which molecules in DNA repair pathway is essential for the genome stability. Therefore, we performed whole 
genome sequencing of worms with mutations in DNA repair genes and searched for deletions to investigate the risk of gene 
deletion in each mutant. 
  For the analysis, we used atm-1;xpc-1, cku-80, cku-80;ced-3, pcn-1, wrn-1 and ced-4 mutants. XPC-1 is required for 
recognition of nucleotide excision. ATM-1 and CKU-80 is important for the repair of double strand break. PCN-1 and WRN-
1, which is C. elegans homologue of WRN, is involved in the control of cell cycle. When the DNA damage is severe, CED-3 
and CED-4 is activated to eliminate the damaged cell. To induce the deletion, all mutants and N2 control are mutagenized by 
TMP/UV method. 
  As a result, the frequency of deletion in mutagenized atm-1;xpc-1 was almost quadruple as much as mutagenized N2. The 
numbers of deletions per strain in the other mutants except for wrn-1 were at least twice as much as N2. This indicates that 
the impairment of genes involved in the both of single and double strand damage increase the risk of gene deletion. 
Moreover, we found that higher occurrence of deletions in ced-4 than the other single mutants, suggesting that individuals 
with mutation in apoptosis pathway entail a greater risk than individuals with genetic defect of non-homologous end joining 
or cell cycle. The data that displays higher occurrence of deletions in cku-80;ced-3 than cku-80 also support this suggestion. 
  In addition to the number of deletion, the size of deletion is also important for genome stability. The median values of 
deletion sizes in pcn-1 and cku-80 were about 50 bases higher than that in N2. To investigate the average deletion sizes in the 



mutants after double strand break of DNA, we obtained dpy-3 mutant alleles using CRISPR system and checked the deletion 
sizes near target site. In 16 alleles derived from N2, we could identify only small indel, but no deletion, which is larger than 
500 bases. However, we could find the large deletions in 5/43, 2/24, 5/33, 3/26 and 2/29 alleles derived from cku-80, wrn-1, 
pcn-1, ced-4, and atm-1;xpc-1, respectively. This suggests that impairment in DNA repair genes also induce larger deletions 
than wild type. 

1046A. Genomic approaches to study the roles of various splicing factors in regulating alternative splicing events in C. 
elegans. June Tan1,2, Arun K. Ramani3, Hong Na2, Debashish Ray2, Quaid Morris1,2, Timothy R. Hughes1,2, Andrew G. 
Fraser1,2. 1) Department of Molecular Genetics, University of Toronto, Toronto, ON, Canada; 2) The Donnelly Centre, 
University of Toronto, Toronto, ON, Canada; 3) Peter Gilgan Centre, The Hospital for Sick Children, Toronto, ON, Canada. 
   Alternative splicing (AS) is a highly regulated process. Mutations in trans-acting splicing factors that disrupt AS have been 
implicated in human diseases, such as muscular dystrophy and autoimmune diseases. Our goal is to combine several genome-
scale approaches to examine how multiple splicing factors can work in concert to regulate AS events in C. elegans. In 
particular, we focused on 5 splicing factors that are expressed in the neuromuscular system, and that have functional 
interactions with one another. We have generated RNA-Seq data to identify AS events that are differentially regulated in 
mutants of asd-1, fox-1, mec-8, sym-2 and exc-7. We have also obtained in vitro RNA-binding specificity data- derived using 
the RNAcompete method- that allows us to then predict direct targets for each splicing factor. In addition, we have screened 
for genetic interactions between these splicing factors and several other RNA-binding proteins that may function in the same 
splicing pathways. Here, we will present a summary of these individual datasets and focus specifically on the intriguing 
finding that these splicing factors seem to regulate splicing of many of the same targets. We will also highlight other findings, 
including how requirement for a splicing factor can change across development, and how AS can differ between natural 
isolates. Together, our data provide insight into how AS of specific sets of genes are regulated in C. elegans, and how defects 
in splicing of these genes could lead to neuromuscular defects. 

1047B. Accelerating gene discovery by phenotyping the deep-sequenced Million Mutation Project strains and using genome-
wide statistical analysis approaches. Tiffany Timbers1, Stephanie Garland2, Katherine Lee1, Stephane Flibotte2, Swetha 
Mohan1, Mark Edgley2, Donald Moerman2, Michel Leroux1. 1) Molecular Biology & Biochemistry, Simon Fraser University, 
Burnaby, British Columbia; 2) Dept. of Zoology, University of British Columbia, Vancouver, British Columbia. 
   Forward genetic screens represent powerful, unbiased approaches to uncover novel components in any biological process. 
Such screens suffer from a major bottleneck, however, namely the cloning of corresponding genes causing the phenotypic 
variation. Reverse genetic screens have been employed as a way to circumvent this issue, but can often be limited in scope. 
We have developed a new methodological approach to accelerate gene discovery that addresses both of these shortcomings 
and is generally applicable for many biological processes, using C. elegans as an animal model system. We have used a deep-
sequenced multi-mutation library, the Million Mutation Project (Thompson et al., 2013), together with the Sequence Kernel 
Association Test (SKAT; Wu et al., 2011) to rapidly screen for and identify genes associated with a phenotype of interest, 
namely defects in dye-filling of ciliated sensory neurons. Such anomalies in dye-filling are often associated with the 
disruption of cilia, organelles which in humans are implicated in sensory physiology (including vision, smell and hearing), 
development and disease. Beyond identifying several well characterised dye-filling genes, our approach uncovered 18 genes 
not previously linked to ciliated sensory neuron development or function. From these putative novel dye-filling genes, we 
confirmed and characterised the involvement of F01D4.9/BGNT-1 in ciliated sensory neuron development. C. elegans 
BGNT-1 is homologous to the human glycosyltransferase, B3GNT1/B4GAT1, which is associated with the human disease, 
Walker-Warburg syndrome, a suspected but unconfirmed ciliopathy.We have also begun to explore new methodologies for 
integrating the genomic data from the Million Mutation Projects strains with multiple phenoytpes collected using the Multi-
worm tracker (Swierczek et al., 2011). To do this, sensory-related phenotypes (morphological and behavioural features) are 
combined to create a phenotypic ‘fingerprint’ for each strain. Next, we use multi-variate statistical genetic methods to test for 
genome wide-associations (GWAS) between behavioural and genetic variants to link genes to behaviour. We anticipate that 
these innovative approaches to integrate phenotype and genomic data will successfully uncover many new components and 
functional mechanisms of sensory neuron function. We also anticipate that these approaches will be of use to those studying 
other biological processes in C. elegans that are easily amendable to screening using the Million Mutation Project strains. 

1048C. Systematic phenotyping in C. elegans to reveal the effects of natural variation on RNAi perturbations. Victoria Vu1,2, 
Adrian J. Verster1,2, Michael Schertzberg1,2, Tungalag Chuluunbaatar1,2, Mark Spensley1,2, Djina Pajkic1,2, G. Traver Hart1,2, 
Jason Moffat1,2, Andrew G. Fraser1,2. 1) The Donnelly Centre, University of Toronto, 160 College Street, Toronto, Ontario, 
Canada M5S 3E1; 2) Department of Molecular Genetics, University of Toronto, 1 King’s College Circle, Toronto, Ontario, 
Canada M5S 1A8. 
   In human diseases, often two individuals with the same disease mutation can develop very different severity of symptoms. 
These differences are partially attributed to natural variation in genetic backgrounds; however, without any systematic or 
animal studies, the specific underlying mechanisms through which genetic background modifies disease outcomes remains 



largely unexplained. RNAi knockdown studies in Caenorhabditis elegans, an animal model with levels of genetic variation 
similar to those of humans, offer us a powerful platform to systematically study how variation in genetic backgrounds can 
affect perturbed phenotypes.Here, we targeted a set of ~1400 genes, known to produce detectable RNAi phenotypes, in the 
N2 worm isolate and in another wild isolate CB4856, looking for notable differences in perturbed phenotype severity. We 
have found that ~20% of these genes produce a difference in phenotype severity between these two individuals (p≤0.05). We 
have further shown that these differences are not unique to RNAi-induced perturbations, but can also be faithfully reproduced 
both in genetic mutants and drug-induced perturbations. More importantly, we find that variation in gene expression levels 
can partially predict the effect of genetic background on perturbed phenotype severity. Thus, we provide compelling evidence 
suggesting that differences in perturbed phenotype severity, whether due to RNAi, mutations, or drugs, are largely ascribed to 
expression differences between genetic backgrounds. . 

1049A. Investigating multigenarationaleffects of silver nanoparticles on reproduction and genomic instability in C. elegans. 
A. Wamucho, J. Unrine, O. Tsyusko. University of Kentucky, Plant and Soil Science Dept, Lexington, KY. 
   The increasing use of silver nanoparticles (AgNP) in consumer products greatly increases the potential for the 
environmental release of these particles. Studies have shown that exposure of the Caenorhabditis elegans to NP has adverse 
effects. Decreased reproduction, alteration in gene expression, and increased mortality has been observed in different studies 
involving the exposure of C.  elegans to AgNPs . Some of these effects have been shown to be multigenerational. The short 
generation time for C. elegans makes it an ideal model for studying multigenerational effects of silver NP. In this study, C. 
elegans were exposed to AgNP in synthetic soil pore water continuously over 10 generations at an environmentally relevant 
concentration. Effects on reproduction were measured by counting the offspring of individual nematodes. Individual 
variability at five microsatellite loci was also assessed using PCRs and DNA fragment analysis. AgNP release silver ions into 
exposure medium which accounts for some toxicity. Biotransformation such as sulfidation of AgNP occurs in the 
environment. AgNO3 and sulfidized AgNP were used as controls. No effects on reproduction were observed over 10 
generations. There were also no observed differences for the microsatellite loci that were tested. This was probably due to the 
low concentration that was used to mimic environmental concentrations of NP and/or selection of the loci used for this 
experiment. A preliminary experiment involving the continuous exposure for over five generations has been carried out using 
EC30 (1.3mg/L) for reproduction. This is a much higher concentration compared to the concentration used in the previous 
experiment (0.3mg/L). Unlike the previous experiment, both control and exposed generations originated from the same 
lineage. DNA extractions were carried out from an entire brood of a single nematode. Whole genome sequencing was carried 
out using MiSeq. Sequencing data obtained from the F0 and F5 generations for control and exposed nematodes were aligned 
to a reference genome. A conservative approach was used for mutations’ detection using SnpEff program. Mutations 
involved missense, deletion and insertions. The mutations were observed in coding, regulatory 5’ and 3’ untranslated regions, 
intergenic, introns, and microsatellite regions. Mutations within coding regions as well as immediately upstream and 
downstream of coding regions will be examined. Some of these mutations may have consequences in the function of proteins 
as well as regulation of gene expression. A full scale experiment, involving all of the treatments discussed for the first 
experiment will be carried out to further examine multigenerational effects at the genomic level. 

1050B. Illumina Synthetic Long Read Sequencing Allows Recovery of Missing Sequences even in the “Finished” C. elegans 
Genome. Runsheng Li1, Chia-Ling Hsieh2, Amanda Young2, Zhihong Zhang2, Xiaoliang Ren1, Zhongying Zhao1,3. 1) 
Biology, Hong Kong Baptist University, Hong Kong, China; 2) Illumina Inc., 5200 Illumina Way, San Diego, 92122, USA; 
3) State Key Laboratory of Environmental and Biological Analysis, Hong Kong Baptist University, Hong Kong, China. 
   Next-Generation Sequencing permits rapid acquisition of high-throughput DNA sequences, but its reads are relatively short 
in length, limiting their use in genome-based studies. Illumina has recently released a technology called Synthetic Long-Read 
Sequencing that can produce reads of unusual length, i.e., predominately around 10 Kb. However, a systematic assessment of 
their use in genome finishing and assembly is still lacking, especially in resolving the repetitive sequences. We evaluate the 
promise and deficiency of the long reads in these aspects using C. elegans genome. First, the reads are highly accurate and 
capable of recovering most types of repetitive sequences. However, the presence of tandem repetitive sequences that extend 
over certain length prevents pre-assembly of the long reads inside this genomic region. Second, the reads can reliably recover 
the missing but not the extra sequences in C. elegans genome. 24X of the long reads allow the recovery of at least 40 Kb of 
missing genomic DNAs that are located inside or outside coding region. Finally, an N50 size of at least 86 Kb can be 
achieved for the contigs that are de novo assembled with the 24X reads. However, substantial mis-assembly errors are 
observed which are caused by either mis-assembled long read or flanking repetitive sequences, highlighting a need for novel 
assembly algorithm to accommodate the long reads in de novo genome assembly. The long reads are expected to be useful in 
generating a “finished-grade” genome of other nematode species if coupled with independent data such as those from PacBio 
or mate-pair sequencing or repairing the existing nematode draft genomes on its own. 

1051C. Quantification of in vivo stem cell mutation rate. Pete Taylor, Amanda Cinquin, Olivier Cinquin. Development & 
Cell Biology, UC Irvine, Irvine, CA. 



   Assaying in vivo accrual of DNA damage and mutations by stem cells would greatly help our of understanding aging and 
carcinogenesis. In vivo stem cell mutation rates are not known precisely, for two reasons. First, these mutation rates are many 
orders of magnitude lower than raw error rates of current sequencing procedures. Second, in vivo stem cells are vastly 
outnumbered by differentiated cells, which have a much higher mutation rate — direct quantification of stem cell mutation 
rates is thus best performed using a technique that can work from a small number of well-defined cells. Here we report a 
mutation detection technique that has an estimated error rate lower than 10-10, and that can start from as little as 40pg DNA. 
We validate this technique using the C. elegans germline stem cell model system, and characterize the dependence of damage 
and mutation accrual on cell cycle activity. To our knowledge, our results provide the first direct measurements of in 
vivo mutation rates of a small, well-defined stem cell population. 

1052A. Revisiting the C. elegans maintenance media (CeMM) for automated, multi-generational cultivation, genome-wide 
analyses and pharmaceutical studies. J. Doh1, A. Moore1, I. Çelen1,2, M. Moore1, C. Sabanayagam1. 1) Delaware 
Biotechnology Institute, University of Delaware, Newark, DE; 2) Center for Bioinformatics and Computational Biology, 
University of Delaware. 
   An alternate chemically defined axenic liquid media, C. elegans Maintenance Medium (CeMM), was developed by Lu and 
Goetsch (1993) and later optimized for use by the US Army and NASA to assess the direct effects of environmental and 
chemical perturbations on C. elegans. The major rationale of using the CeMM over OP50 media is that CeMM can sustain 
animals for multiple generations—it is known that OP50 release deleterious toxins into the liquid environment that 
compromise the viability of animals beyond the F0 generation. We developed an automated microfluidic culturing device 
that exploits CeMM.  This system is capable of culturing C. elegans for extended periods, while recording worm population 
growth with high temporal resolution ranging from seconds to minutes over several days to months.  The device was used to 
monitor C. elegans in the presence of varying doses of nicotine and alcohol, and we show that their combinatory effects are 
highly synergistic. While CeMM has advantages over OP50 media, there are several phenotypes associated with CeMM fed 
nematodes. As noted by earlier investigations, we observed that the CeMM diet causes a two-fold delay in development and a 
ten-told reduction in brood size. Using super-resolution fluorescence microscopy, we report the first evidence that the 
reduction of brood size is a result of germ lines with severely deformed cell morphologies, reduced germ cell numbers and 
significantly fewer oocytes and sperm. We identified new phenotypic changes in CeMM fed worms using scanning electron 
microscopy, in particular differences in the cuticular development, displaying more structurally pronounced annuli and an 
increased number of alae.  RNA next generation sequencing was used to identify a list of genes that are differentially 
regulated in CeMM compared to OP50 fed nematodes. These genes are involved in a variety of pathways, such as the 
regulation of growth rates, reproduction and neuro-muscular function. By characterizing the genetic changes that correlate 
with known phenotypes and our newly discovered “micro-phenotypes”, we can systematically alter the composition of the 
CeMM to rescue the associated phenotypes while retaining its culturing capabilities. We propose that our study will enable 
an entrée of investigations for utilizing CeMM in C. elegans research, and that the our microfluidic culturing device can be a 
powerful tool for analyzing the effects of chemical and environmental variations on organismic responses in conjunction with 
genome-wide changes in C. elegans.. 

1053B. Genome-wide analyses of actively translating mRNAs across tissues and specific neuronal cell-types. Xicotencatl 
Gracida, Mike Dion, John A. Calarco. Harvard University, Cambridge, MA. 
            Useful approaches for surveying spatiotemporal gene expression patterns at cellular resolution are crucial for a 
systems-level understanding of cell type-specific gene expression programs during development and in response to stimuli. 
However, it currently remains challenging to identify the extent of broader expression differences in individual tissues or in 
specific cell types in vivo.         To address this challenge, we have adapted the Translating Ribosome Affinity Purification 
method (TRAP) (Heiman et al. 2008) in C. elegans. In TRAP, cell-type specific promoters drive expression of eGFP-tagged 
Ribosomal Protein L10a of the Large subunit to tag sets of genetically defined cell types in vivo. These GFP-labeled 
ribosomes can then be immunoprecipitated to obtain enriched populations of ribosome-associated mRNAs from cells of 
interest. We coupled TRAP to deep sequencing to identify tissue-biased patterns of gene expression. In addition, our 
computational analyses have focused on detecting tissue-biased isoform usage arising from alternative mRNA splicing. 
         By using TRAP, we globally surveyed the repertoire of neuronal, muscle and intestinal mRNAs and measured the 
abundance of tissue-biased gene isoforms. We also pursued TRAP from specific neuronal classes expressing the 
neurotransmitters dopamine and serotonin. Our approach unraveled hundreds of tissue- and neuron type-specific isoforms, 
and tissue-biased evolutionary conserved mRNAs whose functions remain to be characterized. We also used TRAP with a 
neuronal splicing factor mutant to detect global mRNA isoform changes in the nervous system, and demonstrate that TRAP 
increases tissue-specific detection sensitivity over whole animal RNA-Seq samples. We are currently coupling this 
technology with stimulus-triggered neuronal activity in a model of thermal memory by tagging the two major thermosensory 
neurons. With this technology we are now taking advantage of being able to detect broader gene expression changes in 
individual tissues or in specific cell types in vivo. . 



1054C. Worm farming: growing and harvesting large quantities of C. elegans. Michael J. Hoy, Emma Watson, Albertha 
J.M. Walhout. Program in Systems Biology, University of Massachusetts Medical School, Worcester, MA. 
   Mass spectrometry methods using C. elegans, such as metabolomics and protein identification, require the growth and 
collection of very large quantities of worms. In many cases, researchers are limited in their ability to analyze or collect low-
abundance metabolites and proteins by the shear volume of worm biomass required for detection. We have optimized the 
procedure for growing millions of synchronized worms in liquid culture. The parent generation is grown on solid NGM 
media. Arrested L1 worms are grown to adulthood by the millions in liquid NGM supplemented with concentrated E. coli 
OP50 as a food source. These wild-type worms grow at the same rate as worms on solid media.  We employ the use of 
Imhoff settling cones for the process of quickly washing and collecting the worms from liquid culture. These samples can 
then be frozen and stored at -80oC for future protein and metabolite extraction and analysis by mass spectrometry. This 
method provides researchers with a new, streamlined approach to the arduous task of performing experiments that require 
millions of worms and milliliter quantities of worm biomass. 

1055A. Analysis of Eukaryotic Gene Expression Noise in A Negative-Feedback Loop. J. Huang1,2, L. Liu2, Y. Zhao2. 1) 
Center for Synthetic Biology, Shenzhen Institutes for Advanced Technology, Shenzhen, Guangdong; 2) Department of 
Biochemistry, the University of Hong Kong. 
   Precise gene expression control is important for biological function. Increasing experimental and theoretical studies 
demonstrate that gene expression noise contributes to non-genetic heterogeneity of cells, which plays important roles in 
development and cell fate decision. Previous studies indicated transcriptional negative feedback reduces gene expression 
noise within particular circumstances. However, experimental data are limited to elucidate how varied parameters influence 
noise in transcriptional negative regulation context.Here, we construct a series of synthetic gene circuits to examine the 
effects of varied factors, such as nuclear localization signal (NLS), the number of repressor-binding sites and cellular 
concentration of repressor, on the gene expression noise in an open-loop (non-autoregulated) or a closed-loop (autoregulated) 
negative regulation circuit.Our data suggest that in an open loop circuit with two repressor-binding sites in the regulated 
promoter, an inverted U-shaped noise curve is observed. While increase binding site number, the overall noise level is 
reduced and the curvet ends close to be a straight line. In a closed-loop circuit, increasing the number of binding sites, on the 
one hand expands input dynamic range, but on the other hand leads to increase of noise in low repression strength region. 
Data also indicate that fine tune cellular concentration of repressor would result in horizontal shifting of gene expression 
curve. Additionally, increase repressor level leads to noise increase in high repression strength region. While, in low 
repression strength region, noise level is independent on repressor concentration. These results could be useful for precise 
expression control and improve gene expression noise model in eukaryotic cell. 

1056B. Genetic engineering of new balancers using by CRISPR/Cas9 genome-editing system in Caenorhabditis elegans. S. 
Iwata, S. Yoshina, S. Mitani. Dept of Physiol, Tokyo Women's Med Univ Sch of Med. 
   Genetic balancers have been used as a tool to efficiently stabilize lethal or sterile mutations as heterozygotes. However, 
despite the usage of genetic balancers was begun 30 years ago, 20% of the chromosomal regions have not been covered yet. 
Because, the uncovered regions are mainly comprised of chromosomal regions around pairing centers (PCs) that contributes 
to the process of homologous pairing and synapsis, it is assumed that generation of the genetic rearrangements such as 
inversion and translocation are difficult in the PCs. In the present study, we established a methodology for the engineering of 
the genetic new balancers based on the ability of the CRISPR/Cas9 genome-editing system. We generated these genetic 
rearrangements generated by homologous recombination (HR) between the targeted regions and homology vectors. We 
demonstrate that inactivation of non-homologous end-joining (NHEJ) using by a lig-4 mutant helps efficient rearrangements 
in the targeted regions. Using this approach we isolated new balancers named tmIn1 (IV), tmIn2 (IV) and tmIn3 (IV) that 
significantly balanced the lethal mutations. The inversion balancer tmIn3 (IV) extensively suppresses recombination in the 
left arm of chromosome IV from jtr-1 to unc-17, covering about 2.2 Mb. The balancer causes larval arrest in homozygotes 
but allows animals to be fertile when heterozygous. Further screening and the genetic analysis of chromosome II, we 
generated a balancer tmIn4 (II). It balances left arm of chromosome II from lin-8 to dpy-2, covering about 3.6 Mb. 
Homozygous tmIn4 (II) animals are viable that exhibit a dumpy phenotype, whereas heterozygoutes show the wild-type 
phenotype. The present findings will make it essential for researchers to maintain lethal or sterile mutations on the 
chromosome II and IV and open the door for development of an efficient system to generate rearrangements at specific sites 
of interest to model disease mechanisms. 

1057C. MegaTIC: a dual selection-based strategy for genome engineering in C.elegans. T. JI1, P. Ibáñez Cruceyra2, M. 
D'alessandro3, J. Bessereau4. 1) Université Claude Bernard Lyon 1, Lyon; 2) École Supérieure de Physique et de Chimie 
Industrielles de la ville de Paris, Paris; 3) Université Claude Bernard Lyon 1, Lyon; 4) Université Claude Bernard Lyon 1, 
Lyon. 
   A growing number of techniques have emerged to customize C. elegans genes by homologous recombination, including 
MosTIC and more recently CRISPR. In most cases isolation of engineered animals relies on PCR detection of the engineered 



locus, which can be more or less tedious depending on the frequency of the recombination events.To facilitate the detection 
of engineered animals, we developed a new technique, called MegaTIC (for Meganuclease excision-induced Transgene-
Instructed gene Conversion) that relies on the insertion of a dual selection cassette containing both positive and negative 
selection markers flanked by two I-SceI sites. This technique comprises 2 steps. First, the MegaTIC selection cassette is 
inserted in the target locus by MosTIC or CRISPR. Positive selection of insertion events is based on resistance to 
hygromycin. Second, the MegaTIC selection cassette is excised by the expression of meganuclease I-SceI to introduce 
customized gene modifications. Non-engineered animals ubiquitously express miniSOG from the MegaTIC selection cassette 
and can be killed by exposure to blue-light, which causes toxic production of singlet oxygen. PCR is used to confirm locus 
engineering. MegaTIC strategy was used to tag two neurotransmitter subunits and one ER protein.Our results demonstrated 
that I-SceI is recognized and excised by meganuclease expression in germline to generate a double stand break and repair by 
providing engineered repair template using homologous recombination in C.elegans. This dual selection strategy is efficient 
and could be used to edit C.elegans genome while minimizing screening time. . 

1058A. Efficient genome editing catalyzed by Mos transposase expressed from single copy integrated transgenes. Swetha 
Ramani Joswala, Aaron Severson. BGES Department and Center for Gene Regulation in Health and Disease, Cleveland 
State University, Cleveland, OH. 
   Transposons, or jumping genes, are pieces of DNA that jump around in the genome. Autonomous Class II transposons 
require the enzyme transposase to catalyze their transposition. Many transposases can catalyze both insertion and excision of 
transposons independently of any host-derived factors. The Drosophila mauritiana transposon Mos1 has been domesticated 
for use in Caenorhabditis elegans, and Mos1-dependent methods have revolutionized genome editing in the worm. 
Transposon insertion has been used to disrupt genes in genetic screens and to carry payloads into random genomic regions. 
Transposon excision has been utilized to create double strand DNA breaks that can be repaired using an exogenous template, 
allowing deletion or modification of nearby genes and insertion of transgenes into the genome. These approaches all rely on 
expression of the transposase from plasmid DNA injected into the worm gonad. Injected transgenes can form multi-copy, 
extrachromosomal DNA arrays that are heritably transmitted through the germline.Unfortunately, the techniques reliant on 
Mos1 mobilization all suffer from low efficiency, perhaps due to epigenetic silencing of the transgene encoding the 
transposase. We hypothesized that expression of transposase from an integrated, single copy transgene would increase 
transposase expression and thereby improve transposition rates since repetitive extrachromosomal arrays are prone to 
transcriptional and post-transcriptional silencing in the germline, while single copy integrations are not. We have generated 
several strains expressing Mos transposase from integrated transgenes and are currently quantifying the rates of Mos1 
insertion and excision to determine whether transposase expression from an integrated transgene will improve the efficiency 
of Mos1-mediated genome engineering in worms. 

1059B. The accessible chromatin of the C. elegans genome. Jürgen Jänes1, Yan Dong1, Carolina Gemma1, Djem Kissiov1, 
Daniel Gaffney2, Julie Ahringer1. 1) The Gurdon Institute and Department of Genetics, University of Cambridge, Cambridge 
CB3 0DH, United Kingdom; 2) Wellcome Trust Sanger Institute, Hinxton, Cambridge CB10 1SA, United Kingdom. 
   Genome-wide identification of regulatory regions is an important prerequisite for understanding gene 
regulation.  Regulatory elements such as promoters and enhancers are often nucleosome-depleted, rendering them accessible 
to digestion by a low concentration of DNase I. Regions of open chromatin are also susceptible to transposition of sequencing 
adaptors by the transposase Tn5 (ATAC-seq).  Nucleosome occupancy or positioning can be mapped by digestion using 
MNase. In C. elegans, chromatin accessibility data is limited to a single stage generated using DNase-chip whereas MNase 
maps are only available for two developmental stages.We are mapping C. elegans chromatin accessibility and nucleosome 
occupancy/positioning through development using DNase-seq, ATAC-seq and MNase-seq. Instead of the typical assays 
using a single concentration of DNAse I, we use a range of concentrations, as there are different patterns of accessibility at 
different concentrations of DNase I. At annotated promoters, low-concentration DNase I results in a peak (a typical DNAse 
hypersensitive site (DHS)) at the expected nucleosome-depleted region (NDR).  The peak is enriched in small fragments 
(<100nt).  We mapped 10,551 DHSs in embryos.  At higher concentrations of DNase I we observe peaks at both sides of the 
NDR, at the expected location of +1 and -1 nucleosomes. These peaks are enriched in larger fragments (<140nt). At the 
highest DNase I concentrations, the central nucleosome-depleted region becomes partially or completely digested, leaving a 
trough or gap in coverage, rather than a peak.We find that ATAC-seq is more sensitive than DNase-seq for identifying sites 
of high chromatin accessibility (equivalent to DHSs); we mapped 14,094 ATAC-seq peaks in embryos, with the vast majority 
overlapping embryo DHSs. In contrast to DNase-seq, ATAC-seq does not reliably profile +1 and -1 nucleosomes. We 
combine the higher sensitivity of ATAC-seq to define hypersensitive sites with the additional detail provided by DNase-seq 
and MNase-seq to characterise chromatin accessibility. At stages where additional data are available, we further annotate 
regions of open chromatin with other chromatin mapping data. These analyses divide accessible sites into different classes 
such as promoters and enhancers, uncover differences within classes, and show developmental differences in patterns of 
chromatin accessibility. 



1060C. Using hlh-8 to model craniofacial diseases in C. elegans. Sharon Kim1, Andy Golden1, Ann Corsi2. 1) NIH, NIDDK, 
Bethesda, MD; 2) The Catholic University of America, Washington, D.C. 
   The Twist family of proteins are basic helix-loop-helix (bHLH) transcription factors that are crucial to proper mesodermal 
development in all organisms studied to date. In humans, mutations in Twist proteins lead to craniofacial diseases. TWIST1 
mutations cause Saethre-Chotzen Syndrome (SCS) while TWIST2 mutations cause Ablepharon-Macrostomia Syndrome 
(AMS) and Barber-Say Syndrome (BSS) (A. Wilkie, C. Boerkoel, pers.comm). Mutations in the highly conserved glutamic 
acid of the basic domain of Twist proteins have recently garnered interest because different mutations in this residue result in 
different diseases and phenotypes, suggesting a correlation between specific genotypes and phenotypes. Specifically, E117V 
and E117G mutations (TWIST1) have been associated with a unique SCS-related disease, E75K (TWIST2) has been 
associated with AMS, and E75A and E75Q (TWIST2) have been associated with BSS. In C. elegans, hlh-8 encodes the only 
Twist family homolog, CeTwist. A missense E29K mutation in the highly conserved basic domain leads to egg-laying 
defective (Egl) and constipated (Con) worms with a distinct tail defect. The E29K mutation is equivalent to the E75K 
mutation in patients with AMS, and has a dominant negative effect similar to patients with the SCS-related disease carrying 
E117 mutations. We sought to model the different craniofacial diseases in C. elegans by generating an allelic series in the 
E29 codon to mimic the mutations observed in patients with the SCS-related disease, AMS, and BSS. Indeed, different 
mutations in E29 resulted in several combinations and severities of Egl, Con, and tail defect phenotypes. For example, the 
E29Q mutation is Egl but not Con. We also aimed to identify suppressors of hlh-8 through EMS mutagenesis. A strain that 
suppresses the tail phenotype has been obtained, and further analysis of this strain as well as future suppressor strains may 
identify potential therapeutic targets for craniofacial diseases. 

1061A. Tissue-specific gene expression profiling by direct RNA tagging identified novel long-noncoding RNAs . Xiaopeng 
Ma1,2, Ge Zhan1, Enchao Yu1, Michael Zhang1,2, Xiao Liu1,2. 1) School of Life Sciences, Tsinghua Univ, Beijing, China; 2) 
MOE Key Laboratory of Bioinformatics and Bioinformatics Division, Center for Synthetic and System Biology, 
TNLIST/Department of Automation, Tsinghua University, Beijing, China. 
   The existing techniques for tissue-specific gene expression profiling in C. elegans involves either isolating specifically 
labeled cells or RNA immunoprecipitation via polyA-binding protein driven by tissue-specific promoters. Both strategies 
require extra steps before RNA sequencing. Here we developed a method that directly tags mRNA using the natural trans-
splicing process in C. elegans. We make transgenic worms that carry sequence-tagged spliced leader (SL) transgene driven 
by tissue-specific promoters, so that target tissue transcriptome can be profiled directly by RNA-seq using the sequence tag 
as a primer. Using Pmyo-3::tag::SL1 and Prgef-1::tag::SL1, we examined the muscle and neural transcriptomes, 
respectively.  They showed enrichment of tissue-specific genes, gene ontology terms and targets of tissue-specific 
transcription regulators. Moreover, reporter analysis showed that this mRNA-tagging method had little false positive rate, if 
any. Interestingly, this method also revealed dozens of novel RNA transcripts, almost all of them represent tissue-specific 
long-noncoding RNAs. Further analysis will verify the functionality of these novel long-noncoding RNAs.  In summary, we 
developed a novel RNA-tagging method to profile tissue-specific gene expression. This method does not require cell sorting 
or RNA pulldown via RNA-protein interaction, has little false positive rate and is in principle applicable to to any stage, 
condition and nematode species.  In addition, this method also identified novel tissue-specific long-noncoding RNAs, which 
will lead to new functional genomic discoveries. 

1062B. Low-cost LED-based Fluorescence Dissecting Stereomicroscope for multiple Fluorophores. Andy Papp, John 
Biondo. Tritech Research, Los Angeles, CA ap@TritechResearch.com. 
   In previous studies (Papp et al., 2009, Papp et al. 2011) we demonstrated that high-power Light Emitting Diodes (LEDs) 
could be combined with good quality filters to visualize the expression of fluorescent transgenes and produce a low-cost 
fluorescent dissecting stereomicroscope system. Two of the cost saving methods were: (1) the use of oblique rather than epi- 
illumination and (2) putting emission filters into the eyepieces and/or camera port rather than using filter cubes with dichroic 
mirrors. While this system was shown to work well for multiple fluorophores (eGFP, dsRed, and mCherry) individually, it 
took about 1 minute to change lamps and eyepieces, making it impractical to screen individual moving worms for multiple 
fluorophores expressed in the same animal.In the present study, we investigate the use of multiple LEDs and filters in various 
lamp assemblies, and filter sliders, to reduce the switchover time between screening for two or more fluorophores. 
Preliminary data suggest that the switching can be done in under 3 seconds (a similar time scale to switching filter cubes in a 
conventional epifluorescence system) without a significant increase in cost or complexity as compared with the original low-
cost system.Papp, Andy et al. (2009) International Worm Meeting "Investigation of Low-cost GFP Microscopy."Papp, Andy 
et al. (2011) International Worm Meeting "Investigation of Low-cost Fluorescence Microscopy."Papp, Andy et al. 
(2013)  International Worm Meeting "Investigation of Simplified Dual-fluorophore Dissecting Stereomicroscopes.". 

1063C. Optogenetic mutagenesis using a reactive-oxygen-species generator, miniSOG. Kentaro Noma, Yishi Jin. Division 
of Biological Sciences, and Howard Hughes Medical Institute, Univ. Calif. San Diego, La Jolla, CA. 
   Mini singlet oxygen generator (miniSOG) is a genetically encoded 106 amino-acid protein producing reactive oxygen 



species upon illumination of blue light [1]. MiniSOG has been used to ablate cells and inactivate protein functions [2, 3]. 
Reactive oxygen species are known to cause DNA damage, and such damages may cause heritable changes. To test if 
miniSOG can mutagenize genomic DNA in vivo, we fused miniSOG to HIS-72, the C. elegans orthologue of histone 3 (His-
mSOG), and expressed it in the germline. These animals behaved and reproduced normally under ambient light. Following 
blue light treatment, we observed heritable mutations in the F2 progeny, such as dumpy and uncoordinated. We optimized 
His-mSOG-induced mutagenesis using a suppressor screen of paralyzed rpm-1(lf); syd-2(lf) mutants [4]. By quantitating the 
mutation frequency, we found that the His-mSOG-induced mutation rate was highest when gravid young adults were treated. 
Analyses of whole-genome and Sanger sequencing showed that His-mSOG induced variable mutations including single-
nucleotide substitutions, deletions and a transposon insertion with a strong bias towards G:C to T:A substitutions, which are 
reported to be a major type of mutations in bacteriophage induced by singlet oxygen [5]. His-mSOG mutagenesis could also 
cause chromosomal integrations of extrachromosomal arrays at the rate comparable to Psoralen-UV mutagenesis. We 
envisage that His-mSOG may be combined with other techniques for genome manipulation. [1] Shu, X., et al., PLoS Biol, 
2011 [2] Lin, J.Y., et al., Neuron, 2013 [3] Qi, Y.B., et al., PNAS, 2012 [4] Noma, K., et al., Genetics, 2014 [5] Decuyper-
Debergh, D., et al., EMBO J, 1987. 

1064A. Rapid and efficient generation of targeted knock-ins and knock-outs using dual selectable/screenable cassettes for 
template-guided repair of CRISPR/Cas9-mediated breaks. Adam Norris1, Hyun-Min Kim1, Monica Colaiacovo2, John 
Calarco2. 1) FAS Center for Systems Biology, Harvard University, Cambridge, MA; 2) Department of Genetics, Harvard 
Medical School, Boston, MA. 
   Targeted knock-ins and knock-outs are valuable tools for studies of gene function in model organisms, but until recently 
such experiments have proved difficult in C. elegans. Use of the CRISPR/Cas9 RNA-guided endonuclease complex has 
recently enabled the generation of double-stranded breaks virtually anywhere in the C. elegans genome. We and several 
groups in the community have demonstrated that using CRISPR/Cas9, heritable indel mutations and custom genomic 
modifications are feasible. 
We have now developed an improved strategy that makes all steps in the genome editing process more streamlined and 
efficient by creating a system of template-mediated repair cassettes which contain an antibiotic resistance gene to select for 
worms carrying the repair template and a visual marker that easily distinguishes between array-containing and recombinant 
worms. 
This strategy requires the injection of vectors for sgRNA and Cas9 expression, a repair template, and co-injection markers. 
The sgRNA vector is created by a simple PCR reaction followed by ligation. The selection cassette is customized to the locus 
and experiment of interest by flanking the cassette with PCR-generated homology regions and is created in a single-step 
isothermal assembly reaction. All four components are injected into the worm. 24 hours after injection, antibiotic is applied 
to eliminate non-transgenic animals, and within one week F2 worms containing homologously-recombined insertions but 
lacking the co-injection marker begin to appear. If seamless editing is required, a subsequent injection of Cre recombinase 
will excise the entire selection cassette. 
We have created a toolbox of related vectors allowing us to use this strategy to perform a number of different proof-of-
principle experiments, including targeted knock-outs, endogenous GFP- and RFP-gene tagging, and endogenous epitope (3x-
HA) tagging. This system should be useful for a wide variety of additional applications. For example, it enables fairly simple 
maintenance of lethal gene knock-outs as heterozygotes by offering the flexibility of following the GFP marker or by use of 
the antibiotic resistance cassette which has replaced the gene of interest. It can also simplify the generation of difficult double 
(or triple) mutants by replacing each gene with compatible fluorescent markers and “genotyping” by fluorescence 
microscopy. 
In sum, these template-mediated repair constructs constitute a widely-applicable and customizable gene-editing strategy that 
should greatly reduce the time and labor required to generate knock-outs and knock-ins for the C. elegans community. 

1065B. MIP-MAP: A high-throughput method for mapping C. elegans mutant alleles. Calvin Mok1, OA. Thompson1, V. 
Au2, M. Edgley2, L. Gervirtzman1, DG. Moerman2, RH. Waterston1. 1) Genome Sciences, University of Washington, Seattle, 
WA; 2) Dept. Zoology, University of British Columbia, Vancouver, BC. 
   The 2007 mutagenized strains in the "Million Mutation Project" (MMP) represent a large library of mutant alleles with 
unknown phenotypic consequences. Similarly, we have a large collection of temperature-sensitive mutant strains that have 
been sequenced although the causative mutations remain unidentified. To facilitate the identification of causative mutations 
on a large scale, we developed a high-throughput method using a modified version of molecular-inversion probes (MIPs, 
Hiatt et al. 2013) to map large numbers of C. elegans mutants to ~2Mbp intervals (MIP-MAP). This approach involves 
crossing the mutant strain with a phenotypically wild-type strain containing multiple SNVs distributed about the genome. By 
selecting for or against the mutation of interest in the F2 generation and measuring their combined ratios of SNVs across the 
genome, we can infer the region carrying the mutation of interest.  MIP-MAP allows us in a single Illumina MiSeq run to 
multiplex more than 90 samples, while still sequencing target loci at an average depth of greater than 1000X. In preliminary 
tests, we readily mapped known alleles for sma-9 and hlh-1 within small genomic intervals. Investigating further, we mapped 



a subset of strains from a collection of sequenced but otherwise previously uncharacterized temperature-sensitive (TS) 
embryonic lethal mutants. We successfully mapped several of these mutants through direct and indirect MIP-MAP schemes 
to a relatively small region. In one case, we identified a mutant with what appears to be two embryonic lethal TS loci. 
Examining the MMP collection we further mapped a number of strains with growth defects of varying penetrance to likely 
allele candidates. The ability to multiplex MIP libraries facilitates mapping of large collections in a high-throughput and 
high-depth manner. This approach can be augmented by genomic sequencing to identify alleles of interest. Likewise, future 
investigations into phenotypes of the MMP or similar collections can be quickly mapped to relatively small intervals 
containing, on average, only a few coding SNVs.  We will share the MIP-MAP technique and MIP oligos with members of 
the C. elegans community to augment their own mapping efforts. 

1066C. Simplified efficient C. elegans Microinjection. Andy Papp. Tritech Research, Los Angeles, CA USA 
www.TritechResearch.com. 
   Microinjection of DNA remains the most efficient and straightforward method to generate transgenic C. elegans 
lines.  Because of its power in seminal work elucidating the C. elegans cell lineage, Differential Interference Contrast (DIC) 
became the gold standard for many labs looking for equipment to perform microinjection.  DIC is only available on high-end 
large format microscopes from major microscope manufacturers, which means that it costs plenty of gold to get the 
standard.  Likewise, many researchers are familiar with high-cost micromanipulators and microinjection controllers and may 
assume that these are necessary for efficient worm microinjection.Fortunately, C. elegans can be efficiently microinjected 
without any of the above. A much lower cost microscope fitted with high-resolution short-working distance objectives can be 
used to optically section the worm and find the focal plane containing the syncytial nuclei and oocytes. A relatively low-cost 
micromanipulator can be used to position the injection microcapillary needle in the same plane as the target, and then the 
worm can be efficiently moved onto the needle tip by employing a Glide Stage. There are a number of simple inexpensive 
solutions for presurizing the injection needle to expell picoliter quatities of DNA. We will present some items that satisfy all 
of the requirements for efficient C. elegans microinjection while minimizing cost and footprint. 

1067A. Global measurement of protein localization in C. elegans with tissue and subcellular specificity. Aaron Reinke, Eric 
Bennett, Emily Troemel. Division of Biological Sciences, UCSD, La Jolla, CA. 
   Multicellular organisms are composed of tissues that have distinct functions and distinct proteomes. These tissue-specific 
differences in protein expression and localization are important for determining the function of each tissue, but there is a lack 
of methodology to measure where proteins are expressed in multicellular organisms in a global and specific manner. To 
comprehensively measure protein levels and localization between tissues, we have adapted a technology for use in the model 
multicellular organism C. elegans that allows for proteins in both specific tissues and subcellular compartments to be tagged 
with a chemical handle in vivo. This approach relies on the localized expression of ascorbate peroxidase (APX) from soybean 
that can activate a biotin-phenol substrate in the presence of H2O2, which results in proteins in the close proximity of the 
enzyme being covalently modified with biotin. These tagged proteins can then be purified and measured using mass 
spectrometry. To demonstrate the feasibility of this approach in C. elegans, we chose 4 tissues to investigate (intestine, 
epidermis, body wall muscle, and pharynx), as well as two subcellular locations (cytoplasm and nucleus). Transgenic worms 
were generated using tissue-specific promoters that express a single copy of the APX enzyme fused to GFP and a localization 
tag.  Each of the 8 worm strains expressed the enzyme in the correct location and displayed specific labeling with biotin.  For 
each tissue, populations of worms expressing the enzyme in the cytoplasm and nucleus were labeled with biotin. Biotin-
tagged proteins were then purified, digested into peptides, differentially isotopically labeled, and measured using quantitative 
mass spectrometry. Over 3000 proteins were identified that were enriched over background in at least one location. Over 
1200 and 500 proteins were found to be enriched in the cytoplasm or nucleus, respectively. These subcellular compartments 
showed high enrichment for proteins known to be expressed in those locations, supporting the reliability of this method. Over 
300 proteins were identified as being specific to only one of the 4 tissues. A number of proteins with previously unknown 
expression patterns are currently being confirmed using transgenic worms expressing protein-GFP fusion constructs. This 
study represents one of the largest measurements of protein expression and localization in C. elegans and this approach could 
potentially be extended to measure proteins from other tissues and locations as well as protein modifications. Additionally, 
changes in proteins levels and localizations could also be measured in response to different growth or stress conditions. 

1068B. Genome engineering based protein tagging. Dana Suchold1, Susanne Ernst2, Elisabeth Loester1, Mihail Sarov1. 1) 
Sarov lab, MPI-CBG, Dresden; 2) Hyman lab, MPI-CBG, Dresden. 
   Protein tagging is a generic and efficient way to explore the localization and physical interactions of any protein of interest 
in vivo. To facilitate the broad application of this approach we previously generated a genome wide resource of tagged 
fosmid transgenes (Sarov et al 2012), which covers about 70% of the genome. The advent of the of CRISPRs mediated 
genome engineering techniques has made it possible to tag the rest of the genome, which was previously not feasible due to 
the lack of suitable fosmid clones. The direct targeting of the endogenous copy has obvious advantages to the transgenic 
approach and the remarkable efficiency of homologous recombination in worms indicates that this approach should be 



scalable, but many questions still remain to be addressed. We are currently comparing the methods described in the literature 
and are working towards an efficient high-throughput pipeline, based on the experience from similar efforts in mice and other 
system where homologous recombination was routine even before the discovery of Cas9. We are specifically focusing on:1. 
Optimal Cas9/sgRNA delivery method (DNA vs. RNA vs. protein)2. The type of engineered allele (N vs. C terminal tagging, 
simple tagging vs. multipurpose alleles)3. Selected vs. non-selected insertions4. Ways to multiplex the engineering, isolation 
and validation of targeted strains.We propose the creation of an open genome engineering registry to aid a distributed, 
community-wide effort towards the ultimate tagging of the entire proteome. 

1069C. A Golden-Gate plasmid toolkit for high-efficiency combined sgRNA/repair template plasmid generation and 
CRISPR line isolation. Matthew Schwartz, Erik Jorgensen. Biology, University of Utah, Salt Lake City, UT. 
   The CRISPR/Cas-9 system facilitates precise editing of the C. elegans genome. Designer mutations can be generated via 
Cas-9 -directed cleavage of the genome followed by homology directed repair (HDR) from a mutant repair template. Current 
methods for isolating HDR-modified lines are labor-intensive. We have simplified the processes of generating the sgRNA 
expression cassettes and repair templates, as well as the process of selecting HDR-modified worms.We have built a plasmid 
toolkit that simplifies the design and construction of plasmids for CRISPR-based HDR modification. Our toolkit is based on 
the Golden-Gate assembly strategy, which allows premade DNA building blocks to be ligated in a predefined order in an 
efficient, single tube reaction. The individual building blocks in our system encode a vector backbone, the sgRNA targeting 
sequence, 5’ and 3’ repair template homology arms, peptide linker sequences, and protein tags, such as GFP. The reaction 
produces a single plasmid that contains both an sgRNA expression cassette and a repair template for directing a single 
CRISPR-based HDR event.  New homology arms and/or sgRNA blocks can be easily produced as annealed synthetic oligo 
pairs or as PCR products. Thus, with a set of 6 oligonucleotides that encode the sgRNA targeting sequence and homology 
arm sequences, together with blocks from our kit, any gene can be tagged with a multitude of marker genes.  To simplify 
selection of HDR-modified worms, we have devised an integrated protein tag / selectable marker, which allows simultaneous 
expression of a selection marker and a protein tag sequence. The selection marker has been flanked with recombination sites 
for easy removal from the genome. We have found that the combined sgRNA / repair template plasmids produced by our kit 
drive successful HDR events with an efficiency of ~10% - 20% (number of transgenic lines / number of P0 animals injected). 
Our current constructs use a loxp-flanked unc-119 selection cassette, but the system can be easily modified for use with 
antibiotic selection or co-CRISPR strategies. 

1070A. Rapid discovery of novel mutations using saturation mutagenesis in vivo. T. Shapira, P. Ebert. School of Biological 
Sciences, University of Queensland, Brisbane, Queensland. 
   Site-directed mutagenesis has been extensively used to determine the contribution of amino acids to a protein’s function, 
but the technique is labor intensive and mostly applied to single-celled organisms. We have developed a method to achieve 
similar goals in the nematode Caenorhabditis elegans (C. elegans).Our lab has discovered that the core metabolic protein 
dihydrolipoamide dehydrogenase (DLD) is linked with resistance to the fumigant phosphine. To identify the structural 
perturbations to DLD that result in phosphine resistance, we performed genome-wide saturation mutagenesis by generating 
400,000 EMS-mutagenized worms, collectively resulting in ~1 mutation per 3 nucleotides. We screened the F2 generation of 
these mutants for phosphine resistance, and extracted DNA from the pooled survivors.  High-throughput sequencing of the 
dld-1 exons enabled us to identify 17 candidate SNPs, of which 3 have been previously identified in insects, 7 of which are 
nonsense mutations and 7 of which are missense mutations. Three of the missense mutations are in an area of the protein in 
which there are known mutations linked to phosphine resistance in insects and mutations responsible for Maple Syrup Urine 
Disease in humans. The two other variant amino acids are on the surface of the DLD enzyme. These variants may disrupt 
protein-protein interactions in the enzyme complexes that incorporate DLD, as has previously been proposed for the dld-
1(wr4) allele.Our method provides a simple, less-biased, genetic alternative to the biochemical approach of site-directed 
mutagenesis, enzyme purification and in vitro assays to identify amino acids essential to an enzyme’s function. The method 
has the advantage that protein function is determined in situ. Finally, the novel mutations provide candidates for further study 
that may cause phosphine resistance in insects and MSUD in humans. . 

1071B. An Environmentally Responsive 22G RNA Sensor. Adriel Ablaza1, Fernando Munoz-Lobato1, Katie Mellman1, 
Sanjeev Balakrishnan1, Chantal Brueggemann1, Bi-Tzen Juang3, Maria Gallegos2, Noelle L'Etoile1. 1) Cell & Tissue Biology, 
UCSF, San Francisco, CA; 2) Biological Sciences, CSUEB, Hayward, CA; 3) Biological Sciences and Technology, NCTU, 
Hsinchu City, Taiwan. 
   Caenorhabditis elegans forages for food by distinguishing between various odorants in a dynamic environment. Their 
sensory neurons have the ability to adapt to persistent attractive odors in the absence of food (Colbert and Bargmann, 1995). 
One instance is the adaptation to the odor butanone, which is regulated in the AWC olfactory sensory neuron (L’Etoile et al., 
2002).Olfactory adaptation in the AWC leads the repression of the odr-1 gene by an activated endogenous 22G small 
interfering RNA silencing pathway (L’Etoile and Bargmann, 2000; Juang et al., 2013). We found that mut-7, a 3’-5’ 
exonuclease which is involved in the small RNA biosynthetic pathway, is implicated in odr-1 22G RNA production and 



butanone adaptation while a ChIP analysis of HPL-2 was shown to load heterochromatin on the odr-1 locus (Juang et al., 
2013). This indicates that odr-1 22G RNA is a part of the endogenous siRNA pathway acting to silence odr-1 as a result of 
olfactory adaptation. However, there are limitations to qRT-PCR and ChIP analysis when investigating the activity of odr-1 
22G RNA. Neither technique offers a dynamic or cell-specific readout of odr-1 22G RNA function.Here, we discuss the 
development of a fluorescent reporter that may be capable of visualizing cell specific changes in odr-1 22G RNA in response 
to olfactory adaptation to the odor butanone. The creation of a single copy insertion strain that includes an odr-1 22G small 
RNA sensor is designed to determine whether odr-1 22G small RNA can silence mRNA production in the AWC neuron and 
germline and whether this silencing is altered in response to olfactory adaptation. We show that odor mediates silencing of 
the reporter and that this silencing is dependent on the dsRNA import channel SID-1. We will discuss how olfactory 
adaptation may mediate this silencing. 

1072C. Proteomic analysis of the nuclear RNAi pathway identifies EMB-4/AQR in transposable element regulation. Alper 
Akay1, Mark Larance2, Tomas Di Domenico1, Ragini Medhi1, George Allen1, Charles Bradshaw1, Angus I. Lamond2, Eric A. 
Miska1. 1) Gurdon Institute, University of Cambridge; 2) Centre for Gene Regulation and Expression, University of Dundee. 
   Endogenous small RNA pathways can induce transcriptional gene silencing in C. elegans. piRNAs bound to the PRG-1 
PIWI protein recognise their target by sequence complementarity and lead to the recruitment of RNA-dependent RNA 
polymerases (RdRPs). RdRPs, in turn, generate secondary siRNAs that are antisense to the target RNA and are 22 nt long 
with a 5’ G (22G-RNAs). Other endogenous small RNA pathways such as the 26G-RNA pathway use similar amplification 
steps leading to 22G-RNA synthesis. In the C. elegans germline, the amplified 22G-RNAs are loaded into the argonaute 
protein HRDE-1 which localises to the nucleus initiating the nuclear RNAi pathway. The nuclear RNAi pathway leads to the 
transcriptional silencing of target genes and requires multiple chromatin factors. Silenced genes accumulate the repressive 
chromatin mark H3K9me3 and, remarkably, silencing of genes can last for several generations (1-6). The majority of the data 
linking small RNA mediated transcriptional and heritable silencing is based on evidence from genetic experiments. In order 
to better understand the mechanism of transcriptional and heritable silencing, it is essential to understand how key proteins in 
this silencing pathway function. We identified the intron binding protein EMB-4/AQR as an interaction partner of HRDE-1 
in our immunoprecipitation experiments coupled to SILAC (7) based quantitative proteomics. Similar to hrde-1, emb-4/AQR 
is required for piRNA-mediated transgene silencing and the recently described 22G-RNA spreading (8) is inhibited in emb-
4/AQR mutant animals. RNA-seq experiments revealed that emb-4/AQR is required for the repression of a subset of piRNA 
targets including transposable elements. In addition, some transposable elements which are de-silenced in emb-4/AQR 
mutants are not targeted by the piRNA pathway, indicating a more global role for emb-4/AQR in transposable element 
regulation.  We are currently elucidating the molecular mechanism by which emb-4/AQR communicates with the nuclear 
RNAi machinery. 1. Ashe A et al. Cell. 150(1):88. (2012) 2. Buckley BA et al. Nature. 489(7416):447. (2012) 3. Luteijn MJ 
et al. EMBO J. 31(16):3422. (2012) 4. Shirayama M et al. Cell. 150(1):65. (2012) 5. Rechavi O et al. Cell. 158(2):277. 
(2014) 6. Han T et al. Proc Natl Acad Sci USA. 106(44):18674. (2009) 7. Larance M et al. Nat Meth. 8(10):849. 
(2011) 8. Sapetschnig A et al., PLoS Genet. 11(3):e1005078. (2015). 

1073A. Olfactory Sensory Neuron Regulation of the Germline in Response to Environment. Aarati Asundi1, Atsushi 
Suzuki1,2, Andrei Goga1, Noelle L'Etoile1. 1) Cell and Tissue Biology, UCSF, San Francisco, CA; 2) Cancer Research Unit, 
Drug Discovery Research, Astellas Pharma Inc., Tokyo, Japan. 
   The balance between proliferation and differentiation of stem cell populations must be responsive to changing molecular 
and physiological conditions. However, the mechanism behind this plasticity is not well understood. The C. elegans 
nematode is a tractable organism to study the influence of food sensation on physiology.  Recent studies suggest that the 
number of proliferating germ cells (PGCs), the only stem cell population in the adult C. elegans body, respond to the 
environment by communicating with sensory neurons. Sensory neurons are able to relay information about food abundance 
to the PGCs. Specifically, TGF-b signaling from the ASI gustatory neuron promotes increased PGCs when food is abundant 
and reduced PGCs when food is scarce [Dalfo et al. 2012]. The olfactory sensory neurons (OSNs), AWA and AWC, are also 
food-sensing neurons [Chalasani et al. 2007] and thus, may also regulate the PGCs. Indirect evidence suggests that the OSNs 
along with ASI reduce lifespan, perhaps via the germline [Alcedo et al. 2004 and Hsin et al. 1999]. Studies also suggest that 
the neurons secrete signals to affect behavioral responses to odor [Chalasani et al. 2010]. We propose that the OSNs may 
affect the physiology of the C. elegans nematode, as assessed by the PGCs and brood size, via secreted molecules. 
PGC counts and brood sizes from animals with genetically dysfunctional AWA or AWC neurons are discussed in this 
poster.A mobile RNA intermediate is an attractive candidate to mediate the communication between the OSNs and the 
germline. Published data from the L’Etoile lab shows that 22G RNAs synthesized in the AWC show increased levels worm-
wide upon odor exposure [Juang et al. 2013] and unpublished data indicate that this increase is dependent on the presence of 
SID-1 dsRNA channels. We discuss the effect of dysfunctional SID-1 channels on the PGC pool and brood size.Finally, the 
nuclear RNAi pathway, involving NRDE-1, 2 and 4, is able to regulate gene expression in the germline nuclei [Burton et al. 
2011]. Preliminary studies have shown that siRNA knockdown of the human homolog of NRDE-2 decreases the viability of 
mammalian cells transformed with the oncogene Aurora B kinase, which functions in chromosomal segregation during both 



mitosis and meiosis. We therefore examined the effect of mutant nrde-2 on the C. elegans PGC pool and brood size. Our 
results lead us to believe that nrde-2 has a conserved function in maintaining proper cellular proliferation. 

1074B. RNA Helicase A May Function to Upregulate Genes in the ALG-3/ALG-4 26G RNA Interference Pathway. Grace 
P. Bacon, Katherine M. Walstrom. Div. Natural Sciences, New College of Florida, Sarasota, FL. 
   Argonaute proteins have been well established as key players in RNA interference. The RNA interference process generally 
inhibits gene expression, but in recent years, argonautes were shown to play a role in the upregulation of particular gene 
targets. In C. elegans, spermatogenesis is a thermosensitive process. The argonaute proteins ALG-3 and ALG-4 have been 
shown to upregulate certain spermatogenesis genes at elevated temperatures, allowing for the production of functional sperm 
at these temperatures (Conine et al. 2010). Deletion mutants in RNA Helicase A (rha-1) have similar phenotypes as alg-3/4 
mutants, including the production of sterile worms at elevated temperatures. This project sought to determine whether a 
connection may exist between RHA-1 and ALG-3/4. This was achieved using immunofluorescence assays of spermatocyte 
features previously identified as changed in male alg-3/4 mutants (Conine et al. 2013). Between the control strain (him-8) and 
the two mutant strains (alg-3/4 and rha-1), both features (MSP expression and H3K4 dimethylation) were consistently 
changed. The changes in MSP expression were complicated and not statistically significant. H3K4 dimethylation was 
statistically significantly (α<0.05) lower in both alg-3/4 and rha-1 mutant spermatocytes compared to him-8 spermatocytes. 
These results were replicable across two procedures of immunofluorescence. H3K4 dimethylation is a common activating 
histone modification. Our results are consistent with those of Conine et al. and suggest that the increased presence of H3K4 
dimethylation in the control samples aided in the upregulation of sperm genes by ALG-3/4 and possibly by RHA-1. Given 
the wide range of similarities between the effects of these proteins on the sperm of C. elegans, it is likely that RHA-1 plays a 
role in the ALG-3/4 RNAi interference pathway.Conine, C. C. et al. (2010) PNAS 107, 3588.Conine, C. C. et al. (2013) Cell 
155, 1532. 

1075C. Sex- and tissue-specific regulation of RNA interference. Alexandra Bezler, Laurent Keller. Department of Ecology 
and Evolution, University of Lausanne, Lausanne. 
   RNA interference (RNAi) is a conserved mechanism modulating gene expression during development of many organisms. 
While the core RNAi pathway is well known, how different tissues in a living organism respond to exogenous RNAi is less 
understood.To quantify RNAi efficiency, we measured tissue specific fluorescence decrease upon gfp(RNAi) in C. elegans 
expressing ubiquitously GFP. We found that RNAi efficiency is sex specific. Hermaphrodites show efficient silencing in both 
soma and germline. By contrast, only the soma is RNAi sensitive in males, with strong RNAi resistance in the germline. 
Animals with transformed germline sex revealed RNAi sensitivity of both hermaphrodite spermatocytes (MOG) and male 
oocytes (FOG). Thus, hermaphroditic germline identity supports exogenous RNAi independently of somatic sex or cell type, 
suggesting that germline sex regulates RNAi in the germline.Altered expression of RNAi genes may cause such sex-
differences. Accordingly, we identified several essential RNAi genes with lower expression in males.In contrast to RNAi 
resistance in males directly exposed to dsRNA, we found that males inheriting primary siRNAs engage in efficient RNAi. 
Separation of dsRNA trigger (injection of RNAi defective mutant mothers) and target (paternal GFP) revealed that zygotic 
expression of RNAi regulators rde-4, rde-1, mut-7 or MAGO12 is sufficient for zygotic silencing in males. Thus, RNAi 
downstream of primary siRNA cleavage is functional, and hints towards a possible defect in primary siRNA cleavage or 
uptake in the male germline. We are currently profiling small RNAs upon exogenous RNAi to identify the limiting step in 
male germline RNAi processing. 

1076A. Abundant small RNAs in C. elegans have predictable features and include a class of 1-nt-staggered clusters of RNAs. 
Andrew Blumenfeld, Antony Jose. Department of Cell Biology and Molecular Genetics, University of Maryland, College 
Park, MD 20742. 
           Small interfering RNAs regulate gene expression and map to many genes in C. elegans. The most abundant of these 
small RNAs are generated by RNA-dependent RNA polymerases (RdRPs) and have a 5’-triphosphate. Many labs have used a 
5’-monophosphate-independent ligation of 18-nt to 28-nt RNAs followed by RNA-Seq to identify these RNAs, which are 
typically called “22G RNAs” because most of them are 22-nt long and begin with a 5’ G. However, it remains unclear if such 
RNAs form a single class and if the sets of   RNAs identified by different labs differ in their composition.  
        Here, we analyze RNA-Seq data from multiple labs to discover reliable features of abundant small RNAs in C. elegans. 
We find that these datasets have a characteristic and reproducible distribution of 15-nt to 26-nt RNA. These reproducibly 
detected RNAs are derived from at least two distinct classes: 20-nt to 22-nt RNAs (class A) and 15-nt and longer RNAs that 
are found as 1-nt-staggered clusters (class B). The 5’ end of class A RNAs are associated with a YGW motif where G is the 
5’-nt of the RNA, Y = C or U, and W = A or U.             Furthermore, RNAs with a 5’ A or U have a strong preference for an 
upstream C and RNAs with a 5’ C have a strong preference for an upstream U. Consistent with earlier proposals, these biases 
associated with class A RNAs likely reflect the requirements for initiation of synthesis by RdRPs. Class B RNAs are 
independent of all known RdRPs and their 5’ ends have no detectable nucleotide bias. Preliminary analyses suggest that class 
A and class B RNAs originate from distinct sets of genes.  



        The reproducible detection of RNAs that are as short as 15-nt suggests that current methods that typically select for 
RNAs longer than 18-nt underestimate stable and potentially functional shorter RNAs. Given the size of the C. elegans 
genome, sequences as small as 13-nt can potentially be used for sequence-specific regulation and even shorter RNAs may be 
used for gene regulation if a meaningful fraction of the genome (e.g. the exome) is selected for targeting through other 
mechanisms. 

1077B. Extracellular vesicle (ecv)RNA in C. elegans. Fabian Braukmann, Eric Miska. The Gurdon Institute & Department 
of Genetics, University of Cambridge, Cambridge, United Kingdom. 
   In all domains of life, non-coding RNAs regulate gene expression1. This mechanism called RNA interference has been a 
powerful technique in basic research over the last two decades. Today, RNAi enters the hospital and RNAi therapeutics have 
the potential to revolutionize drug development 2. One of the key challenges for RNAi therapeutics remains efficient RNA 
delivery. RNAi effectors move from cell to cell and spread through tissues in invertebrates, plants and fungi 3. In the 
mammalian system, extracellular vesicles (ECVs) shuttle RNA between cells 4. Recently, Wang et al. showed that C. 
elegans secrets ECVs in to the environment, possibly delivering RNA from animal to animal 5. However, the presents of 
RNA in ECVs and the molecular mechanism of mobile RNA between individuals is not known in any system. Here, I 
propose a purification protocol for extracellular vesicle (ecv)RNA released by the model organism C. elegans. Using this 
protocol, we sequenced small RNAs and RNAs from males, hermaphrodites and males deficient in vesicle release. A subset 
of small non-coding RNAs and messenger RNAs were enriched in male ECVs. This work characterizes the ecvRNA profile 
of C. elegans and may help to elucidate the social role of RNAs and has the potential to inform new approaches to RNAi 
therapy.1.       Cech, T. R. & Steitz, J. A. The noncoding RNA revolution-trashing old rules to forge new ones. Cell 157, 77–
94 (2014).2.       Ozcan, G., Ozpolat, B., Coleman, R. L., Sood, A. K. & Lopez-Berestein, G. Preclinical and clinical 
development of siRNA-based therapeutics. Adv. Drug Deliv. Rev. (2015). doi:10.1016/j.addr.2015.01.0073.       Sarkies, P. & 
Miska, E. A. Molecular biology. Is there social RNA? Science 341, 467–468 (2013).4.       Valadi, H. et al. Exosome-
mediated transfer of mRNAs and microRNAs is a novel mechanism of genetic exchange between cells. Nat. Cell 
Biol. 9, 654–659 (2007).5.       Wang, J. et al. C. elegans ciliated sensory neurons release extracellular vesicles that function 
in animal communication. Curr. Biol. 24, 519–25 (2014). 

1078C. Investigating the Functionality of LincRNAs in C. elegans. Gina Caldas, Craig Mello. RNA Therapeutics Institute, 
UMass Medical School, Worcester, MA. 
   Long intervening non-coding RNAs (LincRNAs) are RNA transcripts of 200 nucleotides or more that do not encode 
proteins and that are derived from genes that do not overlap with protein-coding genes. The functionality of LincRNAs has 
been demonstrated in several organisms, including humans. Similarly, their contribution to various cellular processes such as 
chromatin architecture regulation, dosage compensation, and cell cycle regulation, among others, has also been established. 
Despite the large number of predicted LincRNAs from diverse genomes, only a small number of LincRNAs have been well 
characterized and overall, very little is known about how LincRNAs carry out their functions. C. elegans is not the exception, 
and although the existence of several hundred LincRNAs is suggested from a previous bioinformatics study, none of these C. 
elegans LincRNAs have been characterized and their potential functionality remains unrevealed. By using CRISPR-mediated 
knock-out and various molecular and cell biology tools we set out to determine the functionality of a small set of LincRNAs 
in C. elegans and their potential mode of function. 

1079A. Elimination of length-bias enables northern blotting to complement RNA-Seq analysis of small RNAs. Yun Choi, 
Lanelle Edwards, DiBello Aubrey, Antony Jose. Cell Biology & Molecular Genetics, U. of Maryland College Park, College 
Park, MD. 
   Next generation sequencing of RNA (RNA-Seq) has become the standard technique to study the many types of small non-
coding RNAs. For example, it is common practice to measure microRNA (miRNA) expression by counting the reads in an 
RNA-seq library that map to known reference miRNA sequences. A complicating factor is that a single miRNA locus can 
produce a diverse population of related small RNAs (isomiRs) that usually differ by 1-4 nucleotides from the reference 
sequence. A miRNA variant that differs by even a single nucleotide at the 5’-end has the potential to change the target genes 
it can regulate due to the altered miRNA seed sequence. Examination of miRNAs in an RNA-Seq dataset prepared from mut-
2 mutant worms revealed that more than 80% of the reads that mapped to the miR-51 through miR-56 family were trimmed 
by up to nine nucleotides at the 5’-end. This observation was surprising because previous studies suggest that the putative 
nucleotidyltransferase MUT-2 affects the levels of piwi-interacting RNAs and small interfering RNAs but not miRNA.To 
verify the presence of these substantially trimmed miRNAs independent of the ligation and amplification biases inherent to 
RNA-Seq, we adapted a sensitive northern blot assay to quantitatively detect RNAs as short as 16 nt. This approach 
eliminates the bias against detecting shorter RNAs by using short probes with equal potential free energy of binding 5’-
trimmed variants and full-length miRNA. We also generated a complete mut-2 deletion mutant animal using CRISPR/Cas-9 
to test if MUT-2 is required for maintenance of the miR-51-56 family. We were not able to detect 5’-trimmed miRNAs in our 
mut-2 deletion mutant by northern blotting and further examination of many published small RNA-Seq libraries revealed that 



substantial 5’-trimming of the same miRNA family is present in datasets derived from N2 wild type animals.Because of the 
critical functions of small regulatory RNAs such as miRNAs, the use of sequencing to measure their abundances may soon 
become a clinical diagnostic tool. Our study raises caution about accounting for miRNA length variants and extends the 
range of northern blotting to quantify smaller sizes of RNAs. 

1080B. Comparative Functional Characterization of the CSR-1 22G-RNA Pathway in Caenorhabditis. Monica Wu1, Shikui 
Tu2, Jie Wang3, Asher Cutter4, Zhiping Weng2, Claycomb Julie1. 1) Molecular Genetics, Univ. of Toronto, Toronto, ON; 2) 
Program in Bioinformatics and Integrative Biology, Univ. of Mass. Medical School, Worcester, MA USA; 3) Biochemistry, 
Univ. at Buffalo, Buffalo, NY, USA; 4) Ecology and Evolutionary Biology, Univ. of Toronto, Toronto, ON. 
   As a champion of small RNA research for two decades, C. elegans has revealed the essential Argonaute CSR-1 to play key 
nuclear roles in modulating chromatin, chromosome segregation, and germline gene expression via 22G-small RNAs. 
Despite CSR-1 being preserved among diverse nematodes (Clade III and Clade V), the conservation and divergence in 
function of the targets of small RNA pathways remains poorly resolved. Here we apply comparative functional genomic 
analysis between C. elegans and C. briggsae to characterize the CSR-1 small RNA pathway, its targets, and their evolution. 
C. briggsae CSR-1-associated small RNAs that we identified by immunoprecipitation-small RNA sequencing overlap with 
22G-RNAs depleted in cbr-csr-1 RNAi-treated worms. Notably, our analysis of CSR-1 associated small RNAs in C. 
briggsae revealed a previously unappreciated class of 22A-RNAs that are also present in C. elegans. By comparing 22G-
RNAs and target genes between species, we defined a set of CSR-1 target genes mostly with conserved germline expression, 
enrichment in operons, and more slowly-evolving coding sequences than other germline genes, along with a small group of 
evolutionarily labile targets. We demonstrate that the association of CSR-1 with chromatin is preserved between species, and 
show that depletion of cbr-csr-1 leads to chromosome segregation defects and embryonic lethality. This first comparative 
characterization of a small RNA pathway in Caenorhabditis establishes a conserved nuclear role for CSR-1 and highlights its 
key role in germline gene regulation across multiple animal species. 

1081C. NHL-2 is a novel co-factor of the CSR-1 and WAGO 22G RNA pathways to maintain optimal germline function.. 
Gregory M. Davis1, Shikui Tu2, Michelle Francisco3, Zhiping Weng2, Julie M. Claycomb3, Peter R. Boag1. 1) Department of 
Biochemistry & Molecular Biology, Monash University, Melbourne, Victoria, Australia; 2) Program in Bioinformatics and 
Integrative Biology, University of Massachusetts Medical School, U.S.A; 3) Department of Molecular Genetics, University 
of Toronto, Canada. 
   The TRIM family protein, NHL-2, functions as a micro-RNA RISC co-factor in somatic tissues. NHL-2 is highly enriched 
in P-granules and the gonad core and nhl-2 null mutants display multiple germline defects, including oocyte chromosomal 
defects, reduced brood size and embryonic lethality. We conducted a genome-wide RNAi screen to identify genes that lead to 
synthetic phenotypes when knocked down in nhl-2 null mutants. Our screen identified the DEAD box RNA helicase, drh-3, 
which is required for the biogenesis of CSR-1 and WAGO-1 22G small RNAs. Knockdown of drh-3 in nhl-2 null mutants 
leads to marked chromosomal abnormalities in diakinetic oocytes and anaphase embryos, as well as significantly enhanced 
embryonic lethality.  Similar phenotypes were observed when csr-1, cde-1 or ekl-1 were knocked down in nhl-2 mutants. 
Furthermore, immunoprecipitation assays show that NHL-2 associates with CSR-1 and small RNA analysis of nhl-2 null 
mutants display decreased levels of specific CSR-1 and WAGO-1 22G-RNAs, while levels of miRNAs and 21U-RNAs 
appear unchanged. These data suggest that nhl-2 is required for normal levels of CSR-1 and WAGO-1 22G-RNAs and is 
required for the biogenesis or stability of these small RNAs. We hypothesize that the germline and chromosomal defects 
associated with nhl-2 null mutants are likely due to deficiencies associated with CSR-1 22G-RNAs. Collectively, this study 
shows that NHL-2 is a novel co-factor of both CSR-1 and WAGO-1 22G-RNA pathways. 

1082A. Rational design of protein coding sequences that evade piRNA-mediated germline silencing. Daniel J. Dickinson1,2, 
Bob Goldstein1,2. 1) Department of Biology, University of North Carolina at Chapel Hill, Chapel Hill, NC; 2) Lineberger 
Comprehensive Cancer Center, University of North Carolina at Chapel Hill, Chapel Hill, NC. 
   In the C. elegans germline, multiple mechanisms act to recognize and silence foreign DNA.  Because these pathways can 
operate on experimentally introduced transgenes, they pose a technical challenge to cell biologists studying the germline and 
early embryo.  Developing strategies to overcome or bypass silencing of transgenes would facilitate research in multiple 
fields that use C. elegans embryos as a model system.  One pathway that operates to silence single-copy foreign sequences 
involves recognition of the foreign DNA by genomically encoded 21U-RNAs, which initiate silencing through the Piwi 
Argonaute PRG-1 (Shirayama et al. 2012).  The diversity of 21U-RNAs is high enough to target essentially any DNA 
sequence. Endogenous germline genes are protected from silencing by a second pathway that involves sequence-dependent 
licensing by 22G-RNAs bound to the Argonaute CSR-1 (Seth et al. 2013).  Newly generated transgenes can adopt either an 
expressed or a silent state as a result of competition between these two pathways.  In some cases, recognition of the GFP 
portion of a transgene by the PRG-1 pathway can lead to complete silencing.  Because silencing is sequence-dependent, we 
thought it should be possible to design protein coding sequences that evade recognition by PRG-1 and thereby escape 
silencing. Designing sequences that lack 21U-RNA recognition sites is difficult because the number of 21U-RNAs is very 



large, and their base pairing specificity (i.e., mismatch tolerance) has not been well characterized.  However, we reasoned 
that bona fide germline-expressed genes should be depleted for high-affinity 21U-RNA binding sites, and might also be 
enriched for 22G-RNA binding sites that could facilitate expression.  Therefore, we developed an algorithm that constructs a 
coding sequence for a given protein of interest by assembling short “words” found in germline-expressed genes.  We refer to 
coding sequences generated in this way as “germline optimized.”  We constructed synthetic transgenes to test whether 
germline-optimized sequences are resistant to silencing.  We obtained robust germline expression of bacterial proteins that 
were otherwise efficiently silenced.  Moreover, by using a germline-optimized GFP coding sequence, we were able to obtain 
expression of gfp::cdk-1, a model transgene that is particularly prone to silencing.  We have produced a web-based tool that 
allows users to evaluate the degree of germline optimality of existing transgenes and to design germline-optimized coding 
sequences for any protein of interest. . 

1083B. Investigation of germ line specific argonaute WAGO-4 and its role in exogenous RNAi pathway and programmed 
cell death. Luca Ducoli1, Martin Keller1,2, Michael O. Hengartner1. 1) Institute of Molecular Life Sciences, University of 
Zurich, Zurich, Switzerland; 2) Molecular Life Sciences PhD program, Life Science Zurich Graduate School, 
ETH/University of Zurich, Zurich, Switzerland. 
   RNAi-related pathways play different roles in regulation of important biological mechanisms, including post-transcriptional 
regulation, apoptosis, meiosis, and defense against pathogens. These diverse functions raised in the last years the idea that 
RNA silencing pathways are connectors of different processes. Moreover, past studies have shown that dysfunctions in 
regulation of these fundamental processes lead to different human diseases.We focused on a novel C. elegans germ line 
specific Argonaute protein, WAGO-4. We observed that this AGO-2 human ortholog seems to play an important role in 
connecting two important pathways: germ cell apoptosis and germ line exogenous RNAi.Immunostaining images of a flag-
tagged wago-4 transgenic line indicated that protein expression is located only in germ line. Congruent with this tissue 
specific expression pattern, we found that loss-of-function mutations of wago-4 are resistant to germ line exogenous RNAi. 
Furthermore, we observed that these deletions provoke a decrease of cells undergoing apoptosis in gonads. Our suggestions 
were confirmed by showing a negative interaction between WAGO-4 and a protein involved in the regulation of programmed 
cell death. We demonstrated that this protein binds to the 3’UTR region of wago-4 mRNA.In order to characterize wago-4 
further, we plan to elucidate both protein-RNA interactions using CLIP and protein-protein interactions using 
immunoprecipitation of WAGO-4. With other genetic approaches, including epistasis analysis and expression analysis, we 
would like to characterize the role of the protein in RNAi pathway and its subcellular localization. 

1084C. Implication of a new post-translational modifier in microRNA-mediated gene regulation. Lucile Fressigné1,2, Gabriel 
D. Bossé1,2, Sandra Piquet1,2, Martin J. Simard1,2. 1) CRCHU - Université Laval, QUEBEC, Québec; 2) Laval University 
Cancer Research Centre. 
   microRNAs are small non-coding RNAs which form a silencing complex (miRISC) in association with Argonaute proteins 
(ALG-1/2). These complexes specifically bind messenger RNA (mRNA) 3’ untranslated regions (3’ UTR) in order to 
regulate gene expression. microRNAs are involved in the regulation of genes implicated in cell proliferation and 
differentiation. Deregulation of the cellular level of microRNAs has been shown to contribute to cancer development. It is 
therefore essential for cells to control microRNA production and degradation.A previous study in our laboratory identified 
DCS-1, the human ortholog of decapping scavenger enzyme DcpS, in complex with XRN-1 (5’-3’ exonuclease), as an 
important regulator of microRNA level in C. elegans (Bossé et al, Mol. Cell, 2013). From this work, we identified a new 
degradation complex which is involved in the microRNA regulation but it is still unclear how microRNAs are selected and 
targeted for degradation by this complex.To gain some insights about microRNAs regulation, we identified components of 
the DCS-1 degradation complex using mass spectrometry. Among the interactors, we found the type 2C phosphatase PPM-2. 
The loss of ppm-2 induces several developmental defect which are associated with the loss of microRNAs. ppm-2 genetically 
interacts with the let-7 microRNA family by enhancing the defects observed in these mutant animals. We further observed 
that the loss of ppm-2 abrogates the gene silencing induced by let-7. At the molecular level, mature microRNAs are 
downregulated in ppm-2 mutant animals. While key components of the miRISC and degradation complex are not affected in 
this mutant animal, we observe a defect in the release of microRNAs from the miRISC.Taken together our results suggest 
that PPM-2 is required for the release of the microRNAs from the silencing complex. 

1085A. VET-2 interacts with CSR-1 in C.elegans early embryos. Krishna Ghanta, Masaki Shirayama, Craig Mello. Umass 
Medical School, worcester,MA. 
   Argonaute proteins are central to small RNA pathways that control mRNA turnover, translational regulation, viral defense, 
and transposable element suppression. In Caenorhabditis elegans, 22 nucleotide RNAs (22G RNAs) produced by the RNA 
Dependent RNA Polymerases (RDRPs), EGO-1 and RRF-1, bind to the argonaute CSR-1 and members of the Worm specific 
Argonautes (WAGOs) respectively. CSR-1 associated 22G RNAs target thousands of germline mRNAs (Claycomb et al., 
2009). However, unlike other argonautes, CSR-1 promotes the expression of its mRNA targets instead of silencing them 
(Claycomb et al., 2009 and Cecere et al., 2014).  Genetic studies suggest that CSR-1 counteracts piRNA and WAGO 



dependent silencing (Shirayama et al., 2012 and Seth et al., 2013). CSR-1 is both maternally and paternally supplied to 
zygotes in C. elegans (Conine et al., 2013). In embryos, GFP::CSR-1 is diffusely cytoplasmic until the 4 cell stage. From 8-
cell stage, it starts to aggregate into cytoplasmic foci in somatic cells.  These foci are brightest at the 25-30-cell stage and 
completely disappear by the 60-cell stage. After the 60 cell stage GFP::CSR-1 is primarily located in the P-granules of the P-
lineage cells.The vet-2 gene was originally identified as a very early zygotically transcribed gene, whose expression, 
beginning at the 4-cell stage, was restricted to somatic lineages by PIE-1 repression (Sedoux et al., 1996).  Here we show that 
VET-2 protein interacts with CSR-1 both in vivo and in the yeast 2 hybrid assay. Interestingly, CRISPR-induced loss-of-
function mutations in vet-2 result in the failure of CSR-1 to form aggregates in somatic blastomeres. Moreover, a VET-
2::mCherry fusion protein (knocked in by CRISPR) is also expressed in cytoplasmic foci, where it accumulates with CSR-1 
beginning at the 60-cell stage just prior to the disappearance of CSR-1 protein. It has been proposed that VET-2 might act as 
a linker protein in the autophagy pathway (Zhang et al., 2009). In future, we plan to characterize the nature of the CSR-
1/VET-2 foci and explore what other factors localize there. It will be interesting to determine if VET-2 is required for the 
autophagy of CSR-1 protein complexes. 

1086B. Developmentally regulated rapid degradation of specific miRNAs. Rajani Gudipati, Gert-Jan Hendriks, Dimos 
Gaidatzis, Stephane Thiry, Helge Grosshans. Friedrich Miescher Institute for Biomedical Research, Maulbeer strasse, Basel 
4058, Switzerland. 
   MicroRNAs (miRNAs) are small (∼22 nucleotide) non-coding RNAs that are important for the regulation of numerous 
biological processes. They exert their function through antisense mechanism by repression of translation and/or degradation 
of target mRNAs. Whereas the activity of miRNAs has been extensively studied, less is known about their regulation. 
Initially it was thought that miRNAs are extremely stable with half-lives estimated to be in the order of days. However, 
recent data from both plants and animals demonstrated the active degradation of specific miRNAs by ribonucleases. To 
identify, the miRNAs that are actively turned-over, we have analyzed the expression profile of C. elegans miRNAs at high 
temporal resolution during larval development. We have thus identified two miRNAs that are rapidly and extensively 
degraded, with an apparent half-life of approximately 1 hour. Strikingly, despite their similar expression patterns, 
transcriptional GFP fusion transgenes indicated them to be expressed in distinct and specific tissues. We are currently 
working on identification of the developmental functions of these miRNAs and the ribonuclease/s that mediate their 
degradation. For the former, identification of targets will be of particular importance, which may be achieved through gene 
expression profiling. Thus, we have tested and optimized a new RNA sequencing kit (NuGEN Ovation Universal RNA-Seq 
System), which we find to work well for sequencing of total RNA with small amounts of input material. This system enables 
specific depletion of unwanted transcript sequences such as rRNA from the RNA-Seq library. (The participation of this 
abstract’s presenter is made possible by financial support from NuGEN). 

1087C. Defects in miRNA biosynthesis leads to decline in proteostasis. Nihal Gulseren-Cakmakci, Isa Ozdemir, Funda Sar. 
Molecular Biology and Genetics, Koc University, Istanbul, Istanbul. 
   microRNAs (miRNAs) are ~22 nucleotides long, non-coding RNAs that down-regulate gene expression by inhibiting 
translation and/or by increasing mRNA degradation. Studies with knockouts of miRNA biogenesis genes showed that 
miRNAs are essential for both embryonic and larval development in C. elegans. However, post-developmental roles of 
miRNAs have not been fully explored. Recently, a temperature sensitive allele of miRNA biogenesis gene pash-1 has been 
isolated, in which miRNA production can be inactivated by temperature up-shift. pash-1 gene encoding PASH-1 protein that 
is essential for miRNA biogenesis. PASH-1/DGCR8 guides cleavage of primary miRNA, generating precursor miRNA 
Using this allele, it has been shown that loss of miRNA production leads to a rapid aging phenotype. It is known that 
functional decline in stress responses, mitochondrial dysfuntion, autophagy and proteastasis contributes to aging. Strikingly, 
pash-1ts mutant animals display 50% paralysis at early adulthood on day 5 after temperature up-shift, while wild type 
animals do not show any motility defects. Also half-life of pash-1ts animals are 40% shorter than wild type animals. 
Furthermore, we observed higher toxic oligomer level and aggregations in pash-1ts animals compared to wild type. When we 
enhanced the proteastasis capacity by chemical treatment, the motility defects in pash-1ts animals were rescued by 80-100% 
on day 5 and their life span were increased by 20%. Expression of aggreagation-prone meta-stable proteins has a widespread 
effect in protein homoestasis in C. elegans. When pash-1ts animals were crossed with animals that express meta-stable 
proteins, the phenotypes due to aggregations were observed at earlier time point than in either pash-1ts or proteotoxic model 
strains. Thus far, our results showed that miRNA biosynthesis is required for functional proteastasis, and absence of miRNAs 
leads to protein aggregations in C. elegans. Currently, our efforts focus on understanding which step(s) of proteastasis is 
affected and determination of the miRNAs that contributes to protein homoestasis. 

1088A. Environmentally induced small-RNAs inheritance. Leah Houri-Ze'evi, Sarit Anava, Oded Rechavi. Department of 
Neurobiology, Wise Faculty of Life Sciences and Sagol School of Neuroscience, Tel Aviv University. 
   The discovery of inherited epigenetic marks, and in particular - the inherited characteristics of the RNAi response - gave 
rise to a process of reconsidering the Lamarckian ideas of inheritance of acquired traits. Recent studies suggest that certain 



traits acquired by an animal during its lifetime may be transmitted to next generations. Specifically, new findings have 
demonstrated that severe L1 arrest of the worms leads to the generation of specific small-RNAs pattern antisense to 
endogenous genes. These patterns are inherited and therefore poses the potential of "memorizing" the ancestral environment 
and prepare the progeny for anticipated difficulties.Using a combination of deep-sequencing methods and phenotypic assays, 
our recent efforts suggest that inherited small RNAs indeed reflect the ancestral environment, and have a possible role in 
preparing the progeny for relevant hardships. In addition, we identify a set of genes which are regulated by environmentally 
induced inherited small-RNA patterns and examine their involvement in epigenetically-mediated adaptation. 

1089B. Autoactivation of lin-4 miRNA Expression in C. elegans Development. A. Jiao1, D. Foster1, J. Dixon1, A. Bauer1, F. 
J. Slack2. 1) Molecular Cellular Developmental Biology, Yale University, New Haven, MA; 2) Department of Pathology, 
Beth Israel Deaconess Medical Center, Boston, MA, USA. 
   A genetic screen for developmental timing mutants in C. elegans led to the discovery of the first microRNA (miRNA), lin-
4. lin-4 mutants display severe developmental phenotypes, including defects in seam cell fate determination and vulval 
morphogenesis. In wild-type animals, lin-4 is upregulated towards the end of the first larval stage (L1), promoting the 
developmental transition to L2 and onward. However, not a single activator of lin-4 transcription has been reported. Here we 
present evidence for a highly non-canonical mode of miRNA regulation and function: we show that the lin-4 miRNA is 
necessary and sufficient to drive its own reporter gene expression, through a conserved complementary element in the lin-4 
promoter. Further, we confirm the endogenous importance of lin-4 and the lin-4 complementary element (LCE) in 
autoactivation using CRISPR-generated lin-4 and LCE mutants. Finally, our data suggests that all four nuclear RNAi genes, 
nrde-1 through nrde-4, are required for activating lin-4 expression. . 

1090C. 21U RNAs are required for a proper 22G RNA reset. Rene Ketting, Bruno de Albuquerque, Maria Placentino. 
Institute of Molecular Biology, Mainz. 
   The germline of C. elegans is a tissue housing an extremely rich and complex network of small RNA-mediated pathways. 
At least three types of small RNAs are expressed in germ cells, including so-called 22G, 26G and 21U RNAs. All three types 
are bound by distinct Argonaute proteins and can have different effects on gene expression or transposon regulation. Even 
though all three types of small RNAs have been heavily studied, our understanding about how these different pathways 
interact remains limited.We will describe novel interactions between 21U RNAs (the worm’s piRNAs, bound by PRG-1) and 
22G RNAs (the worm’s endo-siRNAs). While attempting to wipe out trans-generationally transmitted 22G RNA populations 
in genetic backgrounds that lack 21U RNAs, we uncovered that 21U RNAs are essential for the re-establishment of ‘normal’ 
22G RNA populations when there is no 22G RNA information coming from the parents. In fact, animals without parental 
22G RNA information that also lack 21U RNAs are sterile, most likely because the 22G RNA-generating apparatus starts to 
direct silencing towards regular, germ-cell-expressed genes. We describe how one of the C. elegans Argonaute proteins, 
HRDE-1, is required to induce this sterility. Furthermore, we demonstrate that HRDE-1, also under normal circumstances, is 
in fact loaded with 22G RNAs from germ cell expressed genes and that the CSR-1 pathway likely acts to reduce to load of 
these, potentially detrimental 22G RNAs in HRDE-1. Our data strongly suggest that HRDE-1 and PRG-1 serve as the main 
input queues for the 22G RNA apparatus, with PRG-1 bringing in hard-wired silencing information through genome-encoded 
21U RNAs, and HRDE-1 bringing in ‘soft’ information in the form of parentally transmitted 22G RNA populations. Other 
Argonautes, such as WAGO-1, 2 and 3 likely work downstream of these, since prg-1; hrde-1 double mutants display equally 
strong silencing defects as wago-1/2/3 triple mutants, as judged by transposon re-activation. 

1091A. Mechanism and regulation of piRNA biogenesis in the C. elegans germline. J. Kosalka, EM. Weick, E. Miska. 
Wellcome Trust/CRUK Gurdon Institute, Department of Genetics, Tennis Court Road, Cambridge, United Kingdom. 
   Mechanism and regulation of piRNA biogenesis in the C. elegans germlineJoanna Kosalka, Eva-Maria Weick, Eric A 
MiskaWellcome Trust/CRUK Gurdon Institute/Department of Genetics, University of Cambridge, Cambridge, United 
KingdomPiwi-interacting RNAs (piRNAs) are the most recently identified and by far the largest class of endogenous small 
regulatory RNAs (sRNAs). In C. elegans, piRNAs are synthesised as single strand precursors from specific genomic loci 
known as piRNA clusters, processed into mature 21 nucleotides long, 5'U sRNAs that are recognised by the PIWI clade of 
Argonaute proteins. piRNAs are germline-expressed and are essential for fertility and genome stability. piRNAs can align to 
transposons and repetitive sequences in an antisense orientation, targeting them for silencing and the loss of the piRNA 
pathway results in reactivation of transposons. In addition, some endogenous protein-coding genes are under control of the 
piRNA pathway.Many aspects of the C. elegans piRNA pathway remain poorly understood and elucidating the biogenesis of 
21U RNAs is of particular interest. Importantly, the fundamental questions of how the synthesis of piRNA precursors is 
initiated and directed to specific loci, and how the maturation of the precursor molecules is executed, remain unanswered. 
Furthermore, the developmental regulation of piRNA expression is unknown.In a forward genetic screen our lab has 
identified prde-1 (piRNA defective) as an essential germline-expressed factor for piRNA biogenesis (Weick et al. 2014). 
prde-1 is involved in the initial steps of piRNA biogenesis and is indispensable for piRNA precursor synthesis and/or 
stability. Interestingly, PRDE-1 protein localises specifically to parts of chromosome IV coinciding with the large piRNA 



cluster. Although the molecular mechanisms of prde-1 function are currently unknown, these findings provide an exciting 
starting point to elucidate the mechanisms of piRNA cluster transcription and regulation.Here we will present our most recent 
progress on understanding the molecular machinery required for the biogenesis of piRNAs. We used a range of biochemical 
approaches to identify and characterise PRDE-1-interacting proteins and their role in piRNA biogenesis. 

1092B. RNA editing is important for regulation of RNAi mechanism. Boaz Goldstein, Lily Agranat-Tamir, Ayelet Lamm. 
Faculty of Biology, Technion - Israel Institute of Technology, Haifa 3200003, Israel. 
   RNA editing by adenosine deaminases (ADARs) is a conserved and widespread phenomenon in which RNA editing 
enzymes convert adenosine (A) to inosine (I) in double-stranded RNA molecules. The inosine in the mRNA is recognized as 
guanosine (G) by the translation and splicing machineries and thus can lead to change in protein structure and function. Lack 
of ADAR enzymes in C. elegans causes defects in normal development but they are not essential as in human and mouse. 
Gene silencing induced by siRNAs through the RNA interference (RNAi) machinery is a widespread and diverse feature of 
eukaryotes. Both mechanisms, RNA editing and RNAi, are important for normal organism development and function by 
regulating gene expression and both target similar RNA molecules. Previous studies in C. elegans indicated interaction 
between RNAi mechanisms and RNA editing mechanisms; however, the extent of the relationship and how these 
mechanisms co-regulate gene expression remains unknown. We use high-throughput transcriptome analysis of both siRNA 
and mRNA, together with functional analysis, to study the abundance and content of siRNAs generated from RNA editing 
sites and to ascertain whether their generation is dependent on RNA editing. Here I will present our findings that show a role 
for ADAR in regulating siRNA production and in microRNA function. We performed a very restrictive screen to identify 
RNA editing sites in non-repetitive regions in the genome and detected thousands RNA editing sites, which include sites in 
more then 50 genes that are edited at their 3’ UTR region. These genes are mainly germline and neuronal genes and are 
enriched for microRNA binding sites. In addition, we found that siRNAs generated from the 3’UTR editing sites reflect the 
editing change. This suggests that RNA editing processes the dsRNA before RNAi. Our findings also show that RNA editing 
prevents Dicer from processing dsRNAs. Together our results shed light on how dsRNA are processed and how their 
expression is regulated. 

1093C. Regulation of DCR-1-dependent RNAi pathways through DCR-1 phosphorylation. Ahilya Sawh1, Alexandra 
Lewis1, James Wohlschlegel2, Thomas Duchaine1. 1) Department of Biochemistry and Goodman Cancer Research Centre, 
McGill University, Montreal, QC, H3G 1Y6, Canada; 2) Department of Biological Chemistry, UCLA, Los Angeles, CA, 
90095, USA. 
   RNA interference (RNAi) pathways are directed by small (18-22nt) non-coding RNAs and orchestrate a variety of 
evolutionarily-conserved gene-silencing programs.  The type III RNase protein Dicer is at the center of most of these 
pathways, including responses triggered by exogenous sources of long double-stranded RNA (exoRNAi).  Other pathways, 
such as microRNA-mediated silencing and endoRNAi are triggered by endogenous loci, and control developmental and 
homeotic events.  Dicer’s role is crucial and three-fold: it cleaves long dsRNA precursors into smaller RNAs that direct 
silencing events, it loads the small RNAs into Argonaute proteins to form an active RNA-induced silencing complex (RISC), 
and it acts as a scaffold for several protein co-factors required for substrate recognition and processing.  In C. elegans, Dicer 
(DCR-1) is essential in three small-RNA mediated silencing mechanisms including exoRNAi and ERI endoRNAi, two RNAi 
pathways that compete for downstream effectors.  DCR-1 is part of distinct multi-protein complexes in each of these RNAi 
pathways: RDE complex in exoRNAi and ERIC in ERI endoRNAi.We discovered and validated several phosphorylated 
determinants of DCR-1 in the C. elegans.  Particular attention was placed on a cluster of phosphorylated sites between the 
PAZ and RNase III domains, one of which could implicate AMPK signaling.  Recent crystal structures of human Dicer have 
shown that this region could be involved in recognition of dsRNA substrates.  We thus hypothesized that phosphorylation in 
this cluster could impair substrate recognition, or alter its specificity.To study the effect of DCR-1 phosphorylation on the 
three DCR-1-dependent RNAi pathways in C. elegans, transgenic strains were engineered expressing phosphorylation-
deficient, and phosphorylation-mimetic mutants of DCR-1 in this cluster of sites.  Functional analysis on these strains 
revealed that phosphorylation-deficient mutants display an impaired exoRNAi response, and severe developmental defects. 
Phosphorylation-deficient DCR-1 mutants also enhance interaction with ERI-endoRNAi DCR-1 cofactors.  Taken together, 
these results support a model wherein DCR-1 phosphorylation may promote its shift from the ERIC to the RDE 
complex.  Post-translational regulation of Dicer and RNAi pathways are largely unexplored and could potentially be 
incredibly impactful in light of their crucial roles in development and disease.  The present study will shed light on how 
RNAi pathways integrate signals through phosphorylation signaling cascades. 

1094A. Screen for Micro-RNA Activation of the Dietary Restriction Pathway and for Effect of Micro-RNA Deletions on 
Fitness in Caenorhabditis elegans. Andrew Liebau, Monica Driscoll, Mehul Vora. Rutgers University, New Brunswick NJ. 
   Caloric /Dietary Restriction (CR/DR) is a highly conserved survival response that that extends both lifespan and healthspan 
in organisms experiencing lowered caloric intake with good nutrition. The Driscoll Lab has previously shown that C. elegans 
micro RNA-80 (mir-80) represses the dietary restriction pathway in well-fed organisms. The mir-80 mutant constitutively 



undergoes dietary restriction in spite of food availability and receives the benefit of a longer and healthier life. We are 
currently studying the mir-80 family of micro RNAs for their role in DR regulation. Current data suggests that one family 
member is critical for the DR state when mir-80 is deleted. We are also searching for miRNAs that have the opposite function 
of mir80, ones that are required for the animal to undergo DR. Preliminary results using markers characteristic of DR have 
identified several candidate miRNAs that appear to have a role in the regulation of DR. Mutants in these genes appear to be 
unable to undergo DR when they are starved.Another avenue of research we are undertaking is the investigation of the effect 
that miRNA deletions have on the healthspan of C. elegans in general. The computer program CeleST, developed by the 
Driscoll lab to analyze the swimming of nematodes, has identified several miRNA mutations that affect muscle health. We 
are currently testing these for additional longevity phenotypes. 

1095B. A worm lincRNA plays a role in dauer constitutive control. Yongjun Li, Pengpeng Liu, Lijiang Long, Zuoyan Zhu, 
Dong Liu. School of Life Science, Peking University. 
   Long intergenic non-coding RNAs (lincRNAs) act as regulatory elements or motifs of a variety of biological processes in 
living organisms. In an attempt to find all lincRNAs and to assign them with functions in C. elegans, we identified linc-171, 
lacking a (or containing a very short) poly (A) tail, might positively regulate its nearby protein coding gene, c25a1.5, in 
trans. By a series of genetic analyses, we found that linc-171 possessed specific expression pattern and worked downstream 
of PHA-4. Knocking down linc-171 by RNAi or large truncation of linc-171 locus led to significantly increased dauer 
formation and this enhancement was daf-12 dependent. Furthermore, phenotypes caused by linc-171 RNAi or truncated linc-
171 could be rescued by c25a1.5 or its human homolog, FA2H, both of which encode a fatty acid hydroxylase that is required 
for 2’-hydroxy ceramide synthesis. Since ceramide has already been implicated in cell growth arrest control, our experiments 
suggest that linc-171 may control worm dauer development or developmental arrest through regulating c25a1.5 and reveal 
important biological function(s) of a non-mRNA like lincRNA in C. elegans. 

1096C. Using C. elegans as a Tool to Decipher the Mechanisms of Extracellular Small RNA Pathways in the Parasitic 
Nematode, H. polygyrus. Amy Buck1, Tuhin Maity2, Franklin Chow1, Georgios Koutsovoulos1, Cesare Ovando-Vázquez3, 
Mark Blaxter1, Cei Abreu-Goodger3, Julie Claycomb2. 1) Centre for Immunity, Infection and Evolution, School of Biological 
Sciences, University of Edinburgh, Scotland; 2) Department of Molecular Genetics, University of Toronto, Toronto, Ontario, 
Canada; 3) Laboratorio Nacional de Genómica para la Biodiversidad, Langebio-CINVESTAV, Mexico. 
   The discovery that small RNAs (sRNAs) exist outside of cells and can be transferred from one cell to another in a 
functional form has opened a new frontier of small RNA biology. Mobile sRNAs and their Argonaute (AGO) binding 
partners enable cell-to-cell communication and could, in theory, act as a means of communication between different 
organisms. However, the basic mechanics of extracellular sRNAs are not understood, including how specificity in secretion 
is achieved and how sRNAs enter a functional RNA interference (RNAi) pathway in recipient cells. Without these details, it 
is difficult to predict how prevalent mobile sRNAs are in nature, and to discern how to harness their biomedical potential. 
Here we examine sRNA secretion and transport in a host-pathogen system based on our previous report that an Argonaute 
protein (HpWAGO) and sRNAs, including microRNAs (miRNAs), are secreted by Heligomosides polygyrus, a 
gastrointestinal nematode that infects mice.  We aim to understand whether and how this nematode Argonaute protein 
functions inside the parasite, and how it can integrate into a functional RNAi pathway inside the mouse host. Our studies 
involve a multi-pronged approach, including detailed characterization of the RNA and protein binding partners of HpWAGO 
in both nematode and mice, using biochemistry, high throughput sequencing and computational methods. In addition to our 
studies in H. polygyrus and mice, we are examining HpWAGO in a genetically tractable and free-living nematode model by 
attempting to recapitulate the HpWAGO/sRNA secretion system in C. elegans. These efforts would enable us to further 
genetically and biochemically dissect the secretion mechanism and molecular functions of HpWAGO. Together, this 
integrated approach is likely to yield new key insights into the mechanisms and functions of mobile and extracellular small 
RNA pathways. 

1097A. A novel genetic approach to identify new factors implicated in Argonaute-dependent repression of mRNA. Pascale 
Michaud1,2, Guillaume Jannot1,2, Martin J. Simard1,2. 1) CRCHU-Université Laval, Québec, Québec; 2) Laval University 
Cancer Research Centre. 
   MicroRNAs are short non-coding RNAs of 20 to 22 nt that repress the translation of target messenger RNAs. Once the 
mature miRNA is produced, it is loaded onto an Argonaute protein to form a silencing complex with the GW182 proteins 
(AIN-1 and AIN-2 in C. elegans). While recent observations indicate that cellular factors associated with the 3’UTR of 
mRNAs can actively contribute to miRNA-mediated gene silencing in animals, little is known about the identity of the genes 
implicated at this step of the pathway.We designed a novel genetic screen using a transgenic animal containing the gfp gene 
fused to the 3’ UTR of cog-1 in which the natural miRNA lsy-6 binding sites were replaced by six box B sequences. This 
transgenic animal also expresses a functional alg-1 gene fused to a λN peptide and tagged with mCherry. The λN peptide 
specifically binds to the box B sequences and this tethering of ALG-1 to the 3’ UTR of the gfp mRNA is sufficient to repress 
its expression. The repression of this reporter is therefore independent of miRNAs but still requires miRNA-specific 



Argonaute complex to fully block protein synthesis.A forward genetic screen was conducted to find mutants which 
misregulate the GFP transgenic reporter. The screen has allowed us to isolate candidates expressing both mCherry and GFP, 
suggesting the alteration of new genes necessary for the repression of the reporter. Characterization of these candidates is 
currently on going in order to identify the mutations responsible for this GFP derepression. With this innovative screen we 
will reveal genes specifically contributing with the miRNA-silencing complex to silence targeted mRNAs. 

1098B. Exploring roles for C. elegans Argonaute/small RNA pathways in splicing. Amena Nabih1, Shikui Tu2, Christopher 
J. Wedeles1, Zhiping Weng2, Julie M. Claycomb1. 1) Department of Molecular Genetics, University of Toronto, Canada; 2) 
Program in Bioinformatics and Integrative Technology, University of Massachusetts Medical School, USA. 
   Our understanding of endogenous small RNA pathways has grown dramatically over the past twenty years to encompass a 
host of gene regulatory activities, ranging from mRNA decay and translational repression in the cytoplasm, to transcriptional 
modulation in the nucleus. In these pathways, Argonautes (AGOs) are guided to target transcripts by small RNA binding 
partners via sequence complementarity. Upon recruitment to their targets, Argonautes in turn engage other regulatory 
proteins to effectively execute various gene regulatory outcomes. Although many aspects of small RNA mediated gene 
regulation have been studied at depth, one that has yet to be explored thoroughly is the role of Argonaute/small RNA 
pathways in splicing. Several recent studies have implicated human Argonaute/small RNA pathways in influencing 
alternative splicing (Allo et al., 2014, Ameyar-Zazoua et al., 2012). Conversely, stalled spliceosomes have been shown to 
trigger small RNA mediated genome defense in fungi (Dumesic et al. 2013). These tantalizing initial results open the 
possibility that splicing and small RNA pathways could be intricately linked to provide combinatorial regulation of gene 
expression and/or genome defense over a broad range of species.With 26 Argonautes and four types of endogenous small 
RNAs, C. elegans possesses a rich tapestry of small RNA mediated gene regulatory activity. In C. elegans, thus far one 
report has implicated small RNA pathways (CSR-1/22G-RNA and PRG-1/piRNA) in the alternative splicing of a single 
transcript, tor (target of rapamycin) (Barberan-Soler et al., 2014). CSR-1 is an essential Argonaute that plays a key role in 
positively regulating the majority of germline transcripts at the transcriptional level (Wedeles, Wu and Claycomb, 2013; Seth 
et al., 2013; Conine et al., 2013; Cecere et al., 2014). Two additional studies have revealed changes in alternative splicing 
patterns for a number of germline genes that are also the targets of the CSR-1 small RNA pathway (Ramani et al., 2010; Ortiz 
et al., 2014), opening the possibility that the CSR-1 small RNA pathway could play important roles in splicing germline 
transcripts. A role for CSR-1 in splicing is further supported by our preliminary data, which show a physical interaction with 
a conserved splicing factor. Ongoing transcriptome and phenotypic analysis of various strains in which csr-1 or the splicing 
factor are lost will shed led light on the impact of these factors on splicing across the genome, and may provide key insights 
into the role of small RNA pathways in splicing during C. elegans development. . 

1099C. Modified OP50 E. coli expressing dsRNA elicite a robust RNA interference response in C. elegans. Isaiah Neve, 
Jessica Sowa, Meng Wang. Molecular and Human Genetics, Baylor College of Medicine, Houston, TX. 
   In the majority of research laboratories using C. elegans as a model, they sustain their animals on the B strain E. coli 
OP50.  This strain is easy to manipulate in the laboratory, and has provided us with a key platform for defining many genetic 
pathways. Simultaneously, the series of revolutionary realizations which culminated in the 2006 Nobel Prize, quickly allowed 
the technique of dsRNA feeding to incite RNA interference (RNAi) to become a key technique in many laboratories. Two 
major resources are available to the RNAi wielding researcher, the Ahringer and Vidal libraries respectively. These libraries 
house thousands of E. coli clones with unique plasmids expressing dsRNA corresponding to individual C. elegans genes. 
Countless experimental insights have been facilitated using these resources. However, both libraries are housed in the HT115 
E. coli K12 strain background. Several recent studies (Brooks et al., 2009; Soukas et al., 2009; Pang & Curran 2014) have 
revealed the importance of bacterial environment in eliciting certain genetically induced phenotypes. With the realization that 
gene-environment interactions may play a key role in the elucidation of genetic pathways, we have generated an OP50 strain 
capable of dependably housing and robustly expressing dsRNA plasmid vectors. Furthermore, when C. elegans are fed this 
OP50 strain, they activate a substantial RNAi response against the target gene of interest. We anticipate that this resource will 
allow the further characterization of gene-environment specific relationships. . 

1100A. Biochemical and computational characterization of miRNA biosynthesis protein PASH-1 and its mutant PASH-1 
C515Y. Isa Ozdemir, Nihal Gulseren-Cakmakci, Funda Sar. Molecular Biology and Genetics, Koc University, Istanbul, 
Istanbul. 
   The characterization of PASH-1 and PASH-1(C515Y) mutationNihal Gülseren-Çakmakçı, İsa Özdemir, Funda 
SarMolecular Biology and Genetics Department, Koç University, Istanbul, TurkeyC. elegans PASH-1, partner of Drosha, is a 
790 amino acid long RNA binding protein. PASH-1 is orthologous to Drosophila melanogaster Pasha and human DGCR8. 
PASH-1/DGCR8 and Drosha form the microprocessor complex and function in the first step of miRNA biosynthesis.  PASH-
1/DGCR8 binds to primary miRNA (pri-miRNA) transcribed by Polymerase II. PASH-1/DGCR8 acts as a molecular anchor 
by mediating the binding of DROSHA to correct sequences and secondary structures on pri-miRNA. Drosha crops pri-
miRNA and generates 70 nucleotide long hairpin structured precursor miRNA (pre-miRNA). Exportin-5 transports pre-



miRNA into cytoplasm where Dicer cleaves pre-miRNA and produces 22 nucleotide long mature miRNA. Then miRNA 
bind the target mRNA by partial base-pairing and inhibits protein expression. That inhibition is achieved by 2 main 
mechanisms: 1) target mRNA digestion by RNAse III enzymes 2) repression of varies steps of translation.Recently a 
conditional allele of pash-1 gene has been isolated in C. elegans. At restrictive temperatures, miRNA biosynthesis is 
inhibited; worms paralyze and die at young ages. A point mutation in PASH-1 protein results in temperature sensitive 
phenotypes. Cystein at 515th position located between two RNA-binding domains (RBD) is substituted by tyrosine (C515Y). 
How aforementioned phenotypes are generated by C515Y mutation at molecular level has not been elucidated yet. We 
characterize PASH-1 and PASH-1 C515Y mutant by using 3-D algorithm programs, molecular, biochemical and 
immunocytochemistry techniques. Our project will mainly compromise those characteristics: 1) cellular physiology and 
localization, 2) microprocessor complex formation and protein stabilities, 3) self-dimerization, 4) iron binding capacity, 5) 
protein modifications, 6) changes in 3-D protein structure. 3-dimentional structure of PASH-1 is resolved with simulation 
modelling over DGCR8 by using computational algorithms. Thus, the effect of C515Y mutation on PASH-1 3-D structure 
will be elucidated. 

1101B. piRNAs and transgenerational RNA interference protect essential genes from RNA silencing in C. elegans. Carolyn 
Phillips1, Gary Ruvkun2,3, Taiowa Montgomery4,5. 1) Department of Biological Sciences, University of Southern California, 
Los Angeles, CA; 2) Department of Molecular Biology, Massachusetts General Hospital, Boston, MA; 3) Department of 
Genetics, Harvard Medical School, Boston, MA; 4) Cell and Molecular Biology Program, Colorado State University, Fort 
Collins, CO; 5) Department of Biology, Colorado State University, Fort Collins, CO. 
   Piwi-interacting RNAs (piRNAs) silence foreign genes, including transposons, to preserve genome integrity, but their 
target mRNAs are not completely understood. In C. elegans, piRNAs interact with near-perfect complementarity to both 
transposon and non-transposon mRNAs to trigger the production of more abundant small interfering RNAs (siRNAs) and 
gene silencing via the RNA interference (RNAi) pathway. Here, we restored RNA silencing function to previously RNAi-
defective animals either in the presence or absence of piRNAs to assess the dysregulation of RNA silencing that is caused by 
lack of piRNAs. In the absence of piRNAs and a cellular memory of piRNA activity, essential and conserved genes are 
misrouted into the RNAi pathway to produce siRNAs that bind the Argonaute HRDE-1 to affect nuclear RNA silencing. As a 
result, animals in which RNAi is restored in the absence of piRNAs display dramatic defects in germ cell proliferation and 
endogenous siRNA formation, which ultimately lead to sterility. Thus, by reanimating RNAi we uncovered an endogenous 
role for piRNAs in establishing a transgenerational memory of RNA silencing that prevents essential genes from entering the 
RNAi pathway in C. elegans. 

1102C. Systematic analysis of the role of ALG-1 phosphorylation in the miRNA pathway. Miguel Quevillon Huberdeau1,2, 
Judith Hauptmann3, Sandra Piquet1,2, Gunter Meister3, Martin J. Simard1,2. 1) CRCHU-Université Laval, Quebec, Quebec; 2) 
Laval University Cancer Research Centre; 3) Biochemistry Center Regensburg (BZR), Laboratory for RNA Biology, 
University of Regensburg, Germany. 
   mircroRNAs are small non-coding RNAs that act as regulators of genetic expression at the post-transcriptional level. The 
effector complex known as miRNA-induced silencing complex (miRISC) is formed after the association of microRNAs to 
specific Argonaute proteins. It has been shown that repression of specific target mRNAs by this complex is required for 
important biological processes. Caenorhabditis elegans Argonautes ALG-1 and ALG-2 share their association to microRNAs 
and act redundantly in this pathway. In order to better understand molecular regulation of Argonautes, we investigate the 
effects of post-translational modifications of ALG-1 protein. Using mass spectrometry, we identified several phosphorylated 
residues of ALG-1 that are found in conserved regions of the protein. To understand the importance of these modifications, 
we produced transgenic animals carrying extra-chromosomal arrays expressing different mutations of ALG-1 phosphorylated 
residues and we tested their capacity to rescue the loss of the Argonaute.  We demonstrate that specific phospho mutants do 
not rescue the defects observed in alg-1 mutants, suggesting that phosphorylation of residues are required for its functions. 
We are currently investigating the roles of phosphorylation on miRISC formation, repression and turnover. Studying the 
effects of post-translational modifications on miRISC machinery is critical to enhance our understanding of how cells 
dynamically and precisely regulate gene expression. 

1103A. Ingested RNA engages multiple gene silencing mechanisms that can be inhibited within tissues that express repetitive 
DNA in C. elegans. Pravrutha Raman, Soriayah Zaghab, Edward Traver, Antony Jose. Cell Biology and Molecular 
Genetics, University of Maryland, College Park, MD. 
   Double-stranded RNA (dsRNA) is being developed as a pesticide against animal pests of agriculturally important plants. 
Typical strategies use the expression of dsRNA in plants for ingestion by pests and subsequent silencing of a gene of 
matching sequence through RNA interference (RNAi) within animal cells. While effective delivery of dsRNA from plants 
into animals that ingest them is now possible by expressing dsRNA in plastids, very little is known about the uptake, 
processing, and cell-to-cell spread of dsRNA in animals. C. elegans can be used as a model to understand gene silencing by 
ingested dsRNA at the organismal level because ingested dsRNA can cause potent gene silencing and because tools for 



tissue-restricted gene expression are available.  
In C.elegans, ingested dsRNA can enter a tissue and silence genes within a tissue (cell autonomous silencing) and the 
silencing can spread to other tissues throughout the organism (cell nonautonomous silencing). Ingested dsRNA, upon entry 
into the cytosol, is recruited into the RNAi pathway by the dsRNA-binding protein RDE-4, which subsequently leads to gene 
silencing by Argonaute proteins such as NRDE-3. We found that expression of a repetitive transgene within a tissue inhibits 
silencing within that tissue by ingested dsRNA, possibly due to the titration of RNAi factors by trace dsRNA made from 
repetitive transgenes. However, when the dsRNA-binding protein RDE-4 is expressed from a repetitive transgene within a 
tissue, silencing by ingested dsRNA is detectable in rde-4(-) somatic tissues but not in the rde-4(-) germline. Additionally, 
cell autonomous and cell nonautonomous silencing of the same somatic gene can have differential requirements for the 
Argonaute NRDE-3. These results suggest that ingested dsRNA can be processed and transported from one somatic tissue to 
another for silencing with distinct Argonaute requirements.  
Our results reveal that the expression of repetitive DNA enables evasion of silencing by ingested dsRNA and highlight the 
diversity of gene silencing mechanisms engaged by ingested dsRNA. . 

1104B. Mobile RNA and intracellularly transcribed RNA silence genes using distinct mechanisms in C.elegans. S. 
Ravikumar, S. Devanapally, A.M. Jose. Department of Cell Biology and Molecular Genetics, University of Maryland, 
College Park, MD-20740, USA. 
   The export of RNA from a cell can result in sequence-specific regulation in distant cells. In the worm C. elegans, 
expression of double-stranded RNA (dsRNA) in neurons results in the export of forms of dsRNA called mobile RNA to 
enable silencing of a gene of matching sequence in another cell through RNA interference (RNAi). When dsRNA is present 
within a somatic cell, it is processed into primary small interfering RNA that are used by the Argonaute RDE-1 to recruit the 
RNA-dependent RNA polymerse (RdRP) RRF-1 to the target mRNA for secondary small interfering RNA production and 
subsequent silencing. However, it is unknown whether silencing in response to mobile RNA and intracellularly transcribed 
RNA relies on the same mechanisms.  
To understand silencing of a single gene within cells that encounter both mobile RNA and intracellularly transcribed dsRNA, 
we generated a strain where neuronal mobile RNA against a transgene coding for green fluorescent protein (gfp) and 
intracellularly transcribed dsRNA from the repetitive gfp transgene together robustly silence gfp expression in gut cells in an 
enhanced RNAi (eri-1(-)) background. In a forward genetic screen for silencing by eri-1 loss or by neuronal dsRNA (send) 
defective mutants using this strain, we obtained one rde-1 mutant and three rrf-1 mutants. Analysis of these mutants and null 
alleles of rde-1 and rrf-1 revealed that while both sources of dsRNA require the Argonaute RDE-1 for silencing, only 
silencing by neuronal mobile RNA was entirely independent of the RdRP RRF-1. Intriguingly, this RRF-1-independent 
silencing of a target gene by neuronal mobile RNA was context-dependent. Silencing of the endogenous muscle gene unc-22 
by neuronal mobile RNA against unc-22 was RRF-1-dependent but silencing of a ubiquitously-expressed single-copy gfp 
transgene by neuronal mobile RNA against gfp was RRF-1-independent.  
Our results suggest that mobile RNA and intracellular RNA can differ in their use of RRF-1 for silencing the same gene and 
future work will focus on understanding the basis of this differential requirement for RRF-1. 

1105C. Expression pattern of C. elegans Y RNA homologs. Manami Sato, Shinya Kihara, Chisato Ushida. Graduate School 
of Agriculture and Life Science, Hirosaki University, Hirosaki, Aomori. 
   Y RNA is a small structured ncRNA of about 100 nt in length. This RNA binds to Ro60 protein, which is a target of 
autoimmune disease antibody in patients with systemic lupus erythematosus and Sjogren’s syndrome. Several lines of 
evidence suggest that the role of Y RNA and Ro60 function in the quality control of structured ncRNAs in cells under stress 
conditions. It is also indicated that vertebrate Y RNAs function in the initiation of DNA replication without Ro60. However, 
the molecular mechanisms of these functions and the contribution of Ro60/Y RNP to the autoimmune disease are still 
unclear. C. elegans genome encodes one Ro60 homolog (ROP-1) and 19 Y RNA homologs (1 CeY RNA and 18 sbRNAs). 
Other animals also have several Y RNA homologs, but C. elegans is the first example which has more than 5 Y RNA 
homologs encoded in the genome. Here we show the expression pattern and the cellular localization of these Y RNA 
homologs in C. elegans examined by the RNA fluorescent in situ hybridization (RNA-FISH). The signals of 14 homologs 
were detected in the intestinal cytoplasm. The signals of two other homologs were detected in the germ cytoplasm. The 
remaining three could not be detected, probably because they present in too low abundance to be detected by RNA-FISH. All 
19 Y RNA homologs have the structural elements required for the binding of ROP-1. In other organisms, Ro60 binding 
stabilizes Y RNAs in cells. To know whether C. elegans Y RNA homologs also stabilized by the presence of ROP-1, we 
examined RNA-FISH of the Y RNA homologs against a mutant strain MQ470, which has a transposon insertion in the 
middle of the ROP-1 gene and lacks ROP-1 proteins in the cell. As expected, all Y RNAs examined so far decreased 
extensively. These were confirmed by northern hybridization. The results suggest that several C. elegans Y RNA homologs 
are expressed in a tissue-specific manner and most Y RNA homologs are stabilized by ROP-1 binding as well as those in 
other organisms. 



1106A. An investigation on the role of miRNAs as vectors of nicotine-induced imprinting in C. elegans. F. Taki1, X. Pan1, 
MH. Lee2, B. Zhang1. 1) Biology, East Carolina University, Greenville, NC; 2) The Brody School of Medicine at East 
Carolina University, Greenville, NC. 
   Background: Neonates and adolescents are highly susceptible to nicotine addiction due to spatiotemporal remodeling in 
somatic and germline cells. This impacts physiological wellbeing not only later in life, but also in subsequent generations. 
Recently, microRNAs were reported to be differentially expressed in sperms of smokers, suggesting their role as possible 
vectors of nicotine-induced imprinting. To investigate the molecular mechanism of this inheritance, we employed the 
genetically tractable model organism C. elegans.Methods: Nicotine treatment (20 µM and 20 mM) started after hatching 
(L1), but ended before gametogenesis (L3/L4 molt) of the F0 generation after which worms were washed and transferred to a 
fresh NGM plate. L4 larvae were collected for systematic miRNA profiling and behavioral analysis across three generations 
using single-plex qRT-PCR and Wormlab (MBF), respectively. Bioinformatics analyses were based on mirSOM and KARG 
databases, DAVID, and GOrilla. Worm strains used were N2, mir-80(nDf53) III , let-60(m1046), mpk-1(ga111), mpk-1 
(ga117).Results: Post-embryonic nicotine exposure impacted development and survival in parent F0 generation. However, 
this parental exposure was sufficient to alter reversals, omega bends, speeds, as well as 31% of miRNAs in all three 
generations. 14 miRNAs were consistently altered in parent, offspring and grandoffspring worms and were identified as 
transgenerational biomarkers. miR-80/MAPK interplay was highly predicted to mediate  nicotine impacts. Partial recovery of 
nicotine-induced developmental delay was observed after partial inactivation of MAPK. This was not observed in nicotine-
treated miR-80 (lf) or let-60 (gf) mutants.Conclusions: Our preliminary findings show that early exposure to nicotine had 
enduring impacts that remained evident until grandoffspring worms. Our study is the first to show miRNAs as potential 
vectors of nicotine imprinting. Uncovering the contribution of miR-80 provides valuable insights for development of safer 
therapy for early nicotine-use disorders to prevent late-onset morbidities. 

1107B. Characterization of microRNA associated complexes by MUDPIT proteomics. I. Veksler-Lublinsky1, A. Y. 
Zinovyeva1, A. A. Vashisht2, J. A. Wohlschlegel2, V. Ambros1. 1) RNA Therapeutics Institute, Program in Molecular 
Medicine, University of Massachusetts Medical School, Worcester, Massachusetts 01605, USA; 2) Department of Biological 
Chemistry, David Geffen School of Medicine at University of California at Los Angeles, Los Angeles, California 90095, 
USA. 
   MicroRNAs are small non-coding RNAs that regulate translation of target mRNA. Argonaute (AGO) proteins are the core 
of the microRNA Induced Silencing Complex (miRISC) that mediates microRNA function on mRNA targets.To characterize 
protein cofactors associated with miRISC complexes in C. elegans, we isolated Argonaute ALG-1 proteins by 
immunoaffinity using anti-ALG-1 antisera and performed MUDPIT analysis. A total of 110 proteins were identified as bona-
fide interactors of ALG-1, including the known C. elegans ALG-1 interactors, DCR-1 and AIN-1 as well as homologs of 
other proteins previously shown to interact with Argonaute in other organisms.We reported previously novel antimorphic 
alleles (anti) of the C. elegans Argonaute gene alg-1 that broadly impair the functions of many microRNAs, and exhibit an 
increased association with miRISC loading complex (miRLC) component DCR-1, and a decreased association with the 
miRISC effector AIN-1 [1]. To determine if interaction of ALG-1 with other proteins were affected by the alg-1(anti) 
mutations, and to better understand protein dynamics associated with miRLC-to-miRISC maturation step, we also 
characterized the ALG-1(anti) associated proteins by MUDPIT analysis. In addition, in order to characterize complexes that 
may be formed around specific miRNAs, we performed oligonucleotide-mediated pull-down of individual microRNAs from 
WT and alg-1(anti) worm extracts followed by MUDPIT analysis.Our results support the idea that alg-1(anti) mutants are 
defective in transitioning from biogenesis (miRLC) to effector (miRISC) status. This is  as evidenced by increased 
association, compared to wild type, with DCR-1, certain hsp-60 and hsp-70 family proteins and other putative chaperones, 
and a reduced yield of several known miRISC effector components including AIN-1, and the poly-A binding proteins pab-1 
and pab-2, which have been shown to play critical roles in target repression. In general, our results revealed a dramatic shift 
in the overall composition of the ALG-1(anti) associated complexes towards a stalled miRISC assembly configuration.[1] 
Zinovyeva et al (2014) PLoS Genet 10(4):e1004286. 

1108C. TEG-1 CD2BP2 regulates miRNA levels via maintaining miRISC stability in C. elegans and human cells. Chris 
Wang1,3, Pratyush Gupta1, Gabriel Bossé2, Xin Wang1, Martin Simard2, Dave Hansen1. 1) Department of Biological 
Sciences, University of Calgary, Calgary, AB; 2) 2St-Patrick Research Group in Basic Oncology Hotel-Dieu de Quebec 
(Centre Hospitalier Universitaire de Quebec-Université Laval), Laval University Cancer Research Centre, Quebec City, GIR 
2J6, Canada; 3) St. Mary’s University, Calgary, Alberta, T2X 1Z4. 
   Although the recruitment of miRNA-induced silencing complex (miRISC) by miRNAs to the targeted mRNAs to regulate 
post-transcriptional gene expression is well documented, the mechanisms by which miRISC components are maintained at 
appropriate levels for proper function remain largely unknown. Here, we report the C. elegans TEG-1 (Tumorous Enhancer 
of glp-1(gf)) regulates the stability of two miRISC effectors, VIG-1 and ALG-1, which in turn affects the abundance of 
various miRNA families. Loss of teg-1 in vivo results in heterochronic defects, including excessive seam cell division and 
defective seam cell fusion. Since temporal developmental events are often controlled by miRNAs in C. elegans, we sought to 



determine if TEG-1 plays a role in miRNA function by identifying TEG-1-assoicated proteins. We found that TEG-1 
physically interacts with VIG-1, and complexes with mature let-7 miRNA. Moreover, molecular and genetic analyses 
demonstrate that the levels of lsy-6 expression and mature let-7, miR-58, and miR-62 are significantly reduced in teg-1 
mutants, suggesting mutations in teg-1 affect the levels of a broad range of miRNA members. We also found that both VIG-1 
and ALG-1 protein levels are reduced in teg-1 mutants, although their mRNA levels remain unchanged. Together, these 
findings suggest that the association of TEG-1 with miRISC is necessary for miRNAs to function properly during 
development. We further demonstrate that the human orthologs of TEG-1, VIG-1 and ALG-1 (CD2BP2, SERBP1/PAI-
RBP1, and AGO2) complex in HeLa cells, and knockdown of CD2BP2 results in reduced let-7a miRNA levels. Therefore, 
TEG-1’s role in affecting miRNA levels and function is likely conserved from nematodes to humans. We propose that TEG-1 
CD2BP2 stabilizes miRISC and mature miRNAs, maintaining them at levels necessary to properly regulate target gene 
expression. 

1109A. Exploring the Roles of the Argonaute CSR-1 in Modulating Chromatin and Protecting Germline Gene Expression. 
Christopher J. Wedeles1, Shikui Tu2, Michelle A. Francisco1, Zhiping Weng2, Julie M. Claycomb1. 1) Molecular Genetics, 
University of Toronto, Canada; 2) Program in Bioinformatics and Integrative Technology, University of Massachusetts 
Medical School, USA. 
   Owing to its large, clonal broods, short generation time, and extensive systems of small RNA and chromatin-mediated 
regulation of gene expression, C. elegans has emerged as a powerful model system to study transgenerational epigenetic 
inheritance. We previously implicated the Argonaute CSR-1 (Chromosome Segregation and RNAi Deficient –1) and its 22G 
small RNAs in the epigenetic licensing of germline transcripts and transmitting this information over multiple generations. 
The sequence complementarity of 22G-RNAs guides CSR-1 to the nascent transcripts of its target genes, which entail the 
majority of germline-expressed genes. At the genomic loci of target genes, CSR-1 engages in transcriptional licensing by 
mechanisms that are not entirely understood, but are likely to include influences on histone modifications and chromatin 
proteins. We hypothesize that CSR-1 acts as a small RNA guided transcription factor that recruits other proteins to promote 
and maintain a chromatin environment that is permissive to active transcription in the germline. We have characterized 
alterations in the global distributions of specific post-translational histone modifications in response to compromised CSR-1 
activity. Notably, ChIP-seq experiments have revealed defects in the appropriate accumulation of H3 methylation that is 
largely specific to CSR-1 targeted genomic loci.We are now investigating a network of histone modifying enzymes and 
chromatin factors employed by the CSR-1 pathway to mediate this chromatin modifying activity. To this end, we have 
identified and characterized several conserved histone methyl-transferases and chromatin proteins that act in conjunction with 
CSR-1 to modulate CSR-1 target gene chromatin. Collectively, our studies reveal the molecular mechanisms by which small 
RNA pathways and chromatin modifications contribute to a transgenerational memory of germline gene expression 
programs. 

1110B. Microevolution of microRNAs: developmental profiles and target recognition within C.remanei and C.latens. John 
Willis1, Janna Fierst2, Patrick Phillips1. 1) Institute of Ecology and Evolution. , Univ Oregon, Eugene, OR; 2) Department of 
Biological Sciences, The University of Alabama. Tuscaloosa, AL. 
   Little is known about the relationship between the evolution of microRNAs and the mRNAs they target during gene 
regulation.  To gain insight we have taken a genomic, bioinformatic and molecular approach to identify both unique and 
conserved microRNAs and their targets in the hyperdiverse nematodes, C.remanei and C.latens.  These obligate outcrossing 
worms have genomes ~20% larger then C.elegans with close to 4000 more genes and significantly  greater natural genetic 
variation at the population scale.   To identify novel microRNAs we sequenced small RNA libraries using the Illumina 
platform.  Between both species, we have generated over 400 million reads covering  multiple developmental stages 
including biological replicates and both sexes as young adults.  Using a combination of miRDeep2 and miRdentify we have 
stringently identified over 100 new microRNAs between both species for which we also have developmental 
profiles  MicroRNAs display a wide variety of developmental patterns, with specific microRNAs displaying peak expression 
at each stage analyzed.  Overall, expression appears to group within a small number of clustered patterns (5-6) within each 
species.  In addition to characterizing the developmental profiles of microRNAs in these species, we are endeavoring to 
identify the suites of mRNAs that are targeted by individual microRNAs.  To this end, we are using a in-vitro pull down 
assay similar to the LAMP assay developed in the Tsai lab (NAR, 2009).  Using biotinylated, synthetic mature microRNAs 
and cell extracts we have been able to sequence RNA libraries from streptavidin bead pull downs.  Utilizing both wild type 
and Argonaute mutant extracts from C.elegans in addition to microRNAs with normal and mutated seed sequence we hope to 
identify mRNA targets for any microRNA.  Additionally, we have made peptide derived polyclonal antiobodies against the 
C.remanei ALG-1 protein and will present data on the efficacy of these antibodies for pulling down the RISC complex for a 
more comprehensive analysis of microRNA function. 

1111C. ALG-1 antimorphic mutations uncover functions for Argonaute in microRNA guide strand selection and passenger 
strand disposal. Anna Zinovyeva1, Isana Veksler-Lublinsky1, Ajay Vashisht2, James Wohlschlegel2, Victor Ambros1. 1) 



RNA Therapeutics Institute, Program Molec Med, Univ Massachusetts Med Sch, Worcester, MA; 2) Department of 
Biological Chemistry, School of Medicine at University of California at Los Angeles. 
   MicroRNAs are small non-coding RNAs that, together with Argonaute proteins, regulate expression of genes essential for 
normal development and physiology. We have previously characterized mutations in a C. elegans microRNA-specific 
Argonaute ALG-1 that are antimorphic (alg-1(anti)) [1]. alg-1(anti) cause dramatically stronger microRNA-related 
phenotypes than a complete loss of ALG-1 and ALG-1(anti) miRISCs (microRNA induced silencing complexes) fail to 
undergo the functional transition from microRNA processing to target repression. To better understand this transition we 
characterized the small RNA and protein populations associated with ALG-1(anti) complexes in vivo. We found that the 
mutant ALG-1(anti) protein fails to interact with numerous wild type miRISC cofactors, including proteins known to be 
necessary for target repression. In addition, alg-1(anti) mutants dramatically over-accumulate microRNA* (passenger) 
strands. Interestingly, immunoprecipitated ALG-1(anti) complexes contained non-stoichiometric yields of mature microRNA 
and microRNA* strands, with some microRNA* strands present in the ALG-1(anti) Argonaute far in excess of their 
corresponding mature microRNAs. We show that such aberrant loading of microRNA* strands into Argonaute is dependent 
on the microRNA identity, suggesting that specific microRNA features may allow wild type Argonaute to distinguish among 
different microRNAs. These findings suggest a previously unknown function for Argonaute in microRNA strand selection 
and passenger strand disposal.[1]. Zinovyeva et al (2014) PLoS Genet 10(4):e1004286. 

1112A. Motion-based visualization for cytoplasmic streaming. C. Atupelage1, K. Kyoda2, S. Onami2,3, H. Nagahashi1. 1) 
Image Science and Engineering Laboratory, Tokyo Institute of Technology, Yokohama; 2) Laboratory for Developmental 
Dynamics, RIKEN Quantitative Biology Center, Kobe; 3) National Bioscience Database Center, Japan Science and 
Technology Agency, Tokyo. 
   Past research in cell dynamics has given less attention to cytoplasmic streaming because its chaotic motion occurs in three-
dimensional (3D) space. Cytoplasmic streaming is observed by four-dimensional (4D) images. Cytoplasmic streaming is 
observed by four-dimensional (4D) images. Advanced computational techniques can be utilized to quantify the cytoplasmic 
flow. It is significant to perform visual assessment before quantitative derivations because there are many  non-discovered 
biological properties are stills exist in cytoplasmic streaming. This paper describes imaging-based motion visualization 
techniques for analyzing the cytoplasmic streaming. C. elegans embryo is one of the most suitable living organisms to study 
the cytoplasmic streaming. We utilized 4D difference interference contrast (DIC) imaging system to captures the embryo in 
66 focal planes at consecutive time-points. An imaging-based motion estimation method called Lukas-Kanade optical flow 
(OF) is used to estimate the motion vectors. We developed a user friendly graphical user interface (GUI) to visualize the 
motions of cytoplasmic streaming.Two forms of visualizations are included into the visualization tool.1) Plane-based vector 
visualization: 3D motion vectors of each focal plane are shown at given time point. It describes the motion's directions and 
magnitudes in the local regions.2) Volume-based vector magnitude visualization: Vector magnitudes of entire image stack 
are shown as volumetric object. It helps to examine the true physical motion of cytoplasm over the entire cell.The proposed 
visualization is significant to estimate cytoplasmic dynamics at major cellular event such as pronuclear meeting, cleavage 
furrow and nuclear divisions. The volumetric visualization is appropriate to observe the true-physical dynamics and derive 
novel phenotypes. We also utilized this tool to assess the dynamics of both wild-type and RNAi-treated C. elegans embryos 
available online at Worm Development Dynamics Database (WDDD). These investigations may significant to explore gene 
function of cytoplasmic events. In future, the motion data and visualization tool will be available to the public through 
WDDD. 

1113B. The Protease Activity of Separase Is Required for Both of Chromosome Segregation and Regulation of Membrane 
Trafficking During Cytokinesis. Xiaofei Bai, Diana Mitchell, Lindsey Klebanow, Joshua Bembenek. Department of 
Biochemistry and Cellular and Molecular Biology, University of Tennessee, Knoxville TN. 
   Chromosomal segregation and cytokinesis are tightly regulated processes during cell division. Separase is a cysteine 
protease that is involved in the cleavage of cohesin, which allows chromosome segregation from the onset of mitotic 
anaphase. Besides the canonical proteolytic function of separase in chromosome segregation, we also found that separase is 
localized to vesicles and is required for exocytosis during cytokinesis. To better understand the functions of the separase 
protease activity in chromosome segregation and cytokinesis, we generated a protease-dead separase mutant with a point 
mutation fused to green fluorescent protein GFP (SEP-1PD::GFP). We recently demonstrated that SEP-1PD::GFP expression is 
dominant negative. In order to better understand this phenotype, we investigated the SEP-1PD::GFP cellular phenotypes 
using  live-cell imaging. Consistent with the dominant negative phenotype, we found that SEP-1PD::GFP expression causes 
chromosome nondisjunction, possibly due to impaired cohesin cleavage by the inactive protease. To test this, we used RNAi 
to partially knock down the cohesin scc-1, the subunit cleaved by separase, which significantly rescues embryo lethality and 
chromosome segregation defects. Additionally, SEP-1PD::GFP also shows enhanced accumulation to the ingressing furrow 
and the midbody during cytokinesis compared to wild-type protein (SEP-1WT::GFP). Previously, we have shown that RNAi 
depletion of separase causes an accumulation of RAB-11 positive vesicle at the cleavage furrow and midbody. To test 
whether SEP-1PD::GFP impairs RAB-11 trafficking during cytokinesis, we generated a strain with RAB-11::mCherry and 



SEP-1PD::GFP. Interestingly, we found that the expression of SEP-1PD::GFP also causes the abnormal accumulation of RAB-
11 vesicles at the cleavage furrow. This result suggests that the protease activity of separase affects exocytosis of RAB-11 
vesicles with the plasma membrane. Collectively, we favor the possibility that protease-dead separase traps substrates that 
should be cleaved by endogenous separase which impairs cohesin cleavage and RAB-11-vesicle exocytosis. In chromosome 
segregation, the protease activity of separase will cleave the cohesion SCC-1, whereas during cytokinesis, the protease 
activity of separase may cleave a putative substrate allowing RAB-11-vesicles to undergo exocytosis during cytokinesis. In 
the future, we hope to identify the putative substrates of separase required for exocytosis using GFP trap beads to purify both 
SEP-1WT::GFP and SEP-1PD::GFP from C. elegans.. 

1114C. A novel pathway for the degradation of cyclin B. Riju S. Balachandran, Cassandra S. Heighington, Natalia G. 
Starostina, Edward T. Kipreos. Department of Cellular Biology, University of Georgia, Athens GA. 
   ZYG-11 is a substrate receptor subunit of the cullin 2-RING ubiquitin ligase (CRL2) that is required for the meiotic 
transition from metaphase II to anaphase II in C. elegans.  The mutant phenotypes of ZYG-11 include defects in polarity, 
chromosome condensation, and cytoplasmic organization.  The other prominent zyg-11 mutant phenotype is the failure to 
degrade maternally-provided cyclin B1 (CYB-1) and cyclin B3 (CYB-3) during meiosis and in the first embryonic 
divisions.  We used a forward genetic screen to identify zyg-11 suppressors.  SNP mapping and whole genome sequencing 
was used to identify a mutation in the cyclin B2 gene (cyb-2.1) as the zyg-11 suppressor.  Inactivation of cyclin B1 or cyclin 
B2 by RNAi rescues zyg-11 mutant phenotypes, suggesting that the phenotypes arise from the failure to degrade cyclin 
B.  We have shown that cyclin B1 (CYB-1) physically interacts with ZYG-11 in C. elegans. When expressed in mammalian 
cells, ZYG-11 binds and reduces the level of CYB-1 in a proteasome-dependent manner.  APC/C is a ubiquitin-ligase that is 
known to directly target cyclin B1 for degradation.  The ZYG11-cyclin B interaction is independent of APC/C, as we show 
that the binding site for ZYG-11 on cyclin B is different from that of APC/C.  We have also observed increased accumulation 
of cyclin B1 in the somatic vulval cell divisions in zyg-11(ts) mutants compared to wild type or the APC/C subunit mat-
3(ts) mutants.  We have analyzed the conservation of this mechanism in human cells.  Human ZYG11B binds to cyclin B1 
and can ubiquitylate it in vitro, demonstrating that cyclin B1 is a direct CRL2ZYG11Bsubstrate.  siRNA knockdown of human 
ZYG11A and ZYG11B does not significantly affect mitotic progression.  In contrast, inactivation of APC/C causes a mitotic 
arrest for 3-4 hours.  Significantly, co-inactivation of ZYG11A/B and APC/C prolongs the mitotic arrest to 6-10 hours or 
leads to cell death.  We show that when cyclin B1-Venus is overexpressed, siRNA inactivation of ZYG11A/B alone produces 
a substantial mitotic arrest despite the presence of active APC/C.  This indicates that while ZYG11A/B target cyclin B1 
redundantly with APC/C, ZYG11A/B activity becomes essential when cyclin B1 is overexpressed. 

1115A. Fine-scale recombination rate variation on the C. elegans X chromosome. Max Bernstein, Matthew Rockman. 
Biology, NYU, New York, NY. 
   Meiotic recombination is a major driver for increasing genetic diversity within species. However, variation in 
recombination rate exists within and across chromosomes, which potentially affects how different regions of the genome 
evolve. In the genetic model nematode, Caenorhabditis elegans, there are broad-scale differences in recombination rate 
across the lengths of its six chromosomes, each of which is characterized by a gene-dense central region with a lower 
recombination rate flanked by the two chromosome arms with higher recombination rates. However, we do not know the 
extent of variation within these large domains. To address this gap in our understanding, we generated a large collection of 
near-isogenic lines that were screened for a single recombination event occurring within a 1.5 Mb region on the left arm of 
the X chromosome. From 814 genotyped recombinant lines, we found significant variation in recombination rate within this 
region. However, consistent with prior work in C. elegans, we do not find evidence for local recombination hotspots. 
Covariates that explain a significant part of the deviance in a generalized linear model are dependent on the scale of analysis. 
GC content is significantly negatively associated with recombination rate variation at approximately 25 kb resolution, but not 
at 5-10 kb resolution. This result is in contrast with what has been found in other organisms, including mammals and Apis 
mellifera. We also identified several small (4-6 bp) DNA motifs that are associated with recombination rate at these different 
resolutions. These covariates may underlie higher-order biological mechanisms, such as nucleosome positioning and 
chromatin conformation, that are mediating sites of crossover events. 

1116B. Characterization of a novel role for ETR-1 in reproduction. Ruby Boateng1, Andy Golden2, Anna Allen1. 1) Biology, 
Howard University, Washington, DC; 2) National Institutes of Health, Bethesda, MD. 
   ETR-1, an ELAV-Type RNA-binding protein, is canonically known for its involvement in muscle development, however 
we have identified novel roles for this protein in both the somatic and germline cells of the C. elegans gonad. RNAi depletion 
of ETR-1 results in animals paralyzed at the two-fold (PAT) embryonic stage, indicating a failure in normal muscle 
development, and in a reduced brood compared to control depleted animals, indicating a reproductive role. We hypothesized 
that the reduced brood size might potentially be due to decreased germ cell numbers, reduced ovulation rate and/or an 
increase in apoptosis. The number of germ cells and ovulation rate were found to be similar in ETR-1- and control-depleted 
animals, however only ETR-1-depleted animals exhibit an increased number of apoptotic cells. Interestingly, a recent RNAi 



based suppressor screen by Allen et. al. (2014) has shown that co-depletion of ETR-1 and WEE-1.3 (an essential regulator of 
the meiotic cell cycle and oocyte maturation) restores fertility to the otherwise sterile wee-1.3(RNAi) animals. We 
investigated this further using a somatic RNAi defective worm strain and determined that this ability of ETR-1 to suppress is 
dependent on ETR-1 being depleted in the soma. ETR-1 depletion only in the germline also resulted in a brood size that was 
significantly different from its control, uncovering a novel role for ETR-1 in the germline. Further supporting this, ETR-1 is 
expressed in both the somatic muscle sheath cells of hermaphrodites and the germ cells of both hermaphrodite and male 
gonads. We hypothesize that these roles may be controlled by different isoforms of ETR-1. To address this, we are utilizing 
CRISPR-Cas9 technology to generate genome-edited lines in which green fluorescent protein (GFP) endogenously tags 
specific isoforms of ETR-1. Ultimately, these studies will deepen our understanding of the role of ETR-1 within both the 
somatic and germline tissue. This increased understanding will benefit the reproductive biology field and add to our 
knowledge of the role of the human ETR-1 homologue, CUG-BP, in myotonic muscular dystrophy. 

1117C. Zygotic genome activation triggers chromosome damage and checkpoint signaling in C.elegans primordial germ 
cells. Melina Butuci1, Ashley Williams2, Matthew Wong1, Brendan Kramer1, Matthew Michael1. 1) Molecular and 
Computational Biology, Department of Biological Sciences, University of Southern California, Los Angeles, CA 90089; 2) 
Institute for Genome Stability in Ageing and Disease, Medical Faculty, and Cologne Excellence Cluster for Cellular Stress 
Responses in Ageing-Associated Diseases (CECAD), University of Cologne, Joseph-Stelzmann-Str.26, 50931 Cologne, 
Germany. 
   Recent findings have identified highly transcribed genes as a source of genome instability, however the degree to which 
large-scale shifts in transcriptional activity cause DNA damage was not known. During early development in many animals, 
embryonic cells transition from periods of transcriptional quiescence to abrupt activation of RNA polymerase II (RNAPII)-
dependent transcription on a genome-wide level. This switch in transcriptional load has been termed zygotic genome 
activation (ZGA). We discovered that in the primordial germ cells (Z2/Z3) of the nematode C.elegans ZGA triggers 
widespread chromosome damage, which activates a checkpoint signaling cascade. Onset of the checkpoint signaling cascade 
is temporally correlated with the appearance of RAD-51 foci, which occur naturally on new sites of DNA damage. Our data 
link robust activation of transcription and ZGA onset to the formation of DNA damage in Z2/Z3. By examining RAD-51 foci 
dynamics in mutants deficient in HR-mediated double-strand break (DSB) repair we found that the DNA damage is repaired 
by factors required for inter-sister homologous recombination, and thus we propose that the damage corresponds to DNA 
DSBs. Previous work has assigned a variety of functions to topoisomerase II (TOP-2) during transcription, including direct 
induction of DSBs at gene promoters to facilitate gene expression. We found that RNAi depletion of top-2 dramatically 
suppressed the appearance of RAD-51 foci during ZGA. We propose that TOP-2 collaborates with genome-wide activated 
transcription to trigger a large number of DNA breaks during germline ZGA. 

1118A. Control of C. elegans germline stem cell cycling speed meets requirements of design to minimize mutation 
accumulation. Michael Chiang1, Amanda Cinquin1, Adrian Paz1, Ted Meeds2, Christopher Price1, Max Welling2, Olivier 
Cinquin1. 1) UC Irvine, Irvine, CA; 2) University of Amsterdam, Netherlands. 
   Stem cells are thought to play a critical role in minimizing the accumulation of mutations, but it is not clear which 
strategies they follow to fulfill that performance objective. Slow cycling of stem cells provides a simple strategy that can 
minimize cell pedigree depth and thereby minimize the accumulation of replication-dependent mutations. Although this 
strategy has been explored theoretically, a quantitative assessment of whether and how it is employed by biological systems 
is missing. Here we address this problem using a simple self-renewing organ — the C. elegans gonad — whose overall 
organization is shared with many self-renewing organs. Computational simulations of mutation accumulation characterize a 
tradeoff between fast development and low mutation accumulation, and show that slow-cycling stem cells allow for an 
advantageous compromise to be reached. This compromise is such that worm germline stem cells should cycle more slowly 
than their differentiating counterparts, but only by a modest amount. Experimental measurements of cell cycle lengths 
derived using a new, quantitative technique are consistent with these predictions. These findings shed light both on design 
principles that underlie the role of stem cells in delaying aging, and on evolutionary forces that shape stem cell gene 
regulatory networks. 

1119B. The C. elegans kinesin-13/MCAK family member KLP-7 acts through kinetochores to limit spindle pole number 
during oocyte meiotic spindle assembly. Amy Connolly, Kenji Sugioka, Chien-Hui Chuang, Joshua Lowry, Bruce 
Bowerman. University of Oregon, Eugene, OR. 
   During oocyte meiotic cell divisions, bipolar spindles assemble without centrosomes, and the mechanisms that mediate pole 
assembly and limit it to a bipolar state are unknown. Using live cell imaging and the oocyte meiotic spindle pole marker 
GFP::ASPM-1, we have found that multiple small pole foci initially are present early in meiotic spindle assembly and then 
coalesce to form two foci and a bipolar spindle. Thus—as has been observed by live imaging of microtubules in mouse 
oocytes1—in the absence of centrosomal organizing centers, multiple small poles initially form and then coalesce to produce 
a bipolar spindle. We have gained insight into this coalescence from a screen for meiotic spindle assembly defective mutants, 



in which we identified two temperature-sensitive alleles of klp-7, the lone MCAK/kinesin-13 gene in C. elegans. MCAKs are 
known to function as microtubule depolymerases, and we found that extra microtubules accumulated during oocyte meiosis I 
in klp-7(-) mutants, and the multiple GFP::ASPM-1 foci that formed early in meiosis I consistently coalesced to form three 
and sometimes four foci that persisted throughout most of meiosis I. Moreover, paired chromosome homologues frequently 
aligned along more than one pole-to-pole axis, and the chromosomes frequently segregated as three distinct masses during 
anaphase. We conclude that KLP-7 is required for the coalescence of multiple early pole foci to a bipolar state, and that in the 
absence of KLP-7 extra functional poles persist. Because MCAKs are thought to function at kinetochores to detach 
inappropriate (syntelic) kinetochore-microtubule (k-MT) attachments2, we hypothesized that in the absence of KLP-
7/MCAK, persistent syntelic k-MT attachments result in abnormal spindle tension that interferes with the coalescence of 
early pole foci and results in the persistence of additional poles. To test this hypothesis, we knocked down components of the 
kinetochore complex Ndc-80, which bind microtubules to mediate kinetochore attachment3, and found that Ndc-80 depletion 
restored bipolarity in most klp-7(-) oocytes. We therefore propose a model in which KLP-7/MCAK promotes early pole foci 
coalescence and spindle bipolarity by regulating k-MT attachment to relieve imbalances in spindle tension, and we are further 
investigating the influences of kinetochore function on the acentrosomal process of oocyte meiotic spindle assembly. 
1. Schuh and Ellenberg, 2007 Cell 130: 484-98. 
2. Wordeman et al., 2007 The Journal of Cell Biology 179:  869-79 
3. Cheeseman et al., 2006 Cell 127: 983-97. 

1120C. Polarity proteins regulate the localization of the spindle-positioning mediator, LET-99 . Eugenel Espiritu, Jui-Ching 
Wu, Ella Richarson, Lesilee Rose. Molecular and Cellular Biology, University of California, Davis, Davis, CA. 
   To produce cellular diversity during development, cells will undergo asymmetric divisions to produce daughters with 
different cellular fates. Spindle positioning is essential for these divisions, where the mitotic spindle must align with the axis 
of cell polarity so that cell fate determinants are distributed unequally to the daughter cells. In many systems, the conserved 
PAR proteins establish polarization of the cell. PAR proteins also regulate spindle movements via a complex including Ga, 
GPR and LIN-5, which recruit the microtubule motor dynein. In the C. elegans embryo, our lab previously identified LET-99 
as a key regulator of GPR asymmetry in embryos. LET-99 is asymmetrically localized at the cortex in a posterior-lateral band 
pattern, where it inhibits GPR localization. Our analysis of LET-99 in mutant backgrounds showed that PAR-3 and the kinase 
PAR-1 inhibit cortical LET-99 localization at the anterior and posterior-most cortex respectively. In other systems, 
phosphorylation of targets by PAR-1 generates binding sites for 14-3-3 proteins, which alters the targets’ localization. We 
found that the 14-3-3 protein PAR-5 bound to His::LET-99 in wild-type embryo extracts, but PAR-5 binding was greatly 
diminished after PAR-1 depletion. Computer predictions and yeast-two hybrid data identified two LET-99 serine residues 
essential for PAR-5 binding. We introduced S-to-A mutations at these residues in an otherwise full-length rescuing LET-99 
transgene (LET-99-AA). In a let-99 deletion background, the LET-99-AA protein mislocalized to the entire posterior cortex 
of the one-cell embryo, similar to LET-99 in par-1 mutant embryos. These and other results support a model that PAR-1 
phosphorylates LET-99 to create binding sites for PAR-5, which prevents LET-99 association with the posterior-most cortex. 
To begin to determine how LET-99 localization is restricted from the anterior, we analyzed LET-99 after depletion of 
anterior PAR components. We found that the PAR-3 associated proteins, PAR-6 and PKC-3, restrict LET-99 localization 
from the anterior. We are now testing if PAR-1 or PKC-3 can directly phosphorylate LET-99 in vitro. Additionally, we are 
determining how phosphorylation may regulate LET-99 affinity for lipids as we have determined that LET-99 can associate 
to negatively charged lipids in vitro. Funding for this work was provided by the NIH T32 MCB Training Program, Schwall 
Medical Research Fellowship, and the Schwall Dissertation Year Fellowship to EE and R01GM068744 to LR. 

1121A. Chromosome segregation during male meiosis in C. elegans. Gunar Fabig1, Jan Brugués2, Thomas Müller-
Reichert1. 1) Medical Faculty, TU Dresden, Dresden, Germany; 2) MPI-CBG, Dresden, Germany. 
   Germ cells in C. elegans males mature while slowly moving from the distal to the proximal part of the gonad. After getting 
disconnected from the syncytial core (rachis), primary spermatocytes then assemble the first meiotic spindle. Segregation of 
homologous chromosomes in meiosis I and of sister chromatids in meiosis II finally results in four haploid spermatids out of 
one single primary spermatocyte. A key characteristic during meiosis I is that the single unpaired sex chromosome is always 
segregated after the autosomes have been partitioned to the newly forming secondary spermatocytes. We apply both light 
microscopy and electron tomography to gain novel insights into the dynamics and the ultrastructure of chromosome 
segregation in male meiosis. Using light microscopy, we imaged meiotic spindles within immobilized males that were 
fluorescently labeled with GFP::gamma-tubulin and mCherry::histone H2B. We analyzed the dynamic properties of both 
meiotic spindles in wild-type specimens and found a significant difference in spindle dynamics between meiosis I and II. 
Interestingly, meiosis II spindles containing the single sex chromosome showed a significantly shorter (approx. 9%) pole-
pole distance in metaphase compared to spindles lacking the chromosome. Furthermore, we applied laser microsurgery to 
manipulate the segregation of the single sex chromosome in order to understand the underlying principles regulating its 
segregation. We found that microtubules originating from each of the poles connect to the the single X, thereby exerting a 
pulling force. Interestingly, the response to the laser cut appeared to be dependent on the time point of laser microsurgery 



relative to anaphase onset. This might indicate that the ingressing cell membrane also plays an important role in the initiation 
of the segregation of the sex chromosome. For electron tomography, we apply high-pressure freezing followed by freeze-
substitution of whole animals. After serial sectioning through whole worms, we localize the meiotic region inside the male 
gonad. The subsequent tomographic reconstruction and automatic microtubule segmentation allows us to obtain 
ultrastructural details of different stages of meiotic spindles. Currently, we focus on spindle architecture in different stages of 
meiosis I in order to gain novel insights into the overall spindle architecture and the timing and characteristics of centrosome 
and centriole duplication. Comparing wild-type and mutant situations (zyg-1, spo-11, zim-2), our long-term goal is to 
combine the data on spindle dynamics and ultrastructure to develop a mechanistic model of spindle assembly and sex 
chromosome segregation in C. elegans male meiosis. 

1122B. The kinetochore to cytoplasm ratio determines the strength of the spindle assembly checkpoint during early 
embryonic divisions. Matilde Galli, David Morgan. UCSF, San Francisco, CA. 
   During mitosis, the mitotic spindle partitions replicated chromosomes into two daughter cells. The spindle assembly 
checkpoint (SAC) delays mitotic progression in cells in which not all chromosomes are properly attached to microtubules of 
the mitotic spindle. Interestingly, cells exhibit a large variation in the extent to which they delay mitotic progression upon 
activation of the SAC. In C. elegans, previous studies have shown that early embryonic divisions are only moderately 
delayed upon disruption of their mitotic spindle. To determine whether this is due to an intrinsically weak checkpoint in C. 
elegans, or whether the SAC becomes stronger during later developmental stages, we systematically assayed the mitotic 
delay induced by microtubule disruption at different stages of embryonic development. Strikingly, we found a gradual 
increase in the arrest time, ranging from the reported 2-2.5 fold delay in 2 cell stage embryos to a 10 fold delay at the 50 cell 
stage. We hypothesized that the gradual increase in strength of the SAC could be explained by a decrease in cellular size in 
older embryos. Specifically, the strength of the SAC could depend on the ratio between the amount of unattached 
kinetochores, where the checkpoint signal is generated, and the amount of cytoplasm. To test whether cell size, and not a 
developmental timer, determines the strength of the checkpoint, we depleted ani-2 to induce a spread in embryo sizes and 
then assayed the mitotic delay in various sized two-cell stage embryos. Our results show that the smaller the Ab and P1 cells 
are, the longer the mitotic delay is, arguing against a developmental timer controlling the strength of the checkpoint. 
Furthermore, we find that triploid embryos, which have an increased amount of kinetochores, exhibit a stronger mitotic delay 
upon disruption of the mitotic spindle. Together, these results demonstrate that the kinetochore to cytoplasm ratio determines 
the extent to which embryonic cells delay mitosis upon activation of the SAC. These findings provide new insights into why 
cells exhibit large variations in their ability to delay mitotic progression upon disruption of the mitotic spindle. 

1123C. Mitosis without cytokinesis: mechanism of the endomitotic divisions of the C. elegans intestine. Matilde Galli, 
David Morgan. UCSF, San Francisco, CA. 
   During the development of multicellular organisms, distinct cell types exhibit variations in their cell cycles in order to 
create and maintain the many types of tissues and organs that make up the adult body. Famous examples of cell cycle 
variations include the meiotic cell cycle, the rapid embryonic cell cycles, and endoreplicative cycles. A less studied but not 
uncommon type of cell cycle is the endomitotic cycle, in which cells undergo all phases of the canonical cell cycle but do not 
complete cytokinesis, leading to a 4N or binucleate cell. A fascinating question is how cells are able to uncouple mitotic exit 
and cytokinesis, two processes that are normally intrinsically coupled. To address this, we are studying the endomitotic 
divisions of the C. elegans intestine. Analysis of cell cycle timing and spindle morphology revealed that these divisions 
exhibit a slower than average mitotic exit and fail to form a central spindle during anaphase. Lack of a central spindle per se 
is unlikely to be sufficient to explain the absence of cytokinesis, because we find that ablation of the central spindle during 
other larval divisions does not phenocopy endomitotic divisions but rather leads to a very late failure in cytokinesis. 
However, there are several protein complexes that both promote the formation of a central spindle and have an essential 
function in cytokinesis, and we hypothesized that the absence of one of these protein complexes could explain both the lack 
of central spindle and cytokinesis during endomitotic divisions. To address this, we analyzed the localization of two essential 
cytokinesis complexes, the chromosomal passenger complex (CPC) and the centralspindlin complex. Strikingly, we found 
that both members of the centralspindlin complex, ZEN-4 and CYK-4, are not expressed during endomitotic divisions. We 
are currently testing whether ectopic expression of ZEN-4/CYK-4 in the intestine is sufficient to restore cytokinesis, thereby 
converting the endomitotic division into a conventional cell division. Additionally, we are investigating at which level - 
transcriptional, translational or post-translational - the centralspindlin complex is repressed during endomitotic divisions. 
Finally, we are performing tissue specific RNA expression analyses to uncover the developmental pathways that control the 
transition from conventional cell cycles to endomitotic cycles in the intestine. Together, these results will help shape our 
understanding of how cell type specific variations in cell cycles are achieved during development. 

1124A. Investigating the impact of organismal physiology and tissue architecture on mitosis by in situ live imaging of adult 
germline stem and progenitor cells. Abigail Gerhold1, Myreille Larouche1, Paul Maddox2, Jean-Claude Labbé1. 1) Institute 
for Research in Immunology and Cancer, Université de Montréal, Montreal, Quebec; 2) Department of Biology, University 



of North Carolina, Chapel Hill, Chapel Hill, North Carolina. 
   The study of dynamic mitotic events, such as spindle assembly, chromosome segregation and cytokinesis, has been largely 
confined to tissue culture and embryonic model systems, which are readily amenable to live imaging. How these fundamental 
mitotic processes occur in adult stem and progenitor cells, which divide within the complex environment of a mature tissue 
and organism, remains largely unknown.  We are using in situ live imaging of C. elegans germ line stem and progenitor cells 
to investigate various aspects of mitosis in cells dividing within their native environment in an intact animal. We have shown 
that, unlike in the early embryo, regulation of anaphase onset in germ cells by the spindle assembly checkpoint resembles that 
which has been described for classical tissue culture models. In addition the timing of anaphase entry is highly sensitive to 
dietary restriction, attenuated insulin signaling, germ line function and developmental stage. These results provide in vivo 
validation of models for spindle assembly checkpoint regulation developed in tissue culture systems and demonstrate that 
mitotic progression in an adult stem and progenitor cell population is highly sensitive to changes in organismal physiology. 
Germ cell mitosis also occurs within a complex tissue architecture – germ cells are partially syncytial and are arranged in a 
circumferential monolayer with syncytial openings facing a common cytoplasmic core. We are exploring how this tissue 
organization is maintained during cell division and how it influences ring closure during cytokinesis. 

1125B. Putative Protamines, SPCH-1/2/3 highlight distinct features of C. elegans male fertility. Jennifer Gilbert, Jordan 
Berry, Dana Byrd, Diana Chu. San Francisco State University, San Francisco, CA. 
   During spermatogenesis, chromatin is tightly compacted for efficient delivery of the paternal genome to the embryo. Small 
basic proteins called protamines facilitate this process. Though many organisms use protamine-like proteins to compact their 
paternal genome, features of these proteins are unique to each species. We identified three proteins in C. elegans, SPCH-
1/2/3, that are small, basic, enriched in sperm chromatin and have high arginine content. Due to these features we hypothesize 
that SPCH-1/2/3 are C. elegans protamines. Immunostaining revealed SPCH delivery to the 1-cell embryo and its removal 
from the decondensing paternal pronucleus, similar to mammalian protamine removal after fertilization. 
However, mammalian protamines incorporate with chromatin after meiosis, but we find SPCH incorporation during sperm 
meiosis. This incorporation is a unique feature to C. elegans spermatogenesis. Parallel to protamines, we find that SPCH-2 is 
the primary contributor to SPCH function in male fertility. spch-2 hermaphrodites produce 70% fewer progeny than wild 
type. After mating spch-2;him-8 males to the self-sterile spe-8;dpy-4, we found that mutant males produced 65% fewer cross-
progeny than him-8 males, revealing that the fertility defect is due to faulty sperm. spch-1 mutants only show a 16% 
reduction in progeny compared to wild type, thus SPCH-1 is the secondary contributor to SPCH function in fertility. spch-3 
hermaphrodites have no reduction in progeny, though the spch-3;spch-1 mutant produces 50% fewer progeny than wild type. 
These data suggest that SPCH-1 and -2 have distinct roles and partially compensate for each other, while SPCH-3 is 
functionally redundant. SPCH-2 has a main role in male fertility, but the exact cause of the fertility defect is unknown. spch-2 
mutants do not have obvious defects in sperm production, transfer to hermaphrodites, or abnormal sperm utilization patterns. 
spch-2 mutants do not produce large quantities of dead embryos, precluding the idea that sperm are anucleate or have 
significant DNA damage. Thus it is possible that the reduced fertility is due to a fertilization defect. Taken together this data 
indicate that SPCH are functioning as protamines. Interestingly, though SPCH-1 and -2 are 88% identical in amino acid 
sequence, mass spec analysis found SPCH-1 and -2 peptides differentially phosphorylated in a region of non-identity. This 
provides further evidence that SPCH-1 and -2 have distinct roles in fertility. While SPCH-1/2/3 have some similarities to 
protamines in other species, their distinct features highlight unique aspects of C. elegans spermatogenesis and male fertility. 

1126C. Nuclear pore complex protein MEL-28 associates with active chromatin and regulates chromosome segregation and 
nuclear envelope assembly. Georgina Gómez-Saldivar1, Anita G. Fernandez2,3, Allison Lai2, Michael Mauro2, Cristina 
González-Aguilera1, Fabio Piano3, Peter Meister4, Peter Askjaer1. 1) CABD, CSIC-Univ. Pablo de Olavide, Seville, Seville; 
2) Fairfield University Biology Department, Fairfield CT, 06824, USA; 3) NYU Center for Genomics and Systems Biology, 
New York, NY 10006, USA; 4) Cell Fate and Nuclear Organization, IZB, University of Bern, Bern, 3012, Switzerland. 
   Nuclear envelope (NE) proteins are key regulators of nuclear organization and gene expression via extensive contacts with 
the genome. In addition, nuclear pore complex proteins (NPP) are essential for the control of NE permeability and 
nucleocytoplasmic transport. The NPP MEL-28 (ELYS in vertebrates) is a large AT-Hook protein required for chromosome 
congression and segregation during mitosis as well as NE assembly. MEL-28 localizes to nuclear pore complexes (NPCs) 
and chromatin during interphase and shuttles to kinetochores during mitosis. However, it is unknown how MEL-28 
localization and activity is regulated.We are using a structure/function approach to determine which domains of the MEL-28 
protein are required for MEL-28 localization and function in live C. elegans embryos. Through systematic characterization of 
truncated MEL-28 proteins, we have determined functional domains responsible for distinct aspects of MEL-28 behavior 
like: chromatin binding, NPC association, kinetochore localization, nuclear import and chromosome segregation. 
Surprisingly, we have found that removal of the AT-Hooks does not affect MEL-28 localization although it disrupts MEL-28 
function and produce cell cycle delay.To understand the function of MEL-28 chromatin binding we have used DamID to 
identify the chromatin regions with which MEL-28 associates. Interestingly, MEL-28 is enriched at transcribed genes and 
correlates positively with active histone marks, suggesting that it may be involved in regulation of gene expression. We 



compared the MEL-28 chromatin profile with the profile of another NPP, NPP-22, which is permanently anchored to the 
NPC. Surprisingly, we found that the chromatin association profile of NPP-22 was more similar to the profile of the nuclear 
lamina protein LMN-1 than to MEL-28’s profile, suggesting that individual NPPs interact with specific chromatin domains. 
To discriminate between MEL-28-chromatin interactions at NPCs and in the nucleoplasm we are currently performing 
DamID experiments with MEL-28 fragments targeted to different nuclear compartments. Finally, GO-term analysis reveals 
that MEL-28-associated genes are related to larval and reproductive development. This suggests that MEL-28 has 
postembryonic functions that have not yet been studied. 

1127A. Approaches aimed at identifying the C. elegans homolog of NBS1. Rachel Harney, Sarit Smolikove. Dept. of 
Biology, University of Iowa, Iowa City, IA. 
   Meiosis is a conserved process across all eukaryotes that involves an initial round of genome replication and two 
subsequent divisions resulting in four haploid gametes.  In meiotic prophase I, programmed DNA double strand break (DSB) 
are formed and then DNA ends are resected to create single stranded DNA.  Homology searching and repair via homologous 
recombination (HR) then repair the breaks thereby maintaining genetic diversity among a population.  In most organisms 
studied to date, DSBs are formed by the protein SPO11 along with a three-member complex that includes MRE11, RAD50, 
and NBS1 (MRN complex).  If any member of the complex is mutated or deleted in yeast, meiosis proceeds at half the 
normal rate, and in mammals, MRN complex null mutants are lethal.  The use of Caenorhabditis elegans as a model system 
has provided insight into the molecular pathways of meiosis.  In C. elegans, mre-11 and rad-50 mutants lead to embryonic 
lethality due to chromosome missegregation, however, to date the field has been unable to identify the C. elegans homolog of 
NBS1 based on sequence conservation at both the DNA and amino acid level.  There is a high likelihood that this homolog 
exists because both other proteins in the MRN complex are present in C. elegans, and NBS1 homologs in other organisms are 
not highly conserved.  Generally, two functional domains exist in NBS1 homologs: FHA domain(s) and BRCT domain(s), 
however some species contain only an FHA domain or a BRCT domain; no proteins in C. elegans contain both 
domains.  Using both RNAi and biochemical assays, I aim to find the C. elegans homolog of NBS1.  I will present the 
findings from my initial screen aimed at identifying the C. elegans NBS-1. 

1128B. The Role of ZTF-15 in the meiotic synapsis checkpoint. Tom Hwang, Alice Ye, Pin-Hsi Chen, Needhi Bhalla. MCD 
Biology, UC Santa Cruz, Santa Cruz, CA. 
   During meiosis I, homologous chromosomes must pair, synapse, and recombine to promote proper chromosome 
segregation. Defects in any of these processes can lead to incorrect chromosome segregation and aneuploid gametes. One 
mechanism that prevents aneuploidy during meiosis is the synapsis checkpoint, which activates apoptosis in the event of 
asynapsis. We identified ZTF-15 in an RNAi screen to identify new checkpoint components. Here we report that ztf-15 plays 
an integral role in the synapsis checkpoint in C. elegans. In genetic backgrounds that activate the synapsis checkpoint, loss of 
ZTF-15 reduces apoptosis to wildtype levels. Additional analysis indicates that ztf-15 is also required for timely pairing and 
synapsis of autosomes. These phenotypes are reminiscent of another synapsis checkpoint component, the conserved kinase 
PLK-2. To further interrogate a potential interaction between these two proteins, we performed two-hybrid analysis and 
found that PLK-2 and ZTF-15 interact. We also show that ZTF-15 is an in vitro substrate of PLK-2. Overall, these data 
suggest that ZTF-15 acts downstream of PLK-2 to promote synapsis checkpoint signaling. . 

1129C. top-2 is required for proper chromosome segregation during male meiosis in C. elegans. Aimee Jaramillo-Lambert, 
Harold Smith, Andy Golden. Laboratory of Biochemistry and Genetics, NIDDK/NIH, Bethesda, MD. 
   Understanding the molecular basis of fertilization and early embryogenesis is critical in understanding the causes of human 
infertility. Approximately 15% of couples are infertile and defects in paternal factors may be one cause. During fertilization 
two highly specialized cells, the oocyte and the sperm, fuse and activate a number of cellular events that transform the 
arrested oocyte into an embryo. Oocytes and sperm play distinct roles in fertilization and early embryogenesis. Oocytes are 
large, sedentary cells that provide a haploid genome and large stockpiles of maternal RNA and proteins necessary for early 
embryogenesis. Sperm are small, motile cells streamlined for fertilization but also play essential roles in early development. 
The sperm provides a haploid genome, centrosomes, and initiates the embryonic program. We sought to identify novel 
paternally contributed proteins that were essential for embryonic development. Absence of these paternally provided 
components results in paternal-effect embryonic lethality (PEL). To identify PEL mutants, we screened mutants previously 
characterized as maternal-effect embryonic-lethal but were rescued for viability when mated to wild-type males indicating a 
potential sperm defect. We identified mel-15, an unidentified locus on chromosome II, as a candidate. Initial analysis 
confirms that sperm from mel-15 mutant males produce dead embryos, even when fertilizing wild-type oocytes. 
Characterization of early embryonic events indicates fertilization is successful and that sperm components (e.g. centrosomes) 
are transmitted to the embryo. However, sperm chromatin is not detected in these fertilized embryos. Examination of mel-15 
male germ lines revealed that the sperm DNA fails to properly segregate during the meiotic divisions. Chromatin bridges 
form during anaphase and the chromatin becomes trapped in the residual body. Failure to segregate DNA into the spermatids 
results in anucleate sperm that are capable of fertilization; early embryonic events appear normal but embryos arrest around 



the 200-cell stage. Whole-genome sequencing and complementation tests revealed that mel-15 is an allele of top-2, the C. 
elegans ortholog of human topoisomerase II. Type II topoisomerases alleviate DNA entanglements generated during 
replication, transcription, and recombination by transiently creating double strand breaks, passing another strand of DNA 
through the break, and resealing the break. We are now trying to determine if TOP-2 is not only required for sperm 
chromosome segregation but if sperm is the vehicle for transmission of TOP-2 to the embryo. 

1130A. Determining the Role of Histone Variants During Spermatogenesis in C.elegans. Monet Jimenez1, Rodrigo Estrada1, 
Margaret Jow, PhD1, Diana Chu, PhD1. 1) Department of Biology, San Francisco State University, San Francisco, CA; 2) 
Department of Biology, San Francisco State University, San Francisco, CA. 
   During development, it is imperative that the right genes are accessible at a precise time and place; thus, regulation of 
chromatin is a highly complex process. Histones, which package DNA into nucleosomes composed of the canonical histones 
H2A, H2B, H3, and H4, play an important role in maintaining chromatin accessibility. Canonical histones are only expressed 
in S-phase and replaced by histone variants at differing times throughout the cell-cycle. Histone variants are often highly 
conserved across species, indicating they have evolved to sustain tissue-specific functions that cannot be done by canonical 
histones. In C. elegans, the evolutionarily conserved HTZ-1 is 54% identical to H2A and ubiquitously expressed. Staining 
experiments exhibit that HTZ-1 is present throughout meiosis, and without it’s expression mutants are sterile. In 
embryogenesis, it is required to activate certain developmental promoters, however whether this is also true during 
spermatogenesis has yet to be explored. Distinctively, HTAS-1 is sperm specific, and 48% identical to H2A. It localizes to 
sperm chromatin, and when absent, mutants are sub-fertile. We speculate these two variants have key roles in 
spermatogenesis; however, how histone variants are specialized to function distinctly remains unclear. When compared, these 
histone variants differ the most in their N- and C-terminal domains, sites where histone modification typically occurs. We 
hypothesize that these differing domains are responsible for the unique function that characterizes the role of each variant. To 
address this, chimeric histones will be expressed using the CRISPR/Cas-9 genome editing system. These chimeras will be 
mostly H2A, and each will have a different histone variant domain swapped in. For example, one chimera will have the N-
terminus and core domain of H2A, but the C-terminus sequence for HTZ-1. We expect that the N-term and C-term domains 
of HTZ-1 and HTAS-1 will be major determinants for rescue, since these regions are most accessible to cell-type specific 
players that are involved in regulating chromatin during development. It is also possible that the core regions maintain 
important DNA interactions, since each variant also differs from each other in this domain. These results will elucidate the 
amino acid sequences that uniquely corresponds to their function in different cell types, and help define broad features of 
histone variants important to their function across species. . 

1131B. The meiotic chromosome axis mediates feedback control of CHK-2 activity during meiosis. Yumi Kim1,2, Nora 
Kostow1,2, Abby F. Dernburg1,2. 1) Department of Molecular and Cell Biology, University of California, Berkeley, Berkeley, 
CA; 2) Howard Hughes Medical Institute. 
   A series of events during the meiotic cell cycle enables the segregation of homologous chromosomes to form haploid 
gametes. Early in meiosis, chromosomes are reorganized around a central axis, and then pair, synapse, and recombine with 
their homologs. In C. elegans, a meiosis-specific paralog of the DNA damage checkpoint kinase CHK-2 is required for 
pairing, synapsis, and recombination. We have found that CHK-2 promotes pairing and synapsis by phosphorylating a family 
of zinc finger proteins (HIM-8, ZIM-1, ZIM-2 and ZIM-3) that bind to pairing centers, specialized regions of each 
chromosome that play essential roles in meiotic chromosome dynamics. Phosphorylation of these proteins by CHK-2 primes 
their recruitment of the Polo-like kinase PLK-2 to promote pairing and synapsis. A phospho-specific antibody has revealed 
that CHK-2 activity normally declines once all chromosomes have accomplished synapsis and crossing-over, but is 
prolonged in mutants that disrupt crossover formation, suggesting that CHK-2 activity is regulated by a feedback circuit that 
monitors crossover formation. Interestingly, CHK-2 activity is not extended in mutants that disrupt the meiotic HORMA 
domain proteins HIM-3, HTP-1, or HTP-3, which are components of meiotic chromosome axes, despite their inability to 
form crossovers. Deleting HIM-3 or HTP-1/2 suppresses the extension of CHK-2 activity in other meiotic mutants, indicating 
that each of these proteins plays an essential role in sensing and/or signaling meiotic defects for CHK-2 regulation. Feedback 
control is also abrogated by mutations in HTP-3 that prevent recruitment of HTP-1/2 or HIM-3 to the chromosome axis, 
indicating that interactions among these axis-associated proteins are essential for meiotic feedback regulation. Our findings 
establish the molecular basis for checkpoint mechanisms targeting CHK-2 that coordinate meiotic chromosome dynamics 
with cell cycle progression. . 

1132C. Correlation of centrosome size and spindle architecture in early C. elegans embryos. Marcel Kirchner1,2, Anthony 
Hyman1, Thomas Müller-Reichert2. 1) MPI-CBG , Dresden; 2) Structural Cell Biology, Medical Theoretical Center, Dresden. 
   Centrosomes are the main microtubule organizing centers (MTOC) in most animal cells and are involved in setting up the 
mitotic bipolar spindle. They consist of a pair of centrioles surrounded by an electron dense matrix called pericentriolar 
material (PCM). Although mitotic spindles show little variation in size within a single cell type, spindle length can vary at 
least 10-fold between different species. Recent studies have shown that centrosome size sets mitotic spindle length in the 



early C. elegans embryo and that the centrosome size correlates with cell size due to limiting amounts of cytoplasmic 
components incorporated into the PCM [1, 2]. 
Therefore we aim to understand how centrosome architecture correlates with the number of nucleated microtubules and find 
out how the density and length distribution of spindle microtubules is altered due to changes in centrosome size. 
Using the early C. elegans embryo as a model system, we deplete centrosome-associated proteins by RNAi to generate 
centrosomes of different sizes within a single embryo. Our work focuses on SAS-4, a centriole component required for 
centriole duplication in the two-cell embryo. Partial depletion of SAS-4 results in structurally defective centrioles, which 
recruit proportionally less PCM and therefore show centrosomes of various sizes in the second mitotic division [3]. 
Although light microscopic data suggest a correlation between centrosome size and the number of microtubules nucleated 
from the centrosome, there is currently no ultrastructural data to proof this hypothesis. We use a correlative light and electron 
microscopy (CLEM) approach by combining live-cell imaging and 3D-reconstruction by electron tomography. Therefore, we 
image a fluorescently labeled SPD-2::GFP strain to analyze centrosome size and immediately apply high pressure freezing 
after imaging to preserve the ultrastructural organization of mitotic spindles [4]. After subsequent freeze-substitution and 
semi-thick sectioning (300 nm), tomographic reconstruction is applied to visualize the organization of spindle microtubules. 
Using this approach, we will develop a functional model explaining how centrosome size is linked to spindle architecture.[1] 
Decker et al. 2001. Current Biology. 21(15):1259-1267 
[2] Greenan et al. 2010. Current Biology. 20(4):353-358 
[3] Kirkham et al. 2003. Cell. 112:575-587 
[4] Muller-Reichert et al. 2003. Journal of Microscopy. 212:71-80. 

1133A. A critical role of C. elegans nuclear envelope protein SAMP-1 in spermatogenesis. Aleksandra Kuzmanov1, Alison 
Deshong1, Matyas Gorjanacz2, JoAnne Engebrecht1. 1) Molecular and Cellular Biology, University of California, Davis, CA; 
2) European Molecular Biology Lab., Heidelberg, Germany. 
   In mammals, Samp1, a conserved inner nuclear membrane protein, encases mitotic spindles to ensure proper centrosome 
positioning. In C. elegans, loss of the homolog, SAMP-1, causes embryonic lethality. Whereas the maternally-rescued 
animals are sterile, hermaphrodite sterility was rescued with wild-type sperm suggesting a critical role of SAMP-1 in 
spermatogenesis. SAMP-1 undergoes dynamic localization during male meiosis. In the proliferative zone and early meiotic 
prophase SAMP-1 accumulated at the nuclear periphery as expected for a nuclear envelope protein in both hermaphrodite and 
male germ cells. In contrast to hermaphrodites, in late meiotic prophase SAMP-1 underwent dramatic movement in male 
germ cells. During diplotene and karyosome stage SAMP-1 was detected in the nucleoplasm and as paired homologs started 
congressing to the metaphase plate it formed a ring-like structure around the mid-bivalent. Although still detectable at the 
contact surfaces of segregating homologs during early anaphase I, SAMP-1 departed during late anaphase I and then 
reappeared between sister chromatids in metaphase II.  SAMP-1 failed to accumulate on the unpaired X at metaphase I but 
was on X sisters at metaphase II. While we observed enrichment of SAMP-1 on the synapsed X chromosomes of tra-
2(e1095) XX males, accumulation was abrogated in the absence of HIM-8, which is required for X chromosome pairing and 
synapsis. Moreover, SAMP-1 failed to accumulate on asynapsed chromosome Vs in zim-2(tm574) mutants. These results 
suggest that SAMP-1 binds specifically to the interface between bivalents at meiosis I. In metaphase I the area in between 
bivalents also contained the integral membrane ER signal peptidase subunit (SP12) homolog (C34B2.10), suggesting that 
there is a membranous domain between the bivalents. Depletion of SAMP-1 resulted in disorganized chromosomes and the 
formation of multipolar spindles as well as altered localization of the meiotic cohesin REC-8.  In wild-type male germ lines, 
REC-8 localizes along both long and short arms of metaphase I chromosomes. Whereas in SAMP-1 depleted nuclei REC-8 
was missing from the sister chromatid interface, it ectopically localized to the spindle poles. Similar REC-8 mislocalization 
was seen in mat-2(ax102) (APC) mutants arrested in metaphase I suggesting that loss of SAMP-1 results in metaphase I 
arrest followed by multipolar spindle formation. Together, these results reveal a previously unrecognized role of the inner 
nuclear envelope protein SAMP-1 in the regulation of cohesion release at the metaphase-anaphase transition during meiosis. 

1134B. SUN protein UNC-84 functions in DNA repair choice in the C. elegans germ line. Katherine Lawrence, Erin 
Tapley, Kayla Aung, Kevin Hart, JoAnne Engebrecht, Dan Starr. Molecular and Cell Biology, University of California 
Davis, Davis, CA. 
   UNC-84, the inner nuclear membrane SUN domain protein, has been extensively characterized for its role in nuclear 
migration and anchorage in somatic tissues. We found that UNC-84 is also expressed in the C. elegans germ line, suggesting 
it plays an important role in stem cell maintenance and meiotic progression. We previously reported that in proliferating stem 
cells, DNA damage foci localize to the nuclear periphery; additionally, evidence in other systems suggests sites of DNA 
damage colocalize with SUN proteins. We hypothesized that UNC-84 facilitates efficient DNA repair by interacting with 
damaged DNA at the nuclear periphery. Consistent with this, we found that loss of UNC-84 leads to a defect in loading of the 
recombinase RAD-51 on single stranded DNA during replication stress, which can be partially rescued by co-depleting non-
homologous end joining components. These results suggest that UNC-84 promotes homologous recombination. Further, unc-
84 mutants have mildly reduced levels of RAD-51 during early meiotic prophase, suggesting that UNC-84 also contributes to 



meiotic DSB repair. Consistent with defects in meiotic DSB repair, unc-84 mutants have elevated germline apoptosis, which 
is dependent on DNA damage checkpoint signaling and induction of programmed meiotic breaks. Lastly, unc-84 has 
increased progeny inviability, which is even more evident when apoptosis is blocked.  Together these results suggest UNC-
84 is important for DNA repair both in mitotic precursor cells and during meiosis to ensure genomic integrity and progeny 
viability.    . 

1135C. Double strand break formation and repair pathway choice during meiosis are mediated by him-5. Nicolas Macaisne, 
Zebulin Kessler. OB/GYN/Repro Sci., U. Pittsburgh/ MWRI, Pittsburgh, PA. 
   The formation of haploid gametes relies on a series of molecular events leading to the formation of reciprocal exchanges or 
crossovers (COs) between homologous chromosomes, ensuring their proper segregation in meiosis I. The formation of COs 
initiates with programmed double strand breaks (DSBs) in DNA that are then repaired by homologous recombination (HR). 
A defect in CO formation can lead to chromosome nondisjunction. This can provoke the appearance of a high incidence of 
males in the progeny of mutants for genes involved in meiotic DSB formation, such as the gene him-5.Our laboratory has 
previously characterized the him-5 mutant, showing that DSB formation is impaired that the CO formation and distribution 
are defective. Here we show an additional role of him-5 in DSB repair pathway choice.One of the most surprising aspects of 
the him-5 mutation is that it is able to suppress the repair defect of a rad-51 mutant. RAD-51 is the key recombinase driving 
the DSB to homologous recombination-mediated repair to promote COs. The rad-51 single mutant is characterized by 
chromosome aggregation at diakinesis, indicating that in the absence of rad-51, DSBs are repaired by non-homologous end-
joining (NHEJ). At the same meiotic stage, the rad-51;him-5 double mutant shows 12 univalents; DSBs are not repaired by 
NHEJ, but instead are repaired through an alternative homology-mediated repair pathway that does not lead to COs.  Using 
genetic and cytogenetic approaches we have been investigating which alternative repair pathway(s) are utilized by the cell to 
repair DSBs in a rad-51; him-5 context. We have been able to observe genetic interactions between him-5 and both mre-11 
and xpf-1, suggesting that DSBs could be repaired by micro-homology mediated end-joining (MMEJ) and/or single-strand 
annealing (SSA), Since both pathways require DNA strand processing and since both are non-conservative repair pathways, 
we have seen evidence for the appearance of spontaneous mutations in the rad-51;him-5 mutant animals.  These results 
require us to rethink both the hierarchy of repair pathways during meiosis and the roles of different proteins in ensuring 
homolog-mediated repair. Our data suggest that him-5 plays a unique role: promoting DSB formation and shunting the 
subsequent lesions into HR with the appropriate substrate. 

1136A. CEP-1 is pro-choice for reproductive health in C. elegans. Abigail Rachele Mateo1,2, Zebulin Kessler3, Anita 
Kristine Jolliffe1, Olivia McGovern3, Bin Yu2, Alissa Nicolucci2, Judith Yanowitz3, W. Brent Derry1,2. 1) Department of 
Molecular Genetics, University of Toronto, Toronto, Ontario, Canada; 2) Developmental and Stem Cell Biology Program, 
Hospital for Sick Children, Toronto, Ontario, Canada; 3) Magee-Womens Research Institute, University of Pittsburgh School 
of Medicine, Pittsburgh, Pennsylvania, USA. 
   The passage of genetic information during meiosis requires exceptionally high fidelity to prevent birth defects and 
infertility. Accurate chromosome segregation during the first meiotic division relies on the formation of crossovers between 
homologous chromosomes and a series of precisely controlled steps to exchange genetic information. Here, we show that the 
p53-like protein CEP-1 cooperates with HIM-5 to ensure crossover formation by regulating the induction of SPO-11-
dependent programmed double-strand breaks. In addition, CEP-1 actively suppresses nonhomologous end-joining (NHEJ) to 
commit repair of these meiotic breaks to the error-free homologous recombination (HR) pathway. These roles of CEP-1 are 
dependent upon signals from the upstream checkpoint proteins HUS-1 and ATM-1, but independent of the core apoptosis 
signalling pathway. This work reveals an ancient function for the p53 family in ensuring the fidelity of meiosis and 
establishes CEP-1 as a critical determinant of repair pathway choice. . 

1137B. The C. elegans Casein Kinase 2α homolog, KIN-3, negatively regulates centrosome assembly. Jeff Medley, Megan 
Kabara, Mi Hye Song. Biological Sciences, Oakland University, Rochester, MI. 
   Centrosomes, comprising two centrioles and surrounding pericentriolar materials, play a critical role in establishing bipolar 
spindles at mitosis. Aberrant centrosomes result in chromosome mis-segregation, leading to genomic instability. Thus, the 
correct number of centrosomes is crucial for the maintenance of genomic integrity. Each centrosome must duplicate precisely 
once per cell cycle, one daughter centriole per mother. While key factors necessary for centrosome duplication have been 
identified, it has not been fully understood how these factors interplay in the pathway, and how these key players are 
modulated to properly assemble new centrosomes. Recent efforts have explored how post-translational modifications 
contribute to fine-tune the centrosome assembly process. For example, Protein Phosphatase 2A (PP2A) has been shown to 
promote centrosome duplication by stabilizing core factors (ZYG-1 and SAS-5). However, the counter-acting kinase(s) in 
this context has not yet been identified.Toward this end, we investigate C. elegans Casein Kinase II (CK II), KIN-3 as a 
potential kinase that modulates the activity of core centrosome factors. CK II is a serine/threonine kinase that is expressed 
ubiquitously in various cell types, and has been reported to promote cell proliferation in mammalian cell lines. By fluorescent 
confocal microscopy, we observed that KIN-3 localizes to the nuclear envelope, spindles, and cytoplasm in early C. elegans 



embryos. Knockdown of KIN-3 leads to cell cycle defects, including misaligned chromosomes, detached centrosomes, and 
abnormal microtubule organizations in the early cell cycle. kin-3(RNAi) restores centrosome duplication and embryonic 
viability to zyg-1(it25ts) embryos at the semi-restrictive temperature, suggesting that KIN-3 negatively regulates centrosome 
assembly in a ZYG-1 dependent manner. We have begun to investigate the molecular mechanisms by which KIN-3 
negatively regulates centrosome assembly. By quantitative immunofluorescence, we observed that centrosome-associated 
ZYG-1 at metaphase I is significantly increased in kin-3(RNAi) embryos, compared to controls. However, neither SAS-5 nor 
g-Tubulin was affected by kin-3(RNAi). By employing both genetic and biochemical tools, we are continuing to examine 
other factors to determine which proteins are targeted by the kinase KIN-3, and how KIN-3-dependent phosphorylation 
influences centrosome assembly.   . 

1138C. A new model for cell cycle asynchrony during early embryogenesis in C. elegans. Matthew Michael. Dept 
Biological Sciences, Univ Southern California, Los Angeles, CA. 
   Two prominent features of early embryonic cell division in C. elegans are asymmetric cleavage and asynchronous timing. 
Here, we focus on the mechanism for asynchronous cell division in two-cell embryos. The P0 zygote divides asymmetrically 
to form the larger AB and the smaller P1 cell. Both AB and P1 exhibit S/M cell cycles, whereby cells enter S phase shortly 
after birth, and proceed directly into mitosis upon completion of S phase. The AB S phase is ~2 minutes faster than that of P1, 
and this time difference is linked to proper segregation of cell fate determinants. The mechanistic basis for the difference in S 
phase dynamics between AB and P1 is not fully understood.Recent work has shown that replication initiates more efficiently 
in AB relative to P1 (1).  This, in turn, allows AB to complete S phase first because replicons are smaller in AB.  It was not 
previously known how this difference in replication initiation is controlled. Here, we will show that the CDK-1/CYB 
complex, which is required for replication initiation (2), is unequally distributed within the two-cell embryo.  We find that 
AB inherits more CDK-1/CYB than does P1. We also find that when CDK-1/CYB activity is reduced, then interphase 
duration is delayed more so in P1 than AB. These data suggest a new model for asynchrony at the two-cell stage:  P1 is 
physically and functionally limited for CDK-1/CYB activity relative to AB, and this allows AB to fire more replication 
origins and to thereby complete S phase faster than does P1.  Data will be presented on the PAR-dependence of asymmetric 
distribution of CDK-1/CYB.  Furthermore, our results will be placed in context with previously defined models for cell cycle 
asynchrony in the early embryo.(1) Benkemoun L, Descoteaux C, Chartier NT, Pintard L, Labbé JC. PAR-4/LKB1 regulates 
DNA replication during asynchronous division of the early C. elegans embryo. 2014. J Cell Biol.: 205(4):447-55.(2) Gaggioli 
V, Zeiser E, Rivers D, Bradshaw CR, Ahringer J, Zegerman P. CDK phosphorylation of SLD-2 is required for replication 
initiation and germline development in C. elegans. 2014. J Cell Biol.:204(4):507-22. . 

1139A. Role of PIG-1/MELK kinase in cytokinesis revealed by a suppressor screen for spd-1(oj5ts) spindle defects. Behrooz 
Esmaeili1, Antonia Sagona1, Eva Pablo-Hernando2, Liam John Messin1, Masanori Mishima1. 1) Warwick Medical School, 
University of Warwick, Coventry, UK; 2) Gurdon Institute, University of Cambridge, Cambridge, UK. 
   Cytokinesis in animal cells is regulated by the post-anaphase microtubule-based structures such as asters, central spindle 
and midbody. Two conserved microtubule-bundling proteins, centralspindlin (complex of ZEN-4 and CYK-4) and PRC1 
(SPD-1), play crucial roles in the formation of the central spindle and midbody. The central spindle is tensioned by dynein-
dependent cortical pulling forces, which determine asymmetric spindle positioning and drive the anaphase B spindle 
elongation. We have recently discovered that a direct interaction between the CYK-4 subunit of centralspindlin and SPD-1 is 
crucial for the mechanical robustness of the central spindle during anaphase. In the mutant embryos defective for this 
interaction such as spd-1(oj5), breakage of the central spindle into two halves is observed. This mid-anaphase spindle 
breakage can be suppressed by reduction of the cortical pulling forces by RNAi depletion of dynein activators. Prompted by 
this observation, to identify molecules involved in the robustness of cytokinesis in general, we performed a chemical 
mutagenesis screen for suppressors of the temperature-sensitive lethality of spd-1(oj5) and isolated novel alleles of zen-4 and 
pig-1. pig-1 encodes a protein kinase orthologous to mammalian MELK and has been shown to be involved in neuroblast 
asymmetric cell division and caspase-independent apoptosis. To examine whether the suppression of the embryonic lethality 
was achieved by genuine repression of cytokinesis failure rather than by compensation of missing cells crucial for viability 
by possible cell fate conversions, we monitored cytokinesis in spd-1(oj5) embryos up to ~150 cell stage using 
histone::GFP. At the restrictive temperature, 100% of spd-1(oj5) embryos (n=37) showed some stochastic cytokinesis failure 
in most of the cell lineages (8% of 1296 observable divisions). Depletion of PIG-1 by RNAi strongly suppressed this 
stochastic cytokinesis failure (some cytokinesis failure in 11% of embryos (n=56), 0.2% of 2686 observable cell divisions) 
although this failed to prevent central spindle breakage. Consistent with this, PIG-1::GFP showed dynamic localization to the 
anaphase spindle poles and the cell cortex with enrichment at the cleavage furrow, but not specifically to the central spindle. 
These observations indicate that, in addition to the cell fate determination and apoptosis, PIG-1 regulates cytokinesis through 
a pathway independent of the central spindle. Analysis of molecular details of this pathway is underway. 

1140B. PAR-4/LKB1 and anillin prevent myosin from uncoupling cytokinetic furrow and mitotic spindle positions during 
asymmetric division. A. Pacquelet1,2, P. Uhart1,2, G. Michaux1,2. 1) IGDR, CNRS; 2) Université de Rennes, France. 



   It is well established that the mitotic spindle regulates cytokinetic furrowing, thereby ensuring that cleavage occurs through 
the central spindle and properly segregates DNA. However, asymmetrically localized myosin has also been found to have the 
ability to induce cytokinesis, notably in asymmetrically dividing drosophila and C. elegans neuroblasts. How cells coordinate 
signals from the spindle and myosin to ensure that cleavage occurs through the central spindle and correctly segregates DNA 
is unknown. This is particularly intriguing in cells, such as in the C. elegans one-cell embryo, where myosin localization does 
not correlate with spindle position and may trigger a tug-of-war between the two mechanisms to properly position the 
furrow.We identified a novel pathway which regulates myosin and is thereby essential to coordinate furrow and spindle 
positions during asymmetric cell division. In the C. elegans one-cell embryo, myosin localizes at the anterior cortex while the 
mitotic spindle localizes towards the posterior pole of the embryo. We find that the kinase PAR-4/LKB1 regulates anillins 
(ANI-2 and ANI-1) together with the cullin CUL-5, as well as an anillin independent pathway involving the kinase PIG-
1/MELK.  In the absence of both ANI-1 and PIG-1/MELK, the spindle is still localized towards the posterior of the embryo 
but myosin strongly accumulates at the anterior cortex and induces a drastic displacement of the furrow towards the anterior: 
this severely uncouples spindle and furrow positions and can lead to DNA segregation defects. Altogether our results show 
that regulation of asymmetrically localized myosin by PAR-4/LKB1, PIG-1/MELK and ANI-1 is critical to ensure that 
furrow and central spindle positions coincide throughout cytokinesis. 

1141C. Meiotic Progression and Recombination Modulate the Dynamic State of the Synaptonemal Complex. Divya 
Pattabiraman, Baptiste Roelens, Marc Presler, Grace Chen, Anne Villeneuve. Dept. of Developmental Biology, Stanford 
University, Stanford, CA. 
   The synaptonemal complex (SC) is a highly-ordered proteinaceous structure that assembles at the interface between aligned 
homologous chromosome pairs during meiotic prophase. The SC is integral to most aspects of the meiotic program, with 
demonstrated roles in stabilization of homolog pairing, in promoting the formation of crossovers, in enabling meiotic 
progression and in crossover interference. Although EM images of SCs give the impression of a rigid, scaffold-like structure, 
recent studies suggest that the SC may be much more dynamic than previously appreciated. We have investigated the 
dynamics of the SC structure by using FRAP (Fluorescence Recovery After Photobleaching) analysis to visualize the 
exchange/turnover of SC components within fully assembled SCs. This was done in pachytene nuclei of intact worms 
expressing a GFP-tagged version of SYP-3, a component of the SC central region.This approach has revealed a previously 
hidden dynamics of the SC, demonstrating that the SC is a malleable structure rather than a fixed scaffold. We observe 
significant recovery of GFP::SYP-3 by 10-15 minutes post-bleach, and recovery approaches a maximum by 1-1.5 h. 
Although this recovery time scale is slower than those observed for nucleoplasmic proteins (seconds) or spindle microtubules 
in the first mitotic spindle (a few minutes), it is short relative to the length of the pachytene stage when full-length SCs are 
present (18-24 h). Thus, the observed dynamics indicate that the SC has the potential to undergo substantial remodeling and 
reorganization in response to ongoing events of meiotic prophase. Based on our analyses, we can draw several conclusions: 
1) Recovery occurs primarily by redistribution/exchange of existing SC subunits within the nucleus, and minimally by import 
of new SC subunits; 2) During wild-type meiosis, the extent of SC dynamics decreases during normal progression through 
the pachytene stage; and 3) In crossover defective mutants (spo-11, zhp-3 and cosa-1), the more dynamic state of the SC 
characteristic of early pachytene, is prolonged, suggesting a role for recombination in regulating SC dynamics. These 
conclusions have been corroborated by experiments conducted using two very different imaging systems and two different 
approaches for data analysis. Together our findings indicate that the dynamic state of the SC structure is an actively regulated 
feature of the meiotic program. Moreover, we propose that SC dynamics is likely modulated by the same network that 
regulates meiotic progression in response to monitoring the status of recombination intermediates. 

1142A. Analysis of foci created by the telomere binding protein POT-1 in C. elegans. Felix Peng1,2, Ludmila Shtessel2, Paul 
Maddox1, Shawn Ahmed1,2. 1) Department of Biology, University of North Carolina at Chapel Hill, Chapel Hill, NC; 2) 
Department of Genetics, University of North Carolina at Chapel Hill, Chapel Hill, NC. 
   Telomeres are tracts of tandem DNA repeats that protect the ends of linear chromosomes from replicative erosion and from 
being identified and repaired as double-strand breaks. Shelterin is a complex of proteins found to directly associate with 
telomeres and functions to distinguish telomeres from double-strand breaks. The shelterin component POT1 binds to single 
stranded telomeric DNA, which is present at the displacement loop created by strand invasion of the 3’ overhang into the 
telomeric duplex at the chromosome terminus. POT1 homologues have recently been identified and characterised in C. 
elegans. A transgene expressing pot-1::mCherry reveals strong punctate foci within the germline corresponding to discrete 
telomeric termini. Here, we examine the dynamics of POT1 foci in the germline and during early development within living 
embryos using time-lapse imaging. We interrogate the behaviour of POT1 foci in the context of fused chromosomal ends 
harbouring telomeric repeats of varying lengths. We also analyse POT1::mCherry foci in genetic backgrounds where 
telomerase activity is abolished, leading to shortened telomeres, and in mutants causing telomere elongation, as occurs with 
mutant pot-1. Our results suggest that POT1 creates large, discrete structures within the nucleus and we are testing the 
hypothesis that dynamics of POT1 foci during early development could be relevant to telomere biology. 



1143B. Regulation of spindle positioning through phosphorylation of LIN-5 in asymmetric cell division. Vincent Portegijs1, 
Lars-Eric Fielmich1, Matilde Galli1,2, Sander van den Heuvel1. 1) Developmental Biology, Utrecht University, Utrecht; 2) 
Physiology, UCSF School of Medicine, San Fransisco, CA. 
   Asymmetric cell division is required throughout development to generate cells of unequal size, composition and fate. The 
correct distribution of cell fate determinants depends on the plane of cell cleavage, which is determined by the position of the 
mitotic spindle. Spindle positioning is mediated by a conserved Galpha–GPR-1/2–LIN-5 complex at the cortex, which 
interacts through dynein with astral microtubules and thereby promotes the generation of pulling forces. We aim to 
understand how the developmental regulation of cortical pulling forces determines the plane of cell cleavage and contributes 
to asymmetric cell division.Previous studies of our lab identified four amino acids in the C-terminal domain of LIN-5 that are 
phosphorylated by the polarity kinase PKC-3. This phosphorylation leads to reduced pulling forces in the anterior, but 
additional mechanisms contribute to asymmetric spindle positioning. In recent studies, we identified additional 
phosphorylations of LIN-5 with critical functions in vivo. Moreover, we defined the LIN-5 C-terminal domain that mediates 
interaction with GPR-1. Hereto, we used reverse yeast two-hybrid screening to identify single amino acid changes in LIN-5 
that prevent GPR-1 binding. All of the identified mutations are confined to a 30 amino-acid domain located upstream of the 
PKC-3 phosphorylated residues of LIN-5. This GPR-1 binding region contains two additional in vivo phosphorylated LIN-5 
residues. We used Cas9/CRISPR-mediated genome editing to substitute these amino acids for non–phosphorylatable alanine 
or phosphomimetic glutamic acid / aspartic acid. Combined with UV-laser spindle severing experiments, we found that 
phosphorylation of these residues contributes to GPR-1 binding and cortical pulling forces. In a parallel study, we identified 
residues in the N-terminus of LIN-5 that are phosphorylated by CDK-1. Again, examination of Cas9/CRISPR-mediated 
knock-in alleles revealed that these N-terminal residues are critical for LIN-5 function. Taken together, our data show that 
phosphorylation of LIN-5 contributes to the spatiotemporal regulation of the cortical pulling forces that position the mitotic 
spindle. 

1144C. Phosphoregulation balance allows successful segregation of chromosomes during male meiosis. Luis Quintanilla, 
Vanessa Cota, Thais Cintra, Diana Chu. Department of Biology, San Francisco State University, San Francisco, CA. 
   Sperm meiosis, a highly regulated process, relies on proper microtubule attachments and timely removal of cohesion for 
chromosome segregation to take place. Phosphoregualtion has been demonstrated to play a role in the stabilizing and 
destabilizing of microtubule attachments at the kinetochore, a multi-layered structure connected to chromosomes. One 
example can be seen in human mitotic studies, where AIR-2 promotes microtubule destabilization while PLK-1 promotes 
microtubule stabilization. In another case, kinase AIR-2's destabilizing activity is opposed by PP1 Phosphatase GSP-2 in C. 
elegans oocyte meiosis. Although phosphoregulation plays a role in meiosis, little is understood about its regulatory 
mechanisms specifically in sperm meiosis. Our lab has discovered two 98% identical sperm-specific PP1 Phosphatases called 
GSP-3 and GSP-4 (GSP-3/4). They colocalize with the kinetochore and are essential for sperm meiotic chromosome 
segregation. Deletion of these phosphatases leads to delayed resolution of the single X chromosome, failure of chromosome 
segregation at meiosis II, and aneuploidy. We thus hypothesize that GSP-3/4 are dually responsible for regulating 
kinetochore microtubule interactions and directly or indirectly mediating the removal of cohesion proteins. Preliminary 
results show mislocalization of outer kinetochore kinase, BUB-1 during anaphase I in GSP-3/4 mutants. BUB-1 is 
prematurely released in the mid-zone, possibly explaining the lack of sister chromatic separation during the second part of 
meiosis. Indeed, we also see mislocalization of other outer kinetochore proteins like HCP-2, which supports role of GSP-3/4 
regulating kinetochore microtubule interactions. Furthermore, we find that localization of AIR-2, the cohesion and 
microtubule destabilizing kinase, behaves normally in GSP3/4 mutant males. These results suggest that cohesion proteins are 
not impaired. In fact, our preliminary results indicate that REC-8, COH-3, and COH-4 are not mislocalized. Surprisingly, we 
see that LAB-1, a cohesion protector protein, is absent on the lagging X chromosome during anaphase 1, but remains intact 
between autosomes. Though LAB-1 absence suggests that cohesion would be cleaved early, we see a delay in X chromosome 
resolution. Thus, GSP-3/4 regulation of cohesion requires further investigation. Lastly, our preliminary results investigating 
the role of PLK-1, which mediates centriole duplication and kinetochore attachments, show that centrioles duplicate and 
separate normally during male meiosis in gsp-3/4 mutants. Overall the data presented begins to shed light on the relationship 
between phosphatases and kinases at the kinetochore in sperm meiosis. 

1145A. Analyzing DNA organization during meiotic chromosome pairing. Sreejith Ramakrishnan*1, Idan Gabdank*2,3, 
Andrew Fire2,3, Anne Villeneuve1,3. 1) Dept. of Developmental Biology; 2) Dept. of Pathology; 3) Dept. of Genetics, 
Stanford School of Medicine, Stanford, CA. *Co First-Authors. 
   The ability of homologous chromosomes to locate, recognize and align with their correct pairing partners has long been 
recognized as a hallmark feature of meiosis, yet the nature of the interactions between homologs and the basis of homolog 
recognition are still very poorly understood. One reason that the nature of homolog recognition has remained mysterious is 
our current very limited knowledge regarding both the intra-chromosomal organization of DNA within meiotic prophase 
chromosomes and the spatial relationships between homologs of DNA segments not engaged in recombination. Our ability to 
understand the basis of inter-homolog interactions during meiotic prophase should be substantially augmented by an 



improved understanding of how DNA sequences are organized within the structures that we can observe cytologically. Our 
goal is to use Hi-C technology to fill two major gaps in our knowledge of meiotic prophase chromosome organization: 1) 
how DNA is organized in the context of fully aligned homologs, and 2) how DNA is organized within chromosomes during 
the stage when homolog interactions are being established. Several features of C. elegans make it well-suited for using Hi-C 
technology to investigate chromosome organization during meiotic prophase, including a high abundance of germline nuclei 
in adult worms and robust tools for cytological validation of Hi-C data. We are currently developing and optimizing 
approaches to enrich for DNA from meiotic prophase germ cells, including flow-cytometric sorting of germline nuclei 
expressing GFP-tagged meiotic proteins. In parallel, we have conducted a pilot Hi-C analysis using whole C. elegans adults 
as our starting material. Following mechanical disruption of worms, crosslinking, DNA junction capturing, and high-
throughput sequencing, we have used a computational pipeline to generate preliminary heatmaps of DNA interactions. These 
maps show characteristic signatures of individual chromosomes, providing internal validation of the protocol and indicating 
overall feasibility of our approach. We are currently revising the protocol using modifications designed to better preserve the 
in vivo architecture of DNA within the nuclei and to allow us to investigate DNA interactions at a higher resolution. 

1146B. LIN-39 HOX coordinates cell cycle progression during vulval development. Daniel Roiz1,2, Juan Miguel Escobar 
Restrepo1, Alex Hajnal1. 1) Institute of Molecular Life Sciences, University of Zurich, Zurich, Switzerland; 2) MLS PhD 
program, Life Science Zurich Graduate School, Zurich, Switzerland. 
   Dissecting the mechanisms underlying the activation of the cell cycle upon cell fate acquisition is crucial for a better 
understanding of development and various human diseases. An excellent model to study these questions is the development 
of the hermaphrodite vulva. The six Vulval Precursor Cells (VPCs) are born at the beginning of the L1 larval stage, but 
remain arrested in the G1 phase of the cell cycle until the beginning of the L3 stage when their fates are specified by the 
anchor cell and they start proliferating. Here, we have investigated the role of the hox gene lin-39 in cell cycle regulation 
during the induction of the VPCs.Using the eff-1(lf) mutation to maintain the VPCs as polarized epithelial cells, we find that 
the eff-1(lf); lin-39(lf) double mutants are responsive to the inductive LIN-3 EGF signal, but cannot activate lateral signaling 
due to the loss of lag-2 delta and lin-12 notch expression. Moreover, the forced activation of the LIN-12 NOTCH pathway or 
loss of lin-31 forkhead function restores VPC proliferation in the absence of lin-39. By contrast, loss of lin-1 ets function 
does not reactivate the cell cycle in eff-1(lf); lin-39(lf) double mutants. Furthermore, reporter analysis and chromatin 
immuno-precipiatation (CHiP) experiments indicate that cye-1 and possibly cki-1 and cdk-4 are direct targets of LIN-39, 
containing a conserved novel LIN-39 binding motif in their VPC enhancer regions. Taken together, our results indicate that 
LIN-39 promotes cell cycle progression by directly inducing the expression of cell cycle components in the VPCs and 
indirectly by activating the LIN-12 NOTCH pathway. In this manner, LIN-39 allows the VPCs at the L3 stage to overcome 
the proliferation block imposed by LIN-31 and the heterochronic genes. 

1147C. Germ cell proliferation and quality control in the C.elegans germline. Simona Rosu, Orna Cohen-Fix. LMCB, NIH-
NIDDK, Bethesda, MD. 
   In animals, germlines are the tissue that give rise to sperm and egg cells and ensure the continuity of the species.  I am 
using the C.elegans germline as a system to study the mechanisms regulating germline proliferation, as well as the 
mechanisms of quality control that operate in the production of oocytes.  Many questions remain about the operation of the 
germline stem cell compartment and the control of germline proliferation:  where and how large is the stem cell pool?  If 
there is a transit-amplifying population of germ cells, how many times do they divide before entering meiosis?  How is the 
number and rate of cell divisions regulated during germline proliferation?  In addition, during the oogenesis program, 
apoptosis occurs such that only a subset of germ cells become oocytes.  How this quality control mechanism operates is not 
well understood. To gain insight into these questions, I have recently developed a new tool that enables lineage tracing in the 
C.elegans germline.  I have constructed a C.elegans strain containing germline-expressed histone H2B::Dendra.  Dendra is a 
green-fluorescing protein, which, when stimulated by laser light at 405 nm, photo-converts to red fluorescence.  This tool 
allows me to photo-convert H2B::Dendra in selected nuclei of germ cells in vivo and follow their fate over long periods of 
time, as well as the fate of daughter cells arising from cell division.  I am currently determining the lineage of germ cells, the 
parameters that govern germ cell proliferation, and the frequency of apoptosis in the transition from germ cell to oocyte in 
wild-type situations.  I will then use altered conditions to probe the regulation of these processes.  One example of altered 
conditions occurs in the atl-1 (homolog of ATR, a DNA damage sensing kinase) mutant background.  I have found that in the 
alt-1 mutant: 1) germline expansion is reduced, suggesting an unknown mechanism that reduces proliferation (possibly in 
response to DNA damage) and 2) germ cells exhibit micronuclei, however, oocytes do not, suggesting a mechanism to either 
eliminate or remodel these nuclear abnormalities.  These studies will advance our knowledge of germline stem cell niches, 
proliferation and quality control, which are important both in the context of reproductive health and in informing our 
understanding of cancer, where misregulation of proliferation and apoptosis are common. 

1148A. Characterizing the biophysical properties imparted by H2A variants on the compaction of nucleosomal arrays. I. 
Saucedo Gonzalez1,2, A. Nabhan1, F. Guerrero1, G. Narlikar2, D. Chu1. 1) Department of Biology, San Francisco State 



University , San Francisco , CA; 2) Department of Biochemistry and Biophysics, University of California San Francisco, San 
Francisco, CA. 
   The compaction of an organism’s genome allows for the regulation of gene expression and proper development. To 
accomplish this, cells incorporate H2A histone variants, which alter inter- and intranucleosomal interactions to influence 
chromatin dynamics in different cell types. For example HTZ-1, an H2A.Z homolog in C. elegans,  localizes to the promoter 
regions of developmental genes where it may poise genes for expression. Interestingly HTZ-1 has also been shown to 
suppress the expression of cell cycle genes in C. elegans. On the other hand, HTAS-1, a sperm-specific H2A variant in C. 
elegans, has been shown to localize to condensing chromatin during spermatogenesis. How H2A variants are able to function 
in distinct chromatin processes remains elusive. We hypothesize that the variations in amino acid sequence at specific 
domains of the H2A variants confer structural differences to the proteins. Thus, these domains are responsible for the 
different functions of H2A variants in chromatin dynamics. To test this, we reconstituted C. elegans nucleosomes in vitro. 
We show both HTZ-1 and HTAS-1 confer stability to the nucleosome when compared to canonical H2A using fluorescence 
resonance energy transfer (FRET). Furthermore, our preliminary data shows that the C-terminal domain of HTZ-1 is 
responsible for the increased nucleosomal stability. While these data provide insight into the complex role of H2A variants, 
its interpretation is limited to individual nucleosomes. To better understand the global impacts of H2A variant incorporation 
in C. elegans development, we are assembling arrays of nucleosomes in vitro. This will allow us to study the biophysical 
characteristics imparted by HTZ-1 and HTAS-1 on the compaction of larger chromatin structures. The degree of compaction 
of the arrays will be assessed by sedimentation velocity experiments. To address how the domains of H2A variants influence 
chromatin compaction, we will perform domain-swapping experiments and assess their role in this process. The results from 
these experiments will show how structural features of H2A histone variants correlate with their influence in chromatin 
dynamics. This will provide mechanistic insight into the compaction of chromatin, a process crucial for proper gene 
expression and survival of the organism. . 

1149B. Investigating the role of higher-order chromatin structure during gamete formation. Alyssa Scott, Julia Rigothi, 
Emily Leonard, Carolyn Turcotte, Megan Romer, Paula Checchi. Department of Biology, Marist College, Poughkeepsie, NY. 
   Meiosis ensures the faithful segregation of genetic material to sperm and egg and is necessary for the propagation of all 
sexually reproducing species.  Paradoxically, a requirement for successful meiosis is the deliberate induction of genome-wide 
double-strand breaks (DSBs), which in other contexts are considered highly toxic.  As a result, organisms are equipped with 
an array of well-conserved DSB repair mechanisms as well as checkpoint pathways.  While it is mechanistically understood 
how repair pathways and checkpoints respond to meiotic DSBs, the interplay between this complex network of pathways is 
poorly defined.  Our hypothesis is that modifiers of higher order chromatin structure prevent the transmission of errors to 
offspring by regulating meiotic DSB repair.  To test this, we have generated a library of transgenic C. elegans strains which 
allow us to induce targeted, site-specific DSBs1 as well as strains that possess LacO-“tagged” chromosomes that are easily 
identified in both meiotic nuclei and fixed embryos by adding purified LacI::GFP2.  These technologies enable us to precisely 
define spatial and temporal events during meiotic recombination, determine the genetic consequences of faulty DSB repair in 
offspring, and identify the presence of aneuploid embryos.  Using these tools, we discovered a role for the conserved 
structural maintenance of chromosomes (SMC) 5/6 complex in preventing chromosome missegregation.  Strikingly, we 
found that in the absence of SMC-5/6, these defects are significantly more pronounced in oogenesis versus 
spermatogenesis.  Further, we also discovered a requirement for the nucleosome-remodeling and histone deacetylation 
(NuRD) chromatin-remodeling complex in maintaining the cellular integrity of germ cells during meiosis.  We are currently 
using a combination of genetic, molecular and immunocytological approaches to address how these complexes ensure the 
production of gametes with the correct chromosome complement and an absence of DNA lesions.References:(1) Boulin T 
and Bessereau JL. (2007) Mos1-mediated insertional mutagenesis in Caenorhabditis elegans. Nat Protoc. 2(5):1276-87.(2) 
Severson AF and Meyer BJ. (2014) Divergent kleisin subunits of cohesin specify mechanisms to tether and release meiotic 
chromosomes. Elife. 3:e03467. 

1150C. Condensin I Promotes Cohesin Linkages during Early C. elegans Meiosis. M. Sifuentes1, S. Wignall2, G. 
Csankovszki1. 1) MCDB Dept, University of Michigan, Ann Arbor, MI; 2) Dept of Molecular Biosciences, Northwestern 
University, Evanston, IL. 
   Condensin complexes are key determinants of higher-order chromatin structure, and are required for mitotic and meiotic 
chromosome segregation and compaction. Previously we showed that condensins I and II localize to distinct domains and 
play non-redundant roles to promote mitosis and meiosis. However, the different roles of condensins I and II in meiosis are 
poorly understood and have yet to be elucidated in higher eukaryotes. Through analyzing condensin I-depleted worms, we 
uncovered novel functions for this complex in meiosis in cohesin regulation. We show that condensin I promotes the 
maintenance of sister chromatid cohesion linkages in early meiosis.There are three types of cohesin complexes functioning in 
C. elegans meiosis, containing either REC-8, or one of its paralogs, COH-3 or COH-4. These cohesion complexes localize 
along the entire length of synapsed chromosomes during pachytene.Analysis of dpy-28 mutants, a subunit of condensin I, 
revealed that cohesin localization is reduced on chromosomes suggesting condensin I promotes cohesin localization between 



sister chromatids. We also observed a reduction in SYP-1, a central element of the synaptonemal complex, but no difference 
in the axial element, HTP-3. While REC-8*cohesin and COH3/4*cohesin load onto chromosomes by independent 
mechanisms, we found that all three cohesin complexes are impacted by the loss of condensin I. Consistent with a role in 
promoting cohesion, condensin I RNA interference (RNAi) in either coh-3, coh-4 and rec-8 mutants leads to increased 
dissociation of sister chromatids, indicating it influences all three cohesin complexes. Furthermore, we found that condensin I 
loss disturbs meiotic cohesin linkages, and not cohesin-independent cohesion using 5s rDNA FISH in a triple mutant (coh-3, 
coh-4, rec-8) + capg-1 RNAi.Previous findings suggested condensin and cohesin complexes aid in defining the topology of 
chromosomes. Our data suggest that condensin I promotes cohesin localization therefore ensuring linkages between 
chromosomes in early meiosis. 

1151A. Polar body extrusion in the early C. elegans embryo. Erik Szentgyörgyi, Julia König, Thomas Müller-Reichert. 
Medical Theoretical Center, Structural Cell Biology, Dresden. 
   Polar body extrusion (PBE) plays an essential role in genome haploidization during female meiosis. The underlying 
mechanism, however, is poorly understood. The process of extruding a small polar body out of the large oocyte can be 
considered as an extreme case of asymmetric cytokinesis. In mammalian cytokinesis, actomyosin-driven membrane 
constriction leads to a compression of the central spindle. ESCRT-III components then cause a secondary constriction at the 
intercellular bridge, which is accompanied with a severing of microtubules caused by spastin. Importantly, microtubule 
severing is the rate-limiting step in this process [1]. 
We aim to unravel the mechanism of PBE in the early C. elegans embryo. How is the polar body extruded, and how are the 
constriction of the contractile ring and the disassembly of the central spindle coordinated in this system? 
To answer these questions we have started to combine live-cell imaging and electron tomography. Live-cell imaging of wild-
type embryos indicated a difference in spindle disassembly during extrusion of the first and second polar body. In the first 
meiotic division, the central spindle appears to be disassembled in the middle between the separating homologous 
chromosomes. In contrast, spindle disassembly in meiosis II appears to take place adjacent to the chromatin involved in the 
formation of the female pronucleus. In addition, we aim to deplete components of the chromosomal passenger complex 
(CPC) and the centralspindlin complex by RNAi [2]. Since both complexes are likely to be involved in contractile ring 
formation and constriction during PBE we want to observe the influence of contractile ring constriction on central spindle 
disassembly. Furthermore, we have started to analyze taxol- and nocodazole-treated embryos to investigate the influence of 
microtubule stability on polar body extrusion. In parallel, we compare the ultrastructure of spindles in late anaphase I and II 
by electron tomography. 
Interestingly, we found no indication for the formation of helical structures involved in membrane constriction, indicating 
that PBE in C. elegans is most likely achieved through an ESCRT filament-independent mechanism.[1]       Guizetti, J. et al.; 
Cortical Constriction During Abscission Involves Helices of ESCRT-III–Dependent Filaments; Science 331, 1616 
(2011)[2]       Green, R.A. et al.; Cytokinesis in Animal Cells; Annu. Rev. Cell Dev. Biol. 28:29–58 (2012). 

1152B. Resource for computational phenotype screening on nuclear division dynamics in C. elegans RNAi embryos, 
extracted from Phenobank. Yukako Tohsato1, Hatsumi Okada1, Koji Kyoda1, Shuichi Onami1,2. 1) RIKEN Quantitative 
Biology Center, Kobe, Japan; 2) National Bioscience Database Center, JST, Tokyo, Japan. 
   Along with the recent popularization of live-imaging technologies, various types of microscopy images are becoming 
available in public databases. Quantitative data such as positions and shapes of nuclei and cells, and their temporal changes 
obtained from these images include biomechanical information that is important for understanding biological phenomena as 
dynamical systems. Such quantitative data can be used in various kinds of computational analysis including phenotype 
analysis and mathematical modeling.     Here, we established a new resource of quantitative data on nuclear division 
dynamics in C. elegans. Quantitative data for RNAi embryos were extracted from two-dimensional time-lapse DIC 
microscopy images in the Phenobank using our newly developed automated image processing system. Our resource consists 
of 1,330 sets of quantitative data for RNAi embryos. These datasets include three sets for each of 439 genes, which 
correspond to approximately 90% of all embryonic lethal genes. Each data contains coordinate values of the outlines of 
nuclear regions and their dynamics. All data were verified through manual error correction, and annotated with cell name and 
anterior-posterior axis.     To demonstrate the value of our resource, we carried out a computational phenotype analysis on the 
female pronuclear migration in RNAi embryos. In wild-type embryos, the female pronucleus moves slowly at first and then 
accelerates just before meeting with the male pronucleus. The maximum migration speed (MMS) of the female pronucleus 
was calculated based on the moving distance of the centroid of nuclear region along the anterior-posterior axis. We found that 
four genes reproducibly exhibited faster MMS than in wild-type embryos. Ten genes reproducibly exhibited remarkably 
slower MMS. Our independent RNAi experiments confirmed that one of these four genes, sds-22, exhibited significantly 
faster MMS, and six of those ten genes, ima-3, cap-1, F44B9.8, rsa-1, cye-1, and spd-5, exhibited significantly slower MMS. 
     All the quantitative data will be available in BDML format from SSBD database (http://ssbd.qbic.riken.jp). 



1153C. Role of the DNA Damage Sensor, ATR in Meiotic Double Strand Break Repair in C. elegans. Lisa Truong, JoAnne 
Engebrecht. Molecular and Cellular Biology, University of California, Davis, Davis, CA. 
   The ataxia telangiectasia and Rad3 related (ATR) kinase is an essential DNA damage sensor in eukaryotes. While 
mammalian ATR mutations are lethal, Caenorhabditis elegans ATR (ATL-1) mutants are viable but infertile facilitating 
study of ATR meiotic function in a multicellular organism. A key event during meiosis is the formation of chiasmata, where 
genetic information is exchanged between homologous non-sister chromatids, in response to double strand breaks (DSBs); 
defects in chiasmata lead to chromosome errors, resulting in aneuploid gametes. To test the hypothesis that ATL-1 functions 
in the repair of DSBs, the number of chromosomes as monitored by DAPI in meiotic nuclei from wild-type and atl-1 mutants 
was analyzed. A significant increase in the mean number of DAPI-stained bodies in diakinesis nuclei in atl-1 mutants 
compared to wild-type worms was observed, suggesting that ATL-1 contributes to the repair of DSBs. To determine whether 
ATL-1 mediates recombinational repair through homologs versus sister chromatids, the function of ATL-1 was reduced in 
syp-1 mutants, which are unable to repair through the homolog due to a failure in chromosome synapsis. A significant 
increase in the mean number of DAPI-stained bodies was observed in syp-1;atl-1 compared to syp-1 mutants, suggesting that 
the absence of ATL-1 results in chromosome fragmentation consistent with a role for ATL-1 in recombinational repair 
through sister chromatids. To test whether ATL-1 also functions in chiasmata formation, the number of foci in meiotic nuclei 
from COSA-1:GFP worms on control and atl-1 RNAi was analyzed. COSA-1:GFP localizes to sites of crossovers, resulting 
in six foci in wild-type worms. A significant decrease in the mean number of foci in nuclei from worms on atl-1 RNAi was 
observed, suggesting that ATL-1 is important for the formation of the correct number of chiasmata. Thus, ATL-1 contributes 
to homologous repair through both sister chromatids and homologs for chiasmata formation. The results from these studies 
provide insight into ATR meiotic function with implication for human reproduction. 

1154A. The Molecular Mechanism of Cell Cycle Exit of Primordial Germ Cells in Caenorhabditis elegans. Matthew Wong, 
Matthew Michael. Molecular and Computational Biology, Department of Biological Sciences, University of Southern 
California, Los Angeles, CA 90089. 
   During germline development, tight control over the cell cycle is essential to ensure faithful propagation of genetic material 
for the production of viable progeny. This high degree of regulation is ultimately mediated by the germline cells’ ability to 
arrest their cell cycle at critical checkpoints. In C. elegans, the primordial germ cells (PGCs) Z2 and Z3 exit the cell cycle in 
early embryogenesis, shortly after S phase, and remain arrested in late G2/early prophase until larvae hatch and feed.  Little is 
currently known about how PGC mitotic arrest in C. elegans is induced. Our preliminary work has characterized a few key 
cell cycle regulatory proteins in Z2/Z3 in the late embryo during the time of cell cycle arrest. First, the inactive 
phosphorylated form of Cdk1 (P-Cdk1) is present in germline precursors P1-P4 but absent in Z2/Z3. CYB-3, a B-type cyclin, 
is present in both P1-P4 and Z2/Z3, but there is indication that in Z2/Z3 CYB-3 fails to appear on centrosomes. Finally, we 
see an active checkpoint kinase (P-Chk1) in early Z2/Z3 but its disappearance in late Z2/Z3. These findings suggest that 
Z2/Z3 mitotic arrest is not regulated by a canonical pathway. Thus, we present an opportunity to study and establish a model 
for this unknown molecular mechanism of cell cycle arrest. . 

1155B. GSP-2 PP1 phosphatase regulates chromosome segregation events during sperm meiotic divisions. Yi-hsiu Lin1, Jui-
ching Wu1,2. 1) Department of Clinical Laboratory Sciences and Medical Biotechnology, National Taiwan University, 
Taipei, Taiwan; 2) Department of Laboratory Medicine, National Taiwan University Hospital, Taipei, Taiwan. 
   Faithful chromosome segregation is crucial for development and cellular function. It has been shown that, during mitosis 
and oocyte meiosis, PP1 phosphatases prevents premature separation of sister chromatids by antagonizing Aurora B kinase 
activities. In sperm meiosis, however, it is unclear whether the chromosome segregation events are also under the control of 
PP1 phosphatases. We set out to examine the role of PP1 phosphatases GSP-1 and GSP-2 in sperm meiotic divisions. By 
fertility assessment, gsp-1 males were capable of siring viable progeny. Contrarily, females mated with gsp-2 mutant males 
generated both dead embryos and viable progeny. When examined by immunofluorescence staining, gsp-1 mutant male 
germline showed normal chromosome segregation. However, typical anaphase I meiotic spindles were never detected in gsp-
2 mutant spermatocytes. Live imaging of gsp-2 mutant spermatocytes showed that during the first meiotic division the 
chromosomes were often not aligned properly, resulting in failure of resolution. Immunofluorescence staining of the Aurora 
B kinase AIR-2 showed that, instead of localize to the center of the bivalents, AIR-2 is spread through the surface of 
chromosomes in both gsp-1 and gsp-2 mutant spermatocytes. Our results show that at least GSP-2 PP1 phosphatase is 
required for sperm meiotic chromosome segregation. To further define whether GSP-1 plays a supportive role with GSP-2, 
the progression of sperm meiotic divisions in gsp-1;gsp-2 double mutant males are currently under examination. 

1156C. The role of CHD-1 in the synapsis checkpoint. Payam Yousefi, Antonia Darragh, Needhi Bhalla. MCD Biology, 
University of California, Santa Cruz, Santa Cruz, CA. 
   Proper meiotic chromosome segregation relies on the synapsis of homologous chromosomes. During meiosis, asynapsis of 
chromosomes triggers meiotic silencing of unsynapsed chromatin (MSUC). The MSUC response results in unsynapsed 
chromosomes undergoing heterochromatin assembly, normally associated with transcriptional silencing. Asynapsis also 



triggers the synapsis checkpoint, a meiotic checkpoint that monitors synapsis and activates programmed cell death or 
apoptosis. The synapsis checkpoint depends on Pairing Centers (PCs), specific cis-acting regions of each chromosome that 
are directly involved in synapsis. In C. elegans, the conserved histone methyltransferases, MES-4 and MET-1, contribute to 
synapsis checkpoint activation and reduce heterochromatin assembly on a duplication with PC activity, suggesting a link 
between these two events. The effects of these chromatin modifiers on PCs suggest other chromatin-associated proteins may 
be involved in the synapsis checkpoint. Using RNA interference (RNAi), we identified CHD-1 (chromodomain-helicase-
DNA-binding protein 1) as a synapsis checkpoint component in C. elegans. Additional characterization of the CHD-1 gene 
and its role in the synapsis checkpoint will be presented. . 

1157A. Imaging the dynamic chromatin status at specific loci in C. elegans. Bo Zhang, Baohui Chen, Jordan Ward, Bo 
Huang, Noelle L’Etoile. UCSF, San Francisco, CA. 
   Gene expression is regulated dynamically during development. The conformation of chromatin as well as its modifications 
regulate the transcriptional activity of genes. Studies have shown that some sites of euchromatin (which is usually 
transcriptionally active) can switch to the typically inactive heterochromatic state under specific developmental signaling 
cues, and vice versa (Oberdoerffer & Sinclair, 2007; Trojer & Reinberg, 2007). Though such chromatin dynamics contribute 
to developmental processes, whether they underlie behavioral plasticity is unknown. Previous studies in our lab have 
demonstrated that in AWC olfactory sensory neurons of C. elegans, odr-1, which encodes a guanylyl cyclase, is repressed in 
odor-adapted animals (Juang et al., 2013). In addition, we also observed increased binding of the heterochromatin associated 
factor HPL-2 at the odr-1 locus in AWC as a result of odor adaptation. This suggests that the repression of odr-1 expression 
might be due to changes in chromatin conformation. We plan to develop a CRISPR/Cas9 or TALE-based fluorescence 
imaging technique to facilitate monitoring of the dynamic changes in chromatin structure at specific loci, such as odr-1. By 
targeting endonuclease-deficient Cas9 or TALE tagged with fluorescent proteins to specific sites around a DNA locus, 
chromatin conformation changes may alter the distance and interaction between these reporters yielding a visible change 
under the microscope. We hope that this tool will enhance our ability to study dynamics of specific loci on chromosomes in 
live animals in the future. This will allow us to test our hypothesis that odor signaling dynamically alters the chromatin state 
at specific loci and that these changes promote behavioral plasticity. 

1158B. The role of PAR proteins in vesicle recruitment to the apical membrane during lumen expansion in the C. elegans 
excretory canal. Joshua Abrams, Jeremy Nance. Skirball Institute of Biomolecular Medicine, NYU School of Medicine, 
New York, NY. 
   Organs are composed of various tubes of differing cellular architectures. Seamless tubes are a type of unicellular tube that 
lack junctions and are found in the mammalian and zebrafish vasculature, Drosophila trachea, and C. elegans excretory 
system. Lumen formation in seamless tubes involves cell hollowing, whereby intracellular vesicles coalesce to create a 
luminal space. Recent studies in the C. elegans excretory canal have shown that coordinated vesicle fusion is also required 
for lumen expansion, however polarity cues that target vesicles to the apical surface of the lumen remain poorly understood. 
Our lab recently showed that PAR polarity proteins are present on the luminal surface of the excretory canal and co-localize 
with components of the exocyst, a complex required for targeting vesicles to discrete cell surface sites, and for lumen 
formation in the excretory cell. In addition, a reduction-of-function mutant in the par gene pkc-3/aPKC displays lumen 
expansion defects, suggesting that PAR proteins may coordinate vesicle fusion with the apical surface of the membrane. To 
determine the role of PAR proteins during tubulogenesis, we are combining CRISPR-Cas9 genome editing with a recently 
described protein depletion strategy in C. elegans to generate conditional loss-of-function alleles of par genes, allowing us to 
remove their function specifically in the excretory cell.  To deplete protein function, we can exogenously express the E3 
ubiquitin ligase substrate-recognition subunit ZIF-1, enabling the rapid degradation of heterologous proteins tagged with a 
small zinc finger domain (ZF1).  As PAR proteins are well known for their essential roles during embryogenesis, we 
characterized promoter constructs that express ZIF-1 specifically in the excretory canal from late embryonic stages through 
adulthood to enable PAR loss-of-function only in this cell type.  Using this tissue-specific depletion strategy, we aim to 
identify the polarity cues that membrane-targeted vesicles receive during lumen expansion to better understand the initial 
steps of seamless tube formation. 

1159C. A combined binary interaction and phenotypic map of C. elegans cell polarity proteins. Thijs Koorman1, Monique 
van der Voet1, Diana Klompstra2,3, João Ramalho1, Susan Nieuwenhuize1, Sander van den Heuvel1, Jeremy Nance2,3, Mike 
Boxem1. 1) Division of Developmental Biology, Department of Biology, Faculty of Science, Utrecht University, The 
Netherlands; 2) Helen L. and Martin S. Kimmel Center for Biology and Medicine at the Skirball Institute of Biomolecular 
Medicine, NYU School of Medicine, New York, NY 10016, USA; 3) Department of Cell Biology, NYU School of Medicine, 
New York, NY 10016, USA. 
   The ability to generate an axis of polarity is a fundamental property of animal cells. It is a prerequisite for cellular functions 
such as migration and asymmetric division, and for the functional specification of many cell types. Several key determinants 
of cell polarity have been identified, including the Par, Crumbs, and Scribble groups of cortical polarity regulators. However, 



we know comparatively little of the mechanisms through which cortical polarity is integrated with cellular events such as 
cytoskeletal rearrangement, organization of a polarized trafficking machinery, and morphogenesis. Here, we combine large-
scale protein interaction mapping by yeast two-hybrid with phenotypic profiling, to study the network of physical interactions 
that underlies polarity establishment in the nematode Caenorhabditis elegans. Starting from 69 evolutionarily conserved 
polarity regulators, we identified a C. elegans polarity interaction network of 439 candidate polarity-related protein 
interactions. The use of a fragment-based strategy increased the completeness of the interaction network, and enabled 
identification of the protein regions that mediate the interactions. The quality of the network and the interaction domains 
identified was verified by comparisons with existing datasets, and experimentally validated through co-affinity purifications 
from tissue culture cells. To begin to functionally characterize the physical interactions, we performed systematic RNAi 
screens targeting the proteins in the network. Defects were scored in seven marker strains which inform on different aspects 
of cell polarity in multiple polarized tissues. For 100 physically interacting protein pairs, RNAi-mediated depletion of the 
corresponding genes caused a defect in the same polarity-related process. Finally, we investigated the physical interaction 
between the RhoGAP PAC-1 and PAR-6. We demonstrate that a physical interaction between these proteins is required for 
radial polarization of the C. elegans embryo. Our network represents a valuable resource of candidate interactions that can be 
used to further our insight into cell polarization. 

1160A. ced-9/Bcl-2 gene regulation during starvation-induced apoptosis in the germline. Diego Cevallos Porta1, Félix 
Recillas-Targa2, Rosa Navarro1. 1) Biología Celular y del Desarrollo, Instituto de Fisiología Celular, UNAM, Circuito 
Exterior s/n. Ciudad Universitaria. México D.F; 2) Genética Molecular, Instituto de Fisiología Celular, UNAM, Circuito 
Exterior s/n. Ciudad Universitaria. México D.F. 
   Apoptosis in the adult hermaphrodite’s gonad occurs in a basal level to maintain homeostasis and oocyte quality 
(Gummieny et al.,  1999 and Andux and Ellis 2008).  Different types of stress further induce germ cell apoptosis.  Oxidative, 
osmotic and heat shock stresses induce germ cell apoptosis in EGL-1 and p53 independent pathways that act through the 
MAPKK via (Salinas et al.,  2006).  During starvation, there is an increase in germ cell apoptosis due to a reduction on the 
expression of the anti-apoptotic protein CED-9/Bcl-2.  ced-9/Bcl-2 down-regulation during starvation is not observed in a lin-
35(n745) mutant background suggesting that LIN-35/RB regulates ced-9/Bcl-2 expression during starvation (Láscarez-
Lagunas et al., 2014).  LIN-35/Rb lacks a DNA binding domain and it forms different protein complexes to regulate 
transcription.  Our aim is to investigate how ced-9/Bcl-2 expression is down-regulated during starvation.To address this 
question, we are making a transcriptional reporter that consists of ced-9/Bcl-2 promoter fused to Luc2 (firefly luciferese 
gene) and ced-9/Bcl-2’s 3´UTR.  This construct will be inserted into C. elegans genome using the MosCI method.  We will 
also determine ced-9/Bcl2 regulatory sequences needed to reduce the expression during starvation by making specific 
deletions of its promoter in this reporter strain.We have found, using previously published ChIP databases, some proteins that 
associate with ced-9/Bcl-2 promoter which also interact directly or indirectly with LIN-35/pRB in the Wormbase interaction 
network.  By RNAi, we are testing whether any of these proteins are required for physiological and/or starvation-induced 
apoptosis. 

1161B. Defining the kri-1/ccm1 radiation-induced apoptosis pathway in C. elegans. Eric Chapman1,2, W. Brent Derry1,2. 1) 
Molecular Genetics, University of Toronto, Toronto, ON, Canada; 2) Developmental and Stem Cell Biology Program, The 
Hospital for Sick Children, Toronto, ON, Canada. 
   kri-1 promotes radiation-induced apoptosis in the C. elegans germline by a cell non-autonomous mechanism that functions 
independently of the p53-like gene cep-1 (Ito et al., 2010). KRI-1 is the homologue of human KRIT1, which when mutated 
leads to the neurovascular disease in humans Cerebral Cavernous Malformations (CCM). To understand how kri-1 promotes 
germline apoptosis, I am taking a candidate approach with known apoptosis genes, as well as an unbiased mutagenesis 
suppressor screen. The C. elegans ERK homologue, MPK-1, is phosphorylated and activated in the germline upon 
irradiation, and this activation is necessary for promoting both cep-1-dependent and cep-1-independent apoptosis (Rutkowski 
et al., 2011, Eberhard et al. 2013). To determine if kri-1 regulates the Ras/MAPK pathway, I immunostained germlines for 
activated p-MPK-1 and observed reduced levels in kri-1(0) worms compared to wild type controls. To determine if kri-1 is 
regulating apoptosis through Ras/MAPK signalling, I ablated GLA-3, an inhibitor of MPK-1 by RNAi and found that 
apoptosis was restored. Furthermore, apoptosis is restored in kri-1;lip-1 double mutant worms. LIP-1 is a germline 
phosphatase that negatively regulates MPK-1. Since KRI-1 is expressed in the soma, this suggests that kri-1 is somehow able 
to non-autonomously activate Ras/MAPK signalling in the germline. In order to identify additional downstream targets of 
kri-1 and to determine how kri-1 is sending signals from the soma to the germline, I performed an EMS mutagenesis 
suppressor screen. To isolate candidates from many mutagenized kri-1 worms, I first selected for mutations that restore other 
easy to screen kri-1 phenotypes. From the candidates that made it past this first round of selection, I have sent fourteen 
candidates, with restored sensitivity to radiation-induced germline apoptosis, for whole genome sequencing. I am now 
investigating various genes mutated in my suppressor strains to determine the causal mutations that restore apoptosis. . 



1162C. BRAP-2 (BRca1 Associated binding Protein 2) promotes germline apoptosis. Dayana R. D'Amora, Queenie Hu, 
Terrance J. Kubiseski. Biology, York University, Toronto, Ontario. 
   Programmed cell death (apoptosis), DNA repair and cell cycle arrest are vital checkpoint and response pathways executed 
to protect genomic integrity from the threat of DNA damage and mutations that lead to cellular dysfunction and disease. As 
part of the DNA damage response network, the tumour suppressor BRCA1 (Breast cancer susceptibility gene 1) is activated 
to facilitate DNA repair, transcription and cell cycle control. BRC-1, the C. elegans ortholog of BRCA1, has conserved 
function in DNA double strand break repair, wherein the loss of brc-1 results in high levels of non-disjunction and germline 
apoptosis. A novel protein known as BRAP2/IMP (BRCA1 associated binding protein 2) is capable of binding to BRCA1 
and has been characterized as a Ras effector protein and E3 ubiquitin ligase. We have previously shown that BRAP-2 
(BRAP2 ortholog) regulates the oxidative stress response and when exposed to low concentrations of paraquat, brap-2 
deletion mutants experience brc-1 dependent larval arrest.  The objective of this study is to reveal the biological function of 
BRAP-2 and its relationship to BRC-1 in the pathways that comprise the DNA damage response. First, to determine how 
BRAP-2 influences apoptosis we examined levels of germ cell death following DNA damage. brap-2(ok1492) mutants 
decrease germline apoptosis when compared to the wildtype and significantly reduced germ cell death in brc-1 mutant 
animals without compromising germ cell production or mitotic cell cycle arrest. Our results show that the expression levels 
of pro-cell death genes egl-1 and ced-13 (BH3 orthologs) increase in brap-2 mutants, while transcription of the anti-apoptotic 
gene ced-9 (Apaf1 ortholog) remains elevated. This suggests that brap-2 alters apoptotic signaling following DNA damage. 
Increased transcription of skn-1 following DNA damage in brc-1;brap-2 mutants indicates that BRAP-2 function may 
be  regulated by the transcription factor SKN-1, a master regulator of the oxidative stress response. Currently, we are 
investigating the biochemical mechanism through which BRAP-2 promotes germline apoptosis in this context. Furthermore, 
embryonic lethality and sterility is enhanced in brap-2 mutants following DNA damage, suggesting a role for BRAP-2 in 
facilitating DNA repair. Our findings reveal that BRAP-2 is required for BRC-1 activated DNA damage induced germline 
apoptosis, and is a necessary effector of the DNA damage response to preserve genetic stability and germline health. . 

1163A. Single molecule analysis of PAR protein complexes during cell polarization. Daniel J. Dickinson1,2, Bob 
Goldstein1,2. 1) Department of Biology, University of North Carolina at Chapel Hill, Chapel Hill, NC; 2) Lineberger 
Comprehensive Cancer Center, University of North Carolina at Chapel Hill, Chapel Hill, NC. 
   The conserved PAR protein system mediates polarization in a wide variety of animal cell types including epithelia, neurons 
and stem cells.  The first division of the C. elegans zygote is a valuable model system for studying how PAR proteins 
mediate cell polarization.  This cell division is asymmetric, with the anterior and posterior daughter cells adopting different 
fates.  PAR-3, PAR-6, atypical Protein Kinase C (aPKC) and CDC-42 localize to the anterior of the zygote prior to division, 
while PAR-1, PAR-2 and Lethal Giant Larvae (LGL-1) localize to the posterior.  All of these proteins are required (some 
redundantly) for a normal polarized division.  Although the localization and genetic requirements of PAR proteins have been 
studied in detail, a fundamental unanswered question is how these proteins are organized biochemically into a signaling 
network that can mediate cell polarization.  Although some pairwise protein-protein interactions between members of the 
PAR system have been demonstrated in vitro, it is how these interactions are spatially and temporally regulated in vivo to 
generate cell polarity.  To address this, we have developed a method that allows us to interrogate protein-protein interactions 
in individual, precisely staged C. elegans embryos.  Single embryos are crushed in microfluidic chambers, generating lysates 
in a small volume with minimal dilution.  Protein complexes are captured inside this device by antibodies, and can then be 
counted using single-molecule TIRF microscopy.  We are using this assay to test which of the reported interactions between 
members of the PAR system occur in vivo, and whether these interactions are temporally regulated during the establishment 
and maintenance of cell polarity.  . 

1164B. Regulation of cell extrusion by miRNA complexes in Caenorhabditis elegans. Vivek Dwivedi, Daniel Denning, Bob 
Horvitz. HHMI, Biology, MIT, Cambridge, MA. 
               Cell extrusion, or shedding, is a cell elimination process that occurs in metazoans ranging from sponges to 
mammals. In humans, approximately 1011 cells are extruded from the small intestine epithelium each day. Dysregulation of 
cell extrusion is deleterious, as inadequate extrusion or excessive extrusion can lead to hyperplasia or a defective epithelial 
barrier, respectively. Despite the importance of cell extrusion in physiology and relevance to disease, little is known about 
how extrusion is regulated or what molecules are involved in the process.            We previously identified cells in C. elegans 
that can be eliminated during embryogenesis by either caspase-mediated apoptosis or by cell extrusion and survive when both 
of these processes are disabled. Such cells survive in mutants with loss-of-function mutations in two genes: ced-3, which 
encodes the caspase required for programmed cell death, and pig-1, which encodes a homolog of the protein kinase MELK 
(Denning et al. 2012). For example, the cell ABplpappap survives in pig-1 ced-3 double mutants and divides to generate an 
extra excretory cell, resulting in the two excretory cell (Tex) phenotype.            We mutagenized ced-3 mutants and screened 
for the Tex phenotype to identify additional cell-extrusion-defective mutants and found that the gene ain-2 is required for cell 
extrusion. ain-2 encodes one of the two C. elegans homologs of the mammalian protein GW182, which functions in miRNA-
induced silencing complexes (miRISCs). Consistent with the role of a miRNA pathway in cell extrusion, loss-of-function 



mutations in alg-2, which encodes one of the two miRNA-specific Argonaute proteins, also produce the Tex phenotype in a 
ced-3 mutant background.            We are currently testing miRNAs that associate with AIN-2 or function during 
embryogenesis for a role in promoting cell extrusion, by blocking caspase-mediated apoptosis in corresponding mutants and 
examining for the Tex phenotype. Our preliminary results indicate that the mir-35 miRNA family might program AIN-2-
containing miRISCs to promote cell extrusion in ced-3 mutants.            Our study reveals that a miRNA pathway is required 
for cell extrusion and suggests that post-transcriptional regulation of an unknown anti-extrusion factor is a critical step in the 
mechanism of cell extrusion. . 

1165C. C. elegans screens on polarized organ morphogenesis identify genes that regulate both polarity and growth . Yong 
Eun1, Hongjie Zhang1,2, Liakot A. Khan1, Nan Zhang1, Verena Gobel1. 1) Mucosal Immunology and Biology Research 
Center, MGH, Harvard Medical School, Boston, MA, USA; 2) Faculty of Health Sciences, University of Macau, Taipa, 
Macau, China. 
   In a prior RNAi-based visual tubulogenesis screen we used the polarized (apical) cytoskeleton-membrane linker ERM-1 to 
concomitantly identify polarity and organ morphogenesis defects in the C. elegans intestine. Among those genes whose 
depletion resulted in early to mid-embryonic arrest (N=619) about one third (N=264) displayed an altered subcellular 
localization of ERM-1. We noticed that some of these embryos also appeared to have excess intestinal cells. An association 
of polarity defects with hyperproliferation could support the still unconfirmed early hypothesis of cancer cell biology that a 
causative link exists between polarity loss and a loss of growth control. To confirm the observation and investigate this 
possibility, we first verified the presence of intestinal hyperproliferation in these embryos in a double transgenic strain 
expressing an intestinal nuclear (ELT-2::GFP) and an apical membrane (ERM-1::mCherry) marker. We rescreened the 264 
genes via RNAi in this background by epifluorescence microscopy, re-evaluated genes with excess cells in a second set of 
RNAi experiments and confirmed the defects by confocal analysis. 28 genes (>10% of total) were identified that, when 
depleted, resulted in both intestinal polarity defects and excess intestinal cells. This finding could be compatible with a link 
between polarity establishment and growth inhibition during development, however, we are still in the process of analyzing 
the control group of embryonic lethal genes, whose losses did not induce appreciable polarity defects. The ability of 17/28 
genes to inhibit cell/nuclear division/growth was validated by independent previous loss-of-function studies demonstrating 
either: multiple nuclei (5); extra intestinal cells (3); extra cell divisions in multiple tissues (3); a tumorous germline (6). 
Several are associated with well-defined oncogenic/tumor suppressor pathways and many of their human homologs were 
found to be mutated in tumors. In contrast, only few genes (4) were previously implicated in cellular asymmetries. Not all 
genes seem to be expressed in the intestine, suggesting the contribution of non-cell-autonomous regulation to function. This 
group was enriched for genes involved in microtubule dynamics and RNA regulation, as well as for genes with not-yet 
identified cellular functions. Experiments are underway to identify the character of a putative link between polarity and 
growth control and to separate early fate changes resulting in excess intestinal cells from true proliferation defects. 

1166A. The Putative Neutral Amino Acid Transporter SLC-36.1 is Essential for Phagocytic Lysosome Reformation in C. 
elegans. Qiwen Gan1,2, Nan Xuan1,2, Kai Liu1,2, Qian Zhang1,2, Junxiang Zhou1,2, Chonglin Yang2. 1) ChinaGraduate 
University of Chinese Academy of Sciences, Beijing 100109, China; 2) State Key Laboratory of Molecular Developmental 
Biology, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101. 
   Appropriate clearance of cell corpses generated by apoptosis is critical to animal development and tissue homeostasis, 
defects in which contribute to many human diseases, including autoimmune diseases and neuronal disorders. The clearance 
of cell corpse is achieved by formation, maturation and digestion of phagosomes in the engulfing cell. However, little is 
known about the recycling of phagolysosomes after their contents are digested. Here we identify a putative neutral amino 
acid transporter SLC-36.1 (SoLute Carrier family 36 (proton/amino acid symporter), member ) as an essential regulator of 
lysosome reformation from phagolysosomes in C. elegans. We found that loss slc-36.1 function leads to appearance of pit-
like structures in embryos, which can be suppressed by loss of pro-apoptosis genes including egl-1, ced-3, and ced-4. Time-
lapse analysis revealed that the pit-like structures are originated from the classic button-like corpses. These pit-like corpses 
are positive for lysosome membrane protein LAAT-1::GFP and nuclease NUC-1::mCherry. In the macrophage-like 
coelomocytes, slc-36.1 mutation also leads to defective lysosome reformation, manifesting as continuous fusion of 
lysosomes. Currently we are investigating SLC36.1-mediated lysosome reformation mechanisms. 

1167B. The aspartyl protease ASP-3 mediates apoptotic cell death in C. elegans. Tsung-Yuan Hsu, Victoria J. Bulter, 
Aimee W. Kao. Department of Neurology at UCSF, San Francisco, CA. 
   Programmed cell death plays a key role in the development and homeostasis of multicellular organisms. Many genes have 
been identified that regulate cell death in C. elegans, including members of the core apoptotic pathway terminating upon the 
executioner gene, ced-3.  The asp-3 gene, which encodes for an aspartyl protease, has previously been implicated in necrotic 
but not apoptotic cell death. Here, we present evidence of a role for asp-3 in apoptotic programmed cell death.        ASP-3 is 
a member of the aspartate protease family, members of which require one or more aspartic acid residues to catalyze protein 
cleavage. We quantified apoptotic corpses in tm4559 an asp-3 null mutant, and found that loss of asp-3 decreased cell corpse 



number at multiple embryonic stages. Cell corpse duration was unchanged in asp-3 mutants and these animals exhibited extra 
cell survival, suggesting a defect in killing rather than accelerated corpse clearance or a shift in timing of cell death. The 
apoptotic defect in asp-3 mutants could be rescued by transgenic expression of asp-3 behind its own promoter or using Pegl-
1 in which the protein is expressed only in dying cells. However, if the key aspartate residue at position 279 was mutated, the 
transgene did not rescue.  We next asked whether asp-3 was part of the core apoptotic pathway.  In a weak ced-3 allele such 
as n2438, apoptosis during embryogenesis is both decreased and delayed. In ced-3(n2438);asp-3(tm4559) double mutants, 
even fewer cell corpses were seen than in ced-3(n2438) alone, suggesting that asp-3 acts downstream of or parallel to the 
ced-3 pathway to promote cell killing. Further, ASP-3 protein levels appeared increased in ced-3(n2438) mutant but not in a 
strong ced-3 allele such n717, suggesting that induction of ASP-3 may modulate the killing phenotype of ced-3 
alleles.        Our findings support a role for the aspartyl protease ASP-3 in apoptotic cell death. The ability of ASP-3 to be 
induced in weak ced-3 alleles suggests that ASP-3 may be part of an alternative pathway that is recruited when CED-3 
dependent cell death is blocked.  The mammalian homolog of ASP-3, Cathepsin D, has been implicated in neurodegenerative 
disease. Therefore, understanding ASP-3 activity in both apoptotic and necrotic cell death may have consequences for 
neurodegeneration and other diseases of aging. 

1168C. Determination of functional specificity of autophagic proteins during phagocytosis of apoptotic cells in embryo. 
Celine Jenzer1, Xianghua Liu2, Elena Simionato1, Tianyou Yao2, Celine Largeau1, Zheng Zhou2, Renaud Legouis1. 1) I2BC 
(Institute of Integrative Biology of the Cell) - Campus CNRS - bat. 26 - Avenue de La Terrasse 91198 Gif-sur-Yvette Cedex 
France; 2) Dept. of Biochemistry & Molecular Biology - Baylor College of Medicine - One Baylor Plaza, Room 322B Mail 
stop 125 Houston, TX 77030, USA. 
   Phagocytosis and autophagy are two lysosome-mediated processes involved in the clearance of extracellular and 
intracellular components, respectively. These two processes are involved in various human diseases such as cancers. 
Previously, the laboratory has shown a sequential and specific involvement of autophagic proteins in the autophagic cascade 
[1,2]. Recent studies have identified the recruitment of autophagic proteins during phagocytosis of apoptotic corpses in the so 
called LC3-associated phagocytosis (LAP) [3]. LAP is a distinct process from autophagy but it relies on some members of 
autophagy pathway to allow an efficient degradation of the phagocytosed cargo. The objective of this study is to elucidate the 
physiological and pathological roles of autophagy in the phagocytosis of apoptotic corpses in Caenorhabditis elegans. Using 
time-lapse microscopy, electron microscopy and genetic approaches, we analyzed the function of the LC3 homologues, 
LGG-1 and LGG-2, during this process. In this study, we showed that these proteins are involved in the phagocytosis of 
apoptotic cells. Indeed, lgg-1 and lgg-2 mutants present an enhanced number of apoptotic cells compared to wild type 
embryos. Moreover, differences in LGG-1 and LGG-2 expression profile in apoptototic corpses and phagocytic cells 
demonstrated differential participation of the two proteins. Finally, we characterized the interaction between these autophagic 
proteins and the machinery of phagosome maturation (HOPS, Rab, …). Our results suggest complex roles of the C. elegans 
LC3 homologs in the clearance of apoptotic cells.[1] Manil-Ségalen, M. et al. The C. elegans LC3 Acts Downstream of 
GABARAP to Degrade Autophagosomes by Interacting with the HOPS Subunit VPS39. Dev. Cell 28. 43–55 (2014).[2] 
Jenzer, C. et al. Human GABARAP can restore autophagosome biogenesis in C. elegans lgg 1 mutant. Autophagy 10. 1868–
1872 (2014).[3] Martinez, J. et al. Microtubule-associated protein 1 light chain 3 alpha (LC3)-associated phagocytosis is 
required for the efficient clearance of dead cells. Proc. Natl. Acad. Sci. U. S. A. 108. 17396–17401 (2011). 

1169A. Degradation and clearance of the linker cell is coordinated by a novel caspase function and the GTPases rab-35 and 
arf-6. Lena Kutscher1, Ryan Haley2, Ying Wang2, Zheng Zhou2, Shai Shaham1. 1) The Rockefeller University, New York, 
NY; 2) Baylor College of Medicine, Dept of Biochemistry & Molecular Biology, Houston, TX. 
   Programmed cell death and cell corpse removal are important in the development and homeostasis of tissues and 
organisms. While much is known about apoptotic corpse clearance, clearance of cells that die by non-apoptotic programs is 
not well understood. The death of the linker cell, a male-specific cell that leads the elongation of the developing gonad, is 
independent of the apoptotic caspase CED-3. ced-3 mutations do not block linker cell death or engulfment, and the fraction 
of surviving cells in known linker cell death mutants is not enhanced by ced-3 lesions. However, we found that in animals 
carrying mutations in ced-3 or its regulator, ced-4/Apaf1, engulfed linker cells are degraded inefficiently. Mutations in the 
apoptotic regulators egl-1/BH3-only or ced-9/Bcl2 do not affect linker cell clearance. ced-3 is expressed in the linker cell as it 
dies but not during migration. While many linker cell-containing phagosomes are eventually degraded in ced-3 mutants, 
clearance is delayed by hours or even days. From a genetic screen in which artificial insemination was used to propagate 
relevant mutants, we recovered several in which linker cell degradation is affected. We found that two small GTPases, RAB-
35 and ARF-6, act antagonistically within the U.l/rp cells, which engulf the dying linker cell, to degrade the linker cell 
phagosome. Genetic interaction studies suggest that RAB-35 inhibits ARF-6, which, in turn, blocks linker cell degradation. 
We identified RME-4 and TBC-10 as the relevant guanine nucleotide exchange factor (GEF) and GTPase activating protein 
(GAP) for RAB-35, and EFA-6 and CNT-1 as the relevant GEF and GAP for ARF-6. Persistent linker cell-containing 
phagosomes in rab-35 mutants appear to have degraded linker cell contents, and this degradation is delayed by mutations 
in ced-3. Importantly, the frequency of persistent phagosomes is similar in rab-35(0) and rab-35(0); ced-3(0) animals. Thus, 



our observations suggest that ced-3 may function upstream of rab-35, which may then promote linker cell phagosome 
maturation. We also show that rab-35, but not arf-6, is involved in phagosome maturation of apoptotic corpses in the embryo 
and germline, and is localized to extending pseudopods and to phagosomal surfaces. Rab35 has been implicated in 
phagosome maturation in mammals, although not in the context of cell death. Caspases have been suggested to promote 
degradation but not initiation of cell dismantling during spermatogenesis in Drosophila and during neurite pruning in 
vertebrates. We propose therefore that the cell degradation pathway we uncovered may be conserved. 

1170B. Suppressors of pam-1 rescue anterior-posterior axis establishment. Timothy Litz, Arielle Kilner, Ashley Kimble, 
Kate Power, Eva Jaeger, Rebecca Lyczak. Ursinus College, Collegeville, PA. 
   Polarity establishment in the single-cell C. elegans embryo determines the anteroposterior axis of the organism.  It is 
widely accepted that the sperm-donated centrosome cues polarity establishment by triggering changes in the posterior cortex. 
The PAM-1 aminopeptidase is required for centrosome positioning at the cortex and proper polarization of the axis. Embryos 
laid by pam-1 mutants, fail to establish the A-P axis and die. We took advantage of the embryonic lethal phenotype of pam-1 
mutants to conduct suppressor screens in order to identify novel regulators of centrosome positioning and targets of the 
aminopeptidase. We have identified five suppressors, which significantly increase the pam-1 hatch rates.  One of these 
suppressors is dominant while the others are recessive suppressors. Using DIC microscopy we have discovered that the 
presence of each suppressor significantly rescues the polarity defects associated with pam-1 mutants. We are currently 
mapping the suppressor mutations to identify the molecular identity.  Genetic and phenotypic characterization of these 
suppressors as well as further analysis of centrosome movements in the strains should reveal new insights into the role of this 
aminopeptidase in centrosome positioning and polarity establishment. 

1171C. qx222 affects apoptotic cell clearance and endocytic trafficking. Jinchao Liu1,2, Junbing Zhang1, Bin Liu1, Yang 
Dong1, Xiaochen Wang1. 1) NIBS, Beijing, Beijing; 2) Chinese Academy of Medical Sciences and Peking Union Medical 
College, China. 
   In C. elegans, dying cells generated by apoptosis are quickly recognized and engulfed by phagocytes during embryonic 
development and oogenesis. The internalized apoptotic cells are enclosed within phagosomes, which undergo a series of 
maturation process. The two phosphoinositol-3 kinases, VPS-34 and PIKI-1, which convert PtdIns to PtdIns(3)P, function in 
parallel to regulate apoptotic cell clearance. PtdIns(3)P are also generated on endosomes and autophagosomes, which is 
regulated by VPS-15/VPS-34 complex but not PIKI-1. From a forward genetic screen, we have isolated a recessive mutation 
qx222，which contains increased cell corpses. We found that cell corpse recognition is not obviously affected in qx222 
worms but phagosome maturation is defective. qx222 significantly enhanced persistent cell corpse phenotype in piki-1 but 
not vps-34 mutants and similar numbers of cell corpses were observed in qx222;piki-1 as in vps-34;piki-1 embryos. This 
suggests that the gene affected in qx222 functions in the same pathway with vps-34 to regulate cell corpse removal. In 
addition to defects in apoptotic cell clearance, we found that trafficking of several endocytic cargoes is severely affected in 
qx222 mutants. We have cloned the gene affected in qx222 and in the process of characterizing its role in phagosome 
formation, maturation and endocytic trafficking. 

1172A. The role of centrosome-cortical contact in one-cell anterior-posterior polarity. Dominique Saturno, Devayu Parikh, 
Dominic Castanzo, Margaret Williams, Rebecca Lyczak. Ursinus College, Collegeville, PA. 
   Polarization of the one-cell C. elegans embryo determines the anterior-posterior axis of the organism.  It is widely accepted 
that the sperm-donated centrosome cues polarity establishment by triggering changes in the posterior cortex. The centrosome 
is able to initiate polarity establishment from a distance from the cortex, but contact with the posterior cortex is subsequently 
observed. The timing and duration of this contact and the role in polarity establishment are poorly understood. PAM-1 is a 
puromycin-sensitive aminopeptidase that is required for polarity establishment. Our previous work has shown that the 
centrosomes are mislocalized in the one-cell pam-1 embryo, leading to the polarity failure.  To further understand the 
importance of centrosome contact timing and duration during normal polarization, we have used time-lapse confocal imaging 
of wild-type and pam-1 mutant strains. In wild-type embryos, the centrosome contacts the cortex for just under four minutes. 
We have discovered that pam-1 mutants have significantly shorter centrosome-cortex interactions than wild-type.  In 
addition, these interactions occur at an earlier cell-cycle stage than WT.  By comparing wild-type and pam-1 mutants with 
similar contact times, and tracking polarity establishment, we are beginning to discover the relative importance of timing of 
contact versus duration of contact in axis polarization. . 

1173B. Disruption of Cytoplasmic Asymmetry in One-Cell Embryos Due to Nuclear Pore Disruption in the Germline. 
Michael J.W. VanGompel, Kathryn Plance, Lesilee S. Rose. Molecular and Cellular Biology Department, University of 
California, Davis, Davis, CA. 
   In the C. elegans one-cell embryo, the establishment of mutually exclusive anterior and posterior cortical domains of PAR 
proteins coordinates the asymmetric localization of cytoplasmic components and the mitotic spindle. This polarity is 



reestablished in the P1 daughter cell, and eventually results in the production of the differentially fated blastomeres. Worms 
mutant for ooc-5 have germline defects that cause small oocytes, and although the subsequent embryos initially establish 
normal PAR polarity domains, two-cell embryos have polarity and spindle orientation defects. OOC-5 is a torsin family 
AAA+ ATPase that localizes to the lumen of the endoplasmic reticulum and contiguous nuclear envelope (NE). We 
discovered that componenets of the nuclear pore complex (called nucleoporins, or Nups) are mislocalized in the germline and 
embryos of ooc-5 mutants, and that nuclear import is delayed. In addition, others have shown that RNAi of the Nup NPP-1 
causes an ooc-5-like embryonic phenotype. However, how NE and Nup associated functions of OOC-5 affect polarity is not 
known. We sought to determine how nuclear pore-associated phenotypes correlate with embryonic polarity and spindle 
orientation defects. Using RNAi time course analysis, we found that short-term depletion of either OOC-5 or NPP-1 led to 
Nup mislocalization in only part of the germline, while the Nup phenotype was already present in all embryos of the same 
animals. Although embryonic Nups were disrupted, spindle orientation was normal at the two-cell stage. Longer RNAi 
treatments that caused both Nup mislocalization throughout the germline also led to embryonic spindle orientation defects, 
suggesting that germline defects cause the polarity and spindle phenotypes. We further examined these polarity defects using 
time lapse video microscopy of asymmetrically localized reporters. At pronuclear meeting in wild-type embryos, PIE-1::GFP 
is localized to the posterior cytoplasm while mCherry::MEX-5 is localized to the anterior cytoplasm. In ooc-5 mutants, both 
PIE-1::GFP and mCherry::MEX-5 were abnormally symmetric at pronuclear meeting, despite apparently normal PAR 
domains. A similar phenotype occurred after long treatments of NPP-1 RNAi, but not short treatments. Together these data 
suggest that while OOC-5 is important for Nup localization in both the germline and embryos, it is Nup disruption in the 
germline that causes the embryonic polarity defects. We are currently examing how the dynamics of PAR and 
cytoplasmic reporters are altered throughout the first and second embryonic divisions in ooc-5 mutants and after RNAi. 

1174C. The MEX-5/6 gradient controls PIE-1 segregation in the cytoplasm of the C. elegans zygote. Youjun Wu, Erik 
Griffin. Dartmouth College, Hanover, NH. 
   Cell polarity is characterized by the asymmetric distribution of factors at the cell cortex and in the cytoplasm. While 
mechanisms that control the segregation of cortical proteins have been well characterized, little is known about how 
persistent cytoplasmic concentration gradients are established. During the asymmetric division of the one-cell C. elegans 
embryo, a collection of cytoplasmic RNA binding proteins are partitioned in ~ 5 minutes into persistent concentration 
gradients that span the 50 micron-long anterior/posterior axis. MEX-5/6 form a 3-fold anterior-rich concentration gradient 
while PIE-1, POS-1 and MEX-1 form 5-fold, 3-fold and 2-fold posterior-rich gradients (Draper, 1996; Guedes, 1997; Mello, 
1996; Tabara, 1999; Schubert, 2000; Tenenhaus, 1998; Ogura, 2003). The segregation of PIE-1, POS-1 and MEX-1 depends 
on MEX-5/6 and the PAR proteins, a conserved network of polarity regulators that are concentrated at the cell cortex 
(Schubert, 2000; Tenehaus, 1998). It has previously been demonstrated that an increase in PIE-1 diffusion in the anterior 
cytoplasm causes PIE-1 to be retained preferentially in the posterior where diffusion remains slow (Daniels, 2009). However, 
it is not known how the PAR proteins and MEX-5/6 control the formation of the PIE-1, POS-1 and MEX-1 gradients.We 
have used time-lapse microscopy and Fluorescence Correlation Spectroscopy (FCS) to characterize the segregation of 
GFP::PIE-1, GFP::POS-1 and GFP::MEX-1. We find that the GFP::PIE-1, GFP::POS-1 and GFP::MEX-1 posterior-rich 
concentration gradients form at distinct rates and have distinct strengths. All three proteins diffuse more slowly in the 
posterior cytoplasm than in the anterior cytoplasm and the differential in their diffusion rates along the A/P axis correlates 
with the strength of their respective concentration gradients. MEX-5/6 are required to increase the diffusion of GFP::PIE-1, 
GFP::POS-1 and GFP::MEX-1 in the anterior cytoplasm. Additionally, we find that MEX-5/6 function downstream of the 
PAR proteins and in a concentration dependent manner to increase the mobility of GFP::PIE-1. These results suggest that 
MEX-5/6 concentration gradients are directly coupled to the formation of the PIE-1 concentration gradient via the formation 
of a PIE-1 diffusion gradient. Preliminary sucrose gradient fractionation studies indicate that PIE-1 associates with large 
RNA/protein complexes. We are currently testing whether PIE-1 association with RNA complexes slows PIE-1 diffusion and 
whether MEX-5/6 can dissociate PIE-1 from these complexes. 

1175A. Identification and Characterization of a C. elegans Rab GTPase 2 Regulator in Phagosome and Endosome 
Maturation. Jianhua Yin, Yaling Huang, Pengfei Guo, Meiyang Li, Xiaochen Wang. National Institute of Biological 
Sciences, No. 7 Science Park Road, Zhongguancun Life Science Park, Beijing, 102206, China. 
   During apoptosis, apoptotic cells are quickly recognized and engulfed by phagocytes to prevent release of immunogenic 
contents. The internalized cell corpses are enclosed within intracellular vesicles called phagosomes, which undergo a series 
of maturation process, leading to the degradation of apoptotic cells in phagolysosomes.  Previously, we found that two Rab 
GTPases, RAB-14 and UNC-108/RAB2, are recruited to apoptotic cell-containing phagosomes at a similar stage and they 
function in parallel to regulate phagosome maturation. To understand how RAB-14 and UNC-108 function in cell corpse 
clearance, we performed genetic screens to search for enhancers of rab-14 and unc-108. From such screen, we have identified 
a gene whose loss of function significantly enhances persistent cell corpse phenotype in rab-14(lf) and temporarily named it 
ehrf-1 (Enhancer of Rab GTPase fourteen). We found that loss of ehrf-1 causes accumulation of embryonic and germ cell 
corpses, a phenotype that is similar to and not enhanced by unc-108 mutation. Interestingly, ehrf-1 mutants also show similar 



phenotypes in endosome maturation as in unc-108(lf), which is not altered in unc-108; ehrf-1 double mutants. These results 
suggest that ehrf-1 may act together with unc-108 to regulate phagosome and endosome maturation. We are currently in the 
process of further characterizing ehrf-1’s function in phagosome and endosome maturation and investigating its relationship 
with UNC-108/RAB2. 

1176B. mRNA decapping enzyme DCAP-2 is involved in morphological diversification of cilia. Takeshi Adachi, Keigo 
Nagahama, Syunsuke Iwasaki, Syoichi Tanabe, Susumu Izumi. Dept Biol Sci, Univ Kanagawa, Kanagawa. 
   Cilia are microtubule-based protruding organelles observed in cell surfaces. In C. elegans, non-motile cilia are associated 
with amphid and phasmid sensory neurons to sense external stimuli. These cilia differ in morphology and the number 
between cell types. ASE has a single rod-like cilium, whereas ADL has dual cilia. Cilia of AWB and AWC are shaped like a 
wing. These characteristics of cilia are strictly determined according to cell fates. To understand molecular mechanisms that 
regulate the number of cilia, we screened mutants with the reduced number of ADL cilia. We revealed that loss of dcap-2, 
which encodes a putative mRNA decapping enzyme, causes reduction of the number of ADL cilia. mRNA decapping 
enzymes catalyze hydrolysis of mRNA caps. Shapes of AWB and AWC cilia are also affected in dcap-2 mutants, whereas 
ASE cilium morphology appears normal. The results suggest that dcap-2 is involved in morphological diversification of cilia 
rather than general ciliogenesis mechanisms. To evaluate chemosensory sensitivity of AWC in dcap-2 mutants, we analyzed 
intracellular localization of EGL-4/cGMP-dependent protein kinase. In dcap-2 mutants, EGL-4::GFP fusion protein is 
localized in AWC nuclear as well as cilia malformed mutants. These results suggest that AWC chemosensation is affected in 
dcap-2 mutants. 

1177C. Biogenesis in the C. elegans germline syncytium: from nucleation to maturation . Rana Amini, Alexandre St-Pierre-
See, Jean-Claude Labbé. Institut de recherche en immunologie et en cancérologie (IRIC), Université de Montréal, QC, 
Canada. 
   Cytokinesis consists in the physical separation of the two daughter cells, after mitosis. However, during development of 
certain tissues, mitotic division is followed by incomplete cytokinesis, giving rise to interconnected cells in a shared 
cytoplasm, or syncytium. Syncytial structures have been repeatedly described in female and male germlines in species 
ranging from insects to humans. Nevertheless, the mechanism of syncytium formation is poorly characterized. To understand 
this, we studied the syncytial C. elegans germline wherein germ cells (GCs) remain connected via stable intercellular bridges, 
also known as GC bridges. Using live-cell imaging, we found that ANI-1, ANI-2, NMY-2, UNC-59Septin, CYK-7 (a novel 
midbody component), ZEN-4Mklp1 are all stable components of GC bridges while RHO-1RhoA and ECT-2RhoGEF have a cortical 
localization throughout germline development from the L1 stage to adulthood. All GCs originate from the germline 
blastomere P4 that divides into the two primordial germ cells (PGCs) during embryogenesis. To understand the mechanism of 
syncytium formation, we monitored the dynamics of P4 cytokinesis. We found that P4, similar to its somatic neighbors, goes 
normally through the first phase of cytokinesis, also known as cytoplasmic isolation. Interestingly however, unlike somatic 
blastomeres, P4 fails to complete the second phase of cytokinesis wherein the midbody (MB) is released from the cell-cell 
boundary. While the MBs of somatic cells disappear soon after their cortical release, the MB connecting the two PGCs 
remains tightly associated to the cortex throughout embryogenesis. Our findings support a model in which incomplete 
cytokinesis of the P4 blastomere results in persistence of the MB between the two PGCs, thus forming a stable bridge that, in 
turn, promotes syncytium biogenesis. 

1178A. Microtubule and actin networks function together to move larval P-cell nuclei through constricted spaces. Courtney 
Bone, Yu-Tai Chang, Natalie Cain, Shaun Murphy, Daniel Starr. Molecular and Cellular Biology, University of California 
Davis, Davis, CA. 
   Nuclear migration is a critical aspect of many developmental and cellular processes including fertilization, cell polarization, 
and differentiation. Disruptions of the nuclear envelope migration machinery lead to a variety of diseases including 
Hutchinson-Gilford Progeria Syndrome, Emery-Dreifuss Muscular Dystrophy, cancer and autism. For nuclear migration to 
occur, a bridge termed the LINC complex (for linker of nucleoskeleton and cytoskeleton), forms across the nuclear envelope 
to connect nuclear lamins to microtubule motors. In C. elegans, the LINC complex utilized for moving nuclei consists of the 
KASH protein, UNC-83 in the outer nuclear membrane and the SUN protein UNC-84 in the inner nuclear membrane. We 
have previously shown that UNC-83 recruits microtubule motors to the surface of the nucleus and UNC-84 interacts with the 
lamin LMN-1 to disperse forces throughout the nucleus. P-cell nuclear migration occurs during mid L1. The P-cell nucleus is 
approximately 3-4 µm in size, but must migrate through a 150nm space between the body wall muscle and the cuticle of the 
worm. We hypothesize that dramatic cytoskeletal and nucleoskeletal rearrangements are necessary for nuclear migration 
through constricted spaces. We are investigating the roles of the cytoskeleton and nucleoskeleton during this nuclear 
migration event by visualizing these components in vivo. We aim to characterize the interacting roles of the microtubule and 
actin pathways, as well as identify the role of the nuclear lamina in P-cell nuclear migration. Our preliminary data suggest a 
role for dynein as the primary microtubule motor functioning to move nuclei during P cell nuclear migration, while kinesin 
plays a more minor role. This is opposite to the roles of kinesin and dynein in embryonic hypodermal nuclear migrations. 



Additionally, a genetic screen for enhancers of unc-84 implicate a role for the actin cytoskeleton in P-cell nuclear migration. 
We are therefore investigating the dynamics of the actin network in P-cell development. by live cell imaging of tagged actin 
binding proteins. We hypothesize nuclear lamina breakdown is necessary for nuclear reorganization to squeeze into the 
constricted space and are using CRISPR/Cas9 to make a functional, GFP-tagged LMN-1. Our working model postulates that 
dynein provides the major force for P-cell nuclear migration, while kinesin and actin cables within the cell assist, and the 
nuclear lamina disassembles to allow nuclei to squeeze through tight spaces. 

1179B. Building and switching LINC complexes in vivo. Natalie Cain, Daniel Starr. Molecular and Cellular Biology, 
University of California Davis, Davis, CA. 
   Nuclear positioning is essential for many cell and developmental processes, and defects in nuclear positioning have been 
linked to a number of human diseases, including muscular dystrophies, autism, and cancers. Nuclear positioning is facilitated 
by nuclear envelope bridges, also known as Linker of Nucleoskeleton and Cytoskeleton (LINC) complexes, composed of 
inner nuclear membrane SUN proteins that interact with outer nuclear membrane KASH proteins in the perinuclear space. 
Many questions remain about LINC complex in vivo structure and regulation of LINC complex formation. Particularly, in 
cells expressing multiple SUN and KASH proteins, how specific LINC complexes are formed and how that choice is 
regulated are poorly understood. In C. elegans somatic cells, the SUN protein UNC-84 interacts with either UNC-83, which 
recruits kinesin and dynein to facilitate nuclear migration, or ANC-1, which interacts with actin to anchor nuclei in syncytia. 
UNC-83 and ANC-1 are both expressed in many adult nuclei, allowing us to examine the regulatory mechanisms that control 
how SUN proteins choose KASH partners. Structural studies of human LINC complexes suggest that SUN and KASH 
domains are covalently linked by a disulfide bond. Interestingly, while the intermolecular disulfide cysteines are conserved in 
UNC-84 and ANC-1, UNC-83 lacks a cysteine in the correct location. We hypothesize that regulation of disulfide bond 
formation between UNC-84 and ANC-1 is critical for determining the relative abundance of UNC-84/UNC-83 versus UNC-
84/ANC-1 LINC complexes. In support of this hypothesis, UNC-84(C953A) expressed from an extrachromosomal array, 
which we hypothesize cannot form a disulfide bond with ANC-1, rescues the nuclear migration defect of unc-84(null) 
worms, but has a partial nuclear anchorage defect. We are confirming this finding by generating KASH and SUN domain 
mutants using CRISPR/Cas9 genome editing. Investigation of the in vivo structure and regulation of LINC complex 
formation will provide further insight into the function of LINC complexes. 

1180C. Death Associated Protein Kinase (DAPK-1) interacts with microtubule dynamics regulators in epidermal 
development and wound repair. Marian Chuang, Tiffany Hsiao, Amy Tong, Andrew Chisholm. Division of Biological 
Sciences, UC San Diego, San Diego, CA. 
   Wounding the C. elegans epidermis triggers innate immune and cytoskeletal responses that collaborate to allow animals to 
survive otherwise lethal damage. In C. elegans the death-associated protein kinase ortholog DAPK-1 is required for normal 
epidermal morphology and negatively regulates epidermal wound responses (Tong et al., 2009, PNAS). dapk-1 mutants 
display hyperactive wound responses, including faster wound closure and constitutive expression of antimicrobial peptides. 
To further understand how DAPK-1 regulates these processes we screened for suppressors of the dapk-1 morphological 
phenotypes and identified mutations in several known microtubule (MT) regulators. One suppressor causes complete loss of 
function in ptrn-1, which encodes the C. elegans member of the Patronin/Nezha/CAMSAP family of microtubule (MT) 
minus-end binding proteins (Chuang et al., 2014, Cell Reports). We find that PTRN-1 is required cell autonomously in the 
epidermis to alter dapk-1 phenotypes. ptrn-1 null mutants display normal epidermal development but are defective in wound 
repair. We present genetic and pharmacological evidence suggesting that DAPK-1 regulates epidermal microtubule stability. 
Furthermore, preliminary studies suggest DAPK-1 itself is also transported within the epidermis. We are using quantitative 
particle tracking analysis to characterize DAPK-1 movement and its relationship to the epidermal MT cytoskeleton. Our 
work reveals novel roles for DAPK-1 and microtubule (MT) regulators in the development and function of the mature 
epidermis. 

1181A. The actin-bundling protein plastin/fimbrin regulates cortical contractility in early C. elegans embryogenesis. Wei 
Yung Ding1, Ronen Zaidel-Bar1,2. 1) Mechanobiology Institute, Singapore, T-Lab Building, 5A Engineering Drive 1, 
Singapore 117411; 2) Department of Biomedical Engineering, National University of Singapore, Blk EA, 9 Engineering 
Drive 1, Singapore 117575. 
   Cortical contractility, driven by an actomyosin network underlying the plasma membrane, is responsible for the control of 
cell shape and the generation of contractile forces that drive polarization and cell division. It depends on myosin activity as 
well as the organization of filamentous actin (F-actin) by actin regulatory proteins. Plastin (a.k.a. fimbrin) is an evolutionary-
conserved actin-bundling protein containing two Ca2+ regulated EF-hand motifs followed by two tandem repeats of calponin 
homology (CH) domains. In C. elegans, the sole ortholog of plastin is PLST-1.Endogenous PLST-1, labeled by GFP via 
CRISPR/Cas9 knock-in, forms both filamentous and punctate structures at the cell cortex, co-localizing with both formin- 
and arp2/3-dependent F-actin structures respectively. In plst-1(tm4255) zygotes, a deletion mutant that abrogates the third 
and fourth CH domains, the myosin foci in the cortex of the newly fertilized zygote are distinctly smaller than the wild-type. 



This results in weaker force generation as evidenced by slower cortical flow speed at the posterior cortex (1.7µm/s in the 
mutant vs. 7.8µm/s in the wild-type), and leads to defects in establishment of polarity.PLST-1 is also required for cell 
division. In the wild-type, GFP-labeled PLST-1 forms a thick parallel filamentous furrowing band which ingresses to form 
the cytokinetic ring. Loss of PLST-1 function lead to substantially slower division (420±10 s in the mutant vs. 243±3 s in 
wild-type) in 85% of embryos and failure to complete the first cell division in 15% of the embryos. Surprisingly, following a 
delay in furrowing initiation, the subsequent furrowing speed was similar in mutant and wild-type (0.25µm/s in plst-
1(tm4255) vs. 0.28µm/s in wild-type). Interestingly, we observed an increase in myosin recruitment to the furrowing ring in 
plst-1(tm4255) zygotes, which may be a compensatory mechanism for the loss of PLST-1. Consistent with this idea, a double 
mutant of myosin temperature-sensitive allele nmy-2(ne3409) and plst-1(tm4255) lead to 100% failure in initial furrowing at 
a semi-permissive temperature of 20°C.In conclusion, our results support a model whereby PLST-1 organizes F-actin into 
bundled structures that act as effective transducers for myosin-dependent force generation. Such effective force transduction 
in turn allows the dynamic reorganization of cortical actomyosin into higher order structures that is critical for the 
processes of polarization and cell division. 

1182B. Directional persistence of initial Q neuroblast migration in Caenorhabditis elegans requires both Fat-like cadherins 
CDH-3 and CDH-4. Annabel L.P. Ebbing1, Teije C. Middelkoop2, Marco C. Betist1, Ni Ji3, Euclides F. Povoa1, Lorenzo 
Rella1, Hendrik C. Korswagen1. 1) Hubrecht Institute, Utrecht, The Netherlands; 2) Center for Systems Biology, Dresden, 
Germany; 3) Department of Brain and Cognitive Sciences, Cambridge, MA. 
   Q neuroblasts have been frequently used as a model to study directional cell migration in Caenorhabditis elegans. After 
hatching of the larvae, the Q neuroblasts are situated in two bilateral rows of hypodermal seam cells, in-between seam cells 
V4 and V5. From this point onward the Q neuroblasts migrate in a left-right asymmetric manner.  QL migrates posteriorly, 
whereas QR migrates anteriorly. During this migration both QL and QR will undergo an identical pattern of cell divisions. Q 
daughter cell migration has been well studied, and a clear involvement for canonical as well as non-canonical Wnt signaling 
has been found. Initial Q neuroblast migration has been less well studied, however, it is clear that it is Wnt 
independent.Several mutations causing defects in initial migration have been found, such as mutations in mig-15, mig-21, 
dpy-19, and unc-40. Here, we studied the involvement of the fat-like cadherin encoding genes cdh-3 and cdh-4 in initial Q 
neuroblast migration. Fat-like cadherins form a subclass of the cadherin-superfamily, consisting of large transmembrane 
proteins with many cadherin repeats in their extracellular domain. They were first identified in Drosophila, where unlike a 
classical cadherin adhesive function, a role in planar cell polarity, Hippo signaling and border cell migration was discovered. 
In vertebrates, the Fat-like cadherins play an important role in the development of the nervous system.Our research shows 
that both C. elegans fat-like cadherin orthologs, cdh-3 and cdh-4, are required for initial Q neuroblast migration. More 
specifically, in vivo imaging shows that they are involved in the persistence and directionality of the protrusive fronts of Q 
neuroblasts. This directionality is required to ensure proper migration of Q daughter cells. Moreover, both fat-like cadherins 
are shown to act in a linear genetic pathway. Quantitative gene expression analysis using single molecule mRNA FISH 
shows that the expression levels of both genes are upregulated during initial Q neuroblast migration. The dynamic expression 
indicates a possible cell-autonomous function; however, we are currently doing research to ascertain this.  Taken together, the 
requirement of the Fat-like cadherins in initial Q neuroblast migration in C. elegans strengthens the notion of a role for Fat-
like cadherins in directional migration. 

1183C. Worms and Cancer: Using the C. elegans utse as an in vivo model for studying meprin metalloproteases. Srimoyee 
Ghosh1,2, Sang Nguyen3, Paul Sternberg1,2. 1) Biology, California Inst of Technology, Pasadena, CA; 2) Howard Hughes 
Medical Institute, Chevy Chase, MD; 3) Pediatric Oncology Branch, National Cancer Institute, Bethesda, MD. 
   Meprin metalloproteases, a subclass of extracellular matrix-degrading enzymes, have been characterized for their roles in 
metastatic cancer but have thus far been primarily studied in vitro. We have used the C. elegans uterine seam cell (utse), an 
H-shaped cell that mediates the attachment between the uterus and body wall, as a model to study meprin activity in 
vivo.Three meprin-like genes, nas-21, nas-22 and toh-1, exhibit high degrees of sequence similarity with the zinc 
metalloprotease active sites of human meprin gene MEP1A and MEP1B, and are necessary for proper utse outgrowth. Using 
nas-21 gain-of-function phenotypes, we have identified four protease inhibitors that likely act upstream of nas-21. Two of 
these genes are known meprin protease inhibitors (cpi-1 and srp-2) and two are novel protease inhibitors (F35B12.4 and mec-
1). nas-21 and toh-1 act on the C. elegans extracellular matrix in a similar manner to that of meprins, through controlling 
levels of collagen IV (emb-9) and laminin (lam-1). nas-21, nas-22 and toh-1 control levels of a syndecan, an ECM protein 
target that has not yet been shown to interact with meprins.  Our results present a new model for studying meprin activity, 
and identify novel regulators and targets for meprin-like proteins. 

1184A. Dissection of the C. elegans lumenal membrane cytoskeleton with super-resolution imaging techniques and adaptive 
optics. Boran Han2, Shu Jia2, Graham Dempsey2, Edward Membreno4, Xiaowei Zhuang1,2,3, Verena Gobel4. 1) Howard 
Hughes Medical Institute, Chevy Chase, MD, USA; 2) Department of Chemistry and Chemical Biology, Harvard, 
Cambridge, MA, USA; 3) Department of Physics, Harvard University, Cambridge, MA, USA; 4) Mucosal Immunology and 



Biology Research Center, MGH, Harvard Medical School, Boston, MA, USA. 
   Super-resolution fluorescence imaging techniques have revolutionized studies in structural biology, offering detailed 
information at sub-cellular scales. However, thick samples, such as C. elegans, are difficult to image using super-resolution 
microscopy due to aberrations induced by tissue inhomogeneity and refractive index mismatch of the immersion medium, 
that can lead to degraded resolutions because of photon loss and abnormal point spread functions. To address this challenge, 
we combined image-based adaptive optics, which uses a deformable mirror to correct wavefront distortions, with stochastic 
optical reconstruction microscopy (STORM). Here we use this technology to image the submembraneous lumenal 
cytoskeleton of the C. elegans intestine and excretory canal, single-layered multi- and unicellular tubes, respectively, with a 
similar membrane cytoskeleton yet very distinct membrane microdomains (lumen-directed microvilli versus cytoplasm-
directed canaliculi, resp.). Both types of membrane microdomains have been examined by electron microscopy in C. elegans 
and other systems, but the spatial relation of their cytoskeletal molecules to each other, their binding partners, and 
components of the membrane and its appendixes await resolution on the molecular level. The adjusted STORM approach 
resolved regularly spaced vertical actin bundles in phalloidin-Alexa-647-labeled intestinal microvilli. Unexpectedly, we did 
not detect a peri-lumenal actin lattice, previously thought to stabilize these actin bundles. Given actin’s intriguing 180nm 
periodicity, we are now investigating its relation to beta-heavy-spectrin that could fit this gap and root the bundles. We next 
examined ERM-1::GFP in fixed and live animals, and investigated its relation to actin in 2-color experiments. ERM-1 fully 
co-localized with actin, extending into microvillar tips. ERM-1 RNAi depletion resulted in actin bundle collapse, whereas its 
overexpression compacted actin bundles, demonstrating that the well-known membrane-shaping effect of this actin linker is 
indeed mediated by a direct effect on actin. Images of these and additional cytoskeletal components in the intestine and in the 
excretory canal will be shown.Our findings demonstrate that the combination of STORM and adaptive optics allows super-
resolution imaging of fixed and live C. elegans, and provides novel insights into the structure and morphogenesis of well-
known subcellular components. 

1185B. The formin EXC-6/INFT-1 is required for normal ovulation. Anna Hegsted1, Forrest Wright2, David Pruyne1. 1) Cell 
and Developmental Biology, SUNY Upstate Medical University, Syracuse, NY; 2) Pharmacology, SUNY Upstate Medical 
University, Syracuse, NY. 
   Actin cytoskeleton organization is important for proper function of the Caenorhabditis elegans gonad, especially 
contractility of the spermatheca. Aberrant actin organization in the spermatheca has been linked to contractility deficiencies 
and calcium signaling defects leading to improper ovulation. Formins are actin nucleation factors, and many promote the 
elongation of unbranched actin filaments.  In the absence of the formin EXC-6/INFT-1, worms lay fewer eggs than wild 
type.  These worms also exhibit aberrant ovulation.  Further investigation shows that INFT-1 is expressed in the spermatheca 
and partially colocalizes with actin filament bundles.  Due to the role of INFT-1 in proper ovulation and its localization, we 
hypothesize that INFT-1 is important for spermatheca actin organization and/or spermatheca calcium signaling. . 

1186C. Peri-lumenal intermediate filaments and microtubules maintain a single lumen in extending C. elegans excretory 
canals. Liakot Khan1, Hongjie Zhang1,2, Edward Membreno1, Verena Gobel1. 1) Mucosal Immunology and Biology 
Research Center, MGH, Harvard Medical School, Boston, MA, USA; 2) Faculty of Health Sciences, University of Macau, 
Taipa, Macau, China. 
   In an RNAi-based modifier screen we identified 3 intermediate filaments (IFs: IFA-4, IFB-1, IFC-2) that enhanced the 
cystic ERM-1-overexpression excretory canal (EC) phenotype. Although IFB-1’s function in EC morphogenesis has been 
noted, it remains unclear how IFs contribute to this process. Here we compare IFs’ role in EC tubulogenesis with the roles of 
microfilaments (MFs; previously analyzed) and microtubules (MTs). IFs were found to build an intracellular perilumenal 
lattice, and to be non-redundantly required for lumen extension. Severe interference with IFs causes cell-body close cysts and 
loss of canal extension, but does not abort lumen formation. In contrast, severe interference with MFs via ERM-1/ACT-5, 
that we think expand the lumenal membrane via vesicle fusion, abolishes lumen formation. Selective IF removal during 
larval EC extension generates a “multiple lumen varicosity” phenotype with collapsed lumens between varicosities (periodic 
structures along extending canals that serve as osmotically sensitive “fueling stations” for wild-type growth). In contrast, 
larval MF removal produces short, thin lumens with small vacuoles at canal tips. IF removal generates true ectopic “lumens” 
(vacuoles lined with an apical membrane and cytoskeleton) not seen with MF removal. This scenario could suggest that IFs 
function by laterally integrating vacuoles into a lumenal membrane that has already acquired an actin coat, as opposed to MF-
dependent membrane expansion via vesicle fusion at the tip that concomitantly assembles actin. A TBB-2/tubulin::GFP 
fusion localizes to the EC cytoplasm, but also to strands on the perilumenal IF lattice that in turn resides on perilumenal MFs. 
Colocalization and loss-of-function studies during EC development suggest that ERM-1 indirectly recruits lumenal IFs, 
whereas perilumenal lattice formation may depend on MTs. Interference with MTs copies the IF phenotypes and, unlike 
interference with MFs, enhances it. Thus, MTs like IFs support single lumen maintenance and lateral vacuole fusion, 
suggesting that one of MTs’ roles in lumen extension is mediated by IFs. Effects of the 3 cytoskeletal components on 
endosomal and canalicular vesicles will be presented. Our findings suggest that EC lumen extension relies on tip and lateral 
growth and requires a resilient perilumenal IF matrix that allows vacuoles to dock at the lateral lumen (conspicuous in 



varicosities), thereby shaping the lumen’s cylindrical tunnel structure and transmitting fluid pressure between varicosities that 
maintains lumen diameter and supports its anterior-posterior extension. . 

1187A. Metastasis Upregulated Genes Have Distinct Function in C. elegans Cell Migrations. Sylvia Lopez-Vetrone1,2, 
Mihoko Kato1, Jonathan Liu1, Olivia Box Power1, Anaud Upadhyaya1, John Yim3, Paul Sternberg1. 1) HHMI, Division of 
Biology, California Institute of Technology, Pasadena, CA; 2) Biology, Whittier College, Whittier, CA; 3) City of Hope, 
Duarte, CA. 
   Cell migration is vital for normal animal development but also contributes to the invasive spreading of early stage 
metastatic cancer. From two published databases, we complied 107 genes unregulated in either breast cancer or melanoma 
metastases and investigated their requirement in two Caenorhabditis elegans cell migrations: the male linker cell (LC) and 
hermaphrodite distal tip cells (DTC) which have similar functions as gonadal leader cells that undergo a complex migration 
while pulling non-motile followers.  We performed an RNAi screen to identify genes implicated in normal LC and DTC 
migrations. Thirty-two genes from the metastasis list were required for the cell migration of which 13 genes affected the 
migration of both LC and DTC, 18 genes affected only LC migration, and 4 genes only DTC migration. The genes used by 
both cell types corresponded to genes involved in cell cycle activity, adhesion, cytoskeleton organization, protein degradation 
activity, spliceosome activity, ubiquitin-like modification and function, and peptidase inhibition. The genes used by only the 
LC corresponded to genes involved in adhesion, cytoskeletal organization, methyltransferase activity, metalloproteinase 
activity, and signaling.  Those genes used by only DTC corresponded to genes involved in signaling, peptidase inhibition, 
and utrophin activity.  The significant differences among the developmental cell migrations and the overlap in genes shared 
between the two metastases underscores the value of characterizing diverse genes and considering cell type in developing 
treatments. 

1188B. Non-muscle myosin contractility in the neuroblasts influences epidermal morphogenesis. Karina Mastronardi1, 
Denise Wernike2, Yun Chen3, Alisa Piekny4. 1) Concordia University, 7141 Sherbrooke St. W., Montreal, Quebec, H4B 1R6; 
2) Concordia University, 7141 Sherbrooke St. W., Montreal, Quebec, H4B 1R6; 3) Laboratory of Genetics and Metabolism. 
Maternal and Child Health Hospital of Guangxi Zhuang Autonomous Regio. No.59 Xiangzhu Road, Nanning City, Guangxi 
Povince, P.R.China. 530022; 4) Concordia University, 7141 Sherbrooke St. W., Montreal, Quebec, H4B 1R6. 
   Epidermal morphogenesis is essential for the development of metazoans and occurs due to the coordinated migration, 
adhesion and shape changes of epidermal cells. Studies in Drosophila have shown that epidermal morphogenesis also relies 
on extraembryonic amnioserosal cells, which lie underneath the epidermal cells, and coordinated contractility in both tissues 
is required for epidermal sheets to cover the dorsal surface of the embryo. However, it is not known if analogous events occur 
in other organisms. We study C. elegans ventral enclosure, part of epidermal morphogenesis, when the ventral epidermal 
cells migrate over neuronal precursor cells, the neuroblasts, to encase the embryo in a single layer of epidermis. Non-muscle 
myosin has not been studied in ventral enclosure, and it was not clear if contractility contributed to the process. Genetic 
studies revealed that key regulators of myosin contractility, including RHO-1/RhoA, its activator ECT-2/RhoA guanine 
nucleotide exchange factor (GEF) and LET-502/Rho kinase, are required for ventral enclosure. ECT-2 localizes to foci in 
patterns reminiscent of myosin in the epidermal cells and neuroblasts, and is required for the accumulation of myosin foci in 
both cell types, suggesting that the foci in both cell types are contractile. Using SeedWater Segmenter software, we found 
that a subset of neuroblasts underneath the migrating ventral epidermal cells undergo re-arrangements; starting out as two 
columns, then re-organizing to share a common vertex enriched with myosin. These cells may be connected via the adherens 
junction component HMP-1, which we hypothesize may coordinate myosin networks in the neuroblasts to help mediate 
closure of the overlying epidermal tissue. We are investigating the potential role that adherens junctions play in the 
neuroblasts during ventral enclosure. These studies should shed light on the interplay between tissues during embryonic 
development. 

1189C. The divergent filamin protein FLN-2 functions parallel to SUN/KASH proteins to move larval P-cell nuclei . Robert 
E. Monroy, Paul Kuehnert, Yu-Tai Chang, Jonathan Kuhn, Shaun Murphy, Daniel A. Starr. UC Davis, Davis, CA. 
   During mid L1, P-cell nuclei migrate from the lateral side to the ventral cord. After migration, they divide and give rise to 
hypodermal, vulval, and neuronal fates. Mutations in KASH (UNC-83) or SUN (UNC-84) proteins disrupt nuclear migration 
by altering interactions between nuclei and microtubual motors. However, null mutations in unc-83 or unc-84 cause a 
temperature sensitive P-cell nuclear migration phenotype. Previously reported genetic screens for enhancers of the nuclear 
migration defect of unc-83/84 (emu) mutants were successful in identifying genes that function, in part, redundantly to unc-
83 and unc-84 to move P-cell nuclei. Here we report the identification of fln-2 as an emu. fln-2 is predicted to encode a large 
divergent filamin, which is hypothesized to be involved in actin organization. In support of our hypothesis, the actin 
cytoskeleton is disorganized in unc-84; fln-2 animals. We are currently localizing FLN-2 in P-cells using CRISPR/Cas9 
technology. . 



1190A. Using C. elegans as a model to study Laminopathies. Lira Palmer, Courtney R. Bone, Daniel Starr. Department of 
Molecular and Cellular Biology, University of California, Davis, Davis, CA 95616. 
   Lamin, the major component of the nucleoskeleton, supports the nuclear envelope and provides strength and structure to the 
nucleus. Lamin is also required for many nuclear migration events. Three to four lamin proteins are found in vertebrates. 
Mutations in human LaminA are associated with broad class of disorders termed laminopathies including Hutchinson-Gilford 
progeria syndrome and Emery-Dreifuss muscular dystrophy. The molecular underpinnings that lead to the varied pathologies 
associated with laminopathies are poorly understood. C. elegans provides a realtively simplistic model to study lamin 
proteins in vivo because it contains only a single lamin, LMN-1. Previous studies using C. elegans as a model for studying 
mutant forms of LMN-1 had two major limitations. First, mutant forms of LMN-1 were overexpressed from 
extrachromosomal arrays. Second, the mutant forms were always expressed in the wildtype LMN-1 background. We are 
taking advantage of CRISPR/Cas9 genome editing to precisely introduce point mutations in heterozygous lmn-1 backgrounds 
at endogenous loci. Our ultimate goal is to simultaneously express wild type and mutant forms of LMN-1 with different 
fluorescent tags for live imaging. We first attempted to tag LMN-1 at its C-terminus with GFP. The field has previously 
relied on a LMN-1::GFP protein for live imaging of the nuclear lamina. We were able to generate the GFP tag at the 
endogenous lmn-1 locus by CRISPR/Cas9. The GFP localized to the nuclear envelope as expected, but we could not 
homozygous LMN-1::GFP, suggesting it is not fully functional. We are currently using CRISPR/Cas9 to introduce GFP into 
a number of different positions within LMN-1 with the hope of generating a functional tagged protein. Once such a reagent is 
generated, mutations in conserved residues will be introduced and their functions tested in vivo.   . 

1191B. Roles for formins in the development and function of muscle and myoepithelial cell types. David Pruyne1, Anna 
Hegsted1, Lei Mi-Mi1, SarahBeth Votra1, Forrest Wright2. 1) Cell & Developmental Biology, SUNY Upstate Medical 
University, Syracuse, NY; 2) Pharmacology, SUNY Upstate Medical University, Syracuse, NY. 
   Formins are highly conserved regulators of actin filament dynamics. In vitro, formins stimulate the nucleation of actin 
filaments from monomers, and frequently enhance the rate of filament elongation, resulting in the formation of long, 
unbranched actin filaments. Using C. elegans as a model to identify in vivo functions of formin homologs, we have 
discovered that these proteins contribute to the function of several distinct cell types with contractile activity. The formins 
encoded by cyk-1 and fhod-1 contribute to the growth of striated body-wall muscle, while the formin encoded by exc-6 is 
required for the proper behavior of myoepithelial cells of the spermatheca during ovulation. In each of these cases, the formin 
proteins are physically associated with actin filament-rich contractile structures, but these actin-containing structures are not 
lost in mutants for these formin genes, suggesting these formins might not simply direct the assembly of contractile 
structures. Rather, microscopic and biochemical analysis of these mutants suggest some of these formins may play more 
subtle roles in modulating actin filament dynamics, or possibly even affect the expression of other contraction-related genes. 

1192C. Role of Canonical and Non-canonical Wnt signaling in Q neuroblasts migration. Lorenzo Rella, Euclides F. Póvoa, 
Annabel L. P. Ebbing, Marco Betist, Hendrik C. Korswagen. Hubrecht Institute, Utrecht. 
   The ability of a cell to persistently migrate towards a specific direction is necessary for correct tissue development and 
homeostasis. Cells are able to control their migration by sensing external gradients of chemotactic factors. Among these, 
members of the Wnt family of secreted signaling proteins have been shown to orchestrate neuronal and axonal migration in a 
variety of organisms, including C. elegans. We use the Q neuroblasts as a model to investigate how Wnt molecules regulate 
directional cell migration. We observed that two different non-canonical (bar-1/b-catenin independent) Wnt pathways 
regulate the long-range anterior migration of the QR.p neuroblast. These two pathways regulate different aspects of cell 
movement dynamics through two different receptors. The tyrosine kinase cam-1/Ror (which is part of an egl-20/Wnt ligand 
dependent pathway) ensures that QR.p persistently polarizes towards the anterior. In cam-1 mutants, the protruding front of 
the cell polarizes randomly along the anteroposterior axis. In contrast, mom-5/Fz (which is part of a cwn-1/Wnt dependent 
pathway) regulates the speed of migration of QR.p, without affecting the polarization of the leading edge of the cell. Besides 
non-canonical Wnt signaling, we found that canonical Wnt signaling also plays a crucial role in the migration of QR 
descendants. Our previous work shows that activation of canonical Wnt signaling through upregulation of the Frizzled 
receptor mig-1 is necessary and sufficient to stop QR.pa migration. In addition, we noticed that when we prematurely activate 
canonical Wnt signaling in QR.p, the speed of migration is strongly reduced. We are currently investigating how QR.p 
coordinates input from the two non-canonical Wnt pathways. Furthermore, we are examining the cross-talk between 
canonical and non-canonical Wnt signaling that is responsible for terminating migration. A very powerful approach to 
address these questions is to combine both genomic and biochemical approaches, such as single-cell mRNA sequencing of 
isolated QR descendants and cell-specific protein purification, in addition to genetic interaction analysis and development of 
specific fluorescent markers. Furthermore, using the CRISPR/Cas9- triggered homologous recombination tool, we are 
performing targeted mutagenesis and endogenous gene tagging to generate mutants and marker strains to study the migration 
of the QR descendants. 



1193A. AMPK-related kinase UNC-82 is required for myosin filament elongation in C. elegans striated muscle during cell 
shape changes. NaTasha Schiller, Christopher Duchesneau, Pamela Hoppe. Western Michigan University, Kalamazoo, MI. 
   The maintenance and organization of striated muscle in C. elegans requires the serine/threonine kinase UNC-82. Worms 
homozygous for unc-82(0) exhibit bright patchy birefringence in the body wall muscles, a phenotype indicative of misplaced 
myosin filaments during cell shape changes in the developing embryo (Hoppe et al., 2010). Little is known about the targets 
of UNC-82 kinase, and the mechanism for its activation has yet to be determined. Antibody staining of unc-82 mutants 
reveals abnormal accumulations of thick filament proteins myosin and paramyosin. Distinctive ectopic myosin B (unc-54) 
and paramyosin (unc-15) accumulations occur in the kinase domain missense mutant whereas in the presumptive null 
background, myosin B and paramyosin are present in amorphous patches; these data suggest a role for UNC-82 kinase in 
myosin B and paramyosin localization and incorporation into the thick filament. unc-54(0) mutants expressing an UNC-
82::GFP transgene exhibit distinctive accumulations of UNC-82 at the ends of muscle cells indicating that localization of 
UNC-82 to the contractile apparatus is dependent on myosin B. We explored physical interactions between UNC-82 and 
other M-line or thick-filament proteins by analyzing single and double mutant strains in which myosin, paramyosin or UNC-
82 is abnormally localized within muscle cells, and determining which proteins are recruited to the aberrant structures. Our 
results suggest that UNC-82 physically interacts, either directly or indirectly, with both myosin B and paramyosin, but not 
myosin A or the UNC-98/Zn finger protein. In addition, we constructed double mutant strains to define possible signaling or 
assembly pathways involving UNC-82 and other M-line or thick filament proteins. unc-98 mutants contain large 
accumulations of paramyosin at the ends of muscle cells, but have relatively normal myosin distribution. We found that unc-
15(0); unc-98(0) double mutants are viable and exhibit a phenotype similar to that of unc-15(0) alone, consistent with the 
proposal that the primary action of UNC-98/Zn finger, a potential chaperone, is on paramyosin (Miller et al., 2008). The unc-
15(0); unc-82(0) double mutant, however, is not viable, consistent with UNC-82 acting to organize both myosin and 
paramyosin. The unc-82(0); unc-98(0) double is viable, and closely resembles the unc-82 single mutant, suggesting that the 
two proteins do not have redundant functions in organizing other muscle components, and that the two proteins act in a single 
pathway to organize paramyosin. Our data are consistent with the model that UNC-82 kinase is required for regulation, 
localization and incorporation of myosin B and paramyosin into the thick filaments of the contractile apparatus. 

1194B. ATX-2, the C. elegans homolog of Human Ataxin-2, Negatively Regulates Centrosome Assembly by Controlling 
Centrosome Size and Microtubule Behavior. Michael Stubenvoll, Jeff Medley, Mi Hye Song. Department of Biological 
Sciences, Oakland University, Rochester, MI. 
   Centrosomes are critical sites for controlling microtubule dynamics, and exhibit dynamic changes in size during the cell 
cycle. As cells progress to mitosis, centrosomes recruit more microtubules to form bipolar spindles and ensure proper 
chromosome segregation. The szy-20 gene encodes a centrosome-associated RNA-binding protein that negatively regulates 
centrosome assembly by antagonizing ZYG-1, a key centrosome duplication factor. szy-20 mutants possess enlarged 
centrosomes, leading to abnormal microtubule processes and embryonic lethality. SZY-20 contains putative RNA-binding 
domains; mutating these domains perturbs RNA-binding by SZY-20 in vitro and its capacity to regulate centrosome size in 
vivo.To further elucidate the role of SZY-20 and RNA-binding in regulating centrosome assembly and size, we screened for 
factors associated with SZY-20. Using proteomics, we identified an RNA-binding protein ATX-2 that was reproducibly 
pulled-down with SZY-20. ATX-2 is the C. elegans homolog of Human Ataxin-2, which has been implicated in human 
neurodegenerative disorders. Depleting ATX-2 in C. elegans produces embryonic lethality and abnormal cell divisions, with 
highly penetrant cytokinesis failure. Inhibition of atx-2 restores centrosome duplication to zyg-1(it25) embryos by increasing 
centrosomal ZYG-1 levels. Cytological and biochemical analyses suggest that SZY-20 acts upstream to promote ATX-2 
levels. Intriguingly, ATX-2-depleted embryos exhibit enlarged centrosomes as observed in szy-20(bs52), with the amount of 
ATX-2 inversely correlating with centrosome size. These enlarged centrosomes nucleate more microtubules but impede 
microtubule growth. Abnormal microtubule behavior in atx-2 mutant embryos appears to be mediated in part by the 
microtubule destabilizer KLP-7. Taken together, SZY-20 promotes the abundance of ATX-2, which antagonizes centrosomal 
ZYG-1 and limits centrosome size. Here, we report ATX-2 as a new factor that negatively regulates centrosome assembly by 
controlling centrosome size, microtubule nucleation and growth. 

1195C. Understanding the mechanism of EFF-1-mediated fusion. C. Valansi1, K. Fridman1, O. Avinoam1,2, M. Oren-
Suissa1,3, B. Podbilewicz1. 1) Department of Biology, Technion, Haifa, Israel; 2) The European Molecular Biology 
Laboratory, Heidelberg, Germany; 3) Department of Biochemistry and Molecular Biophysics, Columbia University Medical 
Center, New York, NY, USA. 
   Cell fusion is an important developmental process in many organisms. The first identified eukaryotic fusogen, the C. 
elegans epithelial fusion failure-1 (EFF-1), mediates fusion of cells in the hypodermis, pharynx, and vulva. Ectopic 
expression of EFF-1 is sufficient to fuse cells in C. elegans and in heterologous cells. Here, we use mammalian cells and 
vesicular stomatitis pseudoviruses as model systems to study how eff-1 affects membrane dynamics. We expressed wild-type 
and mutant forms of EFF-1 and compared their ability to fuse mammalian cells in culture. We found that EFF-1 fusion 
failure mutations identified in worms, had a similar phenotype in baby hamster kidney (BHK) cells. We also found that 



expression of EFF-1 in BHK cells stabilizes actin-rich membrane protrusions that arise through retraction of the plasma 
membrane, resulting in a ‘hairy’ phenotype that is observable by immunofluorescence and EM. Mutations in EFF-1 had a 
measurable effect both on cell-cell fusion and on localization to these protrusions. hy21ts allele (P183L) shows strong fusion 
failure at the restrictive temperature in L4 stage, as well as dumpy and protruded vulva phenotypes, whereas in BHK cells it 
is retained in the ER blocking both multinucleation and localization to protrusions. oj55 (S441L) hypomorphic mutation 
results in failure in most epidermal fusion events in the embryo. We found that in BHK cells EFF-1(S441L) partially reduces 
both cell fusion and localization to EFF-1. In contrast to the other mutations, EFF-1(G260A) (Perez-Vargas et al., 2014) 
inhibits cell fusion but does not affect the localization to protrusions.To elucidate the structure of EFF-1 molecules at the 
membrane we used a combination of molecular genetics, biochemistry, electron and light microscopy and found that EFF-1 
localizes to micron-long tubes that had a diameter of 30 nm. We determined that EFF-1 wild-type protein and the different 
mutants studied have 70% monomers, 20% dimers and 10% trimers on the surface of BHK cells.Based on our findings in 
worms and mammalian cells, together with the atomic structure of EFF-1, we propose that EFF-1 has two self-organizing 
activities: First, it maintains long nano-tubes via monomer-monomer interactions in cis. Second, it drives bilateral zippering 
and cell-to-cell fusion via transient homo-dimerization and -trimerization in trans.. 

1196A. The ninein-related protein NOCA-1 organizes non-centrosomal microtubule arrays in diverse tissues by acting 
individually and in parallel to Patronin. Shaohe Wang1, Sophie Quintin2, Rebecca A. Green1, Dhanya K. Cheerambathur1, 
Stacy D. Ochoa1, Arshad Desai1, Karen Oegema1. 1) Ludwig Institute for Cancer Research, Department of Cellular and 
Molecular Medicine, University of California San Diego, La Jolla, California 92093, USA; 2) CNRS UMR7104, INSERM 
U964, Université de Strasbourg, Institut de Génétique et de Biologie Moléculaire et Cellulaire, 1 rue Laurent Fries, BP 
10142, 67404 Illkirch cedex, France. 
   In metazoans, diverse non-centrosomal microtubule arrays assemble in differentiated tissues to perform mechanical and 
transport-based functions. How these arrays form remains poorly understood. Here, we show that C. elegans NOCA-1, which 
shares homology to ninein, a vertebrate protein implicated in microtubule anchoring, functions as an organizer of non-
centrosomal microtubule arrays across different tissues. NOCA-1 has multiple isoforms that share a common ninein-
homology domain that we show binds microtubule ends in vitro. Distinct NOCA-1 isoforms organize non-centrosomal 
microtubule arrays in the germline and the embryonic epidermis. In the larval epidermis, a third NOCA-1 isoform functions 
redundantly with the minus end protection factor Patronin/PTRN-1 to direct assembly of a circumferential microtubule array 
required for larval growth and morphogenesis. These results reveal involvement of the ninein-related protein NOCA-1 in the 
formation of non-centrosomal arrays in diverse C. elegans tissues and highlight functional overlap between the ninein and 
Patronin families of microtubule cytoskeleton-associated proteins. 

1197B. Spermathecal cell stretch during ovulation correlates with development of the mature actin cytoskeleton. Alison 
Wirshing, Erin Cram. Biology, Northeastern University, Boston, MA. 
   Actin cytoskeletal dynamics play an important role in the function of smooth muscle cells. Unlike skeletal or cardiac 
muscle, smooth muscle cells maintain a large pool of globular actin and actin polymerization is required for smooth muscle 
contractility and resistance to mechanical strain. However, the mechanisms underlying stimulation of actin polymerization 
and actin dynamics in smooth muscle cells are not well understood. In this work we use C. elegans spermatheca as a model 
for investigating actin dynamics in a highly contractile tube. The spermatheca is a tube of 24 smooth muscle-like cells that 
houses the sperm and is the site of fertilization during ovulation. In wild-type mature adults the actin cytoskeleton of the 
spermatheca is organized into parallel filaments oriented perpendicular to the direction traveled by the developing oocyte. 
The mature actin cytoskeleton appears to form during the first few ovulations.  Here we show that organization of the 
spermathecal actin cytoskeleton is influenced by stretch upon egg entry and tension produced by actomyosin contraction. 

1198C. A C. elegans model for Human Antigen R (HuR). Zhe Yang, Matthew Buechner. Molecular Bioscience, University 
of Kansas, Lawrence, KS. 
   Human antigen (Hu) proteins HuB, HuC, HuD, and HuR are a family of RNA-binding protein that stabilize mRNA by 
binding to AU-rich elements (ARE) in the 3’UTR.  HuR is universally expressed in human cells, and stabilizes many tumor-
related genes such as bcl-2 and XIAP.  HuR is upregulated in many cancer cell types involved in breast and colon 
cancer.  EXC-7 is the sole homologue of the Hu proteins in C. elegans.  EXC-7 maintains the single-cell tubular canals of the 
excretory cell by stabilizing sma-1 mRNA, encoding βH-spectrin.  Mutants in exc-7 exhibit small fluid-filled cysts throughout 
shortened excretory canals, as well as a misshapen tailspike. Both EXC-7 and HuR contain 3 RNA-recognition motifs 
(RRMs), with a region between the 2nd and 3rd RRM that appears to be needed for intracellular transport.  We are 
investigating the functional equivalence of these proteins, by determining whether human HuR can functionally replace 
EXC-7 in C. elegans.  If so, then C. elegans could be developed as a model for studying HuR in vivo, especially for screens 
for chemicals that interfere with HuR function, using excretory canal phenotype as a measure of HuR activity.We have 
injected the hur coding region driven by various promoters to express HuR within the excretory canals.  HuR appears to 
affect both the length and diameter of the excretory canal lumen.  We plan to attach GFP to HuR to visualize the position and 



movement of this protein within the long excretory canals, and to make worm/human chimeric proteins to investigate domain 
activity of these proteins. 

1199A. Highly sensitive mass spectrometry approaches (LC-MS/MS, LA-ICP-MS) to study drug-mediated modulations in C. 
elegans. Julia Bornhorst1, Fabian Schumacher1,2, Sudipta Chakraborty3,4, Barbara Crone5, Burkhard Kleuser1, Erich 
Gulbins2, Uwe Karst5, Tanja Schwerdtle1, Michael Aschner3. 1) Institute of Nutritional Science, University of Potsdam, 
Nuthetal, Brandenburg, Germany; 2) Department of Molecular Biology, University of Duisburg-Essen, Essen, Germany; 3) 
Departments of Molecular Pharmacology, Neuroscience, and Pediatrics, Albert Einstein College of Medicine, Bronx NY, 
USA; 4) Neuroscience Graduate Program, Vanderbilt University Medical Center, Nashville TN, USA; 5) University of 
Muenster, Institute of Inorganic and Analytical Chemistry, Muenster, Germany. 
   An impaired metabolism of the monoamine neurotransmitters dopamine (DA) and serotonin (SRT) is implicated in several 
neurological disorders, such as Parkinson’s disease. Up to now, DA and SRT levels in C. elegans had been commonly 
determined by chromatographic techniques coupled with fluorescence or electrochemical detection. However, analytes can 
only be identified by their retention time, and quantification is limited to external calibration or structurally related internal 
standards. Here, we introduce a rapid, specific and sensitive isotope-dilution liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) method incorporating a fast and simple extraction protocol for the quantification of DA and SRT 
in C. elegans. The use of both deuterated internal standards and the selective and highly sensitive multiple reaction 
monitoring (MRM) technique allows for unequivocal identification and absolute quantification. The novel methodology 
clearly exceeds previously published quantification methods and when applied to worms could be used with as few as 2,000 
L1 worms, compared to other HPLC methods requiring hundreds of thousands worms (200,000 worms) per sample. 
Additionally, the use of a monoamine oxidase B inhibitor (selegiline) and a catechol-O-methyltransferase inhibitor 
(tolcapone) further confirmed that the developed method is particularly suited to investigate drug-mediated modulation of the 
DAergic and SRTergic system in C. elegans.Cisplatin is one of the most commonly used anticancer drugs and is clinically 
proven to combat various types of cancer. Herein, a laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-
MS) method, incorporating a fast and simple sample preparation was developed. The method allows a spatially-resolved 
analysis of the elemental distribution of platinum in the whole organism with respect to the anatomic structure. The elemental 
mapping suggests that cisplatin is predominantly located in the area of the intestine and in the head of the worms. The study 
also pointed out that loss of poly(ADP-ribose)metabolism enzyme 1 (pme-1), which results in a disturbance of DNA repair 
pathways, is associated with increased sensitivity to Cisplatin compared to wildtype worms. 

1200B. In vivo monitoring of calcium signaling at the single-cell and tissue levels in the spermatheca of C. elegans. Jeff 
Bouffard, Anand Asthagiri, Erin Cram. Northeastern University, Boston, MA. 
   The spermatheca is a 24-cell contractile tube and 4-cell syncytial valve in the C. elegans reproductive system.  Functioning 
as the site of fertilization and egg shell formation, the spermatheca is stretched considerably by oocyte entry, remains 
stretched for a regulated period of time, and then forcefully contracts to expel the fertilized egg.  Previous work in the lab has 
examined calcium signaling at the tissue level during ovulation events, using widefield microscopy to image fluorescence 
from the genetically encoded calcium sensor GCaMP [1].  To further dissect the tissue level calcium signaling, and to 
develop an understanding of how calcium signaling in individual cells generates a tissue level response, we developed 
transgenic constructs to visualize the individual cells in the tissue.  We utilized CRISPR genome editing [2] to generate stable 
lines of transgenic worms expressing an INX-12::mApple fusion protein that labels the junctions between the spermathecal 
cells in red.  Combining these two fluorescent biosensors, we generated worm lines where the spermathecae are labeled for 
calcium in green and cell boundaries in red. Using a laser scanning confocal microscope to image ovulation events in live, 
intact animals, we optimized imaging parameters to enable fast, simultaneous acquisition of calcium signaling in the green 
channel and cell boundaries in the red channel.  These fast acquisitions enable us to capture ZT stacks of the tissue, allowing 
the observation of cells in four dimensions during ovulation events.  Preliminary evidence suggests that calcium signaling can 
differ markedly between adjacent spermathecal cells during ovulation events, with some individual spermathecal cells 
exhibiting very high levels of calcium signaling while adjacent cells exhibit considerably lower levels.  These preliminary 
results indicate the utility of this strain for detailed investigation of calcium signaling in the spermatheca at the single-cell and 
tissue levels.  This work will advance our understanding of how tissue level responses are generated in tubular arrangements 
of cells responding to stretch.  [1]      I. Kovacevic, J. M. Orozco, and E. J. Cram, “Filamin and phospholipase C-ε are 
required for calcium signaling in the Caenorhabditis elegans spermatheca.,” PLoS Genet., vol. 9, no. 5, p. e1003510, May 
2013.[2]      A. E. Friedland, Y. B. Tzur, K. M. Esvelt, M. P. Colaiácovo, G. M. Church, and J. a Calarco, “Heritable genome 
editing in C. elegans via a CRISPR-Cas9 system.,” Nat. Methods, vol. 10, no. 8, pp. 741–3, Aug. 2013. 

1201C. Three-dimensional super-CLEM. Edward J. Hujber, Robert J. Hobson, Sean A. Merrill, Erik M. Jorgensen. 
Department of Biology, HHMI, University of Utah, Salt Lake City, UT. 
   Correlative light and electron microscopy (CLEM) can reveal a protein’s localization relative to cellular features on the 
nano-scale. We have made several improvements to our protocol to improve imaging resolution in all three dimensions. 



Among the most important changes has been using organic dyes as fluorophores, instead of fluorescent proteins. This allows 
us to localize tagged proteins to high resolution in three dimensions using a biplane imaging approach. Optimizing 
embedding resins, fixatives, and staining protocols has enabled use of transmission electron tomography instead of scanning 
electron microscopy, providing us with sub-nanometer cellular context in three dimensions. Using a fiducial-based 
alignment, we have correlated proteins with cellular structures at ~30 nm lateral and ~50 nm axial resolution. 

1202A. Label-free imaging of C. elegans muscle structure using sum-frequency generation microcopy. Do-Young Kim1, 
Hyunmin Kim2, Kyung-Il Joo2, Jeong-Hoon Hahm3, Kyuhyung Kim1, Daewon Moon2. 1) Brain Science, DGIST, Daegu, 
711-873, Republic of Korea; 2) Division of Nano and Bio Convergence Research, DGIST, Daegu, 711-873, Republic of 
Korea; 3) IBS, DGIST, Daegu, 711-873, Republic of Korea. 
   Label-free optical method provides a high contrast live imaging and non-invasive monitoring of biological processes. 
Recently, second-harmonic generation (SHG) imaging microscopy based on even-order nonlinear optical process has been 
developed to visualize skeletal muscle structures in multiple tissues in vivo without fluorescent labeling or immunostaining 
(Pfeffer et al,. 2011). Sum-frequency generation (SFG) is second order nonlinear optical process and requires the nonlinear 
optical wavelength up-conversion with two different frequency photons, which is achieved by doubling of single photon 
frequency in SHG. Thus, the SFG can provide more detailed chemical information such as the molecular vibration and 
dynamics. Here, we showed that the SFG visualizes the myosin filament structure of C. elegans muscle using a SFG/TPF 
(two photon fluorescence) dual mode imaging microscope. We further analyzed the observed SFG signal as a function of 
time overlap, power dependence, and pulse polarization at the body wall or pharyngeal muscle of wild type animals. We next 
examined previous identified mutant animals such as dim-1(ra102) and unc-89 (e1460) and observed their disorganized 
muscle structures as previously reported (Timothy et al., 2012). However, while we observed decreased muscle density in 
unc-89, we did not detect any difference in SFG signals of dim-1 or unc-89 mutants in the extent of the pulse overlapping or 
changes of power/polarization compared to those of wild type animals, indicating that the chemical property of muscle fibers 
is not altered in those mutants. Additionally, we compared the SFG signals with GFP-induced TPF signals as function of 
aging and found that the SFG signals were decreased faster than GFP signals as animals are getting old. Finally, using SFG 
microscopy, we are now trying to see muscle structures of uncharacterized mutants of which genes are known to be 
implicated in human muscular dystrophy. 

1203B. Fluorescent CRISPR/Cas system to specifically label DNA sequences of the egl-1 locus. Sebastian Luehr, Barbara 
Conradt. Cell and Developmental Biology, LMU Munich, Martinsried, Germany. 
   Programmed cell death and in particular apoptosis is a crucial process in animal development and in the maintenance of 
cellular homeostasis. In Caenorhabditis elegans, the key activator of the central apoptotic pathway is the BH3-only protein 
EGL-1. EGL-1 is conserved and functions as a receiver of apoptotic stimuli [1–4]. EGL-1 activity is controlled at the level of 
expression; however, until now, the epigenetic regulation of egl-1 expression with regard to the chromatin state of its locus 
has not been analyzed yet. 
 
To address this, we plan to visualize specific DNA sequences of the egl-1 locus using the fluorescent CRISPR/Cas system to 
reveal their positions in the chromatin during embryonic development. To that end, we are using a system that has been 
developed for mammalian cells  and adapt it for C. elegans by generating an inactive version of the Cas9 endonuclease fused 
with GFP (dCas9-GFP) [5,6]. As proof of concept, we are currently working on labeling the telomeres of developing embryos 
by co-expression of dCas9-GFP along with a small guide RNA (gRNA) targeting telomeric repeats. 
 
Generating multiple different gRNAs covering the egl-1 locus should provide sufficient labeling and can be applied to any 
loci lacking repetitive sequences. Due to the absence of cell deaths during the first embryonic cell divisions, we expect to see 
a condensed state of the egl-1 locus early during embryonic development, which presumably changes to an open state before 
the first wave of cell death (9th round of cell division). In case we can observe a change in chromatin state, we will investigate 
its role in the regulation of egl-1 expression. 
1. Conradt, B. & Horvitz, H. R. The C. elegans protein EGL-1 is required for programmed cell death and interacts with the 
Bcl-2-like protein CED-9. Cell 93, 519–29 (1998). 
2. Nehme, R. & Conradt, B. egl-1: a key activator of apoptotic cell death in C. elegans. Oncogene 27 Suppl 1, S30–S40 
(2008). 
3. Youle, R. J. & Strasser, A. The BCL-2 protein family: opposing activities that mediate cell death. Nat. Rev. Mol. Cell Biol. 
9, 47–59 (2008). 
4. Labi, V., Erlacher, M., Kiessling, S. & Villunger, a. BH3-only proteins in cell death initiation, malignant disease and 
anticancer therapy. Cell Death Differ. 13, 1325–1338 (2006). 
5. Anton, T., Bultmann, S., Leonhardt, H. & Markaki, Y. Visualization of specific DNA sequences in living mouse 
embryonic stem cells with a programmable fluorescent CRISPR/Cas system. Nucleus 5, 163–72 (2014). 



6. Chen, B. et al. Dynamic imaging of genomic loci in living human cells by an optimized CRISPR/Cas system. Cell 155, 
1479–1491 (2013). 

1204C. Development of a Bessel Beam Sheet Illumination Microscope for Large-Scale 3-D Neural Dynamics in C. elegans. 
Blake Madruga1,2, William Chen1, Edward Polanco1, Christopher Carmona1, Steve Mendoza1, Paul Chin1, Tim Sherry1, 
Katsushi Arisaka1,2. 1) Physics and Astronomy, University of California, Los Angeles, Los Angeles, CA; 2) California 
Nanosystems Institute, University of California, Los Angeles, Los Angeles, CA. 
   Sheet Illumination has recently amassed a lot of attention as a technique, due to many benefits over standard microscopy 
methods. Decreased phototoxicity, increased signal to noise ratio, and higher photonic efficiency are only a few of the 
reasons why many researchers are beginning to answer sensitive scientific questions with sheet illumination microscopy. Due 
to the unique properties and biological characteristics of C. elegans, access to sheet illumination microscopy is limited, 
costly, and difficult to utilize. The purpose of designing such a device is to bring the proven benefits of sheet illumination to 
the C. elegans community, in a intuitive, purposefully-designed manner. A type of phase modulator, known as a Spatial Light 
Modulator (SLM) is used in this case to generate a specific bessel-beam pattern. Through the use of an SLM, one can easily 
modulate multiple characteristics of the illuminative beam in real time, enabling great flexibility, ensuring high resolution 
across multiple scientific applications.Additionally, the use of a piezoelectric objective collar allows the rapid capturing of 
three dimensional volumes, enabling researchers to examine the dynamics of many neurons in space and time, at sub-micron 
axial resolution. Such tools will gain access to the observation of large-scale, three dimensional neuronal activity under 
controlled or experimental conditions in C. elegans, leading to potential scientific discoveries in the future. 

1205A. Reproducible quantification of gene expression in single cells of live adult animals. Alexander Mendenhall1, Bryan 
Sands1, Patricia Tedesco2, Thomas Johnson2,3,4, Roger Brent1. 1) Basic Sciences, Fred Hutchinson Cancer Research Center, 
Seattle, WA; 2) Institute for Behavioral Genetics, University of Colorado, Boulder, CO; 3) Department of Integrative 
Physiology, University of Colorado, Boulder, CO; 4) Biofrontiers Institute, University of Colorado, Boulder, CO. 
   In multicellular organisms such as Caenorhabditis elegans, differences in complex phenotypes such as lifespan correlate 
with the level of expression of particular engineered reporter genes.  In single celled organisms, quantitative understanding of 
responses to extracellular signals and of cell-to-cell variation in responses has depended on precise measurement of reporter 
gene expression.  We developed microscope-based methods to quantify reporter gene expression in cells of Caenorhabditis 
elegans with low measurement error.  At the level of cells, in animals with single copy reporters, the pattern of expression in 
cells within the tissue was highly stereotyped.  In animals with multicopy reporters, the cell-specific expression pattern was 
also stereotyped, but distinct, and somewhat more variable. Our methods are rapid and gentle enough to allow quantification 
of expression in the same cells of an animal at different times during adult life.  We hope they will allow investigators to use 
changes in reporter expression in single cells in tissues as quantitative phenotypes, and link those to their molecular 
causes.  Moreover, by diminishing measurement error, they should make possible dissection of the causes of the remaining, 
real, variation in expression.  We hope that understanding such variation will help reveal its contribution to differences in 
complex phenotypic outcomes in multicellular organisms. 

1206B. The conformation of specific chromosomal loci and transcribing genes in the C. elegans endoderm. Y. Tyulenev, P. 
Detampel, B. Lancaster, J.D. McGhee. University of Calgary, Calgary, Alberta. 
   Super resolution light microscopy and electron tomography provide an opportunity to study how the location inside nuclei 
might be related to gene activity and how the spatial maps of chromatin modifications change with development.  We are 
trying to combine super-resolution microscopy, EM tomography and standard molecular genetics to determine the 
conformation and behavior of transcribing genes in the C. elegans endoderm, and to investigate how chromosome 
modifications change both local and global architecture of the nucleus. One part of the project begins with the recently 
reported protein miniSOG (mini Singlet Oxygen Generator). Upon blue light illumination, miniSOG generates singlet 
oxygen, which catalyzes the polymerization of diaminobenzidine into an osmiophilic reaction product resolvable by electron 
microscopy.  We are trying to use mini-SOG tagged bacteriophage repressors to tag specific chromosomal loci.  At the 
moment, we are expressing this construct under control of end-1/end-3/elt-7/elt-2 promoters in a multicopy transgenic array 
mixed with many copies of the repressor binding site.  Similar constructs tagged with GFP produce bright fluorescent foci in 
the developing endoderm but we have not yet been able to detect miniSOG activity.  On the other hand, driven by the much 
stronger vit-2 promoter, mini-SOG activity can be detected.  A recent publication reveals that the quantum yield of miniSOG 
may be much lower than originally claimed.  We have now introduced the suggested mutation to improve miniSOG activity 
and will try again to detect loci/foci in the early endoderm. Using a Zeiss ELYRA with 3D-PALM capabilities, we have been 
able to detect individual ELT-2 molecules (using an anti-ELT-2 antibody and Alexa-647 tagged secondary antibodies) in 
fixed adult intestinal nuclei and have generated a 3 micron thick stack, showing ELT-2 distribution.  Present lateral resolution 
is ~28 nms and axial resolution ~ 36 nms.  We are working on extending this approach using ELT-2 tagged mEOS 3.2, which 
might allow us to follow the transcription factor dynamics and distribution inside living embryos.   To examine ELT-2 
binding kinetics in vivo, we are developing an experimental system  designed to observe binding at functional sites whose 



sequence is under our control. Proof of principle is demonstrated by the visible congregation of ELT-2::GFP into distinct dots 
within the intestinal nuclei where the functional binding sites of the elt-2 promoter are concentrated in a multi-copy 
transgenic array. By measuring the dynamics of ELT-2::GFP at these foci in the nucleus by FCS (Fluorescence Correlation 
Spectroscopy), we will attempt to extract information about ELT-2 binding dynamics in vivo. 

1207C. C.elegans as a model to study extracellular vesicle biology, dynamics, and function. Jyothi Akella1, Juan Wang1, 
Julie Maguire1, Malan Silva1, David Hall2, Maureen Barr1. 1) Rutgers University, Piscataway, NJ; 2) Albert Einstein College 
of Medicine, Bronx,NY. 
   Extracellular vesicles (EVs) are membrane bound vesicles released by most cells in the body. EVs aid the exchange of 
cargo such as proteins, lipids, and nucleic acids between cells without requiring direct contact. EVs are proposed to play 
important roles in the nervous system in vitro. Under healthy conditions, EVs are neuroprotective but, may propagate and 
promote neurodegeneration under conditions such as injury and infection. The functions of EVs, and the factors that affect 
EV dynamics and composition in vivo are unknown. A subset of ciliated neurons of C. elegans release GFP-tagged EVs 
containing select cargo into the environment.  We use the environmentally released EVs of C.elegans as a model to identify 
the components and conditions that affect EV dynamics in vivo i.e.  cause a change in total EV content and EV 
composition.  Our strategy includes the identification of genes and mechanisms that regulate EV biogenesis and release under 
normal conditions, as well as determining the functions of EVs.Using in vivo imaging of fluorescently tagged EV cargo and 
transmission electron microscopy, we identified proteins that regulate EV biogenesis and release including a kinesin and a 
myristoylated novel protein. We previously identified that purified EVs from C.elegans trigger male tail chasing behavior, 
which is the first example of EVs mediating animal-animal communication (Wang et al; 2014).  We also found that 
C.elegans EVs are bactericidal.  Our future studies are aimed at identifying the components important for bactericidal activity 
and for identifying conditions that affect the bactericidal properties of EVs.  Furthermore, we will determine whether EVs 
purified from mutants of the known regulators of EV biogenesis and release demonstrate differences in behavioral and 
bactericidal assays. Our studies are expected to provide insights into the factors that regulate EV biogenesis and release, and 
identify factors that affect the composition of EVs under normal conditions, and under other environmental stress.  This 
knowledge is important for our understanding of the functions of EVs in health and disease, and the factors that modulate EV 
properties in disease.   . 

1208A. The functional characterization of C.elegans F-BAR protein SDPN-1 in endocytic recycling. Adenrele Gleason, 
Barth Grant. Department of Molecular Biology and Biochemistry, Rutgers University, Piscataway, NJ. 
   Enclosed by a limiting membrane, cells establish and maintain their architecture in part through a process called 
endocytosis. Endocytosis is a highly conserved trafficking pathway that begins with the internalization of proteins and lipids 
from the plasma membrane into the cell. The uptake of such macromolecules is balanced in part by endocytic recycling-the 
selective return of internalized macromolecules to the plasma membrane. The interplay between endocytic uptake and 
recycling is tightly regulated and a fundamental process in a diverse array of biological processes. Our laboratory has 
established the C. elegans intestine, a polarized epithelium, as a model system to characterize the molecular components 
required for endosome function, particularly with regard to basolateral receptor recycling mechanisms.C.elegans SDPN-1 
(Syndapin/Pascin) is a Fer-CIP4 homology-BAR  (F-BAR) domain protein that functions to stabilize membrane tubules and 
is a known regulator of actin dynamics at the plasma membrane. Previous reports have shown that mammalian syndapin 
directly associates with EH domain of mammalian RME-1 homologs in vivo and in vitro. These studies suggested a novel 
role for syndapin in recycling endosome function. More precise analysis of syndapin function in the mammalian cell system 
was difficult because syndapin is encoded by three separate genes in mammals. One major caveat intrinsic in the previous 
studies resides in the fact that the functional characterization of mammalian syndapin was solely based on over-expression of 
dominant negative forms of syndapin.Here we show that SDPN-1 coordinates transport of cargo from the early endosome to 
the recycling endosome. Surprisingly our investigations reveal that SDPN-1 is a resident protein of the early and recycling 
endosomes. Consistent with a block in basolateral recycling transport, sdpn-1 mutants accumulate basolateral recycling 
transmembrane cargo inside of the intestinal cells. Also, loss of SDPN-1 results in a dramatic increase in early and late 
endosome and a reduction in recycling endosomes. One attractive mechanism predicts that SDPN-1 regulates endocytic 
trafficking by promoting the polymerization of endosomal actin during membrane fission events. Consistent with this 
hypothesis, we have observed strong colocalization of SDPN-1 with Lifeact, a reporter that labels filamentous actin. To test 
this hypothesis, we are currently conducting experiments to test SDPN-1’s role in regulating actin polymerization on labeled 
endosomes. 

1209B. CAB-1 has dual functions in dense core vesicle trafficking. Patrick Allaire, Matt Schwartz, Erik Jorgensen. Biology, 
University of Utah, Salt Lake City, UT. 
   The secretion of peptide hormones is an evolutionary conserved process that regulates diverse physiological processes and 
behaviors. These hormones are released from neurons and endocrine cells via dense core vesicles (DCVs). The conserved 
protein CAB-1 was originally proposed to cooperate with AEX-3 for the transport of synaptic vesicle precursor in the 



nematode C. elegans.  We found instead that CAB-1 is required for DCV function.  CAB-1 binds AEX-3, an ortholog of the 
human MADD protein, which is a GEF for Rab3 and Rab27. We found that cab-1, aex-3, and rab-27 mutants fail to release 
DCV cargo. In cab-1 mutants, the prohormone convertase AEX-5, is trapped in the trans-Golgi. In aex-3 and rab-27 mutants, 
AEX-5, is trapped at the plasma membrane. In both cab-1 and aex-3 mutants, RAB-27 fails to be recruited to DCVs, 
implying that CAB-1 recruits AEX-3, which then recruits RAB-27. Our data shows that CAB-1 functions at the Golgi for 
DCV biogenesis and at the plasma membrane to recruit AEX-3 and hence RAB-27 to enable DCV release. 

1210C. PAD-1 prevents extracellular vesicle budding in C. elegans embryos. Katharina Beer, Ann Wehman. Rudolf 
Virchow Center for Experimental Biomedicine, University of Würzburg, Germany. 
   Cells release extracellular vesicles (EVs) that can mediate intercellular communication by the delivery of lipids, proteins 
and nucleic acids and are therefore able to influence development, immune responses or disease. In previous studies, we 
showed that the phospholipid flippase TAT-5 (a P4-ATPase) inhibits the budding of EVs in C. elegans embryos and 
maintains Phosphatidylethanolamine (PE) asymmetry in the plasma membrane (Wehman et al., Curr Biol, 2011). Loss of 
TAT-5 activity causes increased release of EVs, but it is not known how TAT-5 activity is regulated. To address this, we 
searched for potential TAT-5 interactors. The large and novel protein PAD-1 is a homolog of the yeast Dop1p, which 
interacts with the yeast TAT-5 homolog, Neo1p. Therefore, we hypothesized that PAD-1 could also regulate EV budding in 
C. elegans. We depleted PAD-1 by RNAi and tested for EVs using a fluorescent membrane marker and transmission electron 
microscopy (TEM). We found excess membrane between cells in pad-1 mutants and TEM analysis revealed excessive 
release of EVs similar to tat-5 mutants. Thus, PAD-1 also prevents EV budding in C. elegans. Whether PAD-1 regulates 
TAT-5 activity, localization or levels during EV budding remains unclear. To address this, we are currently creating a pad-1 
deletion allele and GFP-tagged alleles using the CRISPR/Cas9 system. We have also generated antibodies against PAD-1 and 
TAT-5 and are analyzing their localization and expression levels to determine whether PAD-1 regulates TAT-5. We are 
further checking whether pad-1 mutants show defects in PE-asymmetry similar to tat-5 mutants by staining cells with lipid 
probes. In summary, this approach will give us a better understanding of TAT-5- and PAD-1-mediated EV release and will 
provide insight into the vital process of cell communication. 

1211A. Extracellular matrix proteins are required for ciliogenesis, polycystin ciliary localization, and male mating behaviors. 
D. De Vore, R. O'Hagan, M. Barr. Cell Biology/Genetics, Rutgers University, Paterson, NJ. 
   Polycystins are transient receptor potential channels that cause autosomal dominant polycystic kidney disease (ADPKD) 
when mutated in humans. The C. elegans polycystins, LOV-1 and PKD-2, localize to the sensory cilia of cephalic male 
neurons in the head and ray RnB and hook HOB in the tail neurons, which are necessary for mating-related behaviors of 
chemotaxis, response, and vulva location.  In a genetic screen for regulators of PKD-2 ciliary localization, we identified a 
mutation in the collagen encoding gene mec-5. The extracellular matrix (ECM) proteins MEC-1, MEC-5, and MEC-9 are 
required for the function of the MEC-4/MEC-10 channel in touch receptor neurons. Here we show that MEC-5 and MEC-9 
regulate polycystin localization in the ciliated male-specific neurons. Moreover, we found that MEC-1, MEC-5 and MEC-9 
regulate male mating behaviors and cilium structure.  Currently we are determining the mechanism by which these ECM 
proteins influence ciliogenesis, ciliary receptor localization, and ciliary receptor signaling. We will test the hypotheses that 
these ECM components regulate channel activity of the polycystins LOV-1 and PKD-2 and/or environmental release of 
polycystin-containing extracellular vesicles.There are several connections between the ciliary signaling and ECM. A 
mammalian cilium may project into a lumen or the ECM. Ciliopathies such as ADPKD and nephronophthisis are associated 
with changes in the ECM and renal fibrosis. In zebrafish, the polycystins function in maintenance of ECM integrity.  Our 
studies may advance the understanding and expand the options for treatment of ADPKD. . 

1212B. Fatty acid two-hydroxylase (FATH-1) selectively regulates apical membrane trafficking in the C. elegans intestinal 
cells. Yuanbao Li, Rong Fu, Hanxi Zheng, Xiong Su, Huimin Zhang. Soochow University, Suzhou. 
   The hydroxylation of fatty acids (FA) at the C-2 position is the first step of FA a-oxidation and generates 2-hydroxy 
sphingolipids. However, the precise roles of FA 2-hydroxylation in whole cell homeostasis remains unclear. Fatty acid 2-
hydroxylase (FA2H) is an enzyme that catalyzes the 2-hydroxylation of FAs to produce 2-hydroxy FAs (2-OH FAs). Here 
we use C. elegans intestine as the model and investigate the function of fath-1/C25A1.5, the worm homolog for mammalian 
FA2H enzyme, in protein transport and metabolism. GFP translational fusion reporter showed that  C. elegans FATH-1 is 
expressed in most developmental stages and in most tissues. Loss of fath-1 expression results in severe growth retardation 
and shortened lifespan. Exogenous 2-OH FA rescue experiment revealed that FATH-1 primarily functions through its 
catalytic product (R)-2-OH FA. Tissue-specific RNAi knockdown showed that FATH-1 function is mainly required in the 
digestive tract but not in the epidermis. At the subcellular level, we found that loss of fath-1 expression induces endoplasmic 
reticulum stress and inhibits lipid droplets formation. Further analysis showed that loss of fath-1 selectively disrupts apical 
endosome recycling, but not early endocytosis or basal endosome recycling. By using the “click-chemistry” labeling method, 
we showed that 2-OH FA and derivatives are mainly enriched in vesicles close to the apical membrane of the intestinal cells 
and partially co-localize with apical recycling endosomes. Taken together, we propose that the (R)-2-OH FA produced by 



FATH-1 selectively marks apical endocytic vesicles to regulate protein transport and metabolism, therefore helps maintaining 
the cellular homeostasis. 

1213C. Mechanisms of mtDNA copy number control. Bryan Gitschlag, Maulik Patel. Biological Sciences, Vanderbilt 
University, Nashville, TN. 
   Although mitochondrial DNA (mtDNA) copy number regulation is essential for cell function and carries implications for 
cancer risk and treatment, little is still known about what regulates mtDNA copy number homeostasis. Using digital droplet 
PCR to quantify absolute levels of mtDNA, we have found that mtDNA levels are actively controlled in C. elegans. 
Interestingly, we have characterized a strain in which a mutant mtDNA that is heteroplasmically co-inherited with wildtype 
mtDNA evades copy number regulation. We have now expanded our quantitative analysis to characterize dozens of other 
heteroplasmic strains, each carrying a different mutation in the mtDNA. These include nonsense mutations or deletions in 
mitochondrial genes that encode essential components the respiratory complex such as NAD1, NAD2, NAD5, NAD6, Cytb, 
Cox1, and ATP6, as well as deletions spanning several of the mitochondrially encoded tRNAs. In each instance, we employ 
experimental evolution across multiple generations to drive up the mutant mtDNA heteroplasmy levels. We then compare the 
levels of wildtype and mutant mtDNA at low versus high heteroplasmic frequencies. By identifying mutant lines in which 
copy number dynamics are most significantly affected, we hope to gain insights into the molecular basis of mtDNA copy 
number homeostasis. 

1214A. The membrane-associated proteins FCHo and SGIP are allosteric activators of the AP2 clathrin adaptor complex. 
Gunther Hollopeter1,2, Jeffrey Lange2, Ying Zhang2, Thien Vu1, Mingyu Gu1,4, Michael Ailion1,5, Eric Lambie3, Brian 
Slaughter2, Jay Unruh2, Laurence Florens2, Erik Jorgensen1,6. 1) Department of Biology, University of Utah, Salt Lake City, 
UT; 2) Stowers Insitute for Medical Research, Kansas City, MO; 3) Department of Cell and Developmental Biology, 
Ludwig-Maximillians-University, Munich, Germany; 4) Present address: Department of Biochemistry, University of Utah, 
Salt Lake City, UT; 5) Present address: Department of Biochemistry, University of Washington, Seattle, WA; 6) Howard 
Hughes Medical Insitute. 
   The AP2 clathrin adaptor complex links protein cargo to the endocytic machinery but it is unclear how AP2 is activated on 
the plasma membrane. Here we demonstrate that the membrane-associated proteins FCHo and SGIP1 convert AP2 into an 
open, active conformation. We screened for C. elegans mutants that phenocopy the loss of AP2 subunits and found that AP2 
remains inactive in fcho-1 mutants. A subsequent screen for bypass suppressors of fcho-1 nulls identified 71 compensatory 
mutations in all four AP2 subunits. Using a protease-sensitivity assay we show that these mutations restore the open 
conformation in vivo. The domain of FCHo that induces this rearrangement is an uncharacterized 90 amino acid motif, found 
in both FCHo and SGIP proteins, that directly binds AP2. Thus, these proteins stabilize nascent endocytic pits by exposing 
membrane and cargo binding sites on AP2. 

1215B. UNC-16 regulates early steps of synaptic vesicle protein trafficking via LRK-1 and UNC-101. Bikash Choudhary1, 
Madhushree Kamak2, Jitendra Kumar1, Anjali Awasthi3, Takashi Fukuzono5, Li Chun5, Ken Nguyen4, Kunihiro 
Matsumoto5, Naoki Hisamoto5, Sandhya Koushika2. 1) NCBS-TIFR, Mumbai, India; 2) DBS-TIFR, Mumbai, India; 3) BITS-
PILANI, India; 4) Center for C. elegans Anatomy, Albert Einstein College of Medicine, India; 5) Nagoya University, Japan. 
   Synaptic vesicle protein trafficking occurs via vesicular cargo compartments formed at the cell body of the neuron. The 
identity of the cargo compartment as a precursor of a synaptic vesicle is determined by multiple factors. It carries a defined 
set of synaptic vesicle proteins such as RAB-3 and SNB-1,is transported by molecular motors such as UNC-104 and dynein 
in the axon. Our study has identified UNC-16 as a regulator of early steps in synaptic vesicle protein trafficking. In the 
absence of UNC-16,we observe that vesicular cargo exit the cell body into the neuronal process, carrying both synaptic 
vesicle proteins and Golgi resident enzymes.These aberrant vesicles are larger than wild type cargo compartments and 
atypically enter the dendritic process. We propose that the altered nature of the cargo compartment-both content and size- 
leads to the altered motor selectivity and mistrafficking phenotypes previously observed by Byrd et al (2001).This study 
demonstrates that the formation of aberrant vesicular cargo compartments in unc-16 is dependent on the function of LRK-1- a 
homolog of the familial Parkinsonism gene LRRK2. lrk-1 mutants exhibit similar atypical cargo compartments exiting the 
neuronal cell body.The over-expression of LRK-1 in unc-16 is able to rescue a subset of the trafficking defects. LRK-
1 inhibits the trafficking of synaptic vesicles into the dendrite via UNC-101- an AP-1 μ1 clathrin adaptor (Sakaguchi-
Nakashima et al, 2007). We show that the localisation of UNC-101 on the Golgi is altered in both unc-16 and lrk-1 
animals.This mislocalisation can be rescued in unc-16 by the over-expression of LRK-1. This suggests that the formation of 
an appropriate synaptic vesicle protein cargo compartment depends on the golgi localisation of UNC-101 regulated by UNC-
16 at least partially through LRK-1.Interpreting a set of genetic interactions and biochemical evidence; we propose a model 
in which UNC-16 and LRK-1 present at the Golgi regulate transport carrier biogenesis. They maintain the identity and 
thereby motor selectivity of the synaptic vesicle protein trafficking compartment. 



1216C. ORAI-1 and STIM-1 are required for ovulation. Charlotte Kelley, Erin Cram. Northeastern University, Boston, MA. 
   The C. elegans somatic gonad is essentially a single layer tube of myoepithelial cells that coordinate oocyte maturation, 
ovulation, and transit through the spermatheca. Oocyte transit is regulated by calcium flux from the endoplasmic reticulum 
(ER) to the cytoplasm, which ultimately results in actin-myosin contraction and expulsion of fertilized embryos into the 
uterus. We hypothesize that calcium refill of the ER is vital to these calcium oscillations and to coordinated contraction of the 
sheath and spermathecal cells. In a broad RNAi screen, we have identified two proteins, ORAI-1, a plasma membrane bound 
calcium channel, and STIM-1, and ER calcium sensor, as being important proteins for successful ovulations. Loss of the 
STIM-1 protein leads to failed oocyte entry and endomitotically duplicating oocytes (EMO). When ORAI-1 is depleted, the 
first oocyte is fully ovulated into the uterus, however, the subsequent oocytes become trapped within the gonad arm. We 
hypothesize that worms lacking the calcium channel, ORAI-1, and calcium sensor, STIM-1, are unable to refill the ER from 
extracellular space, and thus are unable to sustain the gonadal sheath contractions that drive ovulations. In order to further 
study the role of these proteins in calcium flux in response to oocyte entry, we propose to develop genetically encoded 
calcium sensors for the ER and cytoplasm. These studies will help elucidate the mechanism by which cells of the somatic 
gonad control ovulation and spermathecal transit. . 

1217A. VPS-34/VPS-15/BEC-1 recruits TBC-2 to endosomes to inactivate the RAB-5 GTPase. Fiona Law, Jung Hwa Seo, 
Yousstina Bolis, Ashley Brown, Christian Rocheleau. Department of Anatomy and Cell Biology, Department of Medicine, 
McGill University, Montreal, Quebec, Canada. 
   Diseases such as cancer, metabolic disorders and neuronal degeneration can originate from endocytic trafficking 
defects.  The RAB-5 and RAB-7 GTPases co-ordinately regulate early to late endosome trafficking.  GTPases cycle between 
active GTP-bound and inactive GDP-bound states through the respective actions of Guanine nucleotide Exchange Factors 
(GEFs) and GTPase Activating Proteins (GAPs).Little is known about how Rab GAPs are recruited to their target Rabs.  We 
previously showed that TBC-2 is a RAB-5 GAP that colocalizes with RAB-7 on endosomes in a RAB-7-dependent 
manner.  Loss of tbc-2 results in an enlarged late endosomal phenotype in intestinal cells that is dependent upon both RAB-5 
and RAB-7 GTPases.  We suggest that RAB-7 recruits TBC-2 to inactivate RAB-5 to facilitate Rab conversion during early 
to late endosome maturation.  TBC-2 is composed of an N-terminal Pleckstrin Homology (PH) domain, a coiled-coil (CC) 
domain and a C-terminal catalytic GAP domain.  PH domains are known to bind phosphoinositides and could promote TBC-
2 localization to membranes.  The VPS-34/VPS-15/BEC-1 PI3K complex generates phosphotidylinositol-3-phosphate (PI3P) 
on endosomes.  We find that loss of any component of this PI3K complex or overexpression of MTM-1, a myotubularin PI3P 
phosphatase, results in a large late endosome phenotype similar to loss of TBC-2.  Our preliminary data indicate that the 
VPS-34/VPS-15/BEC-1 complex promotes TBC-2 endosome localization.  Therefore, we hypothesize that the large late 
endosome phenotype resulting from loss of the PI3K complex is due to a failure to recruit TBC-2.We find that the TBC-2 PH 
domain can interact with PI3P, yet expressing a truncated TBC-2 lacking the PH domain, TBC-2(ΔPH), can still significantly 
rescue the tbc-2 mutant phenotype and localize to endosomes.  Further truncation of both the PH and CC domains, TBC-
2(ΔPH-CC), neither rescues the tbc-2 phenotype nor localizes to endosomes.  TBC-2(ΔPH) membrane localization also 
appears to be dependent upon VPS-34.  Therefore, VPS-34 may recruit TBC-2 to endosomes via the CC domain.  The CC 
domain alone localizes to endosomes, but fails to interact with PI3P.  We hypothesize that TBC-2 is indirectly recruited via a 
PI3P binding protein. 

1218B. A conserved kinase network regulates C. elegans molting. Vladimir Lazetic, John Yochem, Evguenia Karina, David 
Fay. Dept of Molecular Biology, University of Wyoming, Laramie, WY. 
   Molting is conserved process in members of Nematoda phylum, in which the apical extracellular matrix of the epidermis, 
the cuticle, is remodeled through a process of degradation and re-synthesis. Using a genetic approach, we identified two 
NIMA family ser/thr kinases, NEKL-2 and NEKL-3, as essential for the completion of molting. NEKL-3 is highly similar to 
mammalian Nek6 and Nek7, which regulate several cell cycle processes involving microtubules. Co-expression of Nek6 and 
Nek7 can rescue molting defects in nekl-3 mutants, indicating that these proteins share conserved molecular functions. Unlike 
Nek6 and Nek7, however, NEKL-3 does not play a role in cell cycle events. Rather, NEKL-3 acts specifically in the 
hypodermis to promote cuticle shedding, possibly through the regulation of microtubules, vesicle trafficking, or both. NEKL-
2 is most similar to mammalian Nek8, which may control microtubule organization during ciliogenesis. NEKL-2 functions in 
the hypodermis where it is required for clathrin-mediated endocytosis. Inhibition of nekl-2 leads to decreased internalization 
of LRP-1, an essential molting factor and receptor for low-density lipoproteins. Decreased endocytosis of LRP-1 in nekl-2 
mutants may lead to decreased cholesterol intake and the reduced synthesis of sterols required for molting. Notably, although 
NEKL-2 and NEKl-3 are both expressed in a punctate pattern close to the apical surface of the hyp7 epidermal syncytium, 
their expression patterns do not overlap, suggesting that they carry out distinct functions. Consistent with this, unlike nekl-2, 
loss of nekl-3 does not perturb endocytosis. Genetic analyses indicate that nekl-2 and nekl-3 carry out partially redundant 
functions that promote normal molting. In addition, our data, together with studies of their mammalian orthologs, indicate 
that NEKL-2 and NEKL-3 associate with ankyrin repeat proteins, which may function as scaffolds for NEKL-2 and NEKL-3 
signaling. Loss of several conserved ankyrin-repeat proteins, including MLT-4/Inversin, lead to specific defects in molting 



similar to nekl-2 and nekl-3 mutants. We have also identified several suppressors of a hypomorphic allele of nekl-3, sv3, 
which include several kinases and phosphatases that are likely to function in the NEKL-3 pathway. In addition, nekl-3 defects 
are suppressed by cdc-42 depletion, suggesting that CDC-42 could be a target for negative regulation by NEKL-3 and that 
NEKL-3 may therefore control the polarity of epidermal cytoskeletal components during molting cycles. Taken together, our 
studies have identified several unique roles for NIMA family kinases that we expect are conserved in other eukaryotes, 
including mammals, but which have been largely overlooked. 

1219C. qx193 affects lysosome integrity and dynamics in C. elegans. Yuan Li, Wei Zou, Baohui Chen, Yanan Sun, 
Xiaochen Wang. National Institute of Biological Sciences(NIBS),No. 7 Science Park Road, Beijing, 102206, China. 
   Lysosomes are specialized membrane bound organelles that degrade macromolecular cargoes derived from endocytosis, 
phagocytosis or autophagy. The resulting catabolites are exported by membrane transporters on lysosomes for re-utilization 
in cellular metabolism. Over 50 human disorders have been identified due to dysfunctions of lysosomes, indicating important 
roles of lysosomes in cell homeostasis and animal development.In C. elegans, lysosomes appear as both small puncta and 
thin tubules, displaying highly dynamic patterns during development, in aging process and under different culture conditions. 
qx193 is a recessive mutation that causes abnormally enlarged globular lysosomes and lack of the tubular ones. We found 
that lysosomes, which are quite dynamic in wild type, become static in qx193 worms and are defective in degrading cargoes 
derived from both autophagy and phagocytosis. Our further cell biological and genetic analyses revealed that qx193 causes 
accumulation of damaged lysosomes, which can be cleared by autophagy. Moreover, qx193 mutants display a delayed larval 
development and significantly shortened life span, suggesting important roles of lysosomes in animal development and aging 
process. We have cloned the gene affected in qx193 and are further characterizing its roles in maintaining lysosome integrity 
and function. This study will help us to understand how lysosomes are regulated and contribute to cell homeostasis and 
animal development. 

1220A. “PKG-1 affects OSM-3 clustering at the distal tip of cilia and negatively affects IFT-A particle transport in the distal 
segment”. Prerana Bhan, Hsin-Yi Huang, Muniesh.M Shanmugam, Ron Hsieh, Helly Punjabi, Oliver.I Wagner. Department 
of Life Science, National Tsing Hua University, Hsinchu, Taiwan. 
   Statement of Purpose: Cilia are specialized subcellular organelles which exist in various cell types in most eukaryotic 
organisms. Non-motile cilia, or primary cilia, are mainly responsible for sensory function and are recognized to inherit 
essential roles in physiology and development. Ciliary diseases such as polycystic kidney disease (PKD) are one of the most 
common and life threatening genetic diseases world-wide. However, little is known about the underlying molecular 
mechanism and pathways that control cilia development and intraflagellar transport (IFT). Based on previous studies 
revealing critical roles of ciliary kinases such as DYF-5 and DYF-18 in IFT, we expected more kinases and phosphatases to 
regulate ciliogenesis and IFT. We therefore used data mining tools and data from the literature to identify putative 
candidates.Methods: For our candidate screen, we adopted a broad range of methods, including dye-filling, chemotaxis 
assays, IFT component expression pattern, and motility analysis of IFT particles in cilia, to investigate the effect of mutations 
in genes encoding for ciliary kinases and phosphatases. Here, we report the effect of six kinases and phosphatases on dye-
filling and chemotaxis assay, and identified three potential kinases (PKG-1, GCK-2 and DYF-18) that significantly affect 
ciliogenesis and IFT particle transport.Results:  PKG-1 and DYF-18 both affect the distribution of molecular motors kinesin-
II and OSM-3. The strongest effect was observed in PKG-1 mutants with obvious clustering of OSM-3 motors at the distal 
tip of cilia. Also abnormal cilia morphology was observed in PKG-1 mutants while in GCK-2 mutant cilia morphology was 
similar to wild type animals. We also studied the aberrant clustering of OSM-3 at different time points indicating higher 
abnormality at the 72 hr stage. On the other hand, GCK-2 affected transport characteristics of IFT particle A (CHE-11) in 
both the middle and distal cilia segment (similar as observed in DYF-18 mutants), however, PKG-1 affects the transport only 
in the distal segment. Interestingly, PKG-1 and GCK-2 both affected the retrograde IFT speed (XBX-1 and CHE-11) in the 
middle and the distal cilia segment. PKG-1 rescue experiments lead to partial recovery of the observed phenotypes 
concluding that PKG-1 plays a pivotal role in ciliogenesis and intraflagellar transport. 

1221B. Ubiquitin conjugating enzymes required for tagging paternal organelles. Paola Molina, Lynn Boyd. Molecular 
Biosciences, Middle Tennessee State University, Murfreesboro, TN. 
   The elimination of paternal organelles following fertilization is well-conserved amongst metazoans, but the mechanism of 
organelle selection and process execution is not well understood. Previous studies conducted on Caenorhabditis elegans 
reported that the ubiquitin and autophagy pathways are involved in the elimination of paternal organelles. The current 
working model for the removal of paternal organelles in C. elegans is that membranous organelles (MOs) are ubiquitinated 
and cluster together with paternal mitochondria and together they are discarded through autophagy. The goal of the Boyd lab 
is to uncover potential ubiquitin conjugating enzymes (UBC) required for the ubiquitination of paternal organelles.  We 
performed studies using transgenic nematodes with GFP::Ub tags in the germline and RNAi techniques to knock down 
UBCs. After individually knocking down the 26 UBCs, no single knockdown indicated change in ubiquitination of MOs. The 
discovery of K63 and K48 ubiquitin chains indicated the possibility that two ubiquitin pathways may be at work, which could 



potentially explain why single UBC knockdowns were not effective in preventing MO ubiquitination. Therefore, we 
performed combination UBC knockdowns (256 combinations) and observed ubiquitination of MOs.  Preliminary results 
show that we have some potential combinations of UBC enzymes that may be required for the ubiquitination of paternal 
organelles. 

1222C. Identification and characterization of genes controlling gut granule size. Caitlin Morris, Alec Barrett, Jared 
Delahaye, Greg Hermann. Lewis & Clark College, Portland, OR. 
   C. elegans intestinal cells are characterized by the presence of gut granules, lysosome-related organelles (LROs) that 
contain autofluorescent and birefringent material.  Gut granule formation requires the activity of evolutionarily conserved 
genes that function in protein trafficking to LROs.  While the pathways leading to LROs are beginning to be identified, the 
mechanisms that control LRO morphology are still poorly understood.  To identify genes that function in this process, we 
have been screening the Million Mutation collection for strains that have altered adult gut granule size.  Here we present our 
studies of two newly identified genes glo-8 and glo-9.  glo-8 encodes one of four members of the BEACH domain containing 
protein family in C. elegans.  The BEACH domain is highly conserved within eukaryotes and while its function is unknown, 
it is present within proteins that impact organelle membrane fission/fusion.  Prior studies of the C. elegans BEACH domain 
protein SEL-2, indicate a protein trafficking role within vulval precursors and intestinal cells (de Souza et al. 2007 
Development 124:691-702).  While glo-8(-) significantly decreases gut granule size and increases their numbers, mutations 
in the other C. elegans BEACH domain encoding genes do not cause similar effects.  Rather than having a gut granule 
restricted function, we find that glo-8 is broadly expressed and that it impacts lysosome size in intestinal cells and 
coelomocytes.  A detailed analysis of glo-8(-) indicates that protein trafficking to gut granules and lysosomes is not 
significantly disrupted.  However, glo-8(-) mutants display decreased numbers of RAB-5 marked early endosomes.  Studies 
of GLO-8 are likely to provide general insight into BEACH protein function, as defects in its homologues, LYST and 
NBEAL2, lead to human diseases (Chediak-Higashi and Gray Platelet Syndromes, respectively) with altered morphology, 
formation, and function of LROs. glo-9 encodes a regulatory protein that likely impacts Arf GTPase activity.  glo-9(-) 
mutants display enlarged gut granule that mislocalize the gut granule proteins LMP-1 and CDF-2::GFP.  These phenotype 
resemble rab-7(-) mutants, suggesting that GLO-9 functions on late endosomes/lysosomes to regulate the trafficking of a 
subset of proteins to gut granules, which possibly impacts their morphology. 

1223A. Depletion of intermediate filament IFB-1 negatively affects mitochondrial trafficking, development and functionality 
of C. elegans amphid sensory neurons. Muniesh Muthaiyan Shanmugam, Yen Chang, Gong-Her Wu, Oliver Wagner. 
Institute of Molecular and Cellular Biology, National Tsing Hua University, Taiwan (R.O.C). 
   Statement of Purpose: Mitochondria are essential cellular organelles for ATP synthesis, calcium buffering and 
apoptosis.  Mitochondria accumulations based on impeded transport mechanisms, as well as neuronal intermediate filaments 
(IF) accumulations, are both hallmarks in neurodegenerative diseases.  Long-range bidirectional transport of mitochondria 
depends on microtubules and microtubule-based motor proteins, while short-range transport and docking mainly relies on 
actin and actin-based motors.  Unlike actin and microtubules, intermediate filaments (IFs) do not possess associated motor 
proteins.  Further, it is poorly understood whether a link between neuronal IFs and mitochondria mobility exist. The aim of 
the following study is to understand the role of IFs in intracellular cytoplasmic mitochondrial transport.  Summary of 
results:In C. elegans, among the 11 cytoplasmic IF family proteins, IFB-1 is of particular interest as it is expressed in a subset 
of sensory neurons and forms an obligate heteropolymer with one of the essential IFA proteins crucial for worm 
viability.  Particularly, IFB-1 is expressed in amphidic neurons (necessary for chemosensation) and depletion of this protein 
leads to significant chemotaxis defects, however, no dye-filling defects. Mitochondria motility in worms carrying different 
mutations in the IFB-1A gene, as well as in IFB-1 knockdown animals, was largely impeded with reduced velocity, 
frequency of directional changes, increased pausing frequency and increased moving persistencies. Similarly, when 
eliminating the mitochondrial membrane potential in vitro, we observed that mitochondria motility is similarly impeded as 
compared to IFB-1A knock-outs.  We also revealed significant changes in mitochondrial shapes, sizes, densities as well as in 
oxygen consumption. Importantly, IFB-1A colocalizes with mitochondria at discrete regions in C. elegans neurons. We also 
demonstrate that axonal growth is reduced in cultured cells from IFB-1A mutants and that the development of dendritic 
sensory neurons in worms is significantly affected. In future studies, we intend to study how IFB-1 interacts with 
mitochondria and the affinity of interaction.Proposed model:Taken together, we propose a model in which intermediate 
filaments may serve as important docking stations for mitochondria during their long transport in neurons, as (miniature) 
molecular motors may not provide full mechanical support for these large organelles. . 

1224B. Genes involved in proton transport are required for the formation of HEBE granule, which is a novel aging- and 
fasting-responsive organelle. Kenji Nishikori, Rei Takahashi, Mami Sato, Takahiro Tanji, Hirohisa Shiraishi, Ayako 
Ohashi-Kobayashi. Iwate medical university, Yahaba, Shiwa-gun, Iwate. 
   HEBE (HAF-4/HAF-9-Enriched Body Evanescent with age) is a novel intestinal granular organelle that emerges with 
larval development and disappears with aging or fasting in C. elegans [see also Hamada et al. and Tanji et al. posters]. 



“HEBE” is also named after the goddess of youth, who is the cupbearer for the gods and goddesses in Greek mythology. 
Besides HEBE granules, nematode intestine owns other granular organelles, such as acidic granules (or merely called gut 
granules) and lipid droplets.   Given that HAF-4 and HAF-9 are homologous to a mammalian lysosomal peptide transporter 
(ABCB9), HEBE granules seemed to be lysosome-related. However, their lumen was non-acidic[1]. Mutant analyses for haf-4 
and haf-9 revealed that they cooperatively function to form HEBE granules and are involved in the growth rate and the brood 
size[1][2]. Collectively, we speculated that the organelle plays a role in nutritional resource allocation in response to the 
physiologic change during young adult stage, although the regulatory mechanism of the organelle dynamics has yet to be 
determined.   In this meeting, we report ongoing screening for genes involved in the formation of intestinal granules using C. 
elegans RNAi Feeding Library (Open Biosystems). So far more than a hundred of candidates with reduced number of 
intestinal granules have been identified from approximately 9,000 genes tested. Among the candidates, we performed a 
preceding secondary screening focusing on genes involved in proton transport from intestinal cytosol to intestinal lumen 
and/or acidic organelles, using a transgenic worm expressing HAF-4::GFP as a marker for HEBE granules. The RNAi of 
genes encoding V-ATPase subunits and an intestinal sodium/proton exchanger, NHX-2, induced loss or decrease of HEBE 
granules. Especially, most knocked-down worms for each V1 component of the V-ATPase (vha-8, vha-9, vha-11, vha-12, 
vha-13, vha-14 and vha-15) resulted in distorted shape of the HAF-4::GFP-positive organelles. These observations raise 
possibilities that loss of HEBE granules may be caused by deficiency in fatty acids and dipeptides, uptake of which is 
inhibited by high pH in intestinal lumen, and that activities of proteins essential for the granular formation may be attenuated 
by aberrant cellular pH.[1] Kawai et al., Mol. Biol. Cell 2009.[2] Tanji et al., Biochem. J. 2013. 

1225C. A conserved ser/thr kinase UNC-51 and its binding partners are required for axon-dendrite logistics (selective 
trafficking) in Caenorhabditis elegans. Ken-ichi Ogura, Yoshio Goshima. Department of Molecular Pharmacology and 
Neurobiology, Yokohama City University Graduate School of Medicine, 3-9 Fukuura, Kanazawa-ku, Yokohama, 236-0004, 
Japan. 
      A neural cell contains one cell body, one axon (for output) and dendrites (for input). The structural and functional 
differences are constructed by axon-dendrite logistics (selective trafficking) at the neural cell body. For example, synaptic 
vesicle precursors and presynaptic components are transported to the axon. On the other hand, receptors of neurotransmitters 
and postsynaptic components are transported to the dendrite. Therefore, axon-dendrite logistics is quite important for neural 
function. The axon-dendrite logistics is regulated by trans-Golgi network (TGN). However, the molecular mechanisms are 
poorly understood.   In order to reveal the neural logistic mechanism, we searched for mutants that had abnormal localization 
of synaptic vesicle precursors in PVD neurons. We found that, in unc-51 mutants, the synaptic vesicle precursors had 
abnormally localized at the dendrites. It is known that the synaptic vesicle precursors are transported to the axons by a 
kinesin motor molecule UNC-104/KIF1A. We found that the unc-104 mutation did not suppress the abnormal localization of 
unc-51 mutants, suggesting that, by abnormal logistics, not UNC-104/KIF1A but other motor molecule(s) transport the 
synaptic vesicle precursors to the dendrites in unc-51 mutants.   UNC-51 is an evolutionally conserved ser/thr kinase. An 
unc-51 human homolog ULK4 is known as a responsible gene for schizophrenia. We found that UNC-51 binding partners 
UNC-14 (a RUN domain protein) and UNC-73 (a Rac GEF) were also required for the axon-dendrite logistics, and that these 
genes genetically interacted on the logistics phenotype. We will discuss possible functions of UNC-51 and its binding 
partners UNC-14 and UNC-73 on the axon-dendrite logistics. 

1226A. C. elegans CCM-3: A mother’s gift to her fledgling that keeps the traffic moving. Swati Pal1, Brent Derry1,2. 1) 
Developmental and Stem Cell Biology Program, The Hospital for Sick Children, Toronto, ON, Canada; 2) Department of 
Molecular Genetics, University of Toronto, Toronto, ON, Canada. 
   Cerebral Cavernous malformations (CCMs) are vascular disorders of central nervous system that arise from loss of 
integrity of blood capillaries causing blood leakage. This leads to variety of symptoms, including headaches, seizures and 
hemorrhagic stroke. 3 genes causing familial CCM in humans have been identified: CCM1/2/3; CCM3 mutations being most 
aggressive. Yet the in vivo function of CCM3 is poorly understood. Caenorhabditis elegans contains orthologues 
of CCM1 (kri-1) and CCM3 (ccm-3). CCM-3 protein is localized along apical membrane of biological tubes (like excretory 
canal, intestine and germline) and promotes endocytic recycling to maintain membrane integrity (Lant et al., 2015). To 
investigate the function of CCM-3 in multicellular tube development we have used C. elegans germline as a model.The 
nematode germ cells undergo incomplete cytokinesis to create openings into a common lumen called the rachis. Proliferation 
of mitotic stem cells requires GLP-1/Notch. In ccm-3 mutants there are fewer mitotically proliferating cells with greatly 
reduced GLP-1 levels. RNAi knockdown of sel-9, which regulates recycling of Notch back to the cell surface, rescues the 
proliferation defects. Ras/MAPK signalling is required for germ cell pachytene exit and rachis formation. Ablation of ccm-
3 causes both a reduction in MAPK signalling and collapse of rachis producing undeveloped oocytes. ccm-3 mutants also fail 
to present vitellogenin receptor RME-2 on oocytes and show defective VIT-2 uptake. Collectively, these results suggest that 
loss of ccm-3 results in failure of multiple receptors to get trafficked to membrane surfaces, possibly through defects in 
endocytic recycling. Consistently, we found that CCM-3 colocalizes with the endosome recycling protein RAB-11. Previous 
work has shown that loss of anillin proteins results in germline defects that are strikingly similar to ccm-3 mutants, 



suggesting potential interactions between these scaffolding proteins in promoting rachis development. We observed that 
CCM-3, along with GCK-1, is required for cortical localization of ANI-1 and non-muscle myosin NMY-2. Knockdown 
of ccm-3 also results in defective mitotic division of the polarized embryo. Based on these results we hypothesize that CCM-
3 functions to couple vesicle trafficking and acto-myosin organization to fine-tune proper assembly and function of the 
germline. Understanding the CCM-3 interactome may help provide general insights into biological tube development and 
identify non-surgical approaches for treating CCM patients. 

1227B. Regulation of GLO-1 Rab GTPase activity in trafficking to gut granules. Olivia Foster, Kim Peloza, My Van Vo, 
Greg Hermann. Lewis & Clark College, Portland, OR. 
   Gut granules are C. elegans intestinal cell restricted lysosome-related organelles (LROs).  Protein trafficking to LROs 
utilizes factors that mediate trafficking through conventional endosomes to lysosomes including CCZ-1 and RAB-7.  A CCZ-
1/SAND-1 complex acts as a guanine nucleotide exchange factor (GEF) to activate RAB-7 and promote early endosome to 
late endosome maturation and RAB-5 to RAB-7 conversion.  There are also factors with intestinal cell restricted expression 
such as GLO-3 and the Rab GTPase GLO-1 that are essential for gut granule biogenesis.  
   Our recent studies suggest that CCZ-1, but not SAND-1, functions with GLO-3 as a GEF for GLO-1.  We investigated this 
model by analyzing and comparing gut granule protein trafficking of three integral gut granule proteins and find that ccz-1(-) 
displays phenotypes distinct from glo-1(-) and glo-3(-).  However, glo-1(-); sand-1(-) and glo-3(-); sand-1(-) mutants 
resemble ccz-1(-), consistent with distinct trafficking phenotypes in ccz-1(-) resulting from its function in endosome 
maturation and gut granule biogenesis.  If CCZ-1/GLO-3 functions as a GEF for GLO-1 then it should promote the GTP-
bound and membrane associated form of GLO-1. We find that glo-3(-) and ccz-1(-), but not sand-1(-), mutants lead to 
increased cytoplasmic levels of GFP::GLO-1.  
   Weak alleles of glo-3(-) display reduced numbers of enlarged autofluorescent and birefringent compartments in 
embryos.  We find that these organelles have hybrid late endosome/gut granule characteristics, whereby they contain some 
gut granule proteins (PGP-2 and CDF-2::GFP) but lack others (LMP-1) and they are often marked by RAB-7, which does not 
normally associate with gut granules.  These results suggest that GLO-3 prevents the accumulation of RAB-7, possibly via 
Rab conversion, and point to these organelles being intermediates in the LRO biogenesis pathway.  
   We screened our collection of gut granule biogenesis mutants for cytoplasmic accumulation of GLO-1::GFP and identified 
a phenotype similar to ccz-1(-) and glo-3(-) in wht-2(-) mutants.  WHT-2 is an ABCG family membrane transporter, which 
we find is localized to the gut granule membrane.  wht-2(-) mutants display only subtle defects in the formation of gut 
granules.  However, the activity of GLO-1 spontaneous nucleotide exchange mutants, which can bypass the requirement of 
both GLO-3 and CCZ-1 in gut granule biogenesis, requires WHT-2 function, suggesting a novel role for an ABC transporter 
in Rab GTPase recruitment/activation. 

1228C. Investigation of genetic mechanisms of hybrid dysfunction reveals evidence of male mitochondrial transmission. 
Hanson Mouanoutoua, Chih-Chiun Chang, Brandon Ortega, Leonardo Velazco-Cruz, Joseph Ross. Department of Biology, 
California State University, Fresno, Fresno, CA. 
   The Dobzhansky-Bateson-Muller model suggests that neutral genetic differences unique to one of two populations can lead 
to a reduction in hybrid fitness (hybrid dysfunction) when individuals from those two populations hybridize, combining those 
alleles. Additional mutations also contribute to hybrid dysfunction, pushing the two populations along the continuum to 
becoming distinct species. Thus, although it is easy to identify different species, it is difficult to determine the identity and 
order of genetic events that establish hybrid dysfunction and species formation. One way to circumvent this issue is to study 
cases in which hybrids are only slightly less fit than their parents, a situation that might represent the initiation of speciation. 
Such a situation exists in inter-population hybrids of Caenorhabditis briggsae. Two populations, AF16 and HK104, can be 
hybridized, but two distinct dysfunction phenotypes have been identified in their hybrids. In the first (Ross et al. 2011 PLoS 
Genetics; Baird and Stonesifer 2012 Worm), a small percent of F2 hybrids exhibit developmental delay, taking longer to 
reach adulthood than their wild-type siblings. In the second, genetic evidence from AF16-HK104 advanced-intercross 
recombinant inbred lines (AI-RIL) also suggested the presence of negative mitochondrial-nuclear epistatic interactions that 
might reduce hybrid fitness (Ross et al. 2011 PLoS Genetics). We present evidence from F10 mitochondrial-nuclear hybrids 
that a range of dysfunction phenotypes (including mitochondrial physiology and life history traits) are produced by 
exchanging the mitochondrial genome of one strain for the other, confirming the existence of mito-nuclear incompatibility. 
We also unexpectedly uncovered empirical evidence of occasional male mitochondrial transmission, challenging the common 
knowledge that mitochondria are maternally inherited and raising the possibility of using C. briggsae to study the cellular 
mechanisms that normally act to prevent such inheritance. Finally, three independent mapping approaches, involving F2 bulk 
segregant mapping, AI-RIL mapping, and near-isogenic line (NIL) mapping have begun to narrow down the region of C. 
briggsae chromosome III that contains one of the epistatic loci contributing to hybrid developmental delay. In sum, we 
present multiple lines of evidence that suggest the genetic divergence between AF16 and HK104 has placed these 
populations on the speciation continuum. Ongoing efforts seek to identify the molecular causes for these hybrid dysfunction 
phenotypes to pinpoint the genetic basis of species formation. 



1229A. Endocytosis controls EFF-1-mediated cell fusion. Ksenia Smurova, Benjamin Podbilewicz. Department of Biology, 
Technion - Israel Institute of Technology, Haifa, Israel. 
   Membrane fusion is essential for fertilization and organogenesis. During cell-cell fusion plasma membranes unite and then 
cytoplasms merge to form giant cells. In C. elegans cell fusion is required for the development of organs such as hypodermis, 
pharynx, vulva, uterus and gland cells. While plasma membrane fusion proteins (fusogens) are largely unknown in most 
organisms, studies in C. elegans have led to the identification of a eukaryotic fusogen (EFF-1) with structural homology to 
class II viral fusogens (e.g. dengue, west nile and rubella viruses). Mosaic analyses showed that EFF-1 must be expressed on 
both fusing cells, however, little is known on how cells regulate EFF-1 exposure at the cell surface.We studied the fusion of 
dorsal epithelia cells leading to the formation of hyp6 and hyp7 syncytia in C. elegans embryos during morphogenesis. Using 
monoclonal antibodies we found that EFF-1 is mainly detected in intracellular puncta and only transiently on the plasma 
membrane of hyp6 and hyp7 precursor cells. Live imaging revealed local and transient EFF-1::GFP transport from 
intracellular compartments to the cell surface before the beginning of cell fusion. Highly regulated and dynamic localization 
of EFF-1 on two opposed hypodermal plasma membranes results in rapid EFF-1 oligomerization in trans that zippers the cell 
membranes. This homotypic interaction results in merger of the plasma membranes and mixing of the bilayers. Following 
plasma membrane fusion the cytoplasms mix and the post-fusion EFF-1 oligomers (trimers) are transported to the early 
endosomes. We found that during and shortly after fusion EFF-1 mainly colocalizes with RAB-5, the GTP-ase responsible 
for endocytic trafficking of early endosomes. The ectodomain of EFF-1 is necessary for its localization in early endosomes. 
Downregulation of dynamin or RAB-5 caused EFF-1 mislocalization to the plasma membrane, excessive fusion and 
embryonic lethality.Thus, EFF-1 localization in C. elegans embryonic hypodermal cells is tightly maintained in early 
endosomes by the RAB-5- and DYN-1-dependent machinery, and the protein only transiently localizes to plasma membranes 
destined to fuse. Therefore, internalization serves as a negative regulator of EFF-1-mediated cell-cell fusion.The research 
leading to these results has received funding from the European Union's - Seventh Framework Program (FP7/2007-2013) 
under grant agreement n°268843– ERC-ELEGANSFUSION. 

1230B. Stationary cargo act as local regulators of transport in neurons. Parul Sood1, Kausalya Murthy2, Aparna Ashok2, T. 
Vinod Kumar3, Gautam Menon3,4, Sandhya P. Koushika1. 1) DEPARTMENT OF BIOLOGICAL SCIENCES, TATA 
INSTITUTE OF FUNDAMENTAL RESEARCH, MUMBAI, India; 2) Neurobiology, NCBS-TIFR, Bellary Road, 
Bangalore-560065, India; 3) The Institute of Mathematical Sciences, CIT Campus, Taramani, Chennai-600113, India; 4) 
Mechanobiology Institute and Department of Biological Sciences, National University of Singapore, Singapore. 
   Any cargo that is transported along axons or dendrites moves through narrow geometries and a crowded cytoskeletal 
environment. Our study shows that the crowded environment itself leads to formation of stationary cargo and such stationary 
pre-synaptic vesicles form dynamic reservoirs along the neuronal process.We characterize stationary pre-synaptic vesicles in 
Touch receptor neurons (TRNs), and commissures of C. elegans, cholinergic neurons of Drosophila and cultured 
hippocampal neurons. We find that, in TRNs of C. elegans, actin and microtubule cytoskeleton, mitochondria and vesicle-
vesicle interactions are factors that govern the occurrence of stationary pre-SVs. Interestingly changes in motion such as 
stopping or reversal occur predominantly when moving vesicles contact stationary cargo in all model systems examined. At 
sites of temporarily-dispersed stationary cargo, 90% of pre-SVs are observed to pass through, as opposed to only 50%, when 
stationary cargo was intact. Similar regulation of ODR-10 and GLR-1 carrying vesicles is observed at their cognate stationary 
cargo in URY and AWC neurons in C. elegans; suggesting that local regulation is not cargo specific. We therefore suggest 
that stationary cargo act as local regulators of motion that influence cargo flux in two ways; first, by stopping the moving 
cargo, and second by allowing for change in direction of motion. Our simulations reveal that allowing for changes in 
direction of motion at stationary cargo is essential to avoid permanent traffic jams along the neuronal process. Moreover, 
these stationary clusters of pre-SVs also act as dynamic reservoirs of vesicles since repeated touch stimulation of worms 
reduces the density of stationary pre-SVs in touch neurons.  This reduction in density upon touch stimulation depends on the 
ability of the animal to sense touch. Thus stationary cargo modulate both transport and accumulation of vesicles, suggesting 
that physical crowding may regulate axonal transport of the neuron in unanticipated ways, with important functional 
implications in normal and diseased neurons. . 

1231C. Characterization of HEBE granules, novel organelles found in the intestine of well-fed young adult C. elegans. 
Takahiro Tanji, Kenji Nishikori, Syoko Haga, Yusuke Kobayashi, Yuki Kanno, Hirohisa Shiraishi, Ayako Ohashi-
Kobayashi. Dept Immunobiology, Sch Pharmacy, Iwate Med Univ, Yahaba, Iwate, JAPAN. 
   The C. elegans intestine is a multifunctional organ involved with the uptake, metabolism, storage and distribution of 
nutrients, detoxification, immune defense and so on. The intestinal cells are packed with granular organelles (intestinal 
granules); among them, acidified gut granules with autofluorescent contents and lipid droplets are capturing the attention of 
many worm researchers and have been extensively analyzed. We are focusing on non-acidified intestine-specific granules 
where HAF-4 and HAF-9, ATP-binding cassette transporter proteins highly homologous to mammalian lysosomal peptide 
transporter ABCB9 (TAP-like), localize (Kawai et al. 2009 MBC). Although these granules are prominent from late larval to 
young adult stage, they decrease with age (Nishikori et al. 2012 C. elegans Topics Meeting). Therefore we named them 



HEBE (HAF-4/HAF-9-Enriched Body Evanescent with age). We speculate about the role of HEBE granules in the storage of 
some nutrient because they dramatically reduce shortly after food deprivation; however, their exact physiological function 
and the relationship with other intestinal granules remain elusive.To illuminate the relationship among intestinal granules, we 
advanced the characterization of HEBE granules using organelle marker proteins and mutant worms defective in the 
biogenesis of specific organelles. Firstly, HAF-4::GFP- and HAF-9::GFP-localizing granules were not stained with Nile red 
following fixation, and the storage of neutral lipid was not impaired in the haf-4 and haf-9 mutants defective in the HEBE 
granule biogenesis. HAF-9::mCherry-localizing granules were negative for yolk protein VIT-2::GFP, and the distribution of 
VIT-2::GFP to embryos was also intact in the haf-4 haf-9 mutant. These results indicate that HEBE granules are distinct 
organelles from lipid droplets and yolk granules. Secondly, HAF-9::mCherry-localizing granules were not GLO-1::GFP-
positive lysosome-related gut granules, and were not impaired in the glo-1 mutant defective in the gut granule biogenesis, 
suggesting that HEBE granules are also distinct from lysosome-related gut granules. Thirdly, HAF-9::mCherry-localizing 
granules were positive for late endosome- and lysosome-associated protein GFP::RAB-7, and the rab-7 mutant showed the 
defect in the formation of HEBE granules but neither in that of autofluorescent granules nor lipid droplets. These results 
suggest that HEBE granules are novel intestinal organelles relevant to endocytic pathway. 

1232A. Deuteriated polyunsaturated fatty acids protect C. elegans from oxidative stress induced damage. Alisha 
Chakrabarti1, Mikhail S. Shchepinov2, Guillaume Thibault1,3. 1) School of Biological Sciences, Nanyang Technological 
University, Singapore; 2) Retrotope, Inc., Los Altos Hills, CA, USA; 3) Lee Kong Chian School of Medicine, Nanyang 
Technological University, Singapore. 
   Aging is an irreversible biological process characterized by a gradual degeneration of physiological capabilities and the 
diminished ability to environmental stresses, which in turn leads to an increase in susceptibility to age-related diseases. Aging 
is accelerated by the damaging action of free radicals and other reactive species, denoted as reactive oxygen species (ROS). 
Organisms age due to cumulative damage to lipids, DNA, proteins, and other cell components caused by ROS. Mitochondria 
are a major source of ROS, yet their membranes are rich in polyunsaturated fatty acids (PUFAs) which are most prone to 
ROS induced lipid peroxidation and eventually apoptosis. Recently, deuterated PUFA (D-PUFA) at bis-allylic positions was 
reported to be sufficient to protect yeast against ROS.  However, the protective effect due to heavy isotope effect remains 
physiologically uncharacterized in multi-cellular organisms. Using metazoan model C. elegans, we are dissecting the 
metabolism of D-PUFA particularly with respect to membrane lipids and its potential for therapeutic use against oxidative 
stress. Progress in these efforts will be reported. 

1233B. RGG mediated assembly of liquid-phase protein droplets comprised of nucleolar proteins. N. Vaidya, C. 
Brangwynne. Princeton University, Princeton, NJ. 
   Numerous membrane-less structures within living cells behave as liquid-droplet phases of cytoplasm and nucleoplasm 
suggesting that liquid-liquid phase separation plays a key role in intracellular organization. However, the molecular 
mechanisms that drive these phase transitions remain poorly understood.  Increasing evidence suggest that intrinsically 
disordered, low complexity sequence domains play a central role. Here, we focus on FIB-1 and GAR-1, critical components 
of nucleolar ribonucleoprotein complexes that are involved in post-transcriptional modification of rRNA. We find that 
recombinantly expressed and purified FIB-1 and GAR-1 can phase-separate in vitro, and that their intrinsically disordered 
RGG domains are necessary to drive phase separation, suggesting their role in nucleolar assembly. . 

1234C. LRIGs: Novel Regulators of TGF-β / BMP Signaling. Mehul Vora, Ryan Gleason, Nanci Kane, Richard Padgett. 
Molecular Biol & Biochem, Waksman Institute at Rutgers University, Piscataway, NJ. 
   Transforming Growth Factor - β (TGFβ) / Bone Morphogenetic Protein (BMP) signaling is a conserved signaling pathway 
that governs fundamental developmental processes across metazoans. In the nematode Caenorhabditis elegans, the pathway 
controls body size and male tail morphology, but also has functions in innate immunity and aging. In a screen to identify 
regulators of pathway signaling, we identified the gene sma-10 that appears to interfere with the trafficking of the TGFβ 
receptors, after internalization, leading to a decreased signaling output. The Leucine-Rich Immunoglobulin-containing 
(LRIG1-3) genes are the mammalian orthologs of sma-10. A central question is if sma-10 trafficking effects are conserved in 
vertebrates. To address these questions, we are utilizing fly and mammalian tissue culture models. We show that 
overexpression of LRIGs in HeLa cells leads to decreased abundance of co-transfected TGFβ and BMP receptors. 
Experiments are underway, using RNAi, to assess the effect of knockdowns of LRIGs on receptor trafficking. 

1235A. Calcineurin homologous proteins (CHPs) are essential for the membrane stability of sodium-proton exchangers 
(NHXs) in C. elegans. Eric Allman1, Qian Wang1, Rachel Walker1, Molly Austen1, Maureen Peters2, Keith Nehrke1. 1) 
University of Rochester Medical Center, Rochester, NY; 2) Oberlin College, Cleveland, OH. 
   Calcineurin B Homologous Proteins (CHP) are N-myristoylated, EF-hand Ca2+-binding proteins that bind to and regulate 
Na+/H+ exchangers (NHE). The C. elegans CHP ortholog PBO-1 has been shown to be required for proton signaling by the 



basolateral transporter NHX-7 and for proton-coupled intestinal nutrient uptake by the apical transporter NHX-2. We report 
here that the loss of either the pbo-1 gene or the PBO-1 binding site in NHX-7 caused the transporter to be targeted to late 
endosomes/lysosomes. Similarly, loss of pbo-1 caused NHX-2 accumulation in recycling endosomes at the apical membrane. 
In contrast, an EF-hand mutation in pbo-1 didn’t alter NHX-2 apical residence, but suppressed its transport activity. We 
conclude that CHP regulation of NHE exhibits apical-basolateral specificity, physically stabilizes transporter membrane 
residence, and regulates ion transport activity. Consistent with ubiquitin mediated degradation of NHX-7, we also identified a 
C. elegans HECT E3 ligase whose targeting by RNA interference (RNAi) suppressed mutant transporter accumulation in 
lysosomes and increased its abundance at the membrane. Finally, we identified two pbo-1 paralogs in worm and defined their 
expression patterns. One of these paralogs was expressed in the excretory cell coincident with NHX-9 and was required for 
osmotic stress tolerance. Collectively, our findings suggest that CHP family proteins regulate NHE through multiple 
mechanisms and that NHE isoform specific effects may reflect differences in transporter plasma membrane sorting and 
targeting. 

1236B. qx427 affects lysosome morphology and function in C. elegans. Yanwei Wu, Leiling Shi, Xiaochen Wang. National 
Institute of Biological Sciences, Beijing, China. 
   Lysosomes are membrane-bound organelles containing hydrolytic enzymes that are capable of breaking down virtually all 
kinds of biomolecules derived from phagocytosis, endocytosis or autophagy. In addition to acting as the center of cellular 
degradation, lysosomes are also involved in secretion, plasma membrane repair, cell signaling and energy metabolism, and 
loss of their functions contribute to pathology of numerous diseases.In C. elegans, we observed that lysosomes, which are 
labeled by the lysosomal enzyme NUC-1, appear as small puncta or thin tubules, and display a highly dynamic pattern during 
development and aging. To understand how lysosome function and dynamics are regulated, we performed a forward genetic 
screen to search for mutants with altered lysosome morphology. From a screen that covers 20,000 haploid genomes, we have 
isolated 35 mutants that contain less globular lysosomes but enrich tubular ones. qx427 is a recessive mutation, which 
exhibits extended tubular lysosomes. We found that larval development is severely affected in qx427, which has significantly 
shortened life span and becomes much more sensitive to Drechmeria coniospora infection. qx427 is allelic to other 9 
mutations isolated from the same screen, indicating that they all affect the same gene. We are currently in the process of 
cloning this gene and characterizing phenotypes of other lysosome mutants. Identification and characterization of the genes 
affected in these mutants will help us to understand how tubular lysosomes are formed and how they may contribute to larval 
development and adult aging. 

1237C. SGK-1 negatively regulate membrane trafficking in the intestine of C. elegans. Yijian Yan, Wenjing Qi, Ralf 
Baumeister. Bio3, Faculty of Biology, Albert-Ludwigs-Universitaet Freiburg, Freiburg im Breisgau, Germany. 
   In mammalian cells, the serum- and glucocorticoid-inducible kinase (SGK) has been implicated in the regulation of a wide 
variety of ion channels that participate in the regulation of transport, hormone release, neuroexcitability, inflammation, cell 
proliferation, and apoptosis. We have previously shown that SGK-1, the only Caenorhabditis elegans homolog of human 
SGK, acts in parallel to the AKT kinases to mediate DAF-2 signaling, In addition, SGK-1 acts downstream of the mTORC2 
kinase Rictor/RICT-1 and is also downstream of the cold-sensitive TRPA-1 calcium channel and calcium-sensitive PKC-2 in 
a signaling pathway that detects temperature drop. Thus, SGK-1 integrates several pathways in the regulation of metabolism, 
development, longevity, and stress response in C. elegans. We now provide evidence that SGK-1 may also be a regulator of 
endomembrane trafficking in polarized epithelial cells. Misexpression of sgk-1 results in a vacuolization phenotype in 
intestinal cells that we have used to systematically screen for modifier genes by RNAi. We have identified several candidates 
supporting a role of SGK-1 in the regulation of endocytic sorting. We will provide our current knowledge of sgk-1 function 
in this process. 

1238A. Modifier screens of a C. elegans tubular polarity phenotype identify components of a novel vesicle-based pathway 
for polarized membrane biogenesis. Nan Zhang1, Hongjie Zhang1,2, Liakot A. Khan1, Verena Gobel1. 1) Mucosal 
Immunology and Biology Research Center,MGH,Harvard Medical School,Boston,MA,USA; 2) Faculty of Health 
Sciences,University of Macau,Taipa,Macau,China. 
   We and others previously showed that apical domain and lumen positions in the C. elegans intestine depend on 
membrane glycosphingolipids (GSLs), clathrin and its AP-1 adaptor, suggesting a novel vesicle-based pathway for polarized 
membrane biogenesis. To delineate this pathway, we performed genetic interaction screens between these and 57 trafficking 
molecules identified in our prior multi- and unicellular tubulogenesis screens as being required for apical membrane 
biogenesis.One modifier screen assessed intestinal polarity in GSL-depleted let-767(s2819; sDp3) mutants that appear wild-
type in the presence of the balancer sDp3, but display an apical polarity inversion phenotype in its absence (apical markers 
displaced basolaterally; ectopic lateral lumen formation). RNAi with 11/57 genes basolaterally displaced ERM-1::GFP in 
animals with sDp3 (enhancement), whereas RNAi with 5/57 genes reduced the amount of basolateral displacement and 
ectopic lumen formation in animals without sDp3 (suppression). Most modifiers are well-known trafficking components not 
yet implicated in polarized trafficking. To explore the seeming paradox that the loss of vesicle components needed for apical 



membrane biogenesis suppressed an apical polarity defect, we characterized two suppressors: the adaptor protein DAB-1, 
previously implicated in clathrin-dependent endocytosis, and the GTPase RAB-7, well-characterized in lysosome-directed 
trafficking. GFP fusions of these essential proteins localized to intestinal vesicles, consistent with a vesicle-based function in 
intestinal polarity. Confocal analysis of labeled polarized plasma membrane components showed that the depletion of each 
suppressor, to different degrees, abnormally retained apical plasma membrane markers (e.g. ERM-1) on cytoplasmic 
vacuoles, while one of two (RAB-7) also displaced basolateral plasma membrane markers (e.g. SLCF-1) to cytoplasmic 
vesicles. Moreover, tracking various GFP-labeled vesicle populations revealed that the loss of each suppressor also interfered 
with presumed basolateral-membrane directed carriers. dab-1 RNAi most strongly affected basolateral carriers and apical 
cargo, and rab-7 RNAi predominantly disturbed basolateral cargo delivery. Our findings suggest a scenario where the loss of 
suppressors relieves the GSL-dependent apical polarity inversion by reducing distinct facets of apical cargo targeting to the 
basolateral membrane, consistent with a transcytotic route to the apical membrane or en route sorting stations. 

1239B. MON-2 is Required for Maintaining Lysosome Homeostasis. Junxiang Zhou1,2, Qian Zhang1,2, Youli Jian1, Meng 
Xu1,2, Chonglin Yang1. 1) State Key Laboratory of Molecular Developmental Biology, Institute of Genetics and 
Developmental Biology, Chinese Academy of Sciences, Beijing, China; 2) Graduate School, Chinese Academy of Sciences, 
Beijing, China. 
   Lysosomes are important organelles that function in many fundamental processes including degradation and recycling of 
cellular contents, plasma membrane repair, signal transduction and energy metabolism. Lysosome dysfunction leads to many 
human diseases such as lysosomal storage diseases and neurodegenerative disorders. Although a few factors such as the 
transcription factor EB (TFEB) are known to control the biogenesis of lysosomes, it remains largely unknown how lysosome 
function and dynamics are maintained at the molecular level. To understand this issue, we carried out a genetic screen to 
search for mutants defective in lysosome morphology and/or activities. From a pilot screen of 3,000 haploid genomes, we 
isolated a mutant named yq112. yq112 mutants show enlarged endocytic vesicles which are likely related to lysosomes in the 
intestine. Besides, yq112 causes enlarged endosomes and morphologically abnormal lysosomes in macrophage-like 
coelomocytes. Intriguingly, lysosomes appear more tubular in yq112 coelomocytes and the tubulation is clathrin-dependent. 
However, no significant degradation defect has been detected in yq112 mutants. Using SNP mapping and sequencing, we 
have identified yq112 as an allele of mon-2. How MON-2 regulates lysosome dynamics is currently under investigation. 

1240C. Phase transitions in the C. elegans nucleus: the functional implications of concentration-dependent assembly of the 
nucleolus. Lian Zhu1, Stephanie Weber1, Joel Berry2, Nilesh Vaidya1, Mikko Haataja2, Clifford Brangwynne1. 1) Chemical 
and Biological Engineering, Princeton University, Princeton, NJ; 2) Mechanical and Aerospace Engineering, Princeton 
University, Princeton, NJ. 
   The nucleolus is a liquid-like membrane-less nuclear body that plays an important role in cell growth and size control. 
Previous work has shown that nucleoli only assemble above a threshold concentration in the C. elegans embryo; moreover 
previous work has also shown that the ripening dynamics of nucleated droplets are consistent with the hypothesis that the 
assembly of the nucleolus represents an intracellular liquid-liquid phase transition. These results motivate the question of 
how this phase-transition is linked to the primary function of the nucleolus, in transcribing and processing ribosomal RNA. 
To address this, we characterize the localization of RNA Polymerase I, a key transcriptional enzyme, into nucleolar foci as a 
function of nucleolar component concentration. Our results suggest that there are a small number of key disordered 
phosphoproteins that may serve as a link between transcription and assembly.  To test this, we present a reduced model 
system consisting of purified C. elegans nucleolar proteins to assess the ability of nucleolar proteins to drive liquid-liquid 
phase separation in vitro.   In parallel, we present preliminary work on a LacI-LacO tethering system to address whether 
nucleolar proteins can in fact recruit transcriptional machinery at a non-rDNA locus in the C. elegans embryo.  These results 
will lay the foundation for a quantitative understanding of intracellular phase transitions and their impact on biomedically-
critical RNA-processing steps. 

1241A. Implementing a discovery-based C. elegans lab module in freshman biology courses. Jason Chan, Trisha Staab, 
BIO122 Class. Biology, Juniata College, Huntingdon, PA. 
   More and more undergraduate biology labs are converting from traditional cookbook labs to CUREs, or classroom 
undergraduate research experiences. CUREs aim to promote inquiry and discovery in students with open-ended lab exercises. 
However, many undergraduate schools have freshman biology labs based on short timeframes and large numbers of students. 
We describe a 3-week C. elegans lab module aimed at introducing freshman biology students to research, including data 
collection, quantification and scientific communication. The module has two goals: 1) to focus on the use of compound and 
stereo microscopes in biological research and 2) to examine the impact of bacterial diet on life history traits of animals. For 
this, students first perform basic microscopy and image acquisition techniques to familiarize themselves with microscope use, 
protocols, and data collection. Then, they perform a project focusing on the effects of diet on animal growth and 
reproduction. More specifically, they examine the effects of various bacterial diets, including E. coli (OP50, HB101, HT115), 
B. simplex (DA1885), B. megaterium (DA1880), Comamonas. sp. (DA1877) on body size and brood size of wild type 



animals. Then, they repeat the analyses using mutants related to food intake and metabolism, including lipid and peptide 
signaling mutants (eat-2/nAChR, sphk-1/sphingosine kinase, daf-16/FoxO). They perform image analyses using ImageJ, and 
statistics using MiniTab. We find that the freshman are able to collect reliable data, and present an opportunity to screen for 
mutant phenotypes. Finally, our poster discusses the use of electronic laboratory notebooks (Lab Archives) and poster 
presentations, and their impact on CUREs. 

1242B. C. elegans as a tool to study gonad development in a small liberal arts context. Meaghan Clark, Audrey Denman, 
Soobin Dokko, Mara Heilig, Jessica Palacios, Lindsey Scott, Groover Snell, Arika Wieneke, Brenda Zarazua, Matt Crook. 
Biology, Whitman College, Walla Walla, WA. 
   The research experience and introduction to the scientific method are vital components of an undergraduate’s science 
education. Similarly maintaining an active research program as a professor at a small liberal arts college is critical to success 
on the tenure track. However, limited resources and time make achieving these two ideals a challenge. We sought to address 
this dilemma by undertaking a novel hypothesis driven research project within the somewhat flexible limits of the lab section 
of our BIOL329 Developmental Biology course, using C. elegans as a model to study reproductive development. Our task 
was to characterize five kinases that had been briefly characterized as being required for uv1 cell specification; bub-1, cdk-1, 
cdk-12, plk-1 and wee-1.3. Using RNAi and phase capable inverted microscopes we spent the semester quantifying the 
effects of RNAi knockdown of these genes on gonad development. cdk-1 RNAi resulted in a highly penetrant lack of both 
gonad arms in 100% of animals with a small genital primordium persisting into late L4 stage, suggesting a role for cdk-1 in 
early gonad specification. bub-1 and plk-1 RNAi resulted in occasional absences of both or single gonad arms, with the 
anterior gonad arm most frequently absent or misshaped. wee-1.3 RNAi caused a curious “wiggly gonad” phenotype where 
gonad length and location of the DTC were similar to wild-type animals, but the distal gonad arm took a meandering course 
to its destination, which may suggest a possible gonad guidance role for wee-1.3. Finally, cdk-12 RNAi resulted in a wide 
range of phenotypes such as a lack of gonad arms, Vul, Bagging, exploding vulva and others, implicating cdk-12 in a wide 
range of related developmental processes. Interestingly, all these genes have been studied to varying extents in the context of 
cell cycle control yet their roles in gonad development are far less well known. Thus, in the space of a semester we have 
characterized genes involved in several different stages of gonad development and have begun the process of elucidating their 
precise roles and partners. This process has been of immeasurable value to the students and has demonstrated that carrying 
out research in the context of a course lab section is both possible and productive. 

1243C. WormBase - Challenges in gene curation. Paul Davis1, Bruce Bolt1, Thomas Down1, Jane Lomax2, Michael Paulini1, 
Gary Williams1, Kevin Howe1, The WormBase Consortium. 1) WormBase, European Bioinformatics Institute (EMBL-EBI), 
Hinxton, Cambridge, CB10 1SA, UK; 2) Wellcome Trust Sanger Institute, Hinxton,Cambridge, CB10 1SA, UK. 
   WormBase is the major public online database resource for the Caenorhabditis research community. The database was 
developed primarily for the nematode C. elegans but expanded to host genomes and biological data from closely related 
nematodes and nematodes of agricultural or medical significance. WormBase has a team of curators who are responsible for 
gathering, incorporating and curating a large collection of scientific data types from a variety of sources. One area of curation 
targets sequence based data types which are used to confirm or allow curators to improve the quality of gene structures and 
their products. Within this area there has been significant manual curation of the genes of Caenorhabditis elegans, with 
“Topic” based or bursts of curation on other core species and user driven response curation of the species not currently in 
primary focus. This curatorial activity draws on the large amount of data that has been incorporated to give as complete 
representation of the gene as possible. Often a curator will have to deal with conflicting or problematic data to resolve the 
correct structure. This poster illustrates some of the data that has been incorporated, interesting observations made by 
curators as well as some of the challenges faced by curators and MODs in general. 

1244A. Pick-free C. elegans Genetics Lab Module. Janet Duerr. Dept Biological Sci, Ohio Univ, Athens, OH. 
   The Advanced Genetics Laboratory at my large public universities is team-taught by three faculty who use different 
organisms (including bacteria, yeast, and fruit flies).  For the C. elegans module, I have only two weeks, each with one four-
hour lab (offered to 3 sections of students).  Due to the limited time for learning to manipulate worms, I have developed an 
RNAi module that the students can do without learning to use a worm pick and that gives them a way to quantify the effects 
of RNAi and compare them to the effects of a mutation for the same gene.  In week 1, students receive a regular or RNAi-
hypersensitive strain and plates with OP-50 or dpy-10 RNAi bacteria.  The students wash their worms from plates, rinse 
them, and then transfer the worms in a small drop of water onto a clean slide.  They then use a dissecting scope to observe 
how many adults they have and to determine the correct volume for ~five adults.  They pipet a small drop of water containing 
~five adults onto a spot of bleach on their new plates (OP-50 or RNAi).  After setting up the plates for the next week, the 
students practice taking photographs with a camera and computer system hooked up the microscopes.  In particular, they 
learn to recognize adults and embryos, in preparation for the next week’s class.In week 2, the students use the same 
microscopes to observe the morphology of their treated worms (control and RNAi) and dpy-10(m457) mutants. The students 
take photographs of at least 10 adult worms of each condition (as well as a scale side) and use NIH ImageJ to measure the 



length of each worm.  The data is exported to Excel so that they can calculate means and standard deviations.After 
experimenting with different RNAi strains, I have settled on dpy-10 RNAi bacteria strain and dpy-10(m457) mutants. The 
variable effects of RNAi lead to the treated worms having intermediate lengths and more variability, when compared to the 
control and dpy-10 mutants.  For added interest, some of the students in each class use RNAi hypersensitive strains and some 
use strains with regular sensitivity.  The students (up to 16 per section) put their data on the board for comparison and 
discussion. Note that the RNAi bacteria and worm strains that I use for the class are freely available from 
www.silencingenomes.org. 

1245B. A laboratory exercise utilizing C. elegans Notch mutants for an undergraduate cancer biology course. Amy C. 
Groth. Department of Biology, Eastern Connecticut State University, Willimantic, CT. 
   A laboratory exercise was developed to demonstrate the effects of Notch inactivation and overexpression on cell 
proliferation.  Many laboratory exercises illustrating principles of cell proliferation utilize tissue culture, which is often not 
feasible at primarily undergraduate institutions.  An effective alternative is a new laboratory exercise utilizing C. elegans 
strains that harbor mutations in the germline Notch receptor, glp-1.  The temperature-sensitive, gain-of-function strain, 
GC833 (ar202), has uncontrolled proliferation of germline stem cells at 25 °C, forming a germline tumor.  The balanced loss-
of-function strain, JK4862 (q46), yields ~1/3rd of offspring that are sterile, with empty germlines.  During this exercise, 
students observed phenotypes of worms in levamisole on compound light microscopes, and imaged the worms directly 
through one ocular with their smart phones.  In addition to learning about the Notch signaling pathway, students also learned 
about different types of mutation (including gain-of-function, loss-of-function, missense and nonsense), performed PCR 
amplification, analyzed sequence data and determined the effects of base changes on the resulting protein products.   This 
laboratory was designed for upper level undergraduate cancer biology students, but could be utilized, with or without the 
sequence analysis, for a vaiety of courses, including developmental biology, genetics and cell biology. . 

1246C. The Elegant Mind Club: Undergraduate Research Club to Explore the Minds of C. elegans. Michelle Kao, Shirley 
Cheng, Karen Jiang, Taejoon Kim, Nathaniel Nowak, Leonard Haller, Steve Mendoza, De'Marcu Woolfork, Brian Lam, 
Neha Agarwal, Tim Sherry, Peter Pellionisz, Bobby Vanmali, Linsay Ling, Blake Madruga, Guillaume Trusz, Addelyn 
Sagadevan, Sean Atamdede, Amanda Sunyoto, Katsushi Arisaka. Physics and Astronomy, UCLA, Los Angeles, CA. 
   For students, the study of model organisms presents an opportunity to learn various general science and research 
disciplines; however, each model organism has it’s own set of advantages. Chiefly, Caenorhabditis elegans are excellent 
model organisms to study neuroscience and biophysics due to its availability, tractability, relatively simple nervous system, 
and it's patently observable behavior. Here in the Elegant Mind Club at UCLA, we provide undergraduate students a unique 
hands-on experience working with C. elegans and a chance to present their own scientific methods of interest, allowing them 
to explore the nature of scientific research and understand the conclusions drawn from their data. In our laboratory, 
undergraduate students are entirely responsible for maintaining and culturing the worms as well as building and refining their 
experimental systems. Direct involvement with the biological samples teaches students the discipline of working with 
chemicals and maintaining sterility. Published papers and online resources such as WormBook, WormAtlas, and 
Caenorhabditis Genetics Center provide students with a source of well-established methods and techniques to serve as a 
basis for their own studies. Manual practice in hardware development permits students to personally hone their experiment to 
be the most controlled and reproducible systems. As of now, systems for thermotaxis, electrotaxis, chemotaxis, phototaxis, 
durotaxis, as well as behavior within a magnetic field and the absence of stimuli have been reproduced and improved by our 
members. Our laboratory begun with a few core members and have expanded to accommodate more than 80 students from 
different universities over the world and we hope to encourage more students to approach scientific research with enthusiasm. 

1247A. A modular framework for teaching sequencing based functional genomics to high school students.. Rabi Murad1,2, 
Marissa Macchietto1,2, Ali Mortazavi1,2, Debra Mauzy-Melitz1. 1) Department of Developmental and Cell Biology, 
University of California Irvine, Irvine, CA 92697; 2) Center for Complex Biological Systems, University of California Irvine, 
Irvine, CA 92697. 
   Living organisms rely on genes to manage all aspects of their lives. Although all of the cells in an organism possess the 
exact same genetic code, they can specialize to form different tissues and organs by selectively expressing particular sets of 
genes at particular times. We designed a modular course to introduce high school students to these major genetic concepts 
and the sequencing technologies that are now revolutionizing the field of genomics. The course focuses on nematodes of the 
genus Steinernema, insect parasites with broad scientific and commercial applications.  Each module achieves specific 
teaching goals, and they can be used alone or in combination to meet the particular needs of individual instructors. Using this 
approach, we were able to guide students through all the stages of a modern genomics experiment: culturing the organism of 
study, isolating RNA from different stage of Steinernema life cycle, sequencing the libraries, and then analyzing the data 
using open-source computational tools. Students reacted positively to their hands-on experience performing the RNA-seq 
assay and analyzing the data they generated, but they especially enjoyed being given the opportunity to design their own 
projects based on the nematodes. Overall, we have demonstrated that sequencing assays and genomics can be taught to high 



school students, and that this course format makes this field more accessible to teachers and students at the secondary and 
post-secondary levels. 

1248B. Outreach from C. elegans Research to Alzheimer’s Patient Care, using Biotech Summer Internship Program.. Shin 
Murakami1, Alexander “Sandy” Halperin2. 1) Dept of Basic Sciences, Touro University California, Vallejo, CA; 2) Early-
Stage Advisory Group, National Alzheimer's Association, Chicago, IL, USA. 
   This is co-authored with an early-stage Alzheimer's patient to explore “a big helping loop” from basic research to patients, 
or vice versa, proposed previously (Murakami and Halperin. 2014 Front. Genet. 5:269. doi: 
10.3389/fgene.2014.00269).  Recent studies in model systems, such as C. elegans, have revealed molecular mechanisms of 
neurodegenerative diseases, including Alzheimer’s disease, Lewy body dementia, and Frontotemporal dementia, among 
others.  Basic science research by nature focuses on establishing the knowledge, but may miss a wide variety of implications 
from the human systems.  In collaboration with a patient, we re-highlighted early signs of behavioral problems in the 
Alzheimer’s disease, which were otherwise considered as late phase problems. In addition, we integrated our Biotech 
Internship Program and identified diverse barriers to patients and care-givers, which indicated four key areas.  Of the barriers, 
two were relevant to C. elegans and basic research: (1) Barrier to basic scientists; (2) Barrier in the public and global 
systems. For example, in a clinical setting, basic scientists with non-mental health degrees have extremely limited 
opportunities and, if there is such an opportunity, they would not find an easy way to help patients. We need a better system 
to bridge existing gaps among basic research, education and patients. 

1249C. Crowd-sourcing worm genetics to bring novel research to a large undergraduate lab class. Jennifer Powell. 
Department of Biology, Gettysburg College, Gettysburg, PA. 
   At Gettysburg College, we have experienced the well-known benefits of introducing students to authentic research early in 
their college career through expanded support of apprentice-style student-faculty research and the development of several 
intensive first-year course-based research experiences.  Both of these models are highly effective; however, they are very 
costly in terms of necessary financial support and faculty time, and therefore reach a limited number of students. Genetics is a 
required course for the Biology, Biochemistry and Molecular Biology, and Health Science (B.S.) majors and is typically 
taken by sophomores.  We developed a research–based lab experience for this course and piloted it during the fall semester 
with 34 students in 2 lab sections.  Our goals included providing an authentic experience that allowed students to experience 
the reality of science, to address meaningful novel scientific questions using current techniques and equipment, and to 
generate publishable data.  Key to the success of the lab was selecting a project that benefitted from rather than was hindered 
by a large number of student researchers.  By crowd-sourcing an RNAi screen, we were collectively able to screen a large 
number of clones with built-in redundancy to increase the quality of the data generated by novice undergraduates.  Students 
felt ownership of and responsibility for the clones they were assigned, but overseeing the 17 pairs of students was 
manageable because they were each learning and eventually mastering the same set of techniques.  There are certainly 
challenges to adapting a large lab course for research, including the technical inexperience of the students, limited equipment, 
and limited financial resources.  We will discuss how we met these challenges, and, whenever possible, tried to turn them 
into assets. . 

1250A. UC Davis-University of Maryland Eastern Shore Graduate Admissions Pathway: Collaborating to broaden 
participation in molecular and cellular biology. D. Starr, C. Hom. Mol & Cellular Biol, Univ California, Davis. 
   STEM professionals in the 21st century remain predominantly Caucasian/white, in spite of decades of work by professional 
societies, colleges and universities, and individual scientists to broaden participation. This multifaceted problem includes 
concerns among students and faculty at minority-serving institutions about the economics of career choice, family pressure to 
pursue a career in a biomedical field, and limited exposure to natural history. Further, institutional efforts in recruitment by 
research universities remain rooted in graduate fairs that target senior undergraduates from groups underrepresented in 
science, whereas connections made via shared research networks provide a more sure means to admission in molecular and 
cell biology. The UC Davis-University of Maryland Eastern Shore (UMES) Molecular and Cellular Biology Graduate 
Admissions Pathways (MCBGAP) program addresses this challenge via collaborations between faculty at the two institutions 
and a research co-mentoring program that brings UMES undergraduates to UC Davis for summer research. The program is 
funded by a grant from the University of California Office of the President and the UC Davis College of Biological Sciences. 
 
MCBGAP supported two cohorts of five UMES students in the summers of 2014 and 2015. The MCBGAP program consists 
of reciprocal student-faculty visits, close interactions between key UC Davis and UMES faculty, monthly Skype meetings 
that involve mentors and students, and research, professional development, and field trips in the summer.  MCBGAP has 
catalyzed change both at UMES, where students are given the opportunity to self-identify as researchers at a tier 1 research 
university, and at UC Davis, where increased numbers of faculty recognize the need to be proactive in graduate recruiting and 
admissions, and multiple deans have committed time to mentor students and funds to support additional undergraduates from 



Historically Black Colleges and Universities for summer research and mentoring. The experience has also inspired us to 
apply for a Postbaccalaureate Research Education Program (PREP) from the NIH. 

1251B. Cloning-free genome editing using Cas9-guide RNA ribonucleoprotein complexes. Alexandre PAIX, Andrew 
Folkmann, Dominique Rasoloson, Jarrett Smith, Geraldine Seydoux. HHMI and Dept of Molecular Biology and Genetics, 
Johns Hopkins University School of Medicine, Baltimore, MD. 
   CRISPR/Cas9 has become the method of choice for genome editing in C. elegans (Waaijers and Boxem 2014). Previously, 
we documented that linear DNAs with short homology arms (~35 bases) can be used to introduce base and gene-size edits 
near Cas9-induced cuts by homology-dependent repair (Paix et al., 2014). Here we report that direct injection of Cas9-guide 
RNA ribonucleoprotein (RNP) complexes significantly increases the frequency of homology-directed edits.In our previous 
experiments, we expressed Cas9 and the guide RNAs from plasmids co-injected with the repair template (Dickinson et al., 
2013). We obtained edits in ~0.1-10% of F1s, with most edits derived from a minority of injected mothers (“jackpot broods”; 
Paix et al., 2014). We have now found that direct injection of in vitro synthesized Cas9/tracer RNA/crRNA complexes (Cho 
et al., 2013) raises edit frequency by ~2-5 fold. Building on the co-CRISPR method of Arribere et al., 2014, we have 
optimized a protocol that generates jackpot broods reliably from small cohorts of injected mothers (<20). Edit frequencies in 
the jackpot broods range from 20 to 90%. The new protocol does not require cloning or selection/linked markers, and can be 
applied to wild-type as well as previously edited strains. 

1252C. Dramatic enhancement of genome editing by CRISPR/Cas9 through improved guide RNA design. Behnom 
Farboud, Barbara Meyer. HHMI and Dept. of MCB, UC, Berkeley, Berkeley, CA. 
         Site-specific nucleases with programmable target specificity have transformed the art of genome editing and thereby 
revolutionized the dissection and manipulation of genome function. Most widely used is the CRISPR-associated nuclease 
Cas9, whose RNA-programmed DNA cleaving activities create DNA double-strand breaks (DSBs). These DSBs can be 
repaired imprecisely by non-homologous end joining (NHEJ) to generate random insertions and deletions or repaired 
precisely by homology-directed repair (HDR) templated from exogenous DNA to generate custom-designed insertions, 
deletions, or substitutions. Success with genome editing by Cas9 has been limited in C. elegans by the inability to predict 
effective guide RNAs and DNA target sites. Not all guide RNAs have been successful, and even those that were varied 
widely in their efficacy. We will discuss a strategy that reliably achieves a high frequency of genome editing for all targets 
tested in vivo. The key innovation was to design guide RNAs with a GG motif at the 3' end of their target-specific sequences. 
All guides designed using this simple principle induced a high frequency of targeted mutagenesis via NHEJ and a high 
frequency of precise DNA integration from exogenous DNA templates via HDR. Related guide RNAs having the GG motif 
shifted by only three nucleotides showed severely reduced or no genome editing. We also combined the 3' GG guide 
improvement with the co-CRISPR / co-conversion methodology of others for increasing mutant recovery. By this co-
conversion approach, animals were only screened for genome editing at designated targets if they exhibited a dominant 
phenotype caused by Cas9-dependent editing of an unrelated target. Combining the two strategies further enhanced the ease 
of mutant recovery, thereby providing a powerful means to obtain desired genetic changes in an otherwise unaltered 
genome. Ongoing experiments address if Cas9 binding to different DNA target strands affects insertion frequency.      While 
Cas9 mediates custom-designed mutations with high efficiency, rare unexpected mutations arise as well. When targeting two 
sites for HDR simultaneously, as with co-conversion, we obtained mutations in one locus that were repaired with the 
exogenously supplied repair template for the non-homologous locus. Also, we recovered mutations that result when DSB 
repair bypasses the supplied repair template and uses DNA sequences in cis to the DSB, a few kilobases away, to repair the 
lesion. While these classes of events are infrequent, they are alarming outcomes that highlight the possibility of unexpected, 
deleterious genome modifications. These illegitimate events may provide insight into the mechanism of Cas9-mediated DSB 
repair. 

1253A. Improvements and challenges with pha-1(ts) co-conversion. Jordan Ward1, Liangyu Zhang2, Abby Dernburg2. 1) 
UCSF, San Francisco, CA; 2) UC Berkeley, Berkeley, CA. 
   CRISPR-Cas9 genome editing has emerged as a transformative technology in C. elegans, allowing targeted manipulation of 
the genome. One challenge, particularly with knocking sequences into the genome, has been to identify rare knock-in events 
in a pool of non-edited animals. Solutions have involved selectable-marker use (Dickinson et al., 2013; Chen et al. 2013; 
Tzur et al., 2013), improved sgRNA target choice (Farboud and Meyer, 2015), streamlined screening (Paix et al., 2014), and 
co-CRISPR/co-conversion approaches locations (Kim et al., 2014; Arribere et al., 2014), in which selection for a mutation 
that produces a visible phenotype enriches for edits at other genomic loci. An alternate co-conversion approach is to use 
oligo-mediated repair of a temperature sensitive lethal mutation in the pha-1 gene as a co-conversion marker (Ward, 2015). 
This stringent approach allows efficient, multiplexed knock-in of oligo-encoded epitopes of up to 84 bp. Knock-in 
homozygotes can be obtained in 8-9 days without need for outcrossing. Disabling non-homologous end-joining by RNAi 
inactivation of the cku-80 gene significantly improved knock-in efficiency, homology arms of 35-80 basepairs permit 
efficient editing, and double-strand breaks up to 54 bp away from the insertion site produced knock-ins. One challenge with 



many CRISPR/Cas9 editing platforms is that almost half of all guide RNAs fail. Using recently described 3’GG sgRNAs 
(Farboud et al., 2015) allowed extremely efficient knock-in (~50% of pha-1(ts) rescued F1) in a locus refractory to previous 
editing attempts. With these more efficient 3’GG sgRNAs, the effect of NHEJ inactivation was not significant. pha-1(ts) co-
conversion is compatible with the PCR-derived cassettes bearing 35-60 bp homology arms, described by Paix et al. (2014); 
we were able to introduce 246 bp cassettes encoding an auxin-inducible degron (AID) and a 3xFLAG epitope into the 3’ ends 
of the nhr-23 and nhr-25 loci. In strains expressing the TIR1 F-box protein from Arabidopsis, AID-tagged NHR-23 and 
NHR-25 were rapidly depleted following addition of auxin, allowing precise temporal control of protein levels. Surprisingly, 
attempts to introduce AID-GFP-3xFLAG cassettes into the same sites in nhr-23 and nhr-25 have repeatedly failed, implying 
that co-conversion may not enrich effectively for knock-in of large insertions. Recent efforts to introduce GFP-sized knock-
ins will be discussed. 

1254B. Activation of endogenous gene transcription using Cas-9 in C. elegans. Joseph Zullo1, Noah Davidsohn2, Alejandro 
Chavez2, Monica Colaiacovo1, George Church1,2, Bruce Yankner1. 1) Genetics, Harvard Medical School, Boston, MA; 2) 
Wyss Institute, Harvard University, Cambridge, MA. 
   Gain of function experiments, in which a gene’s products are overexpressed beyond physiological levels, often yield 
important insights into the function of the gene.  However, traditional methods for eliciting high levels of a given transcript 
have numerous limitations.   Often the gene must be cloned from cDNA, a process which removes important regulatory 
information such as alternative splice sites.  Additionally, the cloning and microinjection process limit the number of genes 
that can be simultaneously overexpressed, a frustrating constraint when addressing function of multi-protein complexes with 
many obligate subunits.  In mammalian systems, these experimental limitations have been overcome by utilizing a nuclease-
dead CRISPR-CAS9, fused to a variety of transcriptional activators.  This system allows one to activate an endogenous gene 
via sgRNA mediated targeting of CAS-9 to the promoter, with subsequent recruitment of transcriptional machinery by the 
attached activator.  We have generated C. elegans lines with stably integrated Cas-9 activators, and demonstrate that they can 
be used to induce transcription from both integrated reporter loci, as well as endogenous genes.  This activation produces 
novel phenotypic consequences compared with transgene arrays.  Intriguingly, there appear to be limits to the ability of this 
system to combat developmental silencing, and alternative activator designs will be discussed.  The successful development 
of this technology will enable previously impractical and infeasible assays of complex systems and functions by allowing for 
the simultaneous activation of multiple genes in a complex or pathway. 

1255C. Daniel J. Dickinson1,2, Ariel M. Pani1,2, Jennifer K. Heppert1, Christopher D. Higgins1, Bob Goldstein1,2. 1) 
Department of Biology, University of North Carolina at Chapel Hill, Chapel Hill, NC; 2) Lineberger Comprehensive Cancer 
Center, University of North Carolina at Chapel Hill, Chapel Hill, NC. 
   A central goal in the development of genome engineering technology is to reduce the time and labor required to produce 
custom genome modifications.  We describe a new selection strategy for CRISPR/Cas9-triggered homologous recombination 
that has been designed to minimize hands-on labor at every step of the procedure.  With our approach, one can generate 
knock-in alleles in any genetic background, with no PCR screening required and without the need for a second injection step 
to remove the selectable marker.  Moreover, this strategy makes it possible to produce a fluorescent protein (FP) fusion, a 
transcriptional reporter and a strong loss-of-function allele for any gene of interest in a single injection step.  Central to our 
approach is a novel selectable marker that we refer to as a Self-Excising Cassette (SEC).  SEC consists of three parts: a 
Hygromycin resistance gene; a visible phenotypic marker; and an inducible Cre recombinase. SEC is flanked by LoxP sites 
and placed within a synthetic intron of an FP tag, resulting in an FP::SEC module that can be inserted into any C. elegans 
gene.  To facilitate the use of SEC for homologous recombination, we developed a cloning strategy that greatly simplifies 
cloning of homology arms into an FP::SEC vector. Our workflow for SEC-based homologous recombination is as 
follows:  After injection of an FP::SEC construct and appropriate Cas9-sgRNA plasmid into the germline, successful 
integrants are readily identified by selection on Hygromycin.  The phenotypic marker makes it easy to homozygose the new 
allele and to follow it in crosses.  Finally, upon activation of Cre recombinase, the marker excises itself from the genome, 
leaving behind only the FP tag and a LoxP site.  Because the residual LoxP site is located within a synthetic intron of the FP 
tag, FP insertion is essentially scar-free.  Injection is by far the most labor-intensive step in the procedure; each of the other 
steps takes only a few minutes. Although we have focused thus far on FP tagging applications, we expect that our SEC-based 
strategy will also facilitate the construction of other kinds of designer mutants.  

1256A. CRISPR/Cas9-mediated gene knock-out and knock-in applications in C. elegans. Zhiping Wang1, Yishi Jin1,2. 1) 
Department of Biological Sciences, University of California, San Diego, La Jolla, CA; 2) Howard Hughes Medical Institute. 
   The CRISPR/Cas9 system has been widely used for genome editing in various organisms. Here we report a few 
applications of CRISPR/Cas9-mediated knock-out and knock-in in C. elegans. First, we have been able to consistently and 
efficiently generate large deletion alleles of different genes using simultaneous injection of two or more sgRNA constructs. 
This method enables easy identification of Cas9-edited mutant progeny by PCR. Second, we have constructed several Cas9-
mediated single-copy insertion (CasSCI) vectors based on the mosSCI vectors1. These vectors allow fast and efficient single-



copy insertion of transgenes into wild type or any mutant animals. Third, using these vectors, we have developed a new 
method for spatial and temporal control of gene expression in C. elegans.Inducible gene expression in a spatial and temporal 
manner is critical for studying the function of genes during various physiological processes. Heat shock-induced or tissue-
specific expression of Cre and FLP recombinases has been previously used to control gene expression in C. elegans2, 3. 
However, an efficient method for inducible ON and OFF control of gene expression in specific cell types remains lacking. 
Here we have successfully used a drug-stabilizable FLPce recombinase to regulate gene expression in specific tissues. An 
enhanced FLP recombinase optimized for C. elegans expression (FLPce) was fused to a destabilizing domain (DD), which 
can be stabilized by a high-affinity ligand4, 5. The fusion product FLPce-DD driven by various tissue-specific promoters was 
then integrated into the C. elegans genome by Cas9-mediated single copy insertion (CasSCI), which helps minimize 
undesired side effects caused by overexpression of exogenous recombinases.  We demonstrate that ligand treatment can 
stabilize FLPce-DD expressed in neurons and switch on the neuronal expression of mCherry after excising the FRT sites-
flanked STOP cassette. This system also allows inactivation of endogenous or exogenous genes which contain FRT sites 
inserted by Cas9/CRISPR-mediated genome editing.1. Frøkjær-Jensen et al. Nat. Genet. (2008). 2. Voutev and Hubbard. 
Genetics. (2008). 3. Flavell et al. Cell (2013). 4. Sando et al. Nature (2013). 5. Cho et al. Plos One (2013). 

 


