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Opening General Session
Science, Biology, and the World’s Future. Bruce Alberts. UCSF, San Francisco, CA.
There are many exciting challenges ahead for biologists. The chemistry of living organisms is so complicated
that new scientific breakthroughs will be required to understand it. These understandings are certain to generate
powerful new approaches for meeting human needs in health, agriculture, and the environment -- with model
organisms like Drosophila continuing to provide essential shortcuts for deciphering the biology of humans and
other multicellular organisms. In addition, to make sense of the complexity will require powerful mechanisms of
analysis not yet invented. As one example, even when scientists have determined each of the hundreds of
different molecular interactions that create the actin cytoskeletal system, and know the three-dimensional
structures and rate constants for the formation and disassembly of each of its possible sub-complexes, the
challenge of computing the outcomes will remain. In the same sense, most of the interesting properties of cells
and organisms are “emergent properties”, resulting from a large network of interactions that have non-intuitive
outcomes. Most broadly, the knowledge and the problem-solving skills of scientists are critical for every nation no matter how rich or poor. Thus, for example, science has produced a deep understanding of the natural world
that often enables an accurate prediction of the consequences of current actions on the future. In addition, every
society needs the values of science: honesty, generosity, and an insistence on evidence while respecting all
ideas and opinions regardless of their source of origin. To spread such values, science education needs to be
redefined at all levels, with much less emphasis on the memorization of science facts and terms. Instead, we
should be providing empowering experiences in problem-solving that take advantage of the curiosity that
children bring to school and increase a student’s understanding of the world. Closely related changes in the
introductory science courses in college, emphasizing “science as a way of knowing,” are the key to driving these
reforms.

Plenary Session I
Controlling Morphogen Gradients. Arthur D Lander. Dept Dev Cell Biol and Dept of Biomedical Engineering,
Univ California, Irvine, Irvine, CA.
Most current work on morphogen gradients—long-range molecular gradients that convey positional information
required for developmental decisions—focuses on either of two questions: how gradients form and how they are
interpreted by cells. That these questions are still open after several decades of intensive research is somewhat
surprising, given that the basic functions originally envisioned for morphogens could easily be met by gradients
that form by constitutive production and diffusion, and are interpreted simply from individual cell measurements
of steady-state levels. The reality that, in most morphogen systems, networks of complex regulation underlie
gradient formation, and both temporal and spatial dynamics enter into gradient interpretation, suggests that
something is being actively controlled, but what and to what end? The need for morphogen gradients to
demarcate positional boundaries accurately (i.e. at correct locations) and precisely (i.e. all cells at the same
location get the same information) suggests that “robustness” is one broad goal. However, attempts to assign
particular control structures to any one type of robustness (e.g. insensitivity of steady-state gradient shape to
uncertainty in constant parameters) often neglect the deleterious impact of the same control structures on other
types of robustness (e.g. sensitivity of the rate of gradient formation, or sensitivity to cell-to-cell variation in
parameters). Moreover, desirable accuracy is often more a matter of relative position (relative to the size of the
tissue being patterned) than absolute, i.e. patterns commonly scale to tissue size. The fact that the same
morphogens that pattern tissues often regulate their growth rate adds further complexity to the problem of
sorting out the control. In my talk I will explore some of the difficult tradeoffs that arise in trying to get morphogen
gradients to fulfill multiple performance objectives in the face of multiple kinds of uncertainty, and relate these
findings to some of the peculiar morphogen gradient control structures found in the Drosophila wing disc.
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Fat cadherins in growth, planar polarity and mitochondrial activity. Helen McNeill , Anson Sing , Yonit
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Tsatskis , Lacramiora Fabian , Andrea Juriscova , Riya Shanbhag , Angus McQuibban , Mailis Bietenhader ,
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Julie Brill , Robyn Rosenfeld . 1) Lunenfeld-Tanenbaum Institute, Mt Sinai Hospital rm881, Toronto, ON,
Canada; 2) Dept. Molecular Genetics, University of Toronto Toronto, Canada; 3) Dept of Biochemistry,
University of Toronto, Canada; 4) Hospital for Sick Children, Toronto, Canada.
The large atypical cadherin Fat (Ft) regulates tissue growth via the Hippo kinase pathway, and a form of tissue
organization known as planar cell polarity (PCP). Extensive recent studies have dissected the requirements for
Ft in growth and PCP. Using biochemical screens to identify effectors of Ft, we have also recently uncovered an
unexpected role for Ft in regulating mitochondrial function.

Plenary Session I
Epigenetic Regulation of Drosophila Male Germ Cell Differentiation. Xin Chen. Dept Biol, Johns Hopkins
Univ, Baltimore, MD.
A fundamental question in metazoan development is how a fertilized egg can undergo well-controlled cell

divisions, followed by extensive differentiation into distinct cell types to form an organism. Proper cellular
differentiation during development requires precise temporally and spatially controlled gene expression.
Epigenetic mechanisms that modulate genome packaging, or chromatin, play important roles in regulating
differential gene expression. The Drosophila male germline stem cell system is among the best characterized
adult stem cell systems in terms of their physiological location, microenvironment, cellular structure, and the
signaling pathways that maintain stem cell identities and activities. My lab is using a combination of genetics,
genomics, molecular and cell biology tools to systematically study the Drosophila male germline stem cell
lineage, by addressing the following questions: (1) Are there genes with stage-specific expression pattern in
germline stem cell lineage? (2) Is the specific expression of these genes maintained by a unique chromatin
state? (3) How do the transcription and chromatin landscape change in continuously differentiating germ cells
during normal development? (4) How do epigenetic changes regulate proliferation versus differentiation
processes in this lineage? (5) How do epigenetic changes in germ cells crosstalk with extrinsic cues from their
microenvironment to ensure proper cellular differentiation? Dramatic changes in the transcriptional program and
chromatin landscape of male germ cells offer an excellent system to investigate these molecular mechanisms in
vivo. I will discuss our recent studies to understand epigenetic regulation in this adult stem cell lineage.

Plenary Session I
X marks the spot: Targeting the X chromosome during dosage compensation. Erica N. Larschan. Molec
Biol, Cellular Biol & Biochem, Brown Univ, Providence, RI.
How are global and gene-specific transcriptional regulatory signals integrated to precisely regulate genes?
Coordinate gene regulation is a fundamental process essential to all cells from germ cells to the immune system
to neurons. Dosage compensation is one of the best model systems for studying this process because all of the
genes on a single chromosome are specifically identified and co-regulated. Drosophila, like mammals, increase
the transcript levels of a large number of diversely-regulated genes along the length of the single male Xchromosome precisely two-fold relative to each female X-chromosome. The key first step in the process of
dosage compensation is the targeting of the male X-chromosome by the dosage compensation complex called
the MSL (Male-specific lethal) complex, a large ribonucleoprotein complex containing proteins and non-coding
RNAs. My laboratory recently identified a zinc finger protein that provides the previously unstudied link between
the MSL complex and the X-chromosome: CLAMP (Chromatin-linked Adaptor for MSL Proteins). Identification
of the link between MSL complex and the X-chromosome provides a key opportunity to understand the early
steps during the identification of the X-chromosome that distinguish it from autosomes. Recently, we have
developed an induction system for MSL complex that will allow us to address the following key questions: 1)
How are the functions of non-coding RNAs and cis-acting sequences integrated? 2) How can a modest
enrichment in transcription factor occupancy nucleate a sub-nuclear domain?

Plenary Session I
Circuit Mechanisms Underlying Behavioral Decisions and Motor Program Sequencing in Ecdysis.
Benjamin H. White. Laboratory of Molecular Biology, National Institute of Mental Health, Bethesda, MD.
Drosophila is increasingly used as a model for understanding how nervous systems generate and organize
behavior. Behavioral organization is an essential feature of so-called “ecdysis sequences,” the stereotyped
motor sequences used at each molt to shed the cuticle of the previous developmental stage and—at the adult
stage—to expand and harden the wings. My laboratory has focused on understanding the hormonal, neural, and
environmental determinants of wing expansion in Drosophila using novel tools for the targeted manipulation of
brain cell activity. By selectively activating or suppressing cells that express particular hormones or their
receptors, we have begun to identify the neurons and neuroarchitectural motifs responsible for generating wing
expansion behavior and coordinating it both with other motor programs of the adult ecdysis sequence and with
environmental variables. For example, we have found that eclosion acts as a checkpoint for progression to wing
expansion, as revealed by stimulation of neurons that express the hormone bursicon before and after the fly's
emergence from the pupal case. In addition, we find that neurons that express the bursicon receptor participate
in a positive feedback loop that mediates the decision to expand the wings in changing environmental
circumstances. We have also begun to characterize neural determinants of the larval and pupal ecdysis
sequences. We find that the complement of neurons that governs ecdysis shifts over development. The results
of such developmental studies, together with comparative analyses of ecdysis networks in other insects, should
help meet the challenge laid down by Tinbergen to comprehensively elucidate the neurophysiological basis,
ontogeny, and evolution of innate behaviors.

Plenary Session I
The molecular evolution of morphology and behavior. David L. Stern. Janelia Farm Research Campus,
Howard Hughes Medical Institute, Ashburn, VA.
Over the past fifteen years, my lab has explored how molecular mechanisms have evolved to generate species
differences in morphology. We have focused on understanding how Drosophila sechellia has evolved a simple

difference in the patterning of larval trichomes compared with closely related species such as D. melanogaster.
We discovered that this morphological transition occurred through the substitution of a large number of
mutations of very small effect, all of which reside in multiple cis-regulatory enhancers of the shavenbaby gene.
In distantly related species of the D. virilis group, convergent evolution of trichome patterns has also occurred
through evolution of cis-regulatory enhancers that are orthologous to the enhancers that evolved in D. sechellia.
All together, these observations resolve apparent discrepancies between traditional microevolutionary and
macroevolutionary views of molecular evolution; macroevolution appears to result from the accumulation of a
large number of mutations of small effect, which are clustered at a smaller number of trait-specific genes. The
accumulation of many substitutions at a single gene together with the repeated evolution of mutations with
similar effects at orthologous enhancers in distantly related taxa supports the view that genetic evolution, at
least at the species level and above, is somewhat predictable. I will review characteristics of developmental
networks that appear to confer this predictability. Finally, I will provide a brief overview of our current efforts to
expand these kinds of studies to the evolution of Drosophila courtship behavior.

Plenary Session II
Charting the Genotype-Phenotype Map: Lessons from Drosophila. Trudy F. Mackay. Dept Biological
Sciences, North Carolina State Univ, Raleigh, NC.
Quantitative traits are affected by multiple interacting loci with individually small and environmentally sensitive
effects. Knowledge of the detailed genetic architecture of quantitative traits is important from the perspectives of
evolutionary biology, human health and plant and animal breeding. Understanding the genetic architecture of
quantitative traits begins with identifying the genes regulating these traits, mapping the subset of genetically
varying quantitative trait loci (QTLs) in natural populations, and pinpointing the molecular polymorphisms
defining QTL alleles. Drosophila brings an impressive toolkit to the challenge of genetically dissecting
quantitative traits. I will describe results from studies using P transposable element mutagenesis to identify
genes and genetic networks regulating these traits. I will also describe a new resource for Drosophila genome
wide association mapping, the Drosophila Genetic Reference Panel (DGRP). The DGRP consists of 192
sequenced inbred lines derived from the Raleigh, USA population. I will describe the results of genome wide
association studies in the DGRP and systems genetic analyses relating molecular variation, variation in gene
expression, and variation in organismal phenotypes to derive directed transcriptional networks causally
associated with variation in quantitative traits. Drosophila quantitative traits have complex genetic architectures,
with large numbers of pleiotropic genes that have sex-, environment- and genotype-specific effects. The
systems genetics analysis identifies modules of correlated transcripts associated with quantitative traits, yielding
rich insights into unexpected genetic mechanisms underpinning trait variation. These observations offer valuable
lessons for understanding the genetic basis of variation for quantitative traits in other organisms, including
humans.

Plenary Session II
Walking the Highwire from Synaptic Growth to the Axon Injury Response Pathway. Aaron DiAntonio. Dept
of Developmental Biology, Washington University School of Medicine, St. Louis, MO.
The great length of axons makes them particularly vulnerable to injury and disease with devastating
consequences for neural circuit function. Inhibition of axonal degeneration and promotion of axonal regeneration
are two strategies for maintaining circuit activity in the diseased or damaged nervous system. Our studies of
synaptic development in Drosophila lead us to explore the role of the MAPKKK Wallenda/DLK and the ubiquitin
ligase Highwire/Phr1, which targets this kinase for degradation. While our initial studies of this pathway focused
on synaptic and axonal development, more recently we have identified central roles of this pathway for both
regeneration and degeneration of injured axons in both Drosophila and mouse. The presentation will describe
recent progress in characterizing this pathway in the axonal injury response.

Plenary Session II
piRNAs function for the safeguard of germline genome. Toshie Kai. Temasek Lifesciences Laboratory/Dept.
Biological Science, National University of Singapore, Singapore.
The fidelity of genomic information in the germline has to be tightly regulated for accurate transmission to the
next generation. To safeguard against genome disruption caused by transposable elements, an evolutionarily
conserved pathway involving PIWI-class proteins and their associated 24-30 nt long PIWI-interacting RNAs
(piRNAs) operates in animal gonads. piRNA production in the germline comprises a primary biogenesis process
and a secondary amplification system known as the ping-pong cycle. In the primary process, transposons or
antisense transcripts are parsed into primary piRNAs and loaded to PIWI. The other two PIWI-subfamily
proteins, Aubergine (Aub) and Argonoute3 (Ago3), function in the secondary amplification system, which
involves the slicing of both sense and antisense transposon transcripts. Aub and Ago3 localize to a perinuclear
structure known as the nuage, a conserved structure observed in animal germline cells and multipotent stem
cells of lower metazoans such as Hydra. In addition to those, we have reported that some Tudor domain

proteins required for sufficient production of piRNAs are enriched in the nuage, which has led to the hypothesis
that the nuage is a site of piRNA production and transposon silencing in germline cells. The components
required for the ping-pong cycle physically interacts and exhibit hierarchal genetic interaction which may reflect
the sequential process of ping-pong cycle. During the spermatogenesis, Aub and Ago3 show distinct expression
patterns, and distinct piRNA populations targeting different transposons are present at different stages. Though
the ping-pong cycle was more active in spermatogonia, a smaller fraction of the piRNAs in primary
spermatocytes displays the ping-pong signature. These results suggest that in primary spermatocyte, the
primary processing is the prevalent, albeit ping-pong cycle is operating.We also present evidence of
compartmentalization of the piRNA pathways in germline cells. Our work illustrates the high versatility of the
piRNA pathway and provides a developmental dimension to the biogenesis of piRNAs.

Plenary Session II
Multiple layers of complexity in the regulation of the bithorax complex. Francois Karch, Sandrine Galetti,
Annick Mutero, Robert K. Maeda, Fabienne Cléard, Mikaël Rossier. Dept Genetic and Evolution, Univ Geneva,
Geneva, Switzerland.
Although many regulatory elements accounting for spatial and temporal control of gene expression have been
described (referred as to Cis-Regulatory-Modules (CRMs), we are far from completely understanding the vast
layers of complexity regulating gene expression in vivo. Recently, multiple labs discovered that regulatory
regions are transcribed, giving rise to all sorts of ncRNAs. At present, it remains unclear if these ncRNAs play a
role in the regulatory output or if they are simply the by-products of the regulatory activity. Another interesting
layer of complexity exists in understanding of how the presence of CRMs influence the activity of other CRMs.
While CRMs have the ability to work in isolation, they often display position effects, resulting in reporter gene
expression only reminiscent of the true expression pattern of the gene. This clearly demonstrates that each
element must be somehow influenced by its neighboring elements. To understand these complex questions, we
study the regulation of the bithorax complex. Over the past 2 decades, we, and others, have identified a number
of important regulatory elements controlling BX-C Hox gene expression like, enhancers, boundary elements and
maintenance elements (PREs/TREs). We started to address the question of CRM communication and showed
that a set of elements, previously described as enhancers (called initiators), actually function as control centers
to determine the activity state of nearby enhancers and silencers. We find that initiators cause the transcription
of ncRNAs that emanate outward from the initiators. We are presently characterizing these non-coding
transcripts and hope to test if these transcripts play a functional role in CRM coordination. In parallel to this
work, we have recently found that a very long ncRNA (the iab-8ncRNA, 92kb-long) is important for the negative
regulation of abd-A through both a miRNA and a second, still unclear mechanism. Finally we will also describe a
site-directed mutagenesis of Fab-7, one of the BX-C boundary and the identification of new genes involved into
boundary function.

Plenary Session II
Cardiomyopathy models. Rolf Bodmer. Development and Agi, Sanford-Burnham Medical Research Institute,
La Jolla, CA.
We have created numerous models of congenital heart disease and cardiomyopathies using the Drosophila
heart as a genetic model system. These include models for long-QT cardiac arrhythmias, for dilated and
restrictive cardiac disorders, for haplo-insufficiencies and polygenic interactions of transcription factors,
exhibiting pronounced aggravation with age, and involving genetic pathways that are conserved from fly to
human. For example, insulin/TOR, PGC-1, SREBP as well as integrin-ILK signaling, known to modulate growth,
metabolism and aging in many organisms, can act autonomously within the myocardium to fine-tune cardiac
performance that deteriorates with age or due to a high fat diet. This shows that the Drosophila heart serves as
an efficient discovery tool for conserved modulators of congenital heart disease and other cardiomyopathies.

Plenary Session II
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The Conflicted Existence of the Mitochondrial Genome. Patrick H. O'Farrell , Hansong Ma , Jennifer L.
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Page , Steven Z. DeLuca , Hong Xu . 1) Dept Biochemistry, Univ California, San Francisco, CA; 2)
Embryology, Carnegie Institute of Science, Baltimore, MD; 3) NHLBI, NIH, Bethesda, MD.
I will describe our new endeavors to study mitochondrial biology in Drosophila, and will use the presentation to
challenge you to think about new questions and experimental directions. We are particularly interested in a
conundrum. It seems that the mitochondrial genome should not be evolutionarily stable. A mitochondrial
genome that out-replicates its sisters, and segregates preferentially into the germline wins in evolution, but this
selfish selection will not sustain the function of the genes of the mitochondrial genome, all of which benefit the
host by providing oxidative phosphorylation capability. I will illustrate this conceptual conundrum with an
experiment: we introduced a foreign and mutant mitochondrial-genome into a fly strain, and showed that it
displaced the endogenous genome, so that all of the flies died a few generations later because of the absence
of wild-type mitochondrial-genomes. Clearly this is an outcome to be avoided. I will describe three projects

exploring enforcement of social behavior on mitochondrial genomes; 1) study of the mechanism of uniparental
inheritance, which prevents introduction of rogue genomes, 2) identification of a specialized selection favoring
magnanimous mitochondria that provide the host with effective oxidative-phosphorylation, and 3) discovery of
“underground” evolution of selfish behavior. Although in early stages, these new ventures uncover fundamental
phenomena that guide mitochondrial genome transmission and inheritance. We believe that exploration of these
phenomena will lead into a larger world of host-mitochondrial interactions that will be of interest in evolution,
development and disease.

1
Re-replication during Follicle Cell Gene Amplification causes replication fork instability and requires
double-strand break repair. Jessica L. Alexander, Terry L. Orr-Weaver. Whitehead Institute for Biomedical
Research, and Dept. of Biology, MIT, Cambridge, MA 02142.
Re-replication events during S-phase are proposed to lead to head-to-tail collisions of adjacent replication forks,
causing fork collapse and double-strand break (DSB) formation. The Drosophila Amplicon in Follicle Cells
(DAFCs) exhibit re-replication as a developmental strategy to increase gene expression. Here we find that
indeed re-replication events cause fork collapse and demonstrate this system provides the opportunity to define
how replication forks are reestablished after collapse. Both immunofluorescence and ChIP-seq analysis show
the Drosophila DSB marker γH2Av is enriched at the DAFCs during amplification. Additionally, Comparative
Genome Hybridization (CGH) analysis of follicle cell DNA in several DSB repair mutants revealed an overall
reduction in fork movement at the DAFCs. Together these data indicate re-replication events at the DAFCs lead
to fork collapse and DSB formation, which must be efficiently repaired for complete replication fork progression.
Furthermore, the CGH gradients in DSB repair mutants are not uniformly decreased at all DAFCs. This implies
certain sites within the amplicons are more sensitive to loss of DSB repair components, suggesting some
positions are more prone to fork collapse. The DAFCs therefore present an ideal system in which to establish
DNA sequence and chromatin features that cause replication fork instability and sensitize these regions to
collapse under replication stress.

2
Regulation of cilium and centrosome function by rootletin. Jieyan Chen, Timothy Megraw. Biomedical
Sciences, Florida State University, Tallahassee, FL.
The centrosome is the major microtubule organizing center (MTOC) in animal cells and consists of a pair of
centrioles and the pericentriolar material (PCM) where MT assembly is regulated. In some cell types, the mother
centriole matures into a basal body to organize primary cilia that are important for cell signaling and sensory
perception. Cilia are linked at their base to the cell body by a cytoskeletal structure called the rootlet. In
mammalian cells, Rootletin (Root) is the major component of the ciliary rootlet, it also directs assembly of a
fibrous linker between mother centrioles and thus is critical for centrosome cohesion in the cell cycle. We have
identified Drosophila rootletin (root), the sole ortholog of mammalian Root and its paralog C-Nap1, which, like
Root, localizes at the base of basal bodies in ciliated cells and at centrosomes in various cell types. In cell
culture, root forms long fibrous structures that associate with centrioles. In the embryonic peripheral nervous
system, especially in chordotonal sensory neurons, root localizes to a prominently long filament extending from
the basal body into the cell body. root mutants have abnormal chordotonal neurons and severe defects in
mechano- and chemo- sensation, indicative of ciliary dysfunctions in sensory neurons. In addition, root mutants
are hyperactive, suffer seizures and have mating behavior abnormalities. In the developing brain, where
neuroblasts undergo asymmetric division, root distributes significantly more at the mother than the daughter
centrosome throughout the cell cycle, indicating a potential role for root in cell fate specification. In testes, root
associates with mother centrioles but its localization pattern at centrioles changes through spermatogenesis.
Furthermore, our study revealed that the centrosomal protein bld10 is required for root recruitment to centrioles,
but not vice versa, indicating bld10 is an upstream regulator of root. Altogether, our study defines the molecular
roles of rootletin in regulating cilium and centrosome functions in vivo.

3
The Drosophila orthologue of human GOLPH3 is required for contractile ring formation and membrane
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1
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trafficking during cytokinesis. Maria Grazia Giansanti , Giorgio Belloni , Gianni Colotti , Vincenzo Mattei ,
1
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Anna Frappaolo , Grazia Daniela Raffa , Margaret T. Fuller , Stefano Sechi . 1) IBPM, Consiglio Nazionale delle
Ricerche, Rome, Italy; 2) Dipartimento di Biologia e Biotecnologie, Università Sapienza, Rome, Italy; 3)
Laboratory of Experimental and Environmental Pathology, Sabina Universitas, Rieti, Italy; 4) Departments of
Developmental Biology and Genetics, Stanford University School of Medicine, Stanford, USA.
The highly conserved Golgi phosphoprotein 3 (GOLPH3) protein is a Phosphatidylinositol 4-phosphate [PI(4)P]
effector at the Golgi. Human GOLPH3 has been reported as a potent oncogene, commonly amplified in several
tumors. However, the molecular pathways through which this oncoprotein acts in malignant transformation are
largely unknown. GOLPH3 has never been involved in cytokinesis. We demonstrate for the first time the

requirement for GOLPH3 for cytokinesis. We show that the Drosophila orthologue of GOLPH3 accumulates at
the cleavage furrow and is required for successful cytokinesis in both spermatocytes and larval neuroblasts.
Wild type function of GOLPH3 enables maintenance of centralspindlin and Rho1 at cell equator and stabilization
of Myosin II and Septin rings. The molecular mechanism underlying GOLPH3 function in cytokinesis is strictly
dependent on the ability of this protein to interact with PI(4)P. Localization of GOLPH3 to both the Golgi and the
cleavage furrow relies upon PI(4)P binding. Moreover mutations that abolish PI(4)P binding, impair
accumulation of PI(4)P-and Rab11-associated secretory organelles at the cleavage site. Finally we show that
GOLPH3 protein interacts with components of both cytokinesis and membrane trafficking machineries in
Drosophila cells. Based on these results we propose that GOLPH3 might act as a key molecule to coordinate
phosphoinositide signaling with actomyosin dynamics and vesicle trafficking during cytokinesis.

4
Adenosine is a paracrine homeostatic signal affecting growth of wts tumor clones. Michal Zurovec,
Roman Sidorov, Lucie Kucerova. Biology Centre CAS, Ceske Budejovice, Czech Republic.
Adenosine (Ado) is a ubiquitous metabolite which plays a prominent role as a paracrine homeostatic signal of
metabolic imbalance, which quickly responds to various stress stimuli by adjusting energy metabolism and
influencing cell growth and survival. We analyzed the effect of extracellular Ado in two types of Drosophila tissue
culture cells and found close interaction between adenosine receptor and adenosine transport. We also
examined the impact of genetic manipulations of the three gene products involved in adenosine signaling and
metabolism: adenosine receptor (AdoR), equilibrative nucleoside transporter 2 (Ent2) and Adenosine
Deaminase Growth Factor-A (Adgf-A), on the incidence of somatic mosaic clones in flies in vivo. We found that
AdoR, Ent2 and Adgf-A gene products cause dramatic changes of the frequency of hyperplastic tumor clones
formed by the loss of heterozygosity of wts tumor suppressor, while they have no or very small effect on the
control clones. Our data show for the first time the interaction between adenosine and Warts signaling
pathways.
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Growth control by the conserved Aac11/Api5 anti-apoptotic protein. Can Zhang , Wenjian Xu , Alexey
2
1
Veraksa , Kenneth Moberg . 1) Department of Cell Biology, Emory University, Atlanta, GA; 2) Department of
Biology, University of Massachusetts Boston, Boston, MA.
The Drosophila gene anti-apoptotic clone 11 (Aac-11), also referred to as Api5, encodes a conserved nuclear
scaffolding protein that promotes survival of mammalian cells under conditions of serum deprivation and E2Foverexpression, and is frequently overexpressed in human cancer. How Aac-11 exerts these effects is not
known. Using the developing imaginal discs as a model, we find evidence that Aac-11 acts as a pro-growth
factor in vivo. RNAi depletion and Flp-FRT clonal analysis show that Aac11 is autonomously required for adult
organs to achieve their proper size. Transgene driven ectopic expression of Aac11 reciprocally promotes
enlarged adult wings. At a molecular level we find that Aac-11 binds to a nuclear hormone receptor-associated
cofactor in a hormone-dependent manner. Aac11 is genetically required for adult overgrowth phenotypes
produced by over-activation of the Hippo pathway component Yorkie (Yki): Yki-induced organ enlargement is
suppressed by either knocking-down Aac11 or expressing a dominant-negative form of Aac-11 with missense
mutations in a conserved nuclear hormone receptor binding motif. Use of a temperature sensitive Gal80
transgene to map the temporal requirement for Aac-11 indicates that it supports post-mitotic wing growth during
the L3-prepupae time interval that coincides with pulses of the steroid hormone ecdysone. Taken together, the
data support a role of Aac11 as a steroid inducible-modulator of growth pathways. The mechanism of Aac-11
growth regulation will be discussed.

6
The Drosophila TNF receptor Grindelwald couples loss of cell polarity with neoplastic growth. Julien
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Colombani , Ditte Andersen , Krittalak Chakrabandhu , Michael Röthlisberger , Anne-Odile Hueber , Konrad
2
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Basler , Pierre Leopold . 1) University of Nice Sophia Antipolis, CNRS UMR7277, INSERM U1091, Intitute of
Biology Valrose, Nice, France; 2) Institute of Molecular Life Sciences, University of Zurich, Zurich, Switzerland.
Disruption of epithelial polarity is a key event in the acquisition of neoplastic growth. JNK signalling is known to
play an important role in driving the malignant progression of many epithelial tumours, though the link between
loss of polarity and JNK signalling remains elusive. In a Drosophila genome-wide genetic screen designed to
identify molecules implicated in neoplastic growth, we identified grindelwald (grnd), a gene encoding a
transmembrane protein with homology to members of the tumour-necrosis factor receptor (TNFR) superfamily.
We show that Grnd mediates the pro-apoptotic functions of Eiger (Egr), the unique Drosophila TNF, and that
over-expression of an active form of Grnd lacking the extracellular domain is sufficient to activate JNK signalling
in both flies and human cells. Grnd also promotes the invasiveness of RasV12/scrib-/- tumours through Egr
dependent Matrix metalloprotease-1 (MMP1) expression. Grnd co-localises to the sub-apical membrane domain
with the cell polarity determinant Crumbs and couples Crumbs-induced loss of polarity with JNK activation and

neoplastic growth. Therefore, Grnd represents the first example of a TNF receptor that integrates signals from
both Egr/TNF and apical polarity determinants to induce JNK-dependent cell death or tumour growth.

7
An evolutionarily conserved role for plexins during epithelial wound repair in Drosophila and zebrafish.
1,2
1
Sa Kan Yoo , Iswar Hariharan . 1) UC-Berkeley, Berkeley, CA; 2) Miller institute, UC-Berkeley, Berkeley, CA.
Wounding induces tissue repair responses that can eventually result in either scar formation or tissue
regeneration. The outcome can depend on the type of tissue or the maturity of the organism. However, the
precise mechanisms that determine how a tissue responds to damage remain poorly defined. In order to identify
genes that regulate the response to tissue damage in vivo, we have conducted a screen in Drosophila where we
examine tissue repair in wing imaginal discs damaged by applying pressure through the cuticle. An RNAi screen
of genes encoding cell-surface and secreted proteins identified a requirement for PlexinA in the proper repair of
discs damaged by this method as well as by radiation or the application of heat. While plexins have wellcharacterized roles in axonal pathfinding, their role in wound healing has not been previously appreciated. We
have found a similar requirement in wound healing for several other components of plexin-mediated signaling
pathways. Our data also suggest that PlexinA is necessary for the basal extrusion of cells around wounds, a
process likely necessary for efficient wound healing. Finally, we have found a conserved role for plexins in
wound healing in zebrafish. Using light-controlled gene silencing, we found that knockdown of PlexinA1, one of
four zebrafish orthologues of Drosophila PlexinA, impairs regeneration following damage to the fins of zebrafish
larvae. Thus, we have found a previously unsuspected and evolutionarily conserved role for PlexinA during
wound healing in epithelial tissues.

8
Src64 generates a gradient of tyrosine phosphorylation and controls actin dynamics during incomplete
1,2
1,2
cytokinesis in the Drosophila male germline. Asmund H. Eikenes , Catherine Sem Wegner , Lene
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1,2
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Malerød , Andreas Brech , Knut Liestøl , Harald Stenmark , Kaisa Haglund . 1) Department of
Biochemistry, Institute for Cancer Research, Oslo University Hospital, Montebello, Oslo, Norway; 2) Centre for
Cancer Biomedicine, Faculty of Medicine, University of Oslo, Montebello, Oslo, Norway.
During germline development in many organisms, germ cells develop as interconnected cysts as a result of
incomplete cytokinesis. By forming stable intercellular bridges called ring canals (RCs), cells remain connected
to synchronize mitotic divisions and share cellular material. The molecular mechanisms involved in control and
formation of RCs in the Drosophila male germline remain incompletely understood. Here, we characterize in
detail the spatial distribution of phosphotyrosine (pTyr) epitopes on RCs during the four mitotic, transitamplifying divisions, and find a striking correlation between the degree of phosphorylation, age and diameter of
the RC. We identify Src64 as the kinase responsible for generating the pTyr epitopes on these RCs, and loss of
the kinase results in a marked reduction of the RC diameter, while overexpression alters the RC morphology.
Loss of Src64 moreover results in male germ cell over-proliferation, which together with the reduced RC
diameter contributes to the formation of non-synchronized tumor-like cell masses in the tissue. We find that
Src64 controls the assembly and regulation of an actin network around the RC that is involved in establishing a
RC with correct diameter. This process is dependent on the Rac/SCAR/Arp2/3 pathway, as loss of components
of this pathway also results in reduced RC diameters. Taken together, we have characterized a novel and
striking biological pattern of a pTyr gradient within an interconnected group of cells that is important for
regulating intercellular communication during development.
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Chromatin modulation in structural and functional refinement of fru+ ORN circuits in Drosophila. Pelin
1,2,3*
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1
4
, Doug Olsen , Catherine Hueston , Qingyun Li , Jianni Wu . 1) Duke University, Department of
C. Volkan
Biology, Durham, NC; 2) Duke University, Department of Neurobiology, Durham, NC; 3) Duke Institute of Brain
Sciences; 4) Duke Univeristy, Undergraduate Program in Neuroscience, Durham, NC.
During development, structure and function of neuronal circuits are coarsely assembled by hardwired
mechanisms, however their refinement depends on neuronal activity. Chromatin modulation regulates both
processes, yet how chromatin-mediated changes in gene expression lead to changes in circuit structure and
function remains unclear. Here, we explore the role of chromatin modulation in functional modification of
Drosophila courtship circuits during development. Sex-specific alternative splicing of fruitless (fru) underlies sexspecific differences in structure and function of courtship circuits in Drosophila. In the olfactory system three
classes of olfactory receptor neurons (ORNs) express fru, and have roles in modulating sex-specific behaviors.
We recently found that fru expression in specific olfactory courtship circuits requires olfactory receptor (OR)
function and neuronal activity. We isolated mutations in Alhambra (alh), a chromatin modulator, in which we
observe an expansion of these fru+ olfactory receptors concomitant with fru expression to developmentally
related fru- ORNs. The fate switch occurs after ORN connections are formed in the olfactory system, suggesting
the sensory and developmental plasticity in the affected ORNs. Our results suggest a developmentally regulated

molecular cascade, where Alh restructures fru+ ORN circuits by refining fru+ olfactory receptor expression,
which in turn regulate fru expression after neuronal connections are complete.
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Intravital 2-photon imaging and computational modeling reveal simple pattern formation rules
1,5
2,5
2,3
2,4
underlying neural superposition. Egemen Agi , Marion Langen , Dylan Altschuler , Lani Wu , Steven
2,4
1,2,4
Altschuler , Peter Robin Hiesinger . 1) Department of Physiology, University of Texas Southwestern Medical
Center, Dallas; 2) Green Center for Systems Biology, Department of Pharmacology, Simmons Cancer Center,
University of Texas Southwestern Medical Center, Dallas; 3) STARS program, University of Texas
Southwestern Medical Center, Dallas; 4) Co-corresponding; 5) Equal contribution.
During Drosophila brain development, ~4500 photoreceptor axon terminals establish a visual map in the brain.
In this visual map, photoreceptors that reside in different single eyes of the compound eye, but see the same
point in space, are ‘wired together’ in synaptic cartridges according to the principle of neural superposition. The
correct sorting of photoreceptor growth cones into cartridges predetermines synaptic partners. Precisely how the
photoreceptor axons actively sort into correct target cartridges is still unclear. To observe this process live, we
have established a non-invasive, intravital imaging technique based on 2-photon microscopy. Using this
technique, we have quantitatively measured individual growth cone dynamics for each of the six photoreceptor
subtypes involved in neural superposition during brain development in living pupae. High-resolution threedimensional movies over the 20 hours of neural superposition development reveal distinct stages and subtypespecific growth cone dynamics. We identified a novel type of bipolar growth cone, whose differential ‘heel’ and
‘tip’ dynamics provide a solution to the problem of how 4500 growth cones simultaneously swap target positions
in a trapezoidal pattern. Based on precise dynamics measurements, we have developed a model and computer
simulation of the core sorting process. The model reveals a remarkably simple and robust set of rules that are
sufficient to establish neural superposition within a few hours of development.
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Role of microRNA machinery in dendrite patterning. Marvin Nayan , Charlie Kim , Jay Parrish . 1) Dept. of
Biology, University of Washington, Seattle, WA; 2) Division of Experimental Medicine, University of California
San Francisco, San Francisco, CA.
Neuron morphology is important to neuronal function and defects in dendrite patterning of many neurons are
frequently associated with many psychiatric disorders. The regulation of dendrite pattering at the transcriptional
level is well studied. However, the role of post-transcriptional regulation in dendrite patterning is largely
unknown. MicroRNA biogenesis is a common post-transcriptional mechanism by which cells fine-tune levels of
target gene products. From a genetic screen for mutations in Drosophila larvae that affect dendrite patterning in
a single functional class of sensory neurons, class IV dendrite arborization (C4da) neurons, we identified a novel
Dicer-1 allele that causes progressive defects in dendrite growth and dendrite self-avoidance. Dicer-1 encodes a
type III RNA endonuclease that is essential for microRNA biogenesis. Time-lapse imaging and morphometric
analysis of the dendrite patterning in Dicer-1 mutant C4da neurons exhibit significant increases in total dendritic
length and dendrite-dendrite crossing-over frequency, as well as distorted dendrite spatial
distribution/orientation, especially at late stages of larval development. We are currently conducting genetic
mosaic analysis and rescue assays to determine the relevant site of action for each component of the
phenotype as well as microarray analysis to characterize the molecular basis for these phenotypes. Finally, we
are analyzing the roles that other components of the microRNA biogenesis play in regulation of dendrite growth
and maintenance.
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Drosophila Mitofusin affects mitochondrial trafficking, steroid-hormone production and NMJ maturation.
1
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2
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3
3,5
Hector Sandoval , Chi-Kuang Yao , Kuchuan Chen , Taraka Donti , Manish Jaiswal , Yong-Qi Lin , Shinya
1,2
1
1,2,3
Yamamoto , Brett Graham , Hugo Bellen . 1) Human and Molecular Genetics; 2) Program in Development
Biology; 3) Howard Hughes Medical Institute, BCM, Houston, TX; 4) Academia Sinica, Institute Institute of
Biological Chemistry, Taipei, Taiwan; 5) Garvan Institute of Medical Research, Neuroscience Program, Sidney,
Australia.
The role of fusion and fission of mitochondria, termed mitochondrial dynamics, has come to the forefront in
diseases as diverse as Charcot Marie Tooth disease (CMT) and dominant optic atrophy. In vertebrates,
Mitofusin 1 and 2 (MFN1 and MFN2) have been shown to control mitochondrial fusion and loss of one copy of
MFN2 causes a heritable peripheral neuropathy, named CMT2A. In an unbiased forward mosaic genetic screen
design to find genes that cause a neurodegenerative phenotype, we identified 7 lethal mutations in Marf
(mitochondrial associated regulatory factor) a gene that encodes the Drosophila homolog of mammalian MFNs.
Marf mutants have impaired mitochondrial trafficking in axons and synapses, increased dysfunctional
mitochondria. Surprisingly, the Marf mutants display a severe overgrowth of the NMJ in third instar larvae.
Interestingly, mutations in another mitochondrial dynamic protein Drp1 (dynamin related protein 1) share

phenotypes with Marf mutants: both affect mitochondrial transport, mitochondrial function and synaptic
transmission. However, Marf and Drp1 differ in their effects on synaptic growth. Marf’s abnormal bouton
morphology is only partially rescued by neuronal overexpression of Marf but fully rescued by overexpression in
the prothoracic gland (PG). Mutant Marf larvae produce much less ecdysone due to an inability to store
cholesterol in the form of lipid droplets in the PG. Overexpression of Marf in PG of Marf mutants restores
ecdysone levels and synaptic morphology. We propose that Marf regulates neuronal mitochondrial trafficking as
well as steroid-hormone production in PG and loss of function of Marf lead to an inability of sustaining synaptic
transmission and increased synaptic growth.
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Crimpy enables discrimination of pre and postsynaptic pools of a BMP at the NMJ. Rebecca James ,
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Kendall Hoover , Chris Wilson , Kristi Wharton , Ed Levitan , Heather Broihier . 1) Neurosciences, Case
Western Reserve University, Cleveland, OH; 2) Molecular Biology, Cell Biology, and Biochemistry, Providence,
Brown University, RI; 3) Pharmacology and Chemical Biology, University of Pittsburgh, Pittsburgh, PA.
The BMP pathway regulates growth and neurotransmitter release at the NMJ. While muscle-specific expression
of the BMP ligand Glass bottom boat (Gbb) rescues NMJ growth in gbb mutants, it does not rescue
neurotransmission. Neuron-specific Gbb expression is required for basal neurotransmission. These data
demonstrate the presence of distinct ligand pools at the NMJ. How are they distinguished? We previously
demonstrated that Crimpy (Cmpy) prevents motoneuronal Gbb from driving excessive growth at the NMJ. Cmpy
was identified in a screen for motoneuron-expressed genes and encodes a Gbb-binding protein with a single
transmembrane domain. Loss of Cmpy results in excessive NMJ growth, which is rescued by RNAi-mediated
knockdown of Gbb in motoneurons. Thus, motoneuronal Gbb drives NMJ growth in cmpy mutants. Since
motoneuronal Gbb normally promotes neurotransmitter release, its growth-promoting activity in cmpy mutants
suggested a transformation of presynaptic Gbb from a pro-transmission to a pro-growth signal. We
characterized the neuronal Gbb pool to investigate the Cmpy/Gbb interaction. We find that neuronal Gbb is
trafficked to presynaptic terminals. Moreover, levels of presynaptic Gbb are proportional to levels of Cmpy, and
both proteins are found in dense core vesicles (DCVs). Demonstrating that Cmpy delivers Gbb to DCVs for
regulated release, Gbb secretion is absolutely dependent on synaptic activity and Cmpy. These data argue that
Cmpy is a DCV sorting receptor for Gbb. To our knowledge, Cmpy is the first sorting receptor identified for a
BMP. Moreover, the Cmpy ectodomain is secreted following stimulation, arguing that Cmpy serves sequential
functions in synaptic BMP signaling. We propose that Cmpy first delivers Gbb to DCVs and is then co-released
with Gbb to define a presynaptic pro-neurotransmission signal.
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Local BMP signaling sculpts synapse development at the Drosophila neuromuscular junction. Mikolaj J.
SUlkowski, Mihaela Serpe. NICHD, National Institutes of Health, Bethesda, MD.
Establishment, function, and plasticity of neuronal synapses require precise communication between pre- and
postsynaptic compartments. One well-studied example of this trans-synaptic communication is BMP signaling at
the Drosophila neuromuscular junction (NMJ). The fly NMJ is a glutamatergic synapse, similar to the excitatory
AMPA/Kainate receptors of our own brains. At the NMJ, retrograde BMP signaling instructs synapse growth and
ensures synaptic homeostasis. The BMP signal is transduced in the motor neuron nuclei, but phosphorylated
Mad (pMAD), the effector of BMP signaling, also accumulates in distinct puncta at synapses. Our lab recently
discovered that postsynaptic ionotropic glutamate receptors (iGluRs) control the accumulation of synaptic pMad
at the NMJ. Through genetic rescue experiments, we established that accumulation of pMad in both pre- and
postsynaptic compartments requires active iGluRs, specifically A-type iGluRs. Eliminating A-type iGluRs
prevented local pMad accumulation even in mutants with excess levels of synaptic pMad, such as nemo and
nervous wreck. These results indicate that A-type iGluRs appear to be important for anchoring local BMP
complexes to synaptic locations. We found that local BMP signaling in turn plays a critical role in synapse
growth and development of synaptic structures as well as in shaping the composition and distribution of iGluR
fields. Reducing synaptic pMad produced receptor fields that were larger in diameter but formed fewer synaptic
contacts per bouton area. Synaptic pMad-deficient NMJs had a decreased proportion of A-type complexes.
Increasing synaptic pMad also produced larger receptor fields, however these were enriched in A-type iGluRs.
In summary, A-type iGluRs appear to localize BMP signaling complexes at synaptic locations, and local BMP
signaling in turn shapes the synaptic architecture.
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Xbp1-Independent Ire1 Signaling Is Required for Photoreceptor Differentiation and Rhabdomere
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Morphogenesis in Drosophila. Dina S. Coelho , Fátima Cairrão , Xiaomei Zeng , Elisabete Pires , Ana V.
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Coelho , David Ron , Hyung Don Ryoo , Pedro M. Domingos . 1) Instituto de Tecnologia Química e Biológica,
2780-157 Oeiras, Oeiras, Portugal; 2) Department of Cell Biology, New York University School of Medicine, 550
First Avenue, New York, NY 10016, USA; 3) Metabolic Research Laboratory and NIHR Cambridge Biomedical

Research Centre, University of Cambridge, Addenbrooke’s Hospital, Cambridge CB2 0QQ, UK.
The unfolded protein response (UPR) is composed by homeostatic signaling pathways that are activated by
excessive protein misfolding in the endoplasmic reticulum. Ire1 signaling is an important mediator of the UPR,
leading to the activation of the transcription factor Xbp1. We found that Drosophila Ire1 mutant photoreceptors
have defects in the delivery of rhodopsin-1 to the rhabdomere and in the secretion of Spacemaker/Eyes Shut
into the interrhabdomeral space. However, these defects are not observed in Xbp1 mutant photoreceptors. Ire1
mutant retinas have higher mRNA levels for targets of regulated Ire1-dependent decay (RIDD), including for the
fatty acid transport protein (fatp). Importantly, the downregulation of fatp by RNAi rescues the rhodopsin-1
delivery defects observed in Ire1 mutant photoreceptors. Our results show that the role of Ire1 during
photoreceptor differentiation is independent of Xbp1 function and demonstrate the physiological relevance of the
RIDD mechanism in this specific paradigm.
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An E3 ubiquitin ligase regulates neural-specific glycosylation in the Drosophila embryo. Nickita Mehta,
Mary Sharrow, Katherine Tiemeyer, Toshiko Katoh, Michael Tiemeyer. Biochemistry and Mol. Biology, Complex
Carbohydrate Research Center, UGA, Athens, GA.
Glycoprotein glycosylation is essential for normal development and viability in all multicellular organisms.
However, the pathways and mechanisms that control tissue-specific glycan expression are not well understood.
Drosophila melanogaster embryos express a family of neural-specific N-linked glycans, called HRP epitopes,
that are expressed throughout development and in adult neural tissue. A previously described mutation in the
tollo/toll-8 gene (a member of the Toll-like receptor family) abolishes neural expression of HRP-epitopes and is
part of a transcellular signaling pathway that induces neural-specific glycosylation in the embryonic nervous
system. In order to further characterize this pathway, a random EMS mutagenesis screen was performed to find
additional genes that alter neural glycan expression. The first mutation characterized from this screen identified
a Ser/Thr kinase called Sff (sugar-free frosting) that interacts genetically with tollo and modulates Golgi
trafficking in neurons. Another mutation recovered from this screen, designated MS16, exhibits significant
reduction of HRP-epitope expression and shares other phenotypic characteristics associated with both tollo/toll8 and sff; MS16 also interacts genetically with both tollo/toll-8 and sff. Glycomic analysis verified the reduction of
HRP-epitope glycans in MS16 embryos. Additionally, however, the total N-linked glycomic profile was shifted
toward greater glycan complexity, implicating altered Golgi trafficking as a phenotypic consequence of the MS16
mutation. Genetic mapping strategies placed the MS16 mutation in the Roc2 gene, an E3 ubiquitin ligase
previously presented to be essential for neural development. At the protein level, not all proteins that normally
carry the HRP-epitope are equally affected in MS16 mutant embryos, indicating that Roc2 functions to ensure
the proper glycosylation of a subset of glycoproteins.
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Alien, a highly conserved COP9 Signalosome (CSN) subunit, maintains the cellular microenvironment
for germline cells in testes of Drosophila melanogaster. Yue Qian, Chun Ng, Cordula Schulz. Cellular
Biology, University of Georgia, Athens, GA.
In the male gonad, germline cells are enclosed in cytoplasmic extensions from supporting somatic cells (cyst
stem cells and cyst cells) that serve as the germline cellular microenvironment, or niche. Here, we show that the
COP9 Signalosome (CSN) is required for the maintenance of the cellular microenvironment. CSN is an essential
eight-subunit protein complex found in all higher eukaryotes. It plays an essential role in controlling many
aspects of plant and animal development including protein degradation and kinase signaling. The Drosophila
CSN2, Alien, was classified as a member of a novel class of co-repressors for selected members of the nuclear
hormone receptor superfamily, including the ecdysone receptor (EcR) and Seven-up (Svp). We show that Alien
is expressed in somatic cells of the testes and detectable on Western blots from testes extracts. In testes, Alien
does not appear to act with nuclear hormone receptors but more likely though its role in the signalosome. While
reduction of EcR or Svp had little effect on spermatogenesis, reduction of Alien from the somatic cells led to the
disassembly of the somatic cell cytoplasmic extensions surrounding the germline cells. Surprisingly, somatic
cells did not undergo apoptosis based on the TUNEL assay. Instead, somatic cells and germline cells eventually
co-existed in the mutant testes without physical association. The germline cells proliferated at early stages
forming germline tumors and failed to differentiate. Formation of the cellular microenvironment and prevention of
germline tumor formation was previously reported to depend on Epidermal Growth Factor (EGF) signaling from
the germline cells and somatic cells. Notably, we detected a predicted Mitogen Activated Protein Kinase
phosphorylation motif within the Alien protein, suggesting a direct link between EGF and the highly conserved
CSN. We propose that EGF signaling normally leads to the phosphorylation of Alien, which in turn prevents the
proteolytic degradation of the cytoplasmic extensions to maintain the cellular microenvironment.
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Loss of the nuclear envelope protein Otefin causes germline stem cell death due to activation of

Checkpoint kinase 2. Lacy J. Barton, Kaylee E. Lovander, Melinda J. Martin, Pamela K. Geyer. Dept
Biochemistry, Univ Iowa, Iowa City, IA.
Adult stem cells play a critical role in tissue homeostasis. Replenishment and repair of adult tissues depend
upon balancing self-renewal and the production of differentiating progeny. We are studying the mechanisms that
control adult stem cell homeostasis, using the Drosophila germline as a model. Maintenance of female germline
stem cells (GSCs) requires Otefin (Ote), a LEM-domain protein that localizes to the nuclear envelope. Otefin is
involved in the organization of chromatin at the nuclear periphery, through interactions with lamins and the DNA
and histone binding protein Barrier-to-Autointegration-Factor. Loss of Ote causes female sterility due to defects
-/in GSC homeostasis. We have found that Ote is required for female GSC survival, with ote ovaries showing
age-dependent GSC loss. Strikingly, GSC loss depends upon activation of the Checkpoint kinase 2 (Chk2, loki,
-/-/Dmnk), a transducer of the DNA damage response, and egg production is fully restored in ote , chk2 females.
-/Surprisingly, Chk2 activation in ote germ cells appears to be independent of DNA damage, as markers of
-/damage are not found, such as phosphorylated H2Av. We are investigating whether Chk2 activation in ote
germ cells is caused by changes in chromatin structure. Interestingly, we find that Ote is also required for male
-/-/-/fertility, with ote males displaying age-dependent GSC loss. Strikingly, sterility is suppressed in ote , chk2
males, indicating that Ote shares functions involved in female and male GSC maintenance. Notably, loss of
human LEM-domain proteins causes several age-dependent, tissue-restricted diseases, known as
envelopathies. Our studies support models that predict that envelopathies result from defects associated with
maintenance of adult stem cell populations.
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Steroid Signaling and SREBP coordinate germline lipid accumulation with dietary nutrients in
1,2
1,2
Drosophila. Matt Sieber , Allan Spradling . 1) Emrbyology, Carnegie Institution for Science, Baltimore, MD;
2) HHMI.
During development, cells alter their metabolic pathways to meet the energetic and biosynthetic demands of
making a mature tissue. Interestingly, as Drosophila eggs develop nutrients accumulate in the germline in a
stepwise manner. Yolk proteins accumulate during stage 8 of oogenesis, followed by lipid accumulation during
stage 10, and the storage carbohydrate during stage 13. This stepwise accumulation, in conjunction with the
advanced genetics available in Drosophila, provides an excellent system to investigate changes in metabolic
pathways during development. We have found that stage 10 egg chambers accumulate large quantities of
triglycerides, cholesterol, and cholesterol esters. These lipids are trafficked to the ovary by lipoprotein particles
and absorbed by the Drosophila LDL receptor homologue, lpr2. Our studies show that the steroid hormone,
ecdysone, is required for both stage 10 lipid accumulation and lpr2 expression. Ecdysone signaling regulates
lpr2 expression and lipid uptake by promoting the activation of the transcription factor SREBP. Germline mutant
clones lacking SREBP display defective lipid accumulation and greatly reduced lpr2 expression indicating
SREBP promotes lipid uptake by regulating lpr2, similar to SREBP in mammals. In addition, steroid
biosynthesis, SREBP activation, and lpr2 expression are all greatly reduced in egg chambers from animals fed a
low nutrient diet. These data indicate ecdysone signaling and SREBP coordinate lipid accumulation with the
development of the egg by providing a dietary dependent mechanism that couples egg production to the amount
of nutrients. Interestingly, we have found that adult females lacking ecdysone-signaling display greatly reduced
levels of whole body triglycerides, where as male triglyceride levels are not affected. These data suggest that
ecdysone promotes metabolic sexual dimorphism and coordinates the metabolic demands of egg production
with metabolic mechanisms in peripheral tissues to support oocyte development.
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A secretion-based mechanism for basement membrane remodeling during egg chamber elongation.
1,2
1,2
Adam J. Isabella , Sally Horne-Badovinac . 1) Committee on Development, Regeneration, and Stem Cell
Biology; 2) Department of Molecular Genetics & Cell Biology, University of Chicago, Chicago, IL.
During development, basement membranes (BMs) are continually remodeled to accommodate changes in
tissue size and shape. Importantly, BM remodeling can also play an instructive role in directing organ
morphogenesis. Very little is known, however, about the molecular and cellular mechanisms that control BM
dynamics in developing tissues. We are using the Drosophila egg chamber as a highly tractable system to study
BM remodeling during organ morphogenesis in vivo. Though initially spherical, egg chambers elongate
dramatically as they grow. This morphogenesis depends on an external BM that is secreted and remodeled by
underlying follicular epithelial cells. Egg chamber elongation correlates with the appearance of strand-like Col IV
aggregates within the BM that are polarized perpendicular to the elongation axis. Formation of these strands
requires rotation of the egg chamber within the BM in the direction of polarization. This polarized Col IV is then
believed to drive elongation by constraining growth along the polarization axis. Using newly developed live
imaging techniques, we have found that the linear Col IV strands arise from newly secreted protein as opposed
to rearrangement of the existing BM. Stage-specific accumulation of secreted Col IV between lateral follicle cell
membranes allows polymerization of these linear structures, which are subsequently deposited and aligned in

the BM by egg chamber rotation. Consistent with this observation, the Col IV secretory factor Rab10, normally
present basally, relocalizes to lateral membranes during elongation, and overexpression of this factor enhances
strand formation. These data suggest that a shift in the position where Col IV exits the cell drives BM remodeling
during egg chamber elongation.
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Sunday Driver (Syd/JIP3) and JNK Signaling are Required for Myogenesis and Muscle Function. Victoria
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K. Schulman , Eric S. Folker , Mary K. Baylies . 1) Weill Cornell Graduate School of Medical Sciences, New
York, NY; 2) Sloan-Kettering Institute, New York, NY.
Muscles are composed of multinucleated cells in which nuclei are spaced to maximize internuclear distance.
Clustered and mislocalized myonuclei are highly correlated with muscle disorders; yet, it is unknown whether
mispositioned myonuclei are a cause or consequence of disease. Though poorly understood, mechanisms of
nuclear positioning are conserved from flies to mammals. Thus, we used Drosophila melanogaster to identify
myonuclear positioning as a microtubule-dependent process, requiring the motor proteins, Kinesin and Dynein.
To identify how the motors position myonuclei, we screened known motor regulators. We found that the axonal
transport adapter, Sunday Driver (Syd), is expressed in muscle tissue, and disruptions in syd lead to
mispositioned myonuclei. Syd interacts with both motors, and when Kinesin or Syd is mutated, Dynein fails to
localize properly at the ends of the muscles. Syd also interacts with Clip190 and Raps, cortical factors that
enable Dynein to pull nuclei into place. These data suggest that Syd positions myonuclei by regulating Kinesindependent localization of Dynein. These defects are rescued by expressing JIP3, the mammalian homolog of
Drosophila Syd. JIP3 is a JNK-Interacting Protein, and indeed, Syd interacts with Bsk, the Drosophila homolog
of mammalian JNK. Further, impaired JNK signaling mimics syd mutants. Loss of JNK signaling restricts Syd
and Dynein to the perinuclear space, whereas overactive JNK signaling permits proper transport of these factors
to the muscle ends but prevents their downstream functions. Thus, precise coordination of de/phosphorylation
via the JNK signaling pathway is necessary to position myonuclei. Finally, muscle-specific depletion of Syd
reduces muscle output, but locomotion is rescued by JIP3 expression. Thus, we implicate Syd as a novel
regulator of myogenesis and demonstrate that Syd-mediated JNK signaling is required for proper intracellular
organization and ultimately tissue function.
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Org-1-Tup expressing alary muscles and "new" related muscles in the thorax connect different internal
1
1
2
2
organs in the developing embryo. Laetitia Bataillé , Hadi Boukhatmi , Christoph Schaub , Ingolf Reim , Jean1
2
1
Louis Frendo , Manfred Frasch , Alain Vincent . 1) Developmental Biology Center, CNRS/Université de
Toulouse, Toulouse, France; 2) Dept of Biology, University of Erlangen-Nuremberg, Erlangen Germany.
The musculature of each animal species is composed of a stereotypical array of muscles morphologically
distinct from each other. So far, studying muscle identity specification has concentrated on a few selected body
wall muscle lineages. Little is known about the alary muscles (AMs) which connect the heart to the lateral
epidermis in each abdominal segment. We recently reported that the trancription factors Org-1 and Tup, the
orthologs of vertebrate Tbx1 and Islet1, respectively, are required for alary muscle formation. We have now
identified AM progenitors and shown that Org-1 directly regulates tup expression specifically in the alary lineage.
We precisely mapped the epidermal insertion sites of AMs and observed that they run internally affixed to the
dorsal branch of tracheae, and externally to the lateral branches. We also observed a series of transient
contacts between AMs and the tip cell of anterior Malphigian tubules, recently independently described by
Weavers and Skaer, Dev Cell 2013. Our lineage analyses further revealed the existence of alary-related
muscles in thoracic segments T1 and T2. We designate these previously undisclosed muscles as “thoracic
alary-related muscle (TARMs). The TARMs straddle several segments and connect the epidermis to different
regions of the gut. In conclusion, our morphological and mutant analyses indicate a prominent role of AMs and
TARMs in connecting several internal organs of the larva. Potential parallels between alary and dorsal muscle
specification in Drosophila and pharyngeal muscle development in vertebrates will be discussed.
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Mipp1 (Multiple Inositol Polyphosphate Phosphatase) dephosphorylates Inositol polyphosphates
extracellularly to facilitate filopodia formation. Yim Ling Cheng, Deborah Andrew. Cell Biology, Johns
Hopkins School of Medicine, Baltimore, MD.
Inositol phosphates (InsP) are important intracellular second messengers. Multiple Inositol Polyphosphate
Phosphatase 1, Mipp1, is a histidine phosphatase that dephosphorylates high order InsP (InsP6 to InsP4). MIPP
is highly conserved but has no known biological role. mipp1 mRNA is highly expressed in all trachea cells in
early embryonic stages, and is maintained in the tracheal branches that undergo sister-cell-intercalation (SCI),
with enrichment at the leading edge of tracheal cells in later embryonic stages. SCI is the process whereby
tracheal branches elongate by rearranging the cells and is mediated by pulling forces generated by the distal
tracheal cells of each branch. Loss of mipp1 causes delayed SCI and a decrease in filopodia number in distal

cells. Overexpression of mipp1 increases filopodia in these cells in a phosphatase activity-dependent manner.
FGF signaling guides the migration of the tracheal branches and promotes filopodia formation. Loss of FGF
signaling decreased mipp1 levels. Spalt is the main transcription factor suppressing SCI. Loss of Spalt kept
mipp1 levels high even in non-intercalating tracheal branches. We conclude here that 1) FGF and Spalt regulate
the mipp1 mRNA level in tracheal branches and 2) Mipp1 facilitates filopodia formation in a phosphatase
activity-dependent manner. We next determined the cellular localization and topology of Mipp1. Immunostaining
using Mipp1 antibodies, which we generated, showed that endogenous Mipp1 localizes to the plasma
membrane. Surprisingly, biochemical assays (glycosidase assay and PI-PLC treatment) revealed that Mipp1 is
a GPI anchored protein on the extracellular side of the plasma membrane. S2 cells expressing wild-type Mipp1
completely diminished the extracellular pool of InsP6, whereas S2 cells expressing vector control or enzymedead Mipp1 did not affect the InsP6 pool. We conclude that Mipp1 functions at the cell surface to
dephosphorylate the extracellular pool of InsP6. Mipp1 promotes filopodia formation during branch elongation,
and InsP exist and function outside the cell to mediate this process.
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Caudal visceral mesoderm (CVM) cell migration is regulated by sphingolipids. Angelike M. Stathopoulos,
Young-Kyung Bae. Div Biol, MC 114-96, Caltech, Pasadena, CA.
How groups of migrating cells collectively navigate the dynamic, changing environment of developing embryos
is not well understood. To provide insight, our studies focus on a particular group of migrating cells, originating
from the caudal visceral mesoderm (CVM) of Drosophila embryos, which complete the longest migration,
distance-wise, in all of Drosophila embryogenesis. We use live imaging and genetic approaches to study
coordinate migration of CVM cells, as they actively migrate from the posterior towards the anterior of the embryo
as two bilaterally-symmetric (left and right), synchronously-migrating groups. To provide insights into this
coordinate, long-distance migration process, we performed gene expression profiling of FACS-sorted CVM cells
using RNA-Seq. We found that the gene ceramidase (cdase), encoding an enzyme that breaks down ceramide
to sphingosine, is enriched within CVM cells. In cdase mutants, CVM cell groups lose their bilateral symmetry
and some cell death is observed, suggesting that proper sphingolipid metabolism is necessary to support CVM
migration and cell survival. The sphingolipid metabolism pathway is also maintained by a number of other
metabolizing enzymes, including the lipid phosphate phosphatases (wunen genes). Wunens have been
previously shown to regulate germ cells, another well-studied group of migrating cells in the Drosophila embryo.
In wunen mutants, we found that CVM cell migration is also affected: CVM cells also lose their left-right bilateral
symmetry (as in cdase mutants) and move slower. In addition, similar phenotypes affecting CVM cell migration
were observed in mutants for other less-well characterized genes implicated in sphingolipid metabolism.
Collectively, our results suggest that sphingolipid balance influences the migration of several groups of cells in
the developing embryo, and suggest that CVM cell migration provides an excellent system to characterize the
role of lipids in regulating cell migration.
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Protein phosphatase 2A promotes cell cycle exit. Dan Sun, Laura Buttitta. Molecular, Cellular and
Developmental Biology, University of Michigan, Ann Arbor, MI.
Coordination of cell cycle exit and terminal differentiation is essential for normal organ and tissue development.
The mechanisms in control of cell cycle exit may vary depending on the context specificity and flexibility of exit.
Protein phosphatase type 2A complex (PP2A), a known tumor suppressor, has well-understood roles in mitosis,
counteracting mitotic cyclin/Cdk phosphorylation. Here our recent studies showed that inhibition of PP2A activity
during the final cell cycle in Drosophila eyes and wings, causes 8-9% cells to perform an extra cycle before exit.
This indicates a novel role of PP2A in control of cell cycle exit, which may underlie its function as a tumor
suppressor. PP2A holoenzymes specify their targets by recruiting specific regulatory subunits. By systematically
testing the regulatory subunits of the Drosophila PP2A enzyme system, we found that inhibition of the B’ family
member widerborst (wdb) causes the defects in cell cycle exit. Wdb was previously shown via yeast-two hybrid
assay to bind Cdk2 (Stanyon et al. Genome Biology 2004) and consistent with this, we found that inhibition of
PP2A at cell cycle exit causes ectopic CycE/Cdk2 activity. To investigate the genetic interaction between PP2A
and CycE/Cdk2 complex, we conducted in vivo genetic studies by manipulating the only CKI of CycE/Cdk2 in
Drosophila, dacapo. The results showed that loss of one copy of dacapo rescues the overgrowth of the adult
eye caused by PP2A inhibition, whereas overexpression of Dacapo enhances the overgrowth phenotype. This
suggests the ectopic CycE/Cdk2 activity is responsible for the extra cell cycles upon PP2A inhibition. We
propose that the B’/PP2A complex plays a novel role in differentiating tissues in control of the timing of cell cycle
exit and proper cell number through the regulation of cyclinE/Cdk2 activity.
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Coordination of Zygotic Genome Activation and the DNA Damage Response at the MBT. Shelby A.
Blythe, Eric F. Wieschaus. Molecular Biology, Princeton University, Princeton, NJ.

The midblastula transition (MBT) is the coordinated remodeling of several critical biological systems as embryos
switch from maternal to zygotic control of development. While it is clear that the primary trigger of MBT is the
acquisition of a threshold nucleo-cytoplasmic (N:C) ratio, it is unknown how the N:C ratio is measured and how
this drives zygotic genome activation (ZGA) and cell cycle remodeling. One potential link between N:C ratio
measurement, ZGA, and the cell cycle is the DNA Damage Response (DDR), which is activated during the
nuclear cycle preceding the MBT (NC13). Mutants lacking a functional DDR fail to activate the replication
checkpoint in response to replication stress and subsequently fail to remodel the cell cycle. Previous work has
also suggested that such mutants also fail to fully undergo ZGA. Therefore the DDR is an attractive candidate
for a ‘sensor’ of nuclear content whose activation regulates both ZGA and the cell cycle. We find that this is not
the case: by genome-wide measurement of transcriptional activity and replication stress, we find evidence that
ZGA triggers the DNA Damage Response at MBT. To globally reconstruct the temporal sequence of both ZGA
and DDR activation at the MBT, we have developed a technique to perform ChIP-seq on small numbers (100 to
200) of precisely staged embryos. In support of previous observations, we find that large scale ZGA occurs at
NC13, when de novo RNA Pol II occupancy at promoters increases ~20-fold over levels seen at NC12. Our
technique also facilitates the study of mutants defective in these pathways (e.g. mei-41 and zelda). Surprisingly,
we find that ZGA is largely normal in mei-41 embryos, indicating that the DDR is not necessary for ZGA, per se.
Instead, we find a strong positive correlation between sites of active transcription and sites of replication stress,
measured as the genome-wide occupancy of the damage sensor RpA-70. This suggests a model for the MBT
where the DNA Damage Response functions as a feedback mechanism to coordinate cell cycle remodeling in
response to nascent zygotic gene activity.
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Widespeard post-transcriptional changes control cell cycle alteration at the oocyte-to-embryo transition
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in Drosophila. Iva Kronja , Bingbing Yuan , Stephen Eichhorn , Kristina Dzeyk , Jeroen Krijgsveld , David
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Bartel , Terry Orr-Weaver . 1) Whitehead Institute for Biomedical Research, Cambridge, MA; 2) Department
of Biology, MIT, Cambridge, MA; 3) European Molecular Biology Laboratory, Heidelberg, Germany.
The oocyte-to-embryo transition in Drosophila is devoid of transcription and mRNA degradation but requires the
cell cycle change from meiosis to mitosis. Here we describe post-transcriptional events accompanying this cell
cycle change. By combining genome-wide polysome profiling and ribosome footprinting we surveyed the
translational status of thousands of mRNAs and integrated those results with quantitative mass spectrometry
measurements of proteome remodeling. Our analysis demonstrated extensive translational changes
characterized by hundreds of translationally inhibited or activated mRNAs. Importantly, we show that PNG
kinase acts as a major regulator of the oocyte-to-embryo transition by controlling the translational levels of at
least 60% of translationally controlled mRNAs. Integrating proteome- and translation-based approaches
revealed that translational upregulation is largely responsible for protein increases, but that only a small fraction
of the translationally upregulated mRNAs cause an increase in the abundance of the corresponding protein. A
fraction of proteins encoded by translationally upregulated mRNAs seem to be subject to degradation,
suggesting an unexpected compensatory dynamic between translation and protein turnover during a change
from meiosis to mitosis. Protein degradation is also a major driving force of downregulation of protein levels at
the oocyte-to-embryo transition, although in some cases it is accompanied by decreased translation of encoding
mRNAs. In addition to providing insights into interplay between translational and post-translational regulation as
the cell cycle changes from meiosis to mitosis, our comprehensive analysis identified proteins whose levels
change at this important transition, revealing previously unrecognized regulators of early embryogenesis such
as the H3K4 demethylase LID.
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Dying cells protect survivors from radiation-induced cell death. TinTin Su, Amber Bilak, Lyle Uyetake.
MCD Biology, University of Colorado, Boulder, CO.
We report a phenomenon wherein induction of cell death by a variety of means in wing imaginal discs of
Drosophila larvae results in the activation of an anti-apoptotic microRNA, bantam. Cells in the vicinity of dying
cells also become harder to kill by ionizing radiation (IR)-induced apoptosis. Both ban activation and increased
protection from IR require receptor tyrosine kinase Tie, which we identified in a genetic screen for modifiers of
ban. tie mutants are hypersensitive to radiation, and radiation sensitivity of tie mutants is rescued by increased
ban gene dosage. We propose that dying cells activate ban in nearby cells through Tie to make the latter cells
harder to kill, thereby preserving tissues and ensuring organismal survival. The protective effect we report differs
from classical radiation bystander effect in which neighbors of irradiated cells become more prone to death. The
protective effect also differs from the previously described effect of dying cells that results in proliferation of
nearby cells in Drosophila larval discs. If conserved in mammals, a phenomenon in which dying cells make the
rest harder to kill by IR could have implications for treatments that involve the sequential use of cytotoxic agents
and radiation therapy.
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A steroid-controlled global switch in sensitivity to apoptosis during Drosophila development. Yunsik
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Kang , Arash Bashirullah . 1) Lab Genetics, Univ Wisconsin-Madison, Madison, WI; 2) Sch Pharmacy, Univ
Wisconsi-Madison, Madison, WI.
Precise control over activation of the apoptotic machinery is critical for development, tissue homeostasis and
disease. In Drosophila, the decision to trigger apoptosis--whether in response to developmental cues or to DNA
damage--converges on transcription of inhibitor of apoptosis protein (IAP) antagonists reaper, hid and grim.
Here we describe a parallel process that regulates the sensitivity to, rather than the execution of, apoptosis. This
process establishes developmental windows that are permissive or restrictive for triggering apoptosis, where the
status of cells determines their capacity to die. We characterize one switch in the sensitivity to apoptotic triggers,
from restrictive to permissive, that occurs during third-instar larval (L3) development. Early L3 animals are highly
resistant to induction of apoptosis by expression of IAP-antagonists, DNA-damaging agents and even
knockdown of the IAP diap1. This resistance to apoptosis, however, is lost in wandering L3 animals after
acquiring a heightened sensitivity to apoptotic triggers. This switch in sensitivity to death activators is mediated
by a change in mechanisms available for activating endogenous caspases, from an apoptosome-independent to
an apoptosome-dependent pathway. This switch in apoptotic pathways is regulated in a cell-autonomous
manner by the steroid hormone ecdysone, through changes in expression of critical pro-, but not anti-, apoptotic
genes. This steroid-controlled switch defines a novel, physiologically-regulated, mechanism for controlling
sensitivity to apoptosis and provides new insights into the control of apoptosis during development.
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The follicle cells non-autonomously contribute to the developmental programmed cell death of the
nurse cells during Drosophila oogenesis. Allison K Timmons, Albert A Mondragon, Claire E Schenkel, Jon
Iker Etchegarary, Jeffrey Taylor, Olivia Rudnicki, Kim McCall. Boston University, Boston, MA.
In the Drosophila ovary, programmed cell death (PCD) occurs as a normal part of development. For each egg
that is formed, fifteen germline derived nurse cells, which provide nutrients, mRNA, proteins, and organelles for
the developing oocyte, transfer their contents into the oocyte and undergo PCD. Interestingly, disruption of
apoptosis or autophagy only partially inhibits PCD of the nurse cells, indicating that other mechanisms
contribute to the process. One possibility is that the surrounding epithelial follicle cells non-autonomously
contribute to the death of the nurse cells during late oogenesis. We have found that disruption of engulfment
genes draper and ced-12, or the JNK signaling pathway, in the stretch follicle cells leads to a persistence of
nurse cell nuclei in the egg chamber, indicating that these genes are required for nurse cell death and/or
clearance. Double mutant analysis has revealed that JNK and draper act in the same pathway and that draper
and ced-12 act in parallel pathways. Genes that may be involved in corpse processing, including rab-5, rab-7,
and deep orange are also required specifically in the follicle cells for nurse cell death and/or clearance.
Furthermore, markers for programmed cell death including LysoTracker and TUNEL demonstrate defects in the
death of the nurse cells. LysoTracker staining shows that the acidification of the nurse cells that normally occurs
during late oogenesis is delayed in draper mutants. Similarly, TUNEL staining revealed that DNA fragmentation
is disrupted in draper mutants, indicating that Draper may be contributing to the death of the nurse cells. In order
to identify other genes involved in PCD and/or clearance in late oogenesis, we are conducting a candidate RNAi
screen. PCD of the nurse cells in the Drosophila ovary is a unique example of PCD that may lead to a greater
understanding of the careful coordination between death and clearance, as well as forms of PCD that are nonapoptotic.
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Starvation-induced Sbf/MTMR13 and Rab21 activity promotes VAMP8 autophagosome-lysosome fusion.
Steve Jean, Sarah Cox, Amy Kiger. Division of Biological Sciences, University of California San Diego, San
Diego, CA.
Autophagy, the process of cytoplasmic degradation and recycling in the lysosome, is highly regulated as a key
mechanism of cellular homeostasis. Multiple membrane trafficking steps control the sequestration and delivery
of autophagic cargo at the levels of autophagosome membrane formation, expansion, maturation and lysosomal
fusion. Importantly, these trafficking steps must be highly coordinated to accommodate increased membrane
flux from basal levels when autophagy is induced in response to stress. We previously identified Drosophila Sbf,
an MTMR phosphoinositide pseudophosphatase, as a Rab21 guanine nucleotide exchange factor (GEF) that
acts with Rab21 in an endosomal trafficking pathway. We now show that Rab21 and Sbf/MTMR13 are required
for starvation-induced autophagy, with conserved functions that mediate autophagosome-lysosome membrane
fusion in both fly fat body and human cells. Given the important role for specific soluble N-ethylmaleimidesensitive factor attachment protein receptor (SNARE) proteins in autophagosome-lysosome fusion, we looked at
VAMP8 SNARE trafficking. Depletion of Rab21 or Sbf/MTMR13 blocked the endolysosomal trafficking of
Vamp7/8 in flies and VAMP8 in humans, respectively, pointing to an endosomal trafficking step that contributes
to autophagy. We found that activated RAB21 bound to VAMP8 in an interaction enhanced by starvation.

Moreover, starvation induced the association of Rab21 with the MTMR13 GEF domain, and the activated
RAB21 interaction with VAMP8 was dependent on MTMR13. These results identify metazoan-restricted
endosomal regulators responsive to autophagic status and an endosomal trafficking pathway key to the
regulation of starvation-induced autophagic flux.
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Frequent sex chromosome transitions in Dipterans. Beatriz Vicoso, Doris Bachtrog. UC Berkeley, Berkeley,
CA.
Differentiated sex chromosomes have distinct features from autosomes, and the reversal of a sex chromosome
back to an autosome is thought to be deleterious. For instance, YY individuals would completely lack X-linked
genes, while XX males could have misbalanced X/autosome expression, if dosage compensation is still active.
Once differentiated, sex chromosomes would therefore become an evolutionary dead end, as exemplified by the
stability of the sex chromosomes of mammals and birds. However, while insects have generally conserved
chromosomes (also called “Muller elements” A to F) and karyotypes, the morphology of their sex chromosomes
often varies drastically between different species, suggesting that such reversals might in fact have occurred in
this group. We previously sequenced and identified the X chromosome of five dipteran species, and showed
that the "dot chromosome" of Drosophila melanogaster, a small and very peculiar autosome, corresponds to the
X-chromosome of these independent outgroups, demonstrating that it was ancestrally a differentiated X
chromosome, and that it reverted back to an autosome in the Drosophilidae lineage. We have now expanded
this work to include over 20 species of Dipteran insects, and find that such reversals have in fact occurred
independently multiple times, leading different Muller Elements to become X-linked in different lineages. The
presence of at least 9 independently evolved sex-chromosomes, combined with RNA-seq data, allows us to test
systematically theories of sex-chromosome evolution that were previously examined in only a few species. We
find for instance that all newly formed X-chromosomes have become dosage compensated, but also show
evidence of female-biased expression in the gonads, as expected if sexual antagonism plays an important role
in shaping the expression of this chromosome.
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Female-expressed de novo genes in Drosophila. Li Zhao, David J. Begun. Department of Evolution and
Ecology, University of California Davis, Davis, CA.
The traditional view of evolutionary mechanism holds that novel functions result from the modification of
ancestral functions by natural selection. Complete de novo gene origination from ancestral non-genic
sequences was considered essentially impossible. However, recent comparative genomic analyses have
revealed that genes may arise from ancestrally non-genic sequences. In Drosophila, de novo genes are
primarily male-biased in expression. There have been no systematic attempts to identify Drosophila de novo
genes that may be female-biased. We used female RNAseq data from six DPGP/DGRP D. melanogaster
strains to search for possible female-expressed de novo genes. We observed a large number of female-biased
de novo genes that appear to derive primarily from ancestral intergenic, unexpressed open reading frames. We
carried out population genetic analysis of these genes to investigate the role of selection in their spread through
populations.
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Evolution of H3K27me3-marked chromatin in Drosophila is linked to patterns of gene duplication and
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diversification. Robert Arthur , Lijia Ma , Matthew Slattery , Rebecca Spokony , Alexander Ostapenko ,
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Nicholas Negre , Kevin White . 1) Ecology and Evolution, University of Chicago, Chicago, IL; 2) 2. Institute
for Genomics and Systems Biology, University of Chicago and Argonne National Laboratory, Chicago, Illinois,
United States of America; 3) 3. Department of Human Genetics, University of Chicago, Chicago, Illinois, United
States of America; 4) 4. Department of Biomedical Sciences, University of Minnesota Medical School, Duluth,
Minnesota, Unites States of America; 5) 5. Université de Montpellier 2 and INRA, UMR1333 DGIMI, F-34095
Montpellier, France.
Histone modifications are critical for the regulation of gene expression, cell type specification and differentiation.
Evolutionary conservation of histone modifications has been used to study regulatory sequences in mammalian
cells, but the evolutionary patterns of specific modifications that regulate gene expression in differentiating
organisms have not been examined. Here we mapped the genomic locations of the repressive mark histone 3
lysine 27 trimethylation (H3K27me3) in four species of Drosophila, and compared these patterns to those in C.
elegans. We found that patterns of H3K27me3 are highly conserved across species, but conservation is
substantially weaker amongst duplicated genes. We discovered that retropositions affect greater changes in
H3K27me3 signal, consistent with the local patterning of H3K27me3 domains. These changes are also
associated with concomitant evolution of gene expression. Our findings reveal the strong conservation of
genomic architecture governed by an epigenetic mark across distantly related species and the importance of
gene duplication in generating novel H3K27me3 profiles.
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Unusual Haplotype Structure and Reduced Recombination in Chromosomal Rearrangements in
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Populations of Drosophila pseudoobscura. Zach Fuller , Gwilym Haynes , Shannon Duggan , Dianhuiz
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Zhu , Stephen Richards , Stephen Schaeffer . 1) The Pennsylvania State University, University Park, PA; 2)
Baylor College of Medicine, Houston, TX.
The third chromosome of Drosophila pseudoobscura is polymorphic for ≥ 30 different gene arrangements
generated through a series of overlapping inversions. Despite the homogenizing effects of extensive migration,
the frequencies of chromosome arrangements exist in a clinal geographic distribution in the southwestern
United States, suggesting an adaptive nature to the inversion mutations. It has been hypothesized that the
indirect effects of suppressed recombination between heterokaryotypes may be advantageous if a particular
inversion captures few deleterious mutations, traps combinations of interacting beneficial alleles, or prevents
maladaptive immigrant alleles from recombining with locally adapted chromosome regions. High coverage
(~30x) Illumina reads were produced from the third chromosome of 49 isochromosomal lines of flies from five
different arrangement types to test these hypotheses, and construct a fine-scale map of the recombination rate.
Recombination is found to be significantly suppressed between chromosome arrangements within inverted
segments, yet is not reduced between individuals within the same arrangement type. The drastic reduction in
recombination between different chromosome rearrangements appears to create unusually long and highly
homozygous arrangement specific haplotypes within inverted regions. Each haplotype carries fixed derived
nucleotide and amino acid substitutions contained in genes involved with several key biological processes such
as protein metabolism, neuronal development and sensory perception. This is consistent with the hypothesis
that chromosomal inversions hold together alleles, possibly in epistasis, that contribute to higher fitness in
particular habitats while preventing genetic exchange with potentially locally unfit alleles from other populations
due to suppressed recombination. These results shed light on the evolutionary mechanisms underpinning
changes in chromosomal structure within and between taxa.
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A novel cysteine-clamp gene establishes head-to-tail polarity in the midge Chironomus riparius. Jeff
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Klomp , Derek Athy , Chun Wai Kwan , Natasha Bloch , Thomas Sandmann , Steffen Lemke , Urs Schmidt1
Ott . 1) Dept. of Organismal Biology and Anatomy, University of Chicago, Chicago, IL; 2) Dept. of Ecology and
Evolution, University of Chicago, Chicago, IL; 3) German Cancer Research Center (DKFZ), Im Neuenheimer
Feld 280, Heidelberg, Germany; 4) Centre for Organismal Studies, Im Neuenheimer Feld 230, Heidelberg,
Germany.
In the fruit fly Drosophila melanogaster, embryos mutant for the homeobox gene bicoid develop without head
and thorax and form instead a second tail end with inverted polarity (double-abdomen). The transcripts of bicoid
are localized in the anterior tip of the Drosophila egg and function as the cytoplasmic anterior determinant.
However, most insects lack the bicoid gene. Whether they use unrelated, bicoid-like anterior determinants is
unknown. We identified a novel gene, called panish, that establishes head-to-tail polarity in the midge,
Chironomus riparius, a close relative to biting mosquitoes. The predicted open reading frame of panish encodes
a small protein with a cysteine-clamp DNA binding domain. Maternal panish transcripts are enriched in the
anterior syncytial embryo. Knockdown of panish induces a bicoid-like double-abdomen phenotype that can be
rescued by injection of panish mRNA. The panish locus is conserved in the genus Chironomus but is absent
from available genome sequences of other species. These findings indicate the repeated evolution of longrange embryonic pattern organizers in dipteran insects.
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Signatures of polygenic adaptation from common natural variants in egg size evolution in
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experimentally evolved Drosophila melanogaster. Aashish R. Jha , Cecelia M. Miles , Nodia Lippert ,
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Christopher D. Brown , Kevin P. White , Martin Kreitman . 1) Institute for Genomics and Systems Biology,
The University of Chicago, Chicago, IL; 2) Department of Ecology and Evolution, The University of Chicago,
Chicago, IL; 3) Department of Human Genetics, The University of Chicago, Chicago, IL; 4) Department of
Biology, Augustana College, Sioux Falls, SD; 5) Department of Genetics, Perelman School of Medicine,
University of Pennsylvania, Philadelphia, PA.
Genomewide association studies have shown that most complex traits are polygenic and are governed by large
numbers of naturally existing heritable genetic variants. Polygenic adaptation from such genetic variations are
hard to identify; therefore genetic basis of evolution of complex traits remain ambiguous. Even though
Drosophila melanogaster egg size has long been known as a model complex polygenic trait that directly affect
fitness of the parents and development of the offspring, the mode of adaptation and the genetic loci influencing
egg size are unknown. We used experimental evolution and whole genome sequencing to identify signatures of
polygenic adaptation in evolution of egg size in flies. Although no reduction in heterozygosity was observed, we
identified significant allele frequency differences between three independently evolved populations of large and

small eggs for ~3,000 natural variants that are contained by at least 160 distinct 10kb regions in the fly genome.
Many of these variants are evolutionarily conserved and are harbored by 1,019 genes that are expressed in
Drosophila ovaries. 34 of these genes are known to function in Drosophila oogenesis and 49 are maternally
deposited into the oocytes. Genetic crosses performed between isogenic lines derived from the large and small
selected populations and mutant fly lines demonstrated that many of these genes directly regulate egg size.
Hence, our results reveal that naturally existing standing variation can be major contributors to rapid evolution
but they have very different molecular signatures than new beneficial mutations.
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Genomics and the molecular basis of hybrid incompatibilities. Nitin Phadnis , Emily Baker , Jacob
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Kitzman , Kimberly Frizzell , Emily Hsieh , Jay Shendure , Harmit Malik . 1) Department of Biology, University
of Utah, Salt Lake City; 2) University of Wisconsin, Madison; 3) University of Washington, Seattle; 4) Fred
Hutchinson Cancer Research Center, Seattle; 5) Howard Hughes Medical Institute.
Speciation involves the evolution of reproductive isolating barriers such as the sterility or inviability of hybrids
between previously interbreeding populations. An indispensible step in understanding the molecular basis of
speciation involves the identification of hybrid incompatibility genes that underlie hybrid sterility or inviability.
Perhaps the best-studied case of hybrid incompatibility genes is of that between D. melanogaster and D.
simulans. In crosses between D. melanogaster females and D. simulans males, the resulting hybrid F1 females
are sterile, while the hybrid F1 males are inviable. Hybrid male rescue (Hmr) and Lethal hybrid rescue (Lhr) are
two genes that are known to be necessary for this hybrid male inviability. Hmr and Lhr, however, are not
sufficient to cause hybrid inviability; at least one additional gene is required for this hybrid inviability. Classic Xray studies by Muller and Pontecorvo suggested that this missing gene must reside on the D. simulans third
chromosome. However, identifying this gene remains a challenging problem due to the sterility of hybrid
intermediates, the absence of genetic tools such as deletions or balancers in D. simulans, and the lack of new
hybrid rescue mutations. Here, we devised a new genomics-based approach to identify hybrid incompatibility
genes that affect F1 hybrids and applied this method to successfully identify this missing hybrid incompatibility
gene from D. simulans. The identity and function of this gene provides important insights into the molecular
basis of hybrid inviability and opens the door to detailed functional studies in this classic hybridization. Finally,
our approach is readily applicable to many model and non-model systems and may accelerate the identification
of hybrid incompatibility genes in other species.
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Trunk cleavage is essential for Drosophila terminal patterning and occurs independently of Torso-like.
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Michelle A Henstridge , Travis K Johnson , James C Whisstock , Coral G Warr . 1) School of Biological
Sciences, Monash University, Clayton VIC 3800 Australia; 2) Department of Biochemistry and Molecular
Biology, Monash University, Clayton VIC 3800 Australia.
Terminal patterning in Drosophila is governed by a localised interaction between the Torso kinase (Tor) and its
ligand Trunk (Trk). Currently, it is proposed that Trk must be cleaved in order to bind Tor, and that these
proteolytic events are controlled by secretion of Torso-like (Tsl) only at the embryo poles. However, controversy
surrounds these ideas since neither cleaved Trk nor a protease that functions in terminal patterning have been
identified. To address this problem we generated an epitope-tagged form of Trk capable of rescuing terminal
patterning in trk null mutants. Concentration of this fusion protein in embryo extracts via immunoprecipitation
revealed at least six C-terminal Trk fragments, providing evidence that Trk is cleaved multiple times in vivo.
Mutagenesis of a serine-peptidase cleavage site predicted to be regulated by Tsl activity resulted in the loss of
Trk function and the absence of several C-terminal Trk fragments. Unexpectedly however, we saw no difference
in the Trk cleavage pattern in the absence of Tsl. Taken together these data strongly support the idea that Trk
must be cleaved in order to bind and activate the Tor receptor, but suggest that this process is independent of
Tsl. We thus need to propose an alternative hypothesis for the events leading to localised Trk/Tor signalling.
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Myosin ID controls Planar Cell Polarity for proper Left/Right asymmetry. Nicanor Gonzalez-Morales, JeanBaptiste Coutelis, Charles Géminard, Delphine Cérézo, Stephane Noselli. Institut de Biologie Valrose, iBV,
University of Nice, CNRS, Inserm, NICE Cedex 2, France.
Stereotyped Left-Right (L/R) asymmetry controls directional looping of internal organs. In Drosophila, the adult
hindgut (AHG) shows a clear stereotypical dextral loop and, like all LR asymmetric organs, requires myosin ID
(MyoID) for proper orientation. MyoID is an unconventional type I myosin that binds to DE-Cadherin. This
association is required for genitalia dextral looping; however the mechanism that translates MyoID chirality into
proper morphogenesis remains unknown. The AHG derives from a cluster of progenitors divided into H1 and H2
cells. We show that the AHG dextral loop is controlled by MyoID binding to the atypical cadherin Dachsous (Ds)
in H1 cells. Further, Ds-Fat signaling propagates towards the H2 cells which in turn become polarized towards
the right and consequently loop dextrally. H1 cells are transient, disappearing in the first hours of pupariation,

however the dextral information in H2 cells is maintained by the cooperative action of PCP components. We
demonstrate that LR establishment works upstream of PCP signaling in transmitting and maintaining a dextral
signal in the AHG. These results provide a link between L/R asymmetry and PCP in Drosophila, and a parallel
with vertebrates where PCP mutants result in L/R defects.
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Dispersion via cytonemes: how the Hedgehog gradient forms in the Drosophila wing imaginal disc.
Weitao Chen, Thomas Kornberg. Cardiovascular Research Institute, UCSF, San Francisco, CA.
Morphogen concentration gradients form across developmental fields by the dispersion of morphogens from
source cells. We used live-cell imaging with BAC constructs that express functional fluorescent protein chimeras
to investigate Hedgehog (Hh) morphogen dispersion in the Drosophila wing imaginal disc. Wing disc cells in the
posterior compartment produce Hh and Hh disperses across adjacent anterior compartment cells in a
concentration gradient. We identified cytonemes that project from anterior compartment cells into the posterior
compartment and that have motile puncta that contain both Hh and its receptor Patched (Ptc). The presence of
these cytonemes depends upon diaphanous and SCAR, which both encode actin-cytoskeleton regulators. In
addition, Hh signaling and the Hh gradient are reduced in loss-of-function conditions for diaphanous and SCAR
and the absence of anterior cell cytonemes, illustrating essential roles of cytonemes for both signaling and
morphogen gradients. Therefore, our data support a model of cytoneme-mediated Hh dispersion.
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A wing margin enhancer at nab is limited by dorsal-ventral, anterior-posterior, and distal-proximal
signals in Drosophila wing imaginal discs. Albert Erives, Elizabeth Stroebele. Biology, University of Iowa,
Iowa City, IA.
To better understand the tissue specificity of Notch target enhancers, we conducted a pilot screen of Su(H)containing blocks conserved across the Drosophila genus and discovered a robust dorsal wing margin enhancer
(DWME) at the nab locus. Fly nab is homologous to vertebrate genes NAB1 and NAB2, which encode
transcriptional repressors involved in gliogenesis of the peripheral nervous system and implicated in human
peripheral neuropathies. The nab DWME drives expression around two spots corresponding to peak levels of pMAD in the anterior and posterior compartments of the dorsal side of the wing pouch. Our analysis of the
binding site composition of the DWME indicates that it binds a veritable who’s who of wing morphogenetic
patterning factors, including factors mediating Dpp and Notch signaling, Zelda, Dll, Apterous, Dref, and others.
We are testing these inferences at the functional level by mutating binding sites and by testing in diverse mutant
genetic backgrounds. The robust DWME-driven pattern was unexpected because nab is expressed throughout
the developing wing pouch region in both dorsal and ventral compartments. We thus investigated the enhancer
composition of this locus and found another enhancer, which we characterize and find to drive a vg-like
quadrant enhancer pattern. This second nab quadrant enhancer (QE) drives expression in both the dorsal and
ventral compartments of the developing wing pouch. Extensive double labeling experiments and testing of our
nab enhancer reporters in relevant genetic backgrounds allow us to propose an informed model for multiple
signal integration performed by the nab DWME. This model features a special role for its polyQ-rich activator
set, in which context we discuss how cytoneme structures can help to explain certain features of the nab DWME
readout of the Notch signal. Last, we generalize the sequence logic of the nab DWME in a genome-wide screen
for nab-like enhancers and report on the extent and specificity of such enhancers.
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Using a Synthetic Gene Network to Model and Understand the Effects of Shuttling on Gene Expression
Patterns. Ashley Ann Jermusyk, Gregory T. Reeves. North Carolina State University, Raleigh, NC.
A complex system of gene regulatory circuits controls the signaling processes involved in tissue patterning.
These circuits act to buffer the developing pattern against noise, thereby minimizing mistakes in gene
expression and preventing patterning defects. Despite these networks’ importance to patterning and
development, hypotheses regarding gene regulatory circuits have been difficult to test experimentally due to
their complexity and high connectivity. Therefore, to better understand the fundamental processes involved, we
created a synthetic network in Drosophila that utilizes the gal4, gal80, and lacZ genes from yeast and E. coli.
We expressed gal4 in a graded fashion along the anterior-posterior axis of the embryo, mimicking the
endogenous Bicoid gradient. Gal4 activates expression of UAS-linked gal80 and lacZ. Gal80 binds to Gal4,
preventing Gal4 from binding to UAS and activating expression of gal80 and lacZ, and this sequestration should
create a negative feedback loop in our system. However, due to the spatial dynamics of the system, Gal80
instead acts to facilitate the diffusion of Gal4. This creates a shuttling mechanism similar to the one observed in
the Dpp pathway. The effects of this shuttling mechanism on the network can be determined by looking at lacZ
expression, specifically changes in expression due to the addition of Gal80 to the network. These genes were
chosen since they are endogenous to yeast (and therefore not to Drosophila), so all interactions in this network
are fully understood. Our goal is to measure the effect of Gal80-mediated Gal4 shuttling on the robustness of

the location of the lacZ domain. This system provides a direct experimental test of the effects of shuttling in
cellular signaling events, specifically whether this shuttling can lead to increases in robustness of the system. It
is this robustness that is important for combating diseases and defects in development and maintenance of
expression in the organism.
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Dynamic aspects of Bcd gradient formation contributing to scaling and robustness. Alexander V.
1,2
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Spirov , David M. Holloway . 1) Computer Science and CEWIT, Stony Brook University, NY, USA; 2) The
Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS, St-Petersburg, Russia; 3) Mathematics,
British Columbia Institute of Technology, Burnaby, BC, Canada.
The maternal positional information gradient of Bicoid (Bcd) has drawn a great deal of attention in recent years,
including a number of studies indicating that Bcd scales with embryo length, providing consistent concentration
at particular relative positions. This scaling appears to involve control of bcd RNA deposition amounts and
spatial distribution, bcd translation rates, and Bcd protein transport and degradation rates (e.g. Cheung et al.,
2014). Here, we present a model for how these factors are controlled dynamically. We focus on early pattern
formation of bcd mRNA: the release of bcdRNA-Stau complexes from the anterior cortex at egg activation;
posterior dispersion of bcdRNA-Stau (forming a cone-like distribution extending into core plasm, Little at al.,
2011); nuclear expansion towards the poles in nuclear cleavage cycles (NC) 6 and 7, with bcdRNA-Stau moving
ahead of the nuclei; bcdRNA -Stau movement to the cortex during nuclear cortical migration, NC 8 to 10; and
finally enhanced elimination of mRNA in early NC14 (involving basal-apical transport and degradation). We
calibrate our model against early-stage experimental patterns for bcd mRNA. This work provides a mechanistic
basis for the control of the bcd RNA gradient shape, and its effects on Bcd protein positional information scaling.
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Hedgehog signaling regulates mechanical tension along the Drosophila anteroposterior compartment
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boundary. Katrin Rudolf , Maryam Aliee , Frank Jülicher , Christian Dahmann . 1) Technische Universität
Dresden, Institute of Genetics, 01062 Dresden, Germany; 2) Max Planck Institute for the Physics of Complex
Systems, 01187 Dresden, Germany.
The interplay between chemical signals and mechanical events is crucial for the cellular organization of
developing tissues. An important example for this interplay is the formation of straight boundaries that subdivide
tissues into non-intermingling groups of cells, termed compartments. In the developing Drosophila wing,
Hedgehog (Hh) signaling is required for the maintenance of the anteroposterior (AP) compartment boundary.
Moreover, a local increase in mechanical tension at cell bonds along the AP boundary is important for the
straight shape of the boundary. However, it remains unknown whether Hh signaling regulates the mechanical
tension of cell bonds along the AP boundary. Here we show, by analyzing tissue recoil after ablating single cell
bonds, that the increase in mechanical tension along the AP boundary is generated locally and that it depends
on the difference in Hh signaling activities between the two compartments. In the wild-type, the Hedgehog signal
is transduced in anterior cells along the AP boundary, but not in posterior cells. In temperature-sensitive mutants
for hedgehog the difference in mechanical tension between cell bonds along the AP boundary and bonds away
from it vanishes. Similarly, when Hh signaling is activated in cells of both compartments, cell bond tension is no
longer increased along the AP boundary. Quantitative image analysis additionally revealed a role of Hedgehog
in keeping the boundary straight, as roughness of the AP boundary increases when the difference in Hh
signaling activity between the two compartments is reduced. Furthermore, we show that the difference in Hh
signaling activity between the two compartments is not only required but also sufficient to maintain a straight
boundary and to increase mechanical tension. These results provide a link between Hh signaling and
mechanical tension and help to understand the molecular and physical mechanisms underlying the cellular
organization of developing tissues.
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Mechanical force induced adherens junctions remodeling. Mo Weng , Eric Wieschaus . 1) Howard
Hughes Medical Institute; 2) Molecular Biology, Princeton University, Princeton, NJ.
Although adherens junctions are traditionally thought to maintain tissue integrity by passively resist disruptive
forces, they have recently been recognized to actively respond to mechanical cues in cell culture systems. This
study uses ventral furrow cells of gastrulating embryos as an in vivo system to explore the role of mechanical
force in the remodeling of adherens junctions. Using live imaging and quantitative image analysis we show that
adherens junctions undergo stereotypical changes in both apical-basal position and morphology. Such changes
depend on myosin-mediated mechanical force and precede the changes in the distribution of cell polarity
proteins. Imaging in both fixed and live embryos reveals that during ventral cell invagination, adherens junctions
intensity increases and junctional clusters change from being broadly localized around a subapical position to
restrictedly concentrated at the most apical edge of the cell. Tracking of individual clusters shows that changes
in junctional position result from direct movement of individual clusters, shrinking in apical-basal length, fusion

between clusters, and formation of new clusters. These changes are temporally correlated with pulsed myosin
activity both at the level of a whole tissue and at the resolution of individual junctional clusters. Consistent with
the correlation study, loss of function analysis indicates myosin is required for the remodeling of adherens
junction. In the dorsal cells where adherens junctions are normally positioned by the polarity protein Bazooka,
ectopically induced myosin activity leads to junctional remodeling in a myosin-correlated pulsed manner. Dualcolor live imaging shows changes of junctional clusters precede that of polarity protein Bazooka in both ventral
cells of wild type embryos and in dorsal cells of embryos with ectopic myosin activity. Our results present in vivo
evidence that adherens junctions are remodeled in response to mechanical force while polarity proteins follow
the change.
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Cellular and molecular mechanisms of epithelial organization in the Drosophila embryo. Masako
Tamada, Jennifer Zallen. Howard Hughes Medical Institute and Developmental Biology Program, SloanKettering Institute, NY.
Animal tissues contain hundreds to thousands of cells which are arranged in complex, elaborate patterns. In
epithelial tissues, cell shape and pattern are intimately linked to tissue organization and function. In the anterior
ventral region of the Drosophila embryo, dynamic morphogenetic events transform simple epithelial sheets into
complex 3D structures that securely connect to the gut system, providing a useful system to study fundamental
mechanisms of epithelial tissue remodeling. The cellular and molecular mechanisms that form these structures
are not known. We found that epithelial cells in the anterior ventral region display a unique structure consisting
of four rows of square cells tiled in a highly ordered grid. Time-lapse confocal imaging of embryos revealed that
this square grid structure forms from an initially disordered epithelium through three sequential cellular
processes. In Phase I (cell intercalation), cells on each side of the midline rearrange and align to produce two
rows of rectangular-shaped cells. In Phase II (oriented cell division), coordinated mitoses convert these into four
parallel rows of cells that maintain an unusual square shape. In Phase III (apicobasal cell elongation), the
daughter cells elongate along the apical-basal axis to form a compact square cell grid. Pins, a conserved protein
that orients mitotic spindles during asymmetric cell division, accumulates in a cortical crescent in dividing cells,
suggesting that oriented divisions in this system are asymmetric and may produce daughter cells with different
functions. The square cell grid does not form in embryos lacking the basic-leucine-zipper protein Cap ’n’ collar B
and ubiquitous CncB expression produces an ectopic square cell grid along the entire ventral midline, indicating
that CncB targets include important regulators of square cell grid formation. We are using live imaging,
functional genomics, and genetic approaches to investigate the mechanisms that regulate cell intercalation,
oriented cell divisions, and cell shape changes to achieve complex patterns of epithelial organization.
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Prickle/Spiny-legs isoforms control the polarity of the apical microtubule network in PCP. Katherine
1,2
1
1
1
1
Sharp , Jessica Olofsson , Maja Matis , Bomsoo Cho , Jeffrey Axelrod . 1) Pathology, Stanford University
School of Medicine, Stanford, CA; 2) Genetics, Stanford University School of Medicine, Stanford, CA.
Microtubules (MTs) are substrates for plus- and minus-end directed motors to control directional movement of
cargos essential for generating cell polarity. In planar cell polarity (PCP), increasing evidence supports the
model that the Fat/Dachsous(Ds)/Four-jointed(Fj) signaling system provides directional information to cells in
developing epithelia by regulating the alignment of a parallel, apical network of MTs and consequently the
directional trafficking of downstream signaling components. In addition to previously defined functions in
promoting asymmetric subcellular localization of ‘core’ (PCP) proteins, we find—using Eb1::GFP to track the
growing plus-ends of MTs—that alternate Prickle (Pk-Sple) protein isoforms control the polarity of this MT
network. Together, these ‘core’ and MT regulating functions allow the isoforms of Pk-Sple to differentially
determine the direction in which asymmetry is established and therefore, ultimately, the direction of tissue
polarity. Oppositely oriented signals encoded by oppositely oriented Fj and Ds gradients produce the same
polarity outcome in different tissues or compartments, and the tissue specific activity of alternate Pk-Sple protein
isoforms has been observed to rectify the interpretation of opposite upstream directional signals. The control of
MT polarity and thus directionality of apical vesicle traffic by Pk-Sple provides a mechanism for this rectification.
Current experiments aim to understand how Pk-Sple isoforms regulate MTs. We are also exploring additional
upstream signals that may regulate PCP by signaling through Pk-Sple.
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Myonuclear shape and architecture is maintained by cooperative activities between Spectraplakin-EB1
and Nesprin that link the microtubule network to the nuclear cytoskeleton. Shuoshuo Wang, Talila Volk.
Weizmann Institute of Science, Rehovot, Israel.
Differ from most other cell types, striated muscle cells contain high number of nuclei distributed evenly on the
surface of the myotube and are subjected to variable mechanical stress during muscle contraction. The
characteristic oval myonuclear shape and positioning have been linked to transcriptional regulation, as well as to

correct export of mRNAs and proteins. Thus, correct nuclear shape and position are critical for proper muscle
function. Consistently, numerous muscular dystrophies and (cardio-) myopathies exhibit nuclear mis-positioning
and aggregation. Previously, we revealed the essential role and molecular interaction between the two
Drosophila KASH-domain proteins Klar and MSP-300/Nesprin in promoting the even distribution of myonuclei
and their anchorage to the acto-myosin in striated muscle fibers. Recently, by performing muscle-specific RNAi
screen, we identified additional proteins involved in the core mechanism for myonuclear shaping and distribution
process. We demonstrate that the Spectraplakin Shortstop (Shot) is a crucial stabilizing component of a
microtubule (MT)-based network that surrounds the myonucleus. Moreover, Shot and MSP-300 interact
genetically with each other and their stable attachment to the nuclear envelope requires their mutual existence.
Furthermore, both Shot and EB1 display a perinuclear localization pattern like MSP-300, and their knockdown
leads to severe disruption of myonuclear shape, supporting a cooperative and reciprocal activity between MSP300, Shot and EB1 in organizing the perinuclear astral-like MT network. Additionally, knockdown of Shot or EB1
perturbs nuclear shape and meanwhile induce ectopic perinuclear F-actin accumulation, indicating a potential
involvement in the negative regulation of F-actin polymerization. Finally, our experiments demonstrate that
MSP-300, Shot, and EB1 are essential to protect and maintain myonuclear architecture during mechanical
stress implicated during muscle contraction.
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Myosin II-mediated mechanosensory response generates cortical resistance to podosome invasion in
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Drosophila myoblat fusion. Ji Hoon Kim , Yixin Ren , Shuo Li , Yee Kee , Douglas Robinson , Elizabeth
1
Chen . 1) Molecular Biology and Genetics, Johns Hopkins University , Baltimore, MD; 2) Cell Biology, Johns
Hopkins University, Baltimore, MD.
Myoblast fusion in Drosophila provides an excellent model system to study the mechanisms controlling cell-cell
fusion in vivo. Myoblast fusion occurs between two different muscle cell populations, founder cells and fusion
competent myoblasts (FCMs). Recently it was shown that actin-propelled invasive podosome-like structure
(PLS) in the FCM plays a central role in myoblast fusion. However, little is known about the function of the actin
cytoskeleton in founder cells. Here, we report a novel function of the Rho1 GTPase•Rho kinase (Rok)•myosin II
(MyoII) pathway in founder cells during myoblast fusion. Rho1, Rok, and MyoII were enriched at the fusogenic
synapse specifically in founder cells. Disrupting the activities of these molecules resulted in a myoblast fusion
defect despite deeper invasion by the PLS, suggesting that this pathway generates cortical resistance in founder
cells in response to the invasion. Indeed, elevating the cortical tension by overexpressing an actin-crosslinker
rescued the fusion defect caused by MyoII knockdown. Surprisingly, MyoII accumulated at the fusogenic
synapse without cell adhesion molecule-mediated Rho activation, suggesting that MyoII functions as a direct
mechanosensor responding to intercellular invasion. We also show that the mechanosensory accumulation of
MyoII preceded and was required for Rok accumulation, thus revealing a novel feedback loop from MyoII to
Rok. Together, we have uncovered a novel cell-fusion mechanism by which a fusion partner up-regulates its
cortical tension via MyoII activity in response to an intercellular invasive force for efficient fusion. Our results
suggest that the mechanosensing of MyoII is initiated by the binding of MyoII to actin filaments, stabilized by the
MyoII-Rok feedback loop, and amplified by adhesion molecule-triggered chemical signaling via the Rho GTPase
activation. This model may represent a general mechanism by which cells sense and respond to external
mechanical stimuli.
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Clueless/dGRASP dependent unconventional protein secretion differentiates the delivery of αPS2
1
1
2
integrin from that of βPS integrin in the Drosophila muscle. Zongheng Wang , Ze Liu , Nicole Green ,
3
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Catherine Rabouille , Erika Geisbrecht . 1) School of Biological Sciences, University of Missouri-Kansas City,
Kansas City, MO; 2) Department of Biochemistry and Molecular Biophysics, Kansas State University,
Manhattan, KS; 3) Hubrecht Institute-KNAW & University Medical Center Utrecht, Utrecht, The Netherlands.
Integrin adhesive complexes (IAC) are essential for muscle-muscle and/or muscle-tendon cell adhesion. The
inability to form and/or maintain these adhesions impairs the mobility of organisms. Here, we uncover a new role
for Drosophila Clueless (Clu), known for preventing mitochondrial clustering, in the trafficking of integrin subunits
in developing and mature muscles. Loss of clu in embryos shows muscle detachment, while clu mutant larvae
exhibit lower mobility compared to WT. Furthermore, both αPS2 integrin and the integrin intracellular binding
partner Talin are decreased at their normal locations in muscle costameres and attachment sites in clu mutants.
In addition, these proteins abnormally accumulate in puncta around the nucleus in clu mutant larvae.
Surprisingly, βPS integrin localization is not significantly altered. Loss of the microtubule network and
components (syntaxin5 and sec23) required for βPS integrin trafficking through the classical secretory pathway,
do not phenocopy the perinuclear accumulation of αPS2 integrin and Talin in clu mutants. RNAi knockdown of
the Golgi reassembly and stacking protein (dGRASP), previously shown to mediate the Golgi bypass of
transmembrane proteins, recapitulates the clu mutant phenotype. Further genetic analysis reveals that dGRASP
cooperates with Clu in a unconventional secretory pathway to regulate the localization of αPS2 integrin and

Talin within contractile muscles. Unconventional protein secretion through autophagosome-like vesicles is not
essential for the trafficking of αPS2 integrin to the membrane. This work identifies Clu as a new component of
anterograde trafficking and provides a molecular mechanism for integrin transport in myofibers.
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Prostaglandins temporally regulate actin remodeling during Drosophila oogenesis. Andrew Spracklen ,
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Daniel Kelpsch , Xiang Chen , Cassandra Spracklen , Tina Tootle . 1) Department of Anatomy and Cell Biology,
University of Iowa Carver College of Medicine, Iowa City, IA; 2) Department of Epidemiology, University of Iowa
College of Public Health, Iowa City, IA.
While prostaglandins (PGs), lipid signals produced downstream of cyclooxygenase (COX) enzymes, regulate
actin dynamics in cell culture and platelets, their roles during development remain largely unknown. Pxt, the
Drosophila COX-like enzyme, is required for actin bundle formation during stage 10B (S10B) of oogenesis.
Here, we define a new role for PG signaling during oogenesis—temporal restriction of actin remodeling. Loss of
Pxt results in the early onset of actin remodeling, causing the formation of extensive actin filaments and
aggregates in the posterior nurse cells of stage 9 (S9) follicles. Wild-type follicles exhibit similar structures at a
low frequency. We performed a screen to identify actin-binding proteins that localize to early actin structures in
pxt mutant, but not wild-type, S9 follicles in order to identify the factor(s) responsible for promoting early actin
remodeling in the absence of PG signaling. Using this approach, we found that Enabled (Ena), an actin
elongation factor, preferentially localizes to early actin structures in pxt mutants, suggesting that PG signaling is
required to restrict Ena localization/activity at S9. This model is supported by our finding that heterozygosity for
ena strongly suppresses early actin remodeling in pxt mutants. Additionally, disruption of PG signaling results in
reduced Ena localization to the barbed ends of actin bundles at S10B. Based on these data, we propose a
model in which PG signaling temporally regulates actin remodeling during Drosophila oogenesis, in part, by
controlling Ena localization/activity, such that PG signaling inhibits Ena-dependent actin remodeling at S9, while
promoting it at S10B. As PG-dependent regulation of Ena’s mammalian homologs is poorly understood,
Drosophila oogenesis provides an ideal system to elucidate the conserved mechanisms by which PG signaling
regulates this family of proteins to temporally control actin remodeling.
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Genetic architecture of foraging behavior in natural Drosophila melanogaster population. Grace Y C
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Lee , Wanhao Chi , Qian Yang , Wei Du , Susie A Turkson , Nicholas VanKuren , Xiaoxi Zhuang , Manyuan
1
Long . 1) Department Ecology and Evolution, University of Chicago, Chicago, IL; 2) Department of
Neurobiology, University of Chicago, Chicago, IL; 3) Department of Biology, Wayne State University.
Efficient foraging behavior is crucial for the survival of an organism. Identifying the genes and molecular
pathways responsible for such an essential trait as well as understanding the underlying genetic architecture are
critical for addressing fundamental questions of adaptive evolution. We quantified the foraging efficiency of
naturally derived North American Drosophila melanogaster strains (from DGRP) by measuring the survival rate
of D. melanogaster kept individually in small chambers with unlimited, but hard to locate, food sources. Only
flies that can locate food sources efficiently can survive. Despite being crucial for survival, we observed great
variation of foraging efficiency (fifth-day survival rate varies from 20% to 100%), which cannot be solely
explained by the variation in starvation resistance of these strains. We performed genome-wide association
(GWA) analysis on single-nucleotide polymorphisms (SNPs) as well as copy number variants (CNVs).
SNPs/CNVs that are strongly associated with the phenotype are both enriched in genes with high expression in
Drosophila nervous systems. We identified nine SNPs significantly associated with foraging efficiency in the
third intron of bru-3. The derived states of these nine SNPs are only present in the North American (but not
African) population and, intriguingly, the survival rate of strains decreases with an increased number of derived
alleles of these SNPs. Surprisingly, despite the large distance (up to 20kb) between these SNPs, they are in
strong linkage disequilibrium. Other non-significant SNPs in the same region showed much weaker linkage,
suggesting strong selection for epistatic interactions among these significant SNPs. We are performing
functional studies of bru-3 as well as further analysis to characterize the overall genetic architecture of the
foraging behavior.
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Quantitative genetics of caffeine resistance in Drosophila melanogaster. Chad A. Highfill, Michael A.
Najarro, Stuart J. Macdonald. Department of Molecular Biosciences, University of Kansas, Lawrence, KS.
66045.
Organisms in nature cannot always avoid the bombardment of environmental toxins, and possess many
detoxification pathways that catabolize toxic substances into harmless molecules that can be excreted. Given
the development of insecticide resistance in crop pests and attempts to control the spread of insect-borne
diseases, understanding the responses of insects to xenobiotics is of critical importance. Here, we use the elite
genetic system Drosophila melanogaster to dissect variation in the response to caffeine, a readily accessible

drug that has been studied previously in insects, as a model to dissect the genetic basis of xenobiotic resistance
in insects. First, we employed the Drosophila Synthetic Population Resource (DSPR), and successfully mapped
10 QTL (Quantitative Trait Loci) for variation in caffeine resistance. Second, we used RNAseq to identify genes
under QTL showing differential expression between highly-resistant and highly-susceptible pools of DSPR RILs
(Recombinant Inbred Lines), and those differing in expression between flies exposed to control and caffeine
media. A number of differentially-expressed genes were identified, including a pair of cytochrome P450 genes,
Cyp12d1-d and Cyp12d1-p, that reside under a QTL contributing >10% to the phenotypic variation in resistance.
These genes are strong candidates to causally underlie caffeine resistance in this population of Drosophila. To
validate these results, we are using an independent, advanced-generation synthetic recombinant population
derived from 32 Drosophila Genetic Reference Panel (DGRP) lines. >3000 flies were utilized to measure
resistance, and a combination of bulked segregant analysis and next-generation sequencing were used to
localize allele frequency differences between the most resistant and susceptible groups of flies. We anticipate
both replicating the QTL we have identified in the DSPR, and finding additional, novel loci contributing to
variation in caffeine resistance. The approaches we use in our study can be employed to identify genes involved
in resistance to essentially any drug of interest.
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Using engineered deletions in the study of behavioral evolution between Drosophila species. Wesley G.
Cochrane, Veronica A. Cochrane, Thomas L. Turner. EEMB, UCSB, Santa Barbara, CA.
Our goal is to determine the natural genetic changes responsible for behavioral evolution between D.
melanogaster and D. simulans. This work is complicated by the great difficulty of creating F2 or backcross
individuals between these species. However, this issue can be circumvented by utilizing comprehensive
"deficiency kits" in D. melanogaster, which create regions of hemizygosity through engineered deletions. Genes
affecting divergent behaviors that are either codominant or dominant in D. melanogaster can be revealed by
hybridizing these deficiency strains to D. simulans, To screen for genes affecting divergence in courtship song
traits between species, we have analyzed songs from hybrids between a single strain of D. simulans and 256 D.
melanogaster deficiency strains. Hybrid males display remarkably normal courtship behaviors, with song
parameters intermediate to the parental species. Most deficiencies have little impact on either the inter-pulse
interval or carrier frequency of courtship song, but a small number of deficiencies appear to expose D. simulans
genes of large effect. Pending further validation, this result is in stark contrast to courtship song variation within
species, which appears to be highly polygenic.
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Genome-wide association of Drosophila melanogaster nutritional responses to gut microbiota. John
Chaston, Adam Dobson, Peter Newell, Chun-nin Wong, David Sannino, Sara Ali, Angela Douglas. Cornell
University - Entomology, Ithaca, NY.
Resident microbiota dramatically impact animal nutrition. Gastrointestinal microbes can modify ingested food
and exchange metabolites with their animal hosts. We studied Drosophila melanogaster and its low-diversity (520 species) gut bacterial community (microbiota). To identify host genes that respond to the microbiota we
performed genome-wide association (GWA) of host nutritional indices (triglyceride, glucose, glycogen, and
protein) and related traits (weight, feeding rate) in the Drosophila genetic reference panel (DGRP). Each fly line
was raised under two treatments - gnotobiotic (with a defined microbiota composition) and germ-free - to detect
a significant interaction between host genotype and microbiota composition. The magnitude of each nutritional
index varied across different host genotypes and with microbial treatment (gnotobiotic versus germ-free). SNPs
with a significant genotype x treatment interaction term implicated genes that affect host growth nutrition, and
immunity, and genes of unknown function in host nutritional responses to the microbiota. Quantification of
nutritional indices in gene mutants corresponding to the most significant SNPs confirmed predictions of the
GWA. Mutant verification also revealed low levels of mutant pleiotropy for nutritional indices that were not
significantly associated with the corresponding SNP. These findings are consistent with a model where discrete
host factors mediate different aspects of microbiota-responsive nutrition.
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Quantitative Characterization of Natural Variation in Heterochromatin of Drosophila melanogaster. Kevin
H-C. Wei, Daniel A. Barbash, Andrew G. Clark. Molecular Biology and Genetics, Cornell, Ithaca, NY.
Heterochromatin occupies a significant portion of eukaryotic genomes. This gene-poor and highly condensed
component of the genome is replete with large blocks of tandem-repeating satellite DNAs. Although it maintains
crucial structural and regulatory roles in the genome, the bulk of heterochromatin is poorly characterized, even
in well-sequenced, assembled, and annotated genomes. The shortfalls of current genetic and genomic methods
have limited our ability to investigate the effects heterochromatin has on the genome. We therefore developed a
stringent method that identifies de novo and quantifies repetitive elements from whole genome sequences of
Drosophila melanogaster. Our method estimates quantities of repeating kmers (i.e. repeating units of k-bp) from

Illumina sequences without the need for assembly or alignment. We characterized the abundance of all 2 to
10mers in the Global Diversity Lines, a collection of 86 inbred lines collected from Zimbabwe, Beijing, Ithaca,
Netherlands, and Tasmania. We show that while the kmer composition between lines is highly variable, variation
is nonetheless greater between populations than within populations. We discovered multiple uncharacterized
repeats of appreciable abundance, including some that are present exclusively in a subset of the populations.
Interestingly, population structure inferred from kmer composition does not recapitulate that from SNP data,
suggesting that satellite DNA has a distinct mode of evolution. We also detected complex correlation structures
among different kmers, suggesting non-independence of their expansion and contraction. Surprisingly, some
kmer are anti-correlated, potentially revealing uncharacterized antagonistic interactions. Our work demonstrates
that repeat quantities can be distilled from whole genome sequences for quantitative and population genetic
comparisons. These data provides the basis for future studies to examine correlations with relevant phenotypes,
which will further our understanding of the evolution and function of heterochromatin.
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Selective and demographic determinants of latitudinal variation in allele frequency in North American
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Drosophila melanogaster. Alan O. Bergland , Ray Tobler , Emily Behrman , Katherine O'Brien , Josefa
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Gonzales , Paul Schmidt , Dmitri Petrov . 1) Stanford, Stanford, CA; 2) University of Pennsylvania, Philadelphia,
PA; 3) Institut de Biologia Evolutiva, Barcelona, Spain; 4) Institute for Population Genetics, Vienna, Austria.
Clinal variation in fitness related phenotypes and functional genetic variants have been observed in fly
populations collected along multiple latitudinal transects in different continents. Because many phenotypic and
genetic clines are parallel in different continents, it has often been argued that selective pressures associated
with temperate environments (e.g., winter) acts as a primary force shaping allele frequencies in populations
spread along north-south gradients. However, studies suggest that North American fly populations likely result
from recent secondary contact of highly divergent European and African populations. If true, many clinal genetic
variants in North America could result from admixture with only a fraction resulting from selection pressures
associated with temperate environments. Using whole-genome resequencing of populations of flies collected
along a latitudinal gradient in North America, we demonstrate that the proportion of African ancestry in North
American populations is negatively correlated with latitude thereby suggesting that European flies established in
northern North America and African flies established in southern North America. Next, we find that roughly one
third of common polymorphisms are significantly clinal North America, consistent with our demographic
scenario. We develop a simple heuristic approach to distinguish polymorphisms that are clinal due to selection
over-and-above the signal of admixture. We show that these putatively selected clinal polymorphisms are
enriched among functional genetic classes, are likely to oscillate in frequency between winter and summer, are
associated with fitness related phenotypes, and show signatures of parallel clinality in Australia.
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Convergent balancing selection on an antimicrobial peptide in Drosophila. Robert L Unckless, Virginia1 M
Howick, Brian P Lazzaro. Entomology, Cornell University, Ithaca, NY.
We have identified a naturally occurring, convergent amino acid polymorphism in the Diptericin (DptA) genes of
D. melanogaster and D. simulans that is highly predictive of systemic pathogen load and survival following
bacterial infection. We discovered the D. melanogaster SNP association in an unbiased genome-wide
association study for variants that predict resistance to the natural bacterial pathogen, Providencia rettgeri. The
Dpt variant was one of the most strongly associated polymorphisms in the genome, which was surprising since
a previous association study using Serratia marcescens as a pathogen failed to map any major effect of
Diptericin. Even more unexpectedly, D. simulans is polymorphic for the same pair of amino acids at the variant
position, but through a distinct mutation of the codon. Thus, both D. simulans and D. melanogaster have
convergently arrived upon the same amino acid polymorphism in this antibacterial peptide. Further validation
experiments confirm the importance of this mutation for resistance to and survival of P. rettgeri as well as a
related natural pathogen, P. alcalifaciens. In contrast, the variant has no effect on pathogen load or survivorship
following infection with the Gram-negative bacteria S. marcescens or Providencia sneebia, or the Gram-positive
Enterococcus faecalis, none of which strongly induce expression of the Diptericin gene. The polymorphism
exists at intermediate frequency in multiple D. melanogaster populations and appears to be evolving under
natural selection; population genetic analysis of D. simulans is currently in progress. Given the convergence of
D. melanogaster and D. simulans on an identical amino acid variant, the intermediate frequency of this variant in
natural populations, and the clear role of the variant in protection against a subset of bacterial infections, we
conclude that the polymorphism is probably maintained in both species by balancing selection where the
resistance to infection of the Serine state is offset by a currently unknown benefit of the Arginine state.
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Identification of new regulators of three dimensional Polycomb organization by a microscopy-based
genome-wide RNAi screen. Giacomo Cavalli, Inmaculada Gonzalez, Julio Mateos, Aubin Thomas. Institute of

Human Genetics, CNRS, Montpellier, France.
Polycomb group (PcG) proteins dynamically define cellular identities through epigenetic repression of key
developmental genes. PcG target gene repression can be stabilized through the interaction in the nucleus at
PcG foci. Here, we report the results of a high-resolution microscopy genome-wide RNAi screen that identifies
129 genes that regulate the nuclear organization of Pc foci. Candidate genes include PcG components and
chromatin factors, as well as many novel protein-modifying enzymes, including components of the SUMOylation
pathway. In the absence of SUMO, Pc foci coagulate into larger aggregates. Conversely, loss of function of the
SUMO peptidase Velo disperses Pc foci. Moreover, SUMO and Velo colocalize with PcG proteins at PREs and
Pc SUMOylation affects its chromatin targeting, suggesting that the dynamic regulation of Pc SUMOylation
regulates PcG-mediated silencing by modulating the kinetics of Pc binding to chromatin as well as its ability to
form Polycomb foci.
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Spatial and Temporal Dynamics of Heterochromatin DSB Repair: Novel Role of Nuclear Pores. Taeyun
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Ryu , Hannah Hopp , Ryan Kunitake , Kate Bowlin , Preethi V. Palagani , Lars Israel , Alex Imhof , Gary H.
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Karpen , Irene Chiolo . 1) Molecular and Computational Biology Department, University of Southern California,
Los Angeles, CA; 2) Ludwig Maximilian University of Munich, Germany; 3) Genome Dynamics Department,
Lawrence Berkeley National Laboratory, Berkeley, CA.
Double-strand breaks (DSBs) in heterochromatic repetitive DNAs pose significant threats to genome integrity,
but repair pathways operating in this domain are just starting to emerge. Our studies using the Drosophila
system revealed striking dynamics of repair centers during heterochromatin repair. DSBs relocalize to the
euchromatic space, and this movement is coordinated with the progression of repair by homologous
recombination (HR). Early HR steps (resection) occur within the heterochromatin domain, while Rad51
recruitment and strand invasion occur only after relocalization. The Smc5/6 complex and its SUMO-ligase Nse2
are essential to prevent Rad51 recruitment within the heterochromatin domain and aberrant recombination of
repeated sequences. Additionally, the Smc5/6 complex becomes enriched at heterochromatic repair centers
and is required for their relocalization to the euchromatic space. To identify novel components of this pathway,
we purified new Smc5/6 interactors in response to ionizing radiation and DSB formation. Among those, we
identified nuclear pore proteins and the SUMO-targeted Ubiquitin ligase Dgrn that is also enriched at the nuclear
periphery. We discovered that heterochromatic DSBs relocalize to the nuclear periphery, and this relocalization
requires Dgrn, SUMO, and specific nuclear pore proteins. These results suggest that nuclear pores anchor
heterochromatic DSBs to the nuclear periphery for the completion of HR repair via interaction of Dgrn with
SUMOylated proteins. We propose that this pathway promotes genome stability by isolating heterochromatic
DSBs at the nuclear periphery before strand invasion, thus preventing aberrant exchanges between DNA
repeats.
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Tet, the 5-methylcytosine oxidase, is essential in Drosophila. Fei Wang , Svetlana Minakhina , Tatyana
1,2
1,2
1,2
1,2
Naryshkina , Curtis Schauder , Brinda Banerji , Ruth Steward . 1) Waksman Institute, Piscataway, NJ; 2)
Rutgers University.
DNA methylation in Drosophila is controversial, and recent genome wide bisulfide sequencing did not uncover
any methylated cytosine. However, Drosophila has one well-conserved Tet gene, the homolog of the three
vertebrate genes responsible for catalyzing 5-methylcytosine into 5-hydroxymethylcytosine. In a yeast twohybrid screen we identified Tet as an interactor of Zfrp8/PDCD2, that is required for hematopoietic and ovary
stem cell maintenance. We confirmed the interaction of the vertebrate and Drosophila proteins by coimmunoprecipitation. We found that Tet null animal die at pupal stages and that loss of one copy of Zfpr8
partially suppresses Tet lethality. Further, we show that Tet dominantly suppressed position effect variegation
(PEV), while the double-heterozygote Zfrp8/+, Tet/+ has no effect on PEV, suggesting that the two genes have
opposite effects on chromatin organization. Preliminary dot blot experiments using DNA extracted from larval
tissues and anti-5hmc antibody suggest the existence of 5hmc in Drosophila. Together our results argue for the
existence of DNA hydroxymethylation and suggest that Tet functions together with Zfrp8 in epigenetic
regulation.

63
The role of Drosophila chromatin remodeling factor CHD1 in replication-independent chromatin
assembly and in chromosome organization. Alexander Y. Konev, Anna A. Makase, Natalia V. Belyakova,
Natalia L. Ronzhina, Maria A. Ignatyeva. Department of Radiation and Molecular Biophysics, St. Petersburg
Nuclear Physics Institute, Gatchina, Leningrad District, Russian Federation.
Chromatin remodeling factor CHD1 together with the histone chaperone NAP-1 can assemble nucleosome
arrays from DNA and histones in vitro. CHD1 is a key factor of replication-independent nucleosome assembly
during reorganization of chromatin in the male pronucleus. CHD1 had been implicated in transcription

elongation-related chromatin remodeling and co-localizes with the elongating form of Pol II. In homozygous null
Chd1 mutants, the protein persists into third instar larval stage due to a high maternal contribution of gene
products. To investigate the functions of CHD1 we generated a transgene that produces a dominant-negative
(ATPase-dead) form of the CHD1. Over-expression of the dominant-negative as well as native forms of CHD1 in
salivary glands leads to an emergence of decondensed polytene chromosomes with large additional puffs. In
wild-type flies, CHD1 co-localizes with a truncated histone H3.3 that can only participate in replicationindependent histone deposition. In animals that over-express either form of CHD1 protein, incorporation of H3.3
is compromised at decondensed regions of chromosomes. We used heat shock system to investigate the role of
CHD1 in chromatin reorganization during transcription. We analyzed the dynamics of heat-induced puffs,
histone occupancy and Hsp70 transcription during and after heat shock in animals that over-express CHD1 or
its dominant-negative form. Over-expression of either form of the protein disrupts its recruitment to the heat
shock puffs. When either form of CHD1 is over-expressed, the regression of heat shock puffs is delayed, and
Hsp70 transcription persists after termination of the heat stress. Our findings suggest that CHD1 plays an
important role in replication-independent nucleosome assembly, in the control of chromosome organization and
in transcriptional repression in Drosophila.
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Simple Sequence Repeats in Gene Regulation. Jaya Krishnan, Rakesh Mishra. Centre for Cellular and
Molecular Biology, Hyderabad, Andhra Pradesh, India.
Out of 98% non-coding part of Human genome 3% comprises of the Simple Sequence Repeats (SSRs) that are
1-6 nucleotide long sequences repeated in tandem. However, despite their appreciable presence in the
genome, their functional importance has been elusive. Interestingly, many of these SSRs show non-random
distribution and enrichment for higher repeat numbers in the genome indicating their functional significance in
the genome. To this end, we chose to study one of these SSRs, the GATA repeat, which is enriched in higher
eukaryotes and absent from prokaryotic and lower eukaryotic genomes. GATA-SSR was also seen to be
associated with developmentally regulated genes. We, thus, chose to test GATA-SSR for various cis-regulatory
functions like enhancer-blocker, repressor/enhancer and barrier. We show in, both, human cells and Drosophila
that GATA-SSR functions as an enhancer blocker and not as a repressor, enhancer or barrier. This enhancer
blocker activity of GATA-SSR is seen not only in transgenic but also in the native context of the enhancers.
These results, thus, for the first time assign a role to SSRs in gene regulation. Now, we are working towards
elucidating the molecular mechanism behind the boundary function of GATA by looking for its interacting
partners using, both, genetic and biochemical approaches. Also, we have preliminary data for the presence of
GATA transcript and have generated transgenic flies for its overexpression and knockdown to see its effect on
boundary function. Furthermore, we are testing the other enriched SSRs for potential cis-regulatory functions
using human cell lines to know the significance of their positive selection during the evolution.
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Transgenerational inheritance of nutrition-induced genome rearrangements. John C. Aldrich, Keith A.
Maggert. Department of Biology, Texas A&M University, College Station, TX.
Gene expression patterns are responsive to environmental input. Often, this influence is not limited to short-term
regulatory changes, but can persist through multiple cell divisions and can, in some cases, be transmitted to
offspring. It is typically assumed that such “epigenetic” changes are mediated by either chromatin modifications
or by the expression of a variety of regulatory RNAs. In this work, we report that genomic instability of the
repetitive 35S rRNA genes (rDNA) is likewise sensitive to environmental conditions. Specifically, we find that
modulation of dietary yeast concentration during development results in nucleolar fragmentation and somatic
rDNA copy-number reduction, and that adult males fed high-yeast diets produce offspring with fewer Y-linked
rDNA copies. Similar results are observed in hypermorphic insulin receptor mutants and can be reproduced
pharmacologically using human insulin suggesting that rDNA instability in response to diet is mediated by
standard nutrient signaling pathways. Drugs that alter rRNA expression suppress these effects while mutations
in silencing factors phenocopy them, further supporting the relationship between rDNA transcriptional activity
and stability. Our findings identify diet as a source for the large variance in rDNA observed in natural populations
and suggest a mechanism through which other environmental conditions might also influence this process.
Since this type of genomic instability bears all the hallmarks of epigenetics (it is inducible, phenotypically
consequential, and transgenerationally stable) it may contribute to other phenomena previously thought to be of
epigenetic origin.
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Maternal Haploid, the Drosophila ortholog of human Spartan, is required for the integrity of paternal
chromosomes at fertilization. Laetitia Delabaere, Guillermo Orsi, Laure Sapey-Triomphe, Béatrice Horard,
Pierre Couble, Benjamin Loppin. CGphiMC, CNRS UMR5534, Université Claude Bernard Lyon1, Villeurbanne,
France.

In animals, the transformation of the fertilizing sperm nucleus into a DNA-replication competent male pronucleus
is essential for the formation of the diploid zygote. This poorly known process is largely controlled by maternal
factors, such as the histone H3.3 chaperone HIRA, which is specifically required for de novo assembly of
paternal chromatin following the removal of sperm-specific protamines (Loppin et al., Nature, 2005). Here, we
present the molecular identification and characterization of maternal haploid (mh), another maternal effect
mutant specifically involved in the integration of paternal chromosomes into the zygote (Gans et al., Genetics,
1
1975; Loppin et al., Dev. Biol., 2001). We recently identified CG9203 as the gene affected in the original mh
2
1
2
mutant and obtained a new loss of function allele (mh ). In eggs from mh or mh mutant females, paternal
chromosomes do not properly condense and fail to divide during the first zygotic division. In contrast, maternal
chromosomes divide normally and contribute to the development of gynohaploid embryos. Interestingly,
CG9203/mh encodes a conserved protein bearing a predicted metalloprotease SprT domain and two Ubiquitin
Binding Zing fingers (UBZ). Recent studies of the human MH ortholog, named Spartan/DVC1, have shown that
this protein is involved, through its interaction with Rad18, in translesion synthesis (TLS), a DNA repair pathway
that ensures the progression of DNA replication in the presence of certain types of DNA damage. Our study
indicates that, in somatic cells, MH is apparently involved in TLS like Spartan, despite the absence of a Rad18
ortholog in Drosophila. At fertilization, however, MH localizes specifically and very transiently in the
decondensing male pronucleus before the onset of DNA replication, suggesting that MH could be involved in a
replication-independent TLS pathway required for the repair of sperm-specific DNA lesions.
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The Drosophila fat body controls nutrient flux via transcriptional mechanisms. Laura Palanker
1
1
2
2
1
Musselman , Jill Fink , Zeke Maier , Michael Brent , Thomas Baranski . 1) Endocrinology, Metabolism, and
Lipid Research, Washington University School of Medicine, St. Louis, MO; 2) Department of Computer Science,
Washington University School of Medicine.
Deficits in the insulin signaling pathway lead to metabolic diseases including type 2 diabetes, which affects over
20 million Americans and is increasing in prevalence at an alarming rate. We used caloric excess to model
insulin resistance in Drosophila. Insulin signaling is an important mediator of developmental growth in the fly, as
it is required for an approximately 200-fold increase in size during juvenile stages. High sugar diets induced
hyperglycemia and obesity in developing Drosophila larvae. We identified that high sugar-reared larvae were
hyperinsulinemic and insulin-resistant, hallmarks of type 2 diabetes. Tissue-specific loss-of-function studies
revealed that the larval fat body played an important role in insulin sensitivity and glucose disposal. We
characterized the transcriptional profile in both wild type and mutant fat bodies and used network inference
algorithms to build a transcriptional network, identifying novel potential regulators of fat body insulin signaling
and metabolism. We present evidence for novel susceptibility genes and those that protect against diet-induced
diabetes in Drosophila. These studies should provide insights into mechanisms of insulin resistance that could
help to identify potential therapeutic targets for type 2 diabetes.
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Suppression of insulin secretion by the decretin hormone Limostatin. Ronald Wakim Alfa , Sangbin
1
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1
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Park , Kathleen-Rose Skelly , Lutz Kockel , Seung K Kim . 1) Developmental Biology, Stanford University
School of Medicine, Stanford, CA; 2) Neuroscience Program, Stanford University School of Medicine, Stanford,
CA; 3) Howard Hughes Medical Institute, Stanford University School of Medicine, Stanford, CA; 4) Department
of Medicine (Oncology), Stanford University School of Medicine, Stanford, CA.
Failure to suppress insulin levels when nutrients are scarce can lead to pathological hypoglycemia and death.
Hormones that actively suppress insulin production and secretion during starvation have been postulated from
classical studies of humans, but remain elusive. Through a genetic screen, we identified Drosophila Limostatin
(Lst), a conserved peptide hormone that suppresses insulin secretion. Lst is induced by nutrient restriction in
entero-endocrine corpora cardiaca (CC) cells. limostatin deficiency led to excessive insulin production,
hyperinsulinemia and pathological adiposity. A conserved 16-residue polypeptide encoded by limostatin was
sufficient to suppress secretion by insulin-producing cells (IPCs). Furthermore, targeted knockdown of an
orphan G-protein-coupled receptor in IPCs phenocopied limostatin deficiency, nominating a candidate
Limostatin receptor. These findings define a new class of entero-insular hormone, called decretins, which
suppress insulin output during nutrient restriction. Moreover, our results reveal a Drosophila nutrient-dependent
hormonal axis with striking homologies to the entero-insular axis in mammals.

69
Activin signaling mediates muscle-to-adipose communication in a mitochondria dysfunction-mediated
obesity model. Wei Song, Xiaochun Ni, Yanhui Hu, Edward Owusu-Ansah, Jonathan Zirin, Norbert Perrimon.
Genetics Dept, Harvard Medical School, Boston, MA.
Mitochondrial dysfunction has been associated with obesity and metabolic disorders. However, whether
mitochondrial perturbation in a single tissue influences mitochondrial function and metabolic status of another

distal tissue remains largely unknown. We analyzed the nonautonomous role of mitochondrial dysfunction in
Drosophila. Surprisingly, impaired muscle mitochondrial function results in simultaneous mitochondrial
dysfunction in the fat body (the fly adipose tissue) and subsequent triglyceride accumulation, the major
characteristic of obesity. RNAseq analysis, in the context of muscle mitochondrial dysfunction, revealed that
TGF-β-like signaling and MAD/dSMAD2 target genes were induced in the fat body. Strikingly, expression of the
TGF-β family ligand Activin was dramatically increased in muscle with perturbed mitochondrial function, and
decreasing Activin expression in muscle rescued both the fat body mitochondrial dysfunction and obesity
phenotype. Thus, muscle mitochondrial injury regulates systemic energy homeostasis nonautonomously via
Activin- mediated signaling.
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An organismal role of Dp53 in metabolic adaptation to nutrient deprivation. Lara Barrio, Andrés Dekanty,
Marco Milán. Institute for Research in Biomedicine, Barcelona, Spain.
Multiple conserved mechanisms have evolved to sense differences in nutrition and coordinate the
corresponding metabolic changes of the whole organism. In the last few years, the tumour suppressor protein
p53 has added to its repertoire of anti-tumoural activities the ability to mediate metabolic changes at the cellular
level. This function may contribute not only to tumour supression but also to non-cancer-associated functions of
p53. Here we unravel a fundamental role of Drosophila p53 (Dp53) in the fat body (FB), a functional analogue of
vertebrate adipose and hepatic tissues, in metabolic adaptation to starvation. Under nutrient deprivation,
depletion of Dp53 activity specifically in the FB accelerates the consumption of the main energy storages and
reduces the survival rates of adult flies. Energy storage in FB cells is well known to be modulated by the
combined action of insulin-like peptides and adipokinetic hormone. However, we suggested that Dp53 has an
impact on energy balance independently on the regulation of fasting hormones and identified a cell-autonomous
role of Dp53 in regulating energy metabolism. Moreover, we characterized the molecular mechanism by which
Dp53 activity is modulated by nutritional stress. We present evidence that Dp53 is regulated in FB cells in a cellautonomous manner by the levels of nutrients (amino acids specifically) and the TOR signaling pathway. Our
results reveal an organismal role of Dp53 in nutrient sensing and metabolic adaptation and open up new
avenues towards understanding the molecular mechanisms underlying the activation of p53 under nutrient
deprivation.
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Innate immune signaling in the Drosophila fat body blocks DILP signaling by uncoupling PI(3,4,5)P3
1
2
2
production and Akt activation. Michelle L. Bland , Moshe D. Bitterman , Morris J. Birnbaum . 1) Department
of Pharmacology, University of Pennsylvania, Charlottesville, VA; 2) Department of Medicine, University of
Pennsylvania, Philadelphia, PA.
DILP signaling in the Drosophila larval fat body promotes nutrient storage and growth of the whole animal;
activation of fat body Toll signaling blocks these effects. This mimics the situation in obese adipose tissue,
where macrophage signaling leads to insulin resistance first in adipocytes and then throughout the body. The
mechanism underlying the block from innate immune signaling to DILP signaling is unknown. Using mosaic
analysis in the larval fat body, we find that Toll acts autonomously to block growth in cells expressing
CAAX
). Unexpectedly, Toll
constitutively-active forms of the insulin receptor or the PI3K catalytic subunit (Dp110
signaling does not block PI(3,4,5)P3 production in these backgrounds, suggesting that it inhibits DILP signaling
by interfering with Akt phosphorylation. Two upstream kinases, TORC2 and Pdk1, phosphorylate Akt on
CAAX
10b
with or without Toll exhibit significantly
different sites. Our data show that clones expressing Dp110
elevated phosphorylation of Akt on the TORC2 site, Ser505, compared with neighboring wild type cells.
However, this increased Ser505 phosphorylation is insufficient to drive growth in cells with active Toll signaling.
Moreover, fat body Toll signaling leads to reduced growth and nutrient storage in larvae lacking rictor, an
essential TORC2 component, indicating that modulation of Ser505 phosphorylation is not necessary for Toll to
inhibit Akt. In contrast, phosphorylation of Akt on the Pdk1 site, Thr423, is selectively and significantly reduced
in flies with active Toll signaling in fat body. This suggests that the Toll pathway targets this phosphorylation
event, one that is critical for growth in vivo, to block DILP signaling. Together, these data show that innate
immune signaling blocks DILP signal transduction at a far more distal level than previously appreciated, and
they suggest that manipulations affecting this site will have profound effects on growth.
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Feeding and fasting signals converge on LKB1 and SIK3 pathway to regulate lipid homeostasis in
1
1,2,3
Drosophila. Sekyu Choi , Jongkyeong Chung . 1) National Creative Research Initiatives Center for Energy
Homeostasis Regulation, Seoul, South Korea; 2) Institute of Molecular Biology and Genetics, Seoul, South
Korea; 3) School of Biological Sciences, Seoul National University, Seoul, South Korea.
LKB1 has important roles in governing energy homeostasis by regulating AMP-activated protein kinase (AMPK)
and other AMPK-related kinases including salt-inducible kinases (SIKs). However, the roles of LKB1 in lipid

metabolism are poorly understood. Here we show that Drosophila LKB1 mutants have decreased lipid storage
and increased brummer, the Drosophila homolog of adipose triglyceride lipase (ATGL), gene expression. These
phenotypes are highly consistent with SIK3 mutants and rescued by expression of constitutively active SIK3 in
the fat body, suggesting SIK3 as the key downstream of LKB1. Using genetic and biochemical analyses, we
identify HDAC4, a class IIa histone deacetylase, as a lipolytic target of LKB1-SIK3 pathway. In addition, the
Drosophila insulin-like peptides (DILPs) and adipokinetic hormone (AKH) pathways related to the mammalian
insulin and glucagon pathways control LKB1-SIK3-HDAC4 signaling. These data establish LKB1-SIK3 pathway
as a critical regulatory mechanism to control lipid homeostasis in Drosophila.
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Metabolic pathways contributing to increased longevity in Drosophila. Lauren A. Reynolds, Kimberly A.
Hughes. Biology, Florida State University, Tallahassee, FL.
We investigated how changes in metabolism and gene expression contribute to the longevity phenotype in out
bred Drosophila melanogaster populations selected for significantly increased life span. We measured changes
in metabolic rates, energy consumption/content, and oxidative damage resistance. We also used microarray
data to investigate the molecular mechanisms contributing to the physiological phenotypes measured. Flies
selected for increased longevity exhibited significant decrease in metabolic rates and large increases in protein
and triglyceride levels compared to control populations. These differences between populations were
maintained throughout the flies’ life span. Protein and triglycerides, although maintained at higher levels in
selected compared to control flies, declined late in life in all fly populations, leading to the conclusion that these
metabolites may contribute in some manner to increased longevity. Age-specific gene expression data from
head tissue indicated that selected flies had significantly reduced expression of MP1, a gene essential for
protein nutrient “sensing” in flies. By having a decreased ability to sense internal protein levels, selected flies
can simultaneously maintain elevated metabolite levels, and low metabolic rates to increase longevity.
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Or22a and Or22b Are Both Involved in the Regulation of Fruit Fly Longevity. Ceyda Bilgir , Xiowen Chu ,
1
Scott Pletcher . 1) Molecular and Integrative Physiology, University of Michigan, Ann Arbor, MI; 2) Huffington
Center on Aging, Baylor College of Medicine, Houston, TX.
Olfactory signaling, a crucial sensory modality in the fruit fly, has diverse essential roles including pheromone
perception and mate selection; identification of food sources and food choice; and finding and navigating toward
suitable oviposition sites. In addition, flies that largely lack the ability to smell are long-lived and stress resistant.
These flies have a null mutation in the atypical olfactory receptor Orco, which is normally expressed in most
olfactory receptor neurons (ORNs) and is thought to confer localization of the other olfactory receptors (ORs) on
the dendritic membrane. The question of whether any of the canonical ORs, which are expressed in small
subsets of ORNs together with Or83b and confer ligand specificity to the neurons, play important roles in fruit fly
longevity has not yet been answered. Here we describe a role in lifespan regulation for two canonical ORs,
Or22a and Or22b, which are putatively expressed in overlapping sets of ORNs. Longevity and starvation
resistance assays revealed that mutant flies lacking both receptors are short -lived and sensitive to starvation.
Neuronal manipulation techniques that inhibit the Or22a/b ORNs resulted in consistent phenotypes; while
constitutive activation of these ORNs also led to short-living flies, suggesting an optimum amount of Or22a/b
signaling may be required for normal lifespan. Furthermore, flies retained the short-lived and stress sensitive
phenotypes when either of these two ORs were knocked down with RNAi. These data indicate that Or22a, as
well as Or22b, which was previously reported not to have an odor response in electrophysiological studies,
function to maintain a normal lifespan in both stress-free and starving conditions. While the mechanisms
underlying the relationship between these canonical ORs and organism lifespan remain to be determined, our
results provide further evidence for the involvement of olfactory sensing in the maintenance of fly lifespan.
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CIRPSR/Cas9-catalyzed homology-directed repair for complex genome engineering in Drosophila. Kate
1,2
1
2
2
M. O'Connor-Giles , Scott J. Gratz , Fiona P. Ukken , C. Dustin Rubinstein . 1) Laboratory of Genetics,
University of Wisconsin, Madison, WI; 2) Laboratory of Cell and Molecular Biology, University of Wisconsin,
Madison, WI.
The CRISPR/Cas9 system is transforming genome engineering. We and others recently demonstrated that this
readily programmable system can be used to edit the Drosophila genome. However, a lack of tools for efficient
identification of targeted events limits adoption and, to date, most applications have relied on aberrant DNA
repair to generate frame-shifting indels. Here we report optimized tools and techniques for broader application of
the CRISPR/Cas9 system in Drosophila through homology-directed repair (HDR) with double-stranded DNA
(dsDNA) donor templates that contain removable visible markers and facilitate complex genome engineering
through the precise incorporation of large DNA sequences. Using these donors, we demonstrate the
replacement of genes as large as 25 kb with exogenous sequences and generation of conditional alleles. To

optimize efficiency and specificity, we generated transgenic flies that express Cas9 in the germline, and directly
compared HDR and off-target cleavage rates of different approaches for delivering CRISPR components. We
have also investigated methods for biasing DNA repair towards HDR, including mutation of lig4 and Cas9. As an
alternative approach, we successfully employed negative screening to identify gene deletions by injecting
CRISPR components into lines with a transposable element in the targeted locus. Overall, we have found that
injection of a dsDNA donor and guide RNA-encoding plasmids into vasa-Cas9 flies yields the highest efficiency
HDR (7-18%) without discernible off-target cleavage. CRISPR/Cas9-mediated HDR opens the door to a broad
array of complex genome modifications. We are now applying this approach to incorporate protein tags into
endogenous loci. The ease of producing targeting RNAs makes the CRISPR/Cas9 system an appealing method
for genome editing, and the development of tools and techniques for highly efficient and specific HDR greatly
expands the utility of CRISPR technology for Drosophila research.
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Expanding applications of CRISPR/Cas9 technology. Shu Kondo, Ryu Ueda. National Institute of Genetics,
Mishima, Japan.
Genome engineering by synthetic nucleases is revolutionizing the way genetic research is done. CRISPR/Cas9
is a recently developed synthetic nuclease that can be programmed to target a new sequence by simply altering
a 20-bp sequence in its guide RNA (gRNA) subunit. Here we report three major applications of CRISPR/Cas9
technology in Drosophila. First, we show that transgenic expression of Cas9 protein and gRNA in the germline
induces heritable mutations in target genes in an average of 50% of the F1 progeny. We summarize our
experience with more than 30 target genes. Second, we show that targeted transgene integration, or gene
knock-in, can be efficiently induced by co-injection of a targeting vector and gRNA into Cas9-expressing
embryos. For high-throughput production of targeting vectors, we developed a one-step protocol in which two
homology arms and a selection marker are assembled in a single reaction. Finally, we show that tissue-specific
expression of Cas9 using the GAL4/UAS system combined with ubiquitous gRNA expression allows
spatiotemporally controlled gene inactivation in vivo. We have successfully reproduced null phenotypes of many
genes covering a wide variety of physiological functions.
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A highly efficient and specific gene mutagenesis technology for Drosophila melanogaster. Jiang Xu ,
1
1,2
1
Xingjie Ren , Lu-Ping Liu , Jian-Quan Ni . 1) Gene Regulatory Laboratory, School of Medicine, Tsinghua
University, Beijing 100084, China; 2) Tsinghua Fly Center, Tsinghua University, Beijing 100084, China.
Precise gene editing has emerged as a powerful tool in functional genomic studies. The bacterial Cas9/sgRNA
system has been introduced into Drosophila to edit genomic DNA recently. However, some inherent
characteristics still limit its applications on a large scale. We have circumvented these limitations by
systematically optimizing the Cas9/sgRNA method. In addition, we have generated flies with germ line specific
Cas9 transgenes in well-characterized attP sites. This method greatly improves the efficiency of mutagenesis in
germ cells, and eliminates the lethality associated with the co-injection of Cas9 mRNA and sgRNA. This method
is highly efficient, specific, inexpensive, and easy to apply, thus represents a significant advance in genome
editing and opens up the possibility of generating large mutant collections in a high throughput manner.
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Golic+: Gene targeting during Oogenesis with Lethality Inhibitor and CRISPR/Cas9. Hui-Min Chen ,
1
Tzumin Lee . 1) HHMI: Janelia Farm, Ashburn, VA; 2) Department of Neurobiology, University of Massachusetts
Medical School, Worcester, MA.
Even though D. melanogaster is one of the most popular model organisms, its gene targeting technology still
has a number of limitations, which we try to improve upon here. End-out gene targeting allows seamless
replacement of endogenous genes with engineered DNA fragments by homologous recombination, thus placing
designer “genes” into their native environment. This powerful genome editing technique is mainly carried out in
Drosophila by induction of linear donor DNAs in primordial germ cells. Here we report Golic+, which improves all
major steps in the transgene-based gene targeting system, including enhancement of gene targeting with
CRISPR/Cas9 RNA-guided DNA nuclease. First, donor DNA is integrated into specific attP sites for efficient flipout. Second, FLP, I-SceI, and Cas9 are automatically induced in cystoblasts, sparing germ stem cells to ensure
continuous fresh supply of the linear donor DNA and thus independent gene targeting in each germ cell. Third, a
repressor-based lethality selection is implemented to enrich correct gene targeting events. All together, surviving
candidates can easily be recovered in a highly scalable system for further chromosomal mapping and
sequencing. Thanks to enhanced targeting efficiency and simplified genetic desing, Golic+ shows the potential
for realizing high-throughput gene targeting through standard fly genetics.
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The Genome Disruption Project: Protein tagging and gene inactivation using MiMIC. Sonal Nagarkar
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Jaiswal , Paolo Mangahas , Koen Venken , Stephanie Anguiano-Zarate , Theodore Busby III , Yuchun He ,
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Benjamin Booth , Karen Schulze , Robert Levis , Allan Spradling , Roger Hoskin , Hugo Bellen . 1)
Molecular and Human Genetics, Baylor college of medicine, Houston, TX; 2) Program in Developmental
Biology,BCM, Houston, TX; 3) Howard Hughes Medical Institute; 4) Department of Embryology, Carnegie
Institution for Science, Baltimore, MD; 5) Life Sciences Division, LBNL, Berkeley, CA; 6) Verna and Marrs
McLean Department of Biochemistry and Molecular Biology,BCM, Houston, TX.
We have generated and mapped more than 12,000 MiMIC insertions strains in the Genome Disruption Project.
So far 6,000 lines have been selected for deposition in the Bloomington Drosophila Stock Center. MiMIC
permits the replacement of the DNA between two inverted attP sites using Recombination Mediated Cassette
Exchange (RMCE) with any other DNA. This permits integration of enhancers, insulators, Gal4, FRT sites,
protein tags, and other DNA, thereby significantly expanding the Drosophila toolkit. We are currently creating a
library of tagged genes to produce fusion proteins that can easily be detected and permit us to assess the
expression pattern, subcellular protein distribution, interacting proteins via immunoprecipitation and mass
spectroscopy using the nanoGFP antibody, ChIP, and importantly, the conditional knock-down of the tagged
protein. We have currently tagged 200 genes/proteins and are testing conditional gene and protein knockdown
strategies using RNAi against GFP tagged genes as well as the degradGFP methoddeveloped by the Affolter
lab for protein knockdown. We document efficient and conditional knock-down of Bruchpilot protein in synapses,
recapitulating precisely the phenotypes observed in loss-of-function bruchpilot (brp) mutants. We are also able
to inactivate brp specifically in postmitotic adult cells, bypassing embryonic, larval, and pupal requirements. We
will report on other tagged candidate genes that we are currently testing and our preliminary data suggest that
we will be able to conditionally knock down numerous genes tagged via the MiMIC strategy.
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An efficient and inexpensive method to generate customized phiC31 landing sites. Jon-Michael Knapp,
Phuong M. Chung, Julie H. Simpson. HHMI/Janelia Farm Research Campus, Ashburn, VA.
As genetic strategies to label and manipulate cells become more sophisticated, the availability of high quality
landing sites (attPs) for site-directed transgenesis becomes rate-limiting. Yet, the number of commonly used
attPs has remained small because the method for developing new sites is expensive, laborious, and failtureprone. To streamline the process of creating landing sites that are tailored to specific criteria, we invert the
standard workflow: Rather than isolate new insertions of an empty landing site, we generate new insertions of a
landing site with a previously integrated reporter. These are screened directly for the desired criteria, then the
reporter transgene is excised to regenerate an intact attP landing site that can be used to dock additional
transgenes.
Here we demonstrate that certain mutants of phiC31 Integrase (phiC31-Int*) can be used to regenerate
functional attP sites in vivo. Using phiC31-Int* and the strategy outlined above, we isolated new attPs that show
minimal position effects and support high levels of transgene expression in the nervous system. In addition, we
observed that phiC31-Int* have the ability to site-specifically integrate a second transgene into attP[reporter] loci
by recombining attB and residual att sequences. Importantly, we show that the components of these tandem
transgene arrays retain transcriptional independence. We have exploited this functionality to construct a number
of transgene combinations at single attPs.
Our strategy greatly facilitates the identification of landing sites with any desired characteristics (e.g, expression
in specific cell-types or developmental stages), while the ability to construct tandem transgene arrays can
simplify complex genetic schemes. Moreover, because these techniques rely on a single component (phiC31Int*), they should be portable to non-model species and expedite the development of genetic resources in these
systems.
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Quantitative phenotyping of Drosophila larvae crawling with predictive power. Maximilian N. Guenther,
George T. Shubeita. Center for Nonlinear Dynamics and Department of Physics, Institute for Cellular and
Molecular Biology, The University of Texas at Austin, Austin, Tx 78712.
The complex behaviors displayed by Drosophila larvae in conjunction with their relatively small number of 3000
functional neurons facilitate studying the neuronal basis of behaviors such as taxis, memory, learning and even
social interactions. Due to the close relation between neuronal disorders and the musculoskeletal system,
locomotive impairment and behavioral changes can also be used diagnostically for genetic screening and
characterization of disease models, as well as drug screens. However, the ad-hoc or highly specialized nature
of existing methods makes it difficult to compare the change in behavior across different studies. In this work we
show that parallel recording of multiple crawling larvae at low magnification using a simple camera and lens
system provides sensitive, robust and high-throughput phenotyping when combined with a mathematical model
that describes the crawling. We demonstrate that larvae trajectories can be very well described by a bimodal
persistent random walk (bPRW) model that accounts for the active crawling and reorientation of the larvae. The
model allows quantitative description of the crawling using a small set of four parameters. We demonstrate the

power of the method by comparing the crawling parameters for various genetic backgrounds, including models
of Alzheimer’s disease and the Fragile X syndrome. We find that details of the crawling that were previously
missed using model-free statistical analyses are readily captured using the presented method. Moreover, we
show that starting from the analysis of a small sample of crawling larvae we can robustly simulate the mutantspecific crawling. Using these simulations, predictions can be made on the feasibility of experiments that may
require an impractically large number of individuals to reach statistical significance, and the outcome of
laborious experiments can be pre-estimated.
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Light-induced elimination of protein function in vivo. Dave Stein. Department of Molecular Biosciences,
University of Texas, Austin, TX.
For genes encoding proteins that are required for organismal or cell viability, an inability to generate and
examine loss-of-function mutant phenotypes can be an impediment to elucidating protein function. Homozygous
mutant individuals may die at an early stage in development, making it difficult to establish the different roles
that the relevant proteins play at later stages of development. Tissue-specific generation of homozygous mutant
clones, or expression of dsRNA, can in some cases overcome this limitation. However, these strategies are
subject to the problem of protein perdurance beyond the time at which gene expression ceases, which can
complicate analyses in which rapid elimination of gene function is required. Temperature-sensitive (ts) mutations
provide an alternative means of conditionally eliminating gene product function. However, ts mutants are
laborious to isolate and cannot be applied to the study of protein function in homeothermic organisms such as
mammals. Based on recent advances in the understanding of light-sensitive proteins and of
ubiquitin/proteasome action, I have developed a general method for rapid, spatially- and temporally-controlled
light-induced elimination of proteins for phenotypic analysis. The approach utilizes a small protein tag, the
photodegron, which can be expressed as a genetic fusion to other proteins. The photodegron undergoes a lightdependent conformational change that exposes a degradation signal recognized by a widely distributed class of
ubiquitin ligases. In experiments carried out in both yeast and in Drosophila embryos, the photodegron mediated
light-dependent elimination of function of heterologous proteins to which it was attached.
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Diversity and Dynamics of the Drosophila Transcriptome. James B Brown, The Celniker modENCODE
Transcription Consortium. Genome Dynamics, Life Sciences Division, Lawrence Berkeley National Laboratory,
Berkeley, CA.
Animal transcriptomes are dynamic across time and space. Each cell type, tissue and organ system expresses
a tightly controlled ensemble of transcript isoforms that give rise to substantial diversity at the level of whole
organisms. To probe and decipher the dynamics of the transcriptome of Drosophila melanogaster, we generated
poly(A)+ RNA sequence data from cultured cell lines, dissected organ systems, and environmental perturbations
with a cumulative depth of 44,000-fold coverage of the poly(A)+ transcriptome. We identified new genes,
transcripts, and proteins, and also new transcriptional phenomena previously unobserved in invertebrates. A
small set of genes, most of which are neural-specific, have the potential to encode thousands of transcript
isoforms each through extensive alternative promoter usage, RNA splicing, and RNA editing. The magnitudes of
splicing changes are much larger between tissues than between developmental stages, and most sex-specific
splicing is gonad-specific. Gonads produce comparatively few transcript isoforms per gene, but express
hundreds of previously unknown coding and noncoding genes. Gonads also express antisense transcripts
overlapping deeply conserved protein-coding genes, and these regions are marked by highly expressed short
RNAs. In neural tissues, antisense transcription is largely due to 3' UTR extensions that overlap neighboring
genes. We also note that the vast majority of previously identified pervasive intergenic transcription occurs
within newly identified introns. We find that the Drosophila transcriptome is substantially more complex than
previously recognized and arises from tissue- and condition-specific, combinatorial usage of promoter elements,
splice sites, and polyadenylation sites.
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Suppressor of sable [Su(s)] and its partner Wdr82 promote the production of short unstable RNAs from
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1
Hsp70-αβ elements. Lillie L. Searles , Paul Brewer-Jensen , Lonna Mollison , Carrie B. Wilson , John
1
1
Abernethy , Samantha Card . 1) Dept Biol, Univ North Carolina, Chapel Hill, NC; 2) Curriculum in Genetics and
Mol Biol, Univ North Carolina, Chapel Hill, NC.
Su(s) is a nuclear RNA-binding protein that negatively regulates the expression of mutant alleles with
transposon insertions in the 5’ transcribed region. We have used endogenous Hsp70-αβ elements, which
consist of a composite retrotransposon (αβ element) inserted downstream of an Hsp70 promoter, to investigate
the mechanism of this regulation. We previously showed that Su(s) is recruited to these elements during heat
shock, and when the induction signal is relatively low, Su(s) inhibits the accumulation of αβ RNAs. Our recent
analysis in cultured cells has provided important new insights into the mechanism of this regulation. Reporter

gene analysis has established that promoter-proximal αβ sequences mediate this regulation, and RNA-binding
experiments indicate that Su(s) binds within this region. RNAi depletion and 3’ RACE analyses indicate that
when Su(s) is present, short heterogeneous αβ RNAs are produced. These RNAs are polyadenylated at various
sites that lack canonical polyadenylation signals, and they are rapidly degraded by components of the nuclear
exosome. In the absence of Su(s), longer stable RNAs accumulate, and these transcripts are polyadenylated at
canonical sites. Through proteomic analysis and RNAi depletion experiments, we established that Wdr82 (the
yeast Swd2 homolog) is a component of this regulatory pathway. RNA pol II ChIP analysis indicates that the
Su(s)/Wdr82 complex promotes transcription termination, possibly as a consequence of promoter-proximal
cleavage of nascent RNA. This regulatory system may be part of a nuclear RNA quality control mechanism that
prevents insertion mutant alleles from producing aberrant RNAs. This regulation also appears to be involved in
blocking the production of RNA from wild-type genes under suboptimal induction conditions.
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Smg5 is critical for multiple NMD pathways. Jonathan O. Nelson , Dominique Förster , Stefan Luschnig ,
1
Mark M. Metzstein . 1) Human Genetics, University of Utah, Salt Lake City, UT; 2) IMLS, University of Zurich,
Zurich, Switzerland.
Nonsense-mediated mRNA decay (NMD) is a quality control mechanism that targets nonsense-mutation
containing mRNAs for rapid degradation. All eukaryotes have the core NMD genes Upf1, Upf2, and Upf3, while
additional factors Smg1, Smg5, and Smg6 are found only in metazoa. It has long been thought the Upf genes
are necessary for any and all NMD function, while the Smg genes play only an auxiliary role. Consistent with
this idea, Drosophila Upf1 and Upf2 mutants have severe defects, while Smg1 and Smg6 mutants have only
minor defects in NMD function.
Here we present the first in vivo analysis of Smg5. Surprisingly, we find that Smg5 is absolutely required for
NMD, similar to Upf1 and Upf2. We are now defining the molecular role of Smg5 crucial for NMD. During the
NMD process, Smg1 phosphorylates Upf1, in part to recruit Smg6, an endonuclease that cleaves target
mRNAs. In other organisms, Smg5 is known to be required for Upf1 dephosphorylation, which is thought to
allow for complex disassembly and recycling. To examine if Smg5 defects are due to failure to dephosphorylate
Upf1, we tested if Smg1 mutants, in which Upf1 should be constitutively unphosphorylated, can suppress Smg5.
We find that Smg1; Smg5 mutants have NMD defects as strong as Smg5 mutants, indicating that Smg5 defects
are not due to failure to dephosphorylate Upf1. Furthermore, we also find that Smg1 and Smg5 hypomorphs
show synthetic NMD defects, suggesting that Smg1 and Smg5 function in parallel NMD pathways. However,
Smg1 does not enhance Smg5 null mutant defects, suggesting that all Smg1 function overlaps with Smg5. Our
results therefore indicate that Smg5 acts in both Smg1-dependent and -independent decay pathways. We are
now testing if recruitment of the Dcp decapping complex by Smg5 contributes to Smg1-independent decay,
promoting exonucloelytic decay. In conclusion, we found that Smg5 is a key NMD factor, and that NMD has
branched decay mechanisms, both requiring Smg5 function.
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Unusual origin of Drosophila RNase P RNA from the intron of a pol II-regulated transcript. Sathiya
1
2
1,2,3
1,3
Narayanan Manivannan , Lien Lai , Venkat Gopalan , Amanda Simcox . 1) Molecular Cellular
Developmental Biology program, The Ohio State University, Columbus, OH; 2) The Department of Chemistry
and Biochemistry, The Ohio State University, Columbus, OH; 3) The Department of Molecular Genetics, The
Ohio State University, Columbus, OH.
RNase P is an essential enzyme required for tRNA maturation. The catalytic component is an RNA called
RNase P RNA (RPR). Typically, eukaryotic RPR genes are transcribed by RNA polymerase III (pol III).
However, the Drosophila RPR gene is found embedded in the intron of a protein-coding gene (CG1746) and
lacks identifiable signatures of pol III regulation suggesting its biogenesis may be coupled to expression of the
host gene. Here we show that the intronic RPR is indeed the bona fide Drosophila RPR and transcribed by RNA
polymerase II (pol II). We found that RPR co-purifies with the RNase P holoenzyme and is required for its
activity. Using a reporter gene assay we demonstrated that RPR is not an independent gene, but is only
expressed when part of an RNA pol II host transcript. We found that splicing of the intron from the primary
transcript, while not required, enhances biogenesis, otherwise the RPR maturation mechanism remains
unknown. In other insects RPR is also intronic and found in a variety of different host genes consistent with a
mobile evolutionary history. Our results support a scenario in which a switch from pol III to pol II regulation of
RPR occurred in arthropod evolution about 400 million years ago. Discovering the underlying mechanisms that
enabled this change will cast further light on the processing of this ancient Ribozyme and likely also other RNAs.
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Regulated stop codon readthrough yields C-terminal protein extensions in Drosophila melanogaster.
1,2,3,4
1,2,3
5
5
, Catherine K Foo , Nicolette G Belletier , Elizabeth R Gavis , Jonathan S
Joshua G. Dunn
1,2,3,4
. 1) Department of Cellular and Molecular Pharmacology, UCSF, San Francisco, CA; 2)
Weissman

California Institute of Quantitative Biosciences, San Francisco, CA; 3) Howard Hughes Medical Institute, UCSF;
4) Center for RNA Systems Biology, UCSF and University of California, Berkeley, CA; 5) Department of
Molecular Biology, Princeton University, NJ.
Ribosomes can read through stop codons in a regulated manner, elongating rather than terminating the nascent
peptide. Stop codon readthrough is essential to diverse viruses, and phylogenetically predicted to occur in a few
hundred genes in Drosophila melanogaster, but the importance of regulated readthrough in eukaryotes remains
largely unexplored. Here, we present a ribosome profiling assay (deep sequencing of ribosome-protected
mRNA fragments) for Drosophila melanogaster, and provide the first genome-wide experimental analysis of
readthrough. Readthrough is far more pervasive than expected: the vast majority of readthrough events evolved
within D. melanogaster and were not predicted phylogenetically. The resulting C-terminal protein extensions
show evidence of selection, contain functional subcellular localization signals, and their readthrough is
regulated, arguing for their importance. We further demonstrate that readthrough occurs in yeast and humans.
Readthrough thus provides general mechanisms both to regulate gene expression and function, and to add
plasticity to the proteome during evolution.
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IRES-Mediated Translation of grk mRNA During Drosophila Oogenesis. Jacob A. Merle, Danielle E.
Hindes, Malachi A, Blundon, Maya D. Mills, Matthew A. Fountain, Scott B. Ferguson. Departments of Biology,
Chemistry and Biochemistry, SUNY Fredonia, Fredonia, NY.
Gurken (Grk) expression is required to specify the polarity of the developing oocyte during Drosophila
oogenesis. Proper localization and translation of grk transcripts is required to achieve accurate axis
specification. grk translation is tightly regulated and, like many mRNAs, requires recognition of the 7methylguanosine cap at the 5’ end of the RNA to initiate translation. Cap-dependent grk translation initiation
requires the activity of the DEAD-box RNA helicase, Vasa. In spindle-class mutants DNA double stranded
breaks persist, thereby activating the ATR/Chk2-dependent meiotic checkpoint and resulting in inhibition of
Vasa. The resulting loss of Vasa activity blocks cap-dependent translation of grk. The corresponding loss of Grk
signaling results in ventralized eggs. We have found that blocking cap-dependent translation genetically or
pharmacologically can stimulate grk translation in spindle mutants. These suppressive effects are caused by
reduced TOR activity, thereby stimulating cap-independent translation. For example, PyK is able to modulate
the kinase activity of TOR. We show that Pyk mutants also suppress the grk translation defect in spindle-class
mutants. Translation of some mRNAs can be initiated via a secondary structure in the 5’ UTR called an Internal
Ribosomal Entry Site (IRES). This unexpected result, whereby grk translation is stimulated by conditions that
favor cap-independent initiation, has led us to hypothesize that the grk 5’ UTR contains an IRES. An IRES
allows for translation of important mRNA’s, even in the absence of canonical cap-dependent translation factors.
We have developed in vivo reporter constructs to asses grk 5’ UTR translation activity in response to genetic or
nutritional manipulation. This will allow us to test the IRES hypothesis quantitatively. We have also probed the
grk 5’ UTR by SHAPE and found that it has structural elements consistent with an IRES.
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piRNAs and epigenetic conversion in Drosophila . Catherine Hermant, Antoine Boivin, Laure Teysset,
Augustin de Vanssay, Valérie Delmarre, Christophe Antoniewski, Stephane Ronsseray. Laboratoire de Biologie
du Développement- UMR7622-CNRS-Université Pierre Marie Curie, Paris.
Transposable elements are regulated in Drosophila germline by the PIWI-interacting RNA (piRNA) silencing
pathway. We have tested for the existence of an epigenetic induction of piRNA production capacity by a locus.
We have used two lines carrying a tandem P-LacZ cluster at the same genomic site (Dorer and Henikoff 1994,
1997). One line produces high levels of ovarian piRNAs homologous to the transgene and shows a strong
capacity to repress in trans homologous sequences, whereas the other is devoid of both capacities. We have
shown that maternal transmission of a cytoplasm carrying piRNAs from the first line can confer, to the inert
transgenic locus of the second, a de novo capacity to produce high levels of piRNAs and to induce transsilencing. These new properties are then stably inherited over generations (n>90). Furthermore, the converted
locus has become itself capable to convert an inert transgenic locus (de Vanssay et al, 2012). These results in a
stable epigenetic conversion process which can be performed recurrently, a phenomenon termed paramutation
in plants. Moreover, this paramutation can occur without pairing of the paramutagenic and the paramutated loci.
We further report results for a candidate gene approach, performed to identify mutations affecting paramutation.
We have also tested if a paramutagenic transgene can convert an inert transgenic locus which is partially
homologous. Mechanism of establishment and maintenance of paramutation are discussed.
Keywords: P element, piRNA silencing, epigenetic conversion, paramutation, Drosophila melanogaster.
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Ribosomal protein RACK1 is a specific host factor required for IRES-mediated translation of fly and
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Martin , Thomas Baumert , Catherine Schuster , Jean-Luc Imler . 1) IBMC UPR9022, University of Strasbourg,
Strasbourg, France; 2) UMR 1110, University of Strasbourg, Strasbourg, France Institut de Virologie; 3) IBMC
UPR9002, University of Strasbourg, Strasbourg, France.
We use the fruit fly as a model to understand the molecular mechanisms that underlie sensing and signalling
during viral infections. In drosophila, viral RNAs in infected cells are detected and processed into 21nt long
siRNAs by Dicer-2. These siRNAs are then loaded onto AGO2, which mediates antiviral silencing. In order to
identify additional components of the antiviral response, we used AGO2 as a bait in a proteomic study. We
found that one molecule pulled down with AGO2, the ribosomal protein RACK1, is required for the replication of
the picorna-like virus DCV. Interestingly, this cellular protein is not required for replication of two other viruses,
FHV and VSV. Unlike these two viruses, DCV translation is driven by an internal ribosome entry site (IRES), and
we show that ribosomal RACK1 is essential for IRES-dependent translation. RACK1 is evolutionarily conserved,
and we further demonstrate that inhibition of RACK1 in human liver cells impairs hepatitis C virus (HCV) IRESmediated translation and infection. Inhibition of RACK1 in Drosophila and human cells does not affect cell
viability and proliferation, and RACK1-silenced adult flies are viable, indicating that this protein is not essential
for general translation. Our findings demonstrate a specific function for ribosomal protein RACK1 in selective
mRNA translation and uncover a promising target for the development of broad antiviral intervention.
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Calpain A regulates NFkappaB function during embryogenesis and the immune response by limited
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Cactus proteolysis. Marcio Fonetenele , Maira Cardoso , Bomyi Lim , Daniela Oliveira , David Perlman ,
3,5
1,2
Trudi Schupbach , Helena Araujo . 1) Institute for Biomedical Sciences, Fed Univ Rio de Janeiro, Rio de
Janeiro, Brazil; 2) National Institute for Molecular Entomology - INCT/INEM, Brazil; 3) Molecular Biology
Department, Princeton University; 4) Lewis Sigler Institute for Integrative Genomics, Princeton University; 5)
Howard Hughes Medical Institute.
Calcium dependent cysteine proteases of the Calpain family are modulatory proteases that cleave their
substrates in a limited fashion. Calpains target IkappaB proteins, negative regulators of NFkappaB family
transcription factors. In Drosophila, cactus (cact) encodes the sole IkappaB protein that regulates Toll signals in
the embryo and immune system. We have reported that Calpain A (CalpA) knockdown results in increased Cact
levels and a decrease in nuclear levels of the NFkappaB protein Dorsal (Dl) that patterns the embryonic DorsalVentral axis (Fontenele et al 2009). Here we show that CalpA knockdown alters Toll signals in the fat body,
central component of the systemic immune response. Under basal conditions as well as bacterial or fungal
challenge, mRNA levels of Toll responsive genes are reduced in the knockdown. Thus, CalpA favors NFkappaB
signals both in the embryo and the fat body, leading us to investigate the mechanism behind these effects.
Using S2 cells, we provide evidence that CalpA interacts physically with Cactus, but not Dl. Furthermore, CalpA
cleaves free Cact at its N-terminus, releasing a Cact fragment deleted of Toll responsive sequences (Fontenele
et al 2013). The presence of Cact fragments in early embryos and in the larval fat body suggests they perform
an endogenous function. We propose that CalpA cleaves free Cact that will incorporate into signaling
complexes, regulating nuclear NFkappaB levels in the embryo and fat body. Regulating the amount and
availability of free Cact/IkappaB under resting and stimulated conditions has great impact on NFkappaB
dependent signals. Our data points to a fundamental role for Calpain A in this context.
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GTPase Regulatory Proteins control Organ Size through Hippo Signalling. Lucas G Dent , Kieran F
1
Harvey . 1) Cell Growth and Proliferation Laboratory, Peter MacCallum Cancer Centre, Melbourne, VIC,
Australia; 2) Pathology, University Of Melbourne, Melbourne, VIC, Australia.
The Hippo pathway was recently discovered in Drosophila melanogaster, where it controls organ size. The
Hippo pathway consists of upstream growth-suppressors which work together to restrict the activity of the
growth promoting protein, Yorkie. We aimed to find new proteins which regulate this pathway and have
identified two conserved GTPase regulating proteins as controlling organ size through Hippo signalling.
Methods: Our approach has been to combine proteomic and functional genetic screens in Drosophila
melanogaster. First we used tandem affinity purification tag (TAP-tag) and mass spectrometry, to identify new
binding partners for the growth suppressing sterile-20 kinase, Hippo (Hpo). We then used in vivo RNA
interference to determine whether depletion of these proteins affected organ size via the Hippo pathway.
Results: Our studies have focused on the strongest candidates identified by overlaying our proteomic and
genetic screens. These were two conserved GTPase regulatory proteins, which hetero-dimerise to form a large
stable complex. We identified one member of this complex as co-immunoprecipitating with Hpo, and found that
mutations or RNAi which desroy this complex increased tissue growth and induced expression of target genes
of the Hippo pathway. Similarly, co-expressing the components of this complex activate Hpo by increasing
phosphorylation, and can severely restrict organ size. Finally, genetic epistasis experiments indicate that that
these GTPase regulatory proteins signal directly to the Hpo kinase, and in parallel to previously discovered
branches of the Hippo pathway. Significance: We have identified two GTPase regulatory proteins that form a

complex to control organ size via Hippo signalling. Interestingly, these proteins are already known to form the
core of a mechanotransduction pathway in developing animals, suggesting that the Hippo pathway may be
using them to control growth in response to mechanical forces during organogenesis.
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Cytoneme-mediated contact-dependent transport of the Drosophila Decapentaplegic signaling protein.
Sougata Roy, Hai Huang, Thomas B Kornberg. Cardiovascular Research Institute, University of California San
Francisco, San Francisco, CA.
Paracrine signals are commonly described as local messages that diffuse between neighboring cells. We report
paracrine signaling that is dependent on cytonemes. Cytonemes are types of filopodia first identified in the wing
imaginal disc that were proposed to be involved in long distance signaling. Wing discs have adhering trachea
that extend cytonemes to disc cells that express FGF and Dpp. GFP reconstitution (GRASP; Feinberg, et. al.,
PMID 18255029) shows that these cytonemes make direct contact with target cells. The contacts are
characterized by relative stability and membrane juxtaposition of approximately 15 nm. Cytonemes that contact
Dpp-producing cells have motile puncta that contain both the Dpp receptor and Dpp. In contrast, cytonemes that
contact FGF-producing cells have puncta that contain the FGF receptor but not Dpp. Cytonemes are reduced in
number and length in genetic loss-of-function conditions for diaphanous, which encodes a formin, for neuroglian,
which encodes an L1-type CAM, and for shibire, which encodes a dynamin. In loss-of-function conditions for
capricious, which encodes an LRR cell adhesion protein; cytonemes are present, but these cytonemes do not
contact Dpp-producing cells. Signaling is abrogated in all these conditions that had defective cytonemes,
despite the fact that the signal-producing cells are not genetically compromised. The mutant conditions are not
lethal to the affected cells, and the mutant cells retain competence to autocrine signaling. These findings
establish that non-neuronal cells can make direct, long distance contacts for signal transduction. The
widespread existence of cytonemes in different tissues and in different organisms suggests that direct contact
may the basis for a general mechanism of paracrine signaling.
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ERK interactome perturbations induced by mutations of docking domains. Liu Yang , Alan Futran , A.
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James LInk , Stanislav Y. Shvartsman , Alexey Veraksa . 1) Biology, UMass Boston, Boston, MA; 2) Chemical
and Biological Engineering, Princeton University, Princeton, NJ.
The conserved Raf-MEK-ERK signaling module transduces signals from activated receptor tyrosine kinases to
control multiple cellular functions such as proliferation, differentiation, and cell death. In this signaling pathway,
the mitogen activated protein kinase ERK (rolled, rl) is a key enzyme whose activation determines functional
pathway outcomes. A large number of substrates and regulatory proteins were reported to interact with ERK via
conserved motifs, such as the D and F sites in the ERK-binding proteins that interact, respectively, with the DRS
and FRS docking domains on ERK. In this study we systematically examine the binding specificities in the ERK
interactome by using affinity purification of wild type ERK as well as the DRS and FRS mutants of ERK from
Drosophila S2 cells, and analyzing the resulting protein complexes by mass spectrometry. Our data reveal that
the DRS mutation, corresponding to a natural rl mutant Sevenmaker, profoundly changes the spectrum of ERK
interacting proteins, including loss of binding to inhibitory phosphatases, which may explain the gain-of-function
character of this mutation. Conversely, the FRS mutation preserves most of these interactions but importantly
disrupts the interaction of ERK with Capicua (Cic), which is a transcriptional repressor and a key sensor of ERK
activity. Quantitative assays using purified ERK and Cic have confirmed this finding and identified a region in Cic
responsible for its interaction with the FRS domain in ERK. Collectively, these experiments reveal a previously
unknown specificity in the ERK interactome which has important implications for our understanding of ERK
function.
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A novel Talin-dependent mechanism mediates clustering of integrin adhesion receptors to reinforce
1
1
2
3
tissue architecture. Emily E. Lostchuck , Stephanie J. Ellis , Benjamin T. Goult , Mohamed Bouaouina ,
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Michael J. Fairchild , David A. Calderwood , Guy Tanentzapf . 1) Cell and Physiological Sciences, University of
British Columbia, Vancouver, British Columbia, Canada; 2) Dept. of Biochemistry, University of Leicester; 3)
Dept. of Pharmacology, Yale University School of Medicine.
The development of complex tissue architecture is dependent on the precise regulation of the adhesion of cells
to the extracellular matrix (ECM). Integrin adhesion receptors mediate the attachment of cells to the ECM and
connect to the intracellular adhesion complex through the adapter protein, talin. Talin serves as a focal point for
regulating integrin activity. The N-terminal, FERM domain containing, Head domain of talin is known to regulate
the affinity of integrin for its ECM-ligands, a process known as inside-out signalling. Using transgenic and
classical genetic approaches we describe a novel mode of integrin regulation that is mediated by the talin Head
domain. Using a mutation that specifically blocks the process of talin-mediated inside-out integrin signalling, but
leaves other functions of the head intact, we show that it is not essential for fly development. In comparison, we

found that a mutant allele of talin that disrupts key molecular interactions within the Head domain gives rise to
severe loss of function phenotype. Intriguingly, we find that this phenotype is due to defects in the reinforcement
of the adhesion complex during development and for clustering the integrin receptors at sites of adhesion. Our
findings thus identify a novel role for the talin Head domain in controlling integrin clustering and in initiating
signals that strengthen the integrin adhesion complex. We propose that this reinforcement is essential for
regulating the durability of Cell-ECM adhesion during development and for the maintenance of the tissue
architecture that forms during embryogenesis.
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The surprising case of Wingless or how not to be a morphogen. Luis Alberto Baena-Lopez, Cyrille
Alexandre, Jean-Paul Vincent. Developmental Biology, NIMR. MRC. London, United Kingdom.
Wnts are evolutionarily conserved secreted signalling proteins that spread from their site of synthesis, forming a
gradient. It is widely accepted that the graded Wingless distribution triggers different cellular responses at longdistance, such as target gene expression and cell proliferation. However, the requirement for Wnts to spread
has never been tested directly.
We used genome engineering to replace the endogenous wingless gene, which encodes the main Drosophila
Wnt, with one that expresses a membrane-tethered form (non releasable) of the protein. Strikingly, the resulting
flies were viable and produced normally patterned appendages of nearly the right size. These results can be
explained by prolonged wingless transcription followed by cellular memory of early signaling events in the
prospective wing territory. From these data, we conclude that Wingless release is largely dispensable for
patterning and growth in imaginal discs, and therefore that this protein should no be considered a classical
morphogen. More generally, the requirement for long-range spreading of other Wnts should be revisited,
perhaps by using genome-editing approaches that allow controlled gene expression at physiological level.
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Mechanisms of Notch-Src synergy in Drosophila. Diana M. Ho, S. K. Pallavi, Spyros Artavanis-Tsakonas.
Dept. of Cell Biology, Harvard Medical School, Boston, MA.
The Notch signaling pathway is responsible for regulating numerous developmental, homeostatic, and disease
processes by controlling diverse cellular events including proliferation, differentiation, and apoptosis. Synergistic
interactions between activated Notch and other genes have been associated with numerous types of cancer and
with the acquisition of hyperproliferative and metastatic phenotypes. A genetic screen for modifiers of Notchinduced proliferation in Drosophila eyes revealed synergy between Notch and both Drosophila Src genes,
Src42A and Src64B. Co-overexpression of activated Notch and Src under the vgGal4 driver in the developing
wing results in massively overgrown and disorganized wing imaginal discs. Further analysis reveals that N/Src
synergy leads to de-regulation of the cell cycle and the induction of proliferation in regions where the cell cycle is
normally arrested in G1 phase, such as the dorsal-ventral boundary of the wing disc. In addition, N/Src cells also
display invasive behavior and changes in protein expression patterns characteristic of metastatic cells. Analysis
of the signaling pathways downstream of the synergy reveals that both JNK and JAK/STAT signaling pathways
are strongly activated and that blocking either of these pathways rescues much of the synergistic phenotype.
Finally, we performed RNA-sequencing analysis to identify downstream transcriptional targets of N/Src synergy.
In addition to identifying a number of de novo target genes, this analysis also revealed that N/Src synergy
results in the differential regulation of several known Notch target genes. Taken together, these results indicate
that the complex synergy between Notch and Src not only leads to the de novo activation of signaling pathways
but also affects the regulation of normal Notch-dependent processes.
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Role of the microbiota in a Drosophila model of intestinal barrier dysfunction. Rebecca Clark, David
Walker. Dept. of Integrative Biology and Physiology, UCLA, Los Angeles, CA.
The association of intestinal dysbiosis with a host of disease pathologies highlights the importance of the
intestinal microbiota to human health. Intestinal dysbiosis has been linked not only to intestinal diseases, such
as inflammatory bowel disease or colon cancers, but also to extraintestinal inflammatory diseases, metabolic
syndrome, coronary heart disease, extraintestinal cancers and even to neurodegenerative disorders. Moreover,
the pathophysiology of many of these diseases is associated with a failure in intestinal barrier function; however,
the cause and effect relationships between intestinal dysbiosis, barrier failure and pathophysiology outside of
the gut remain unclear.
Here we present a Drosophila model of age-onset intestinal barrier failure. Our novel, noninvasive assay to
determine intestinal integrity in living flies has allowed us to demonstrate a close association between intestinal
barrier dysfunction, increased bacterial load, and striking increases in immunity-related gene expression, both
systemically and in the gut epithelium. Rapid identification of individuals that have lost barrier function has
allowed us to closely follow the kinetics of microbiota modulation and induction of inflammation in relation to
intestinal barrier failure. This work demonstrates the primary importance of intestinal barrier function in

maintaining homeostasis of the commensal population, and highlights the role of the intestinal microbiota in
driving systemic pathophysiology following intestinal barrier failure.
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The formation of Hopscotch-induced hemocyte tumors requires the JAK/STAT transcriptional target
Gα73B. Martin P. Zeidler, Nina Bausek. Biomedical Science, The University of Sheffield, Sheffield, United
Kingdom.
The principal components of signaling cascades such as the JAK/STAT pathway have been widely conserved
throughout evolution. In addition, pathway components such as human JAK2 contain gain-of-function mutations
in a large proportion of myeloproliferative neoplasia patients. We have studied analogous gain-of-function
mutations in Drosophila JAK as a lower complexity model for this human disease. Using a transcript profiling
approach we identified JAK/STAT pathway target genes and tested these in vivo. This approach used RNAi to
Tuml
assess the ability of pathway target genes to modulate the Hop -induced tumorous phenotype. Our analysis
has identified Gα73B as an effector of tumor development and a transcriptional target of JAK/STAT pathway
Tuml
signaling in Drosophila hemocytes. We have generated alleles of Gα73B and show that Hop -induced tumors
are less well defined even though haemocyte differentiation and proliferation are normal. In addition, mutants
can also respond normally to wasp infestation by producing lamellocytes. Rather, we show that the dynamics of
haemocyte filopodial extension are significantly increased in Gα73B haemocytes. This effect is mirrored by
changes in Rho1 activity, a small GTPase central to cytoskeletal remodeling and cellular dynamics. We show
that Ga73B is able to modulate the expression, subcellular distribution and activity of Rho1 in hemocytes under
normal conditions but that this requirement is bypassed in the case of injury-induced Rho1 activation. Given
recent results linking JAK/STAT pathway activation to the metastatic potential of human cancer cells, our
findings suggest that cancer-associated human Gα proteins and human RhoA may represent key factors in
cancer metastasis.
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The Transposon Storm Hypothesis of Neurodegeneration. Joshua T. Dubnau , Nabanita Chatterjee ,
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Rebeca Borges , Lisa Krug , Lisa Prazak , Will Donovan , Anais Julien . 1) Cold Spring Harbor Lab, Cold
Spring Harbr, NY; 2) The Undergraduate Program on Genomic Sciences of the Nacional Autonomous University
of Mexico; 3) Watson School of Biological Sciences, Cold Spring Harbor Laboratory; 4) Magistère de Génétique
Graduate Program at Université Paris Diderot, Sorbonne Paris Cité, France.
Retrotransposons are inherited virus like repetitive elements that are capable of replicating and re-inserting into
de novo locations within the genome. As a whole, retrotransposon sequences contribute a vast fraction of the
genome, up to 30% in flies and even higher in humans. To date, retrotransposition has been largely studied in
germline where new insertions produce heritable genetic variants. But transposons also are capable of
mobilizing in somatic tissue. We have demonstrated that in flies, some LINE-like and LTR retrotransposons
become aggressively active with age, leading to accumulation of de novo mutations in neurons. We also found
that genetically activating LINE-like and gypsy transposons results in accelerated effects of aging on
neurophysiological decline. This leads to rapid age-dependent memory impairment, defects in locomotion, and
ultimately to shortened lifespan. We also discovered evidence that links this transposon storm to the
neurodegenerative effects seen with TDP-43 pathology in mammals, including humans. To test this hypothesis,
we used a Drosophila model of TDP-43 neurodegeneration. We will show evidence that TDP-43 pathology in
flies causes activation of retrotransposons, leading to accumulation of DNA damage and ultimately apoptotic cell
death. The effects also appear to involve non-cell autonomous spread within the brain. Our findings have
implications for the mechanisms of neurodegeneration seen in amyotrophic lateral sclerosis and frontotemporal
dementia, where TDP-43 pathology is central.
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Regulatory Network in Diet-induced Obesity and Lipotoxic Cardiomyopathy. Soda Diop, Rolf Bodmer.
Development and Aging Program, Sanford Burnham Medical Research Institute, La Jolla, CA.
Obesity and metabolic syndrome are one of the most serious health problems worldwide. However, we do not
yet understand the genetic regulatory network that is involved in the development of obesity and associated
diseases that includes diabetic cardiomyopathy. The mitochondrial biogenesis gene, PGC-1/spargel, has been
associated with obesity in many human studies. In this study, we delineate a key genetic regulatory network with
PGC-1 as a central component to counteract obesity and cardiac dysfunction, triggered by a high fat diet
(HFD).. Conversely, flies with reduced PGC-1 function exhibit excess fat accumulation and lipotoxic
cardiomyopathy already under normal food conditions that is further aggravated under HFD.. Since PGC-1
expression itself is down regulated by a HFD and PGC-1 overexpression flies are lean and protected against
obesity and heart dysfunction, it suggests PGC-1 as a central component in the development of lipotoxic
cardiomyopathy. In this process, PGC-1 is negatively regulated by the TOR signaling and acts as a negative
effector of this pathway. Furthermore, the ATGL Brummer (Bmm) lipase also acts as a negative effector of TOR,

but upstream regulator of PGC-1. In contrast, that the lipogenic transcription factor Sterol Regulatory Element
Binding Protein (SREBP) works in parallel to the Bmm/PGC-1 axis downstream of TOR in regulating fat
metabolism and heart function. Both metabolic regulatory branches seem to converge on the regulation of Fatty
Acid Synthase (FAS). Thus, in this study, we unravel new functional regulatory relationships between the TOR
pathway, Bmm, PGC-1 and SREBP as key players in mediating or preventing HFD-induced obesity and heart
dysfunction. This new regulatory axis may provide new therapeutic avenues for targeting obesity and obesityrelated heart dysfunction.
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TDP-43 neurotoxicity is modulated by Fragile X Protein and Futsch in a Drosophila model of
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Lockwood , Michael Hart , Brian Freibaum , Joel Cassel , Allen Reitz , J Paul Taylor , Aaron Gitler , Daniela
1,2,3
Zarnescu . 1) Department of Molecular and Cellular Biology, University of Arizona, Tucson, AZ; 2)
Department of Neuroscience, University of Arizona, Tucson, AZ; 3) Department of Neurology, University of
Arizona, Tucson, AZ; 4) Department of Genetics, Stanford University, Stanford, CA; 5) Department of
Neurobiology, St. Jude Children's Research Hospital, Memphis, TN; 6) ALS Biopharma LLC, Philadelphia, PA.
TAR DNA-binding protein (TDP-43) is a DNA and RNA binding protein that has been identified as a locus linked
to ALS, a progressive neurodegenerative disease for which there is no cure. The mechanisms behind TDP-43
mediated ALS are poorly understood but there is increasing evidence that supports the role of RNA metabolism
in disease progression. TDP-43, typically found in the nucleus has previously been shown to associate with
cytoplasmic RNA granules under stress conditions. We hypothesize that this association with other RNA binding
proteins in RNA granules sequesters specific mRNA targets leading to neurotoxicity. We have identified Fragile
X Protein (FMRP) as a modulator of TDP-43 toxicity. TDP-43 and FMRP form a complex in mammalian cells
and bind in vitro. Genetic interaction experiments reveal that loss of FMRP enhances TDP-43 toxicity and FMRP
overexpression suppresses TDP-43 toxicity in the retina and motor neurons. Furthermore, we find that TDP-43
associates with polyribosomes. TDP-43 overexpression has no effect on futsch transcript levels but leads to a
significant reduction in protein levels suggesting a role as a translational inhibitor, similar to that of FMRP.
Indeed, Futsch overexpression rescues TDP-43 toxicity in the retina and motor neurons. Our data indicate that
futsch is a posttranscriptional target of TDP-43 and is neuroprotective in our model. Together, these data
support the model that RNA dysregulation is a key mechanism underlying ALS. Specifically, TDP-43, FMRP,
and futsch are able to dynamically interact to influence survival and motor neuron function.
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Investigating Resistance and Tolerance to Cancer. Adler R. Dillman, David S. Schneider. Microbiology and
Immunology, Stanford, Stanford, CA.
The immune response helps identify and eliminate invading microbes and tumor growth but is also responsible
for causing pathology. Recently, a systems level description of host-microbe interactions has been proposed for
animals that helps separate pathogen clearance from damage causing aspects of an immune response. The
ability of a host to limit microbes is defined as resistance. The dose response curve of a host’s health to microbe
load is defined as a disease tolerance curve. Infectious disease tolerance can vary and some of the
mechanisms behind this type of tolerance are known. Just as there are resistance and tolerance mechanisms
that target invading microbes, we predicted that there are also resistance and tolerance mechanisms that
control a host’s response to cancer. We applied the concepts of resistance and disease tolerance to cancer
using a transplantable cancer model in Drosophila melanogaster. Adult flies were injected with different doses of
v12
Ras -H7 cells to establish the dose response curve of the system. Using the tolerance curve of the system for
comparison, we have screened more than 200 different RNAi lines targeting immune signaling pathways,
metabolism, and signal transduction. We demonstrate that cancer kills flies in a dose dependent manner and
have established a system for disentangling resistance and tolerance to cancer in flies. This line of inquiry
provides a new conceptual methodology for identifying unexplored aspects of the immune system that could be
utilized to improve the treatment and outcomes of cancer infections. This study provides novel insight into the
mechanisms of immune resistance and disease tolerance to cancer.
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Iyengar , Katie Cranston , Alexander G. Bassuk , David Gubb , Chun-Fang Wu , J. Robert Manak . 1)
Interdisciplinary Graduate Program in Genetics, University of Iowa, Iowa City, IA; 2) Department of Biology,
University of Iowa, Iowa City, IA; 3) Department of Pediatrics, Carver College of Medicine, University of Iowa,
Iowa City, IA; 4) Centre National de la Recherche Scientifique, Institut de Biologie Moléculaire et Cellulaire,
Strasbourg Cedex, France.
sple
Prickle spiny-legs (Pk ) is one of two adult isoforms encoded by the prickle gene, and plays a role in the nonsple
canonical WNT signaling/planar cell polarity (PCP) pathway in flies. We previously reported that pk mutants

are seizure-prone, and that mutations in prickle orthologues are associated with myoclonic (muscle jerk)
sple
seizures in both flies and humans. Using a seizure stimulation paradigm, we find that the pk heterozygous
flies have a lowered seizure threshold compared to control flies, with increases in spiking activity after electric
shock, similar to what is observed for other seizure-prone flies. Such seizure activity can be ameliorated by
treatment with valproic acid, a human anti-epileptic drug which has been shown to be effective in treating human
patients with PRICKLE mutations. Since these patients also suffer from ataxia, or uncontrolled gait, we
sple
sple
developed an assay to assess whether our pk flies had similar phenotypes. Notably, both pk homozygotes
and heterozygotes exhibited a statistically significant loss of coordinated gate compared to controls, with loss of
sple
both functional pk copies resulting in a more severe ataxia than loss of just one copy. These data further
underscore the striking parallels between the prickle-associated myoclonic epilepsy syndromes observed in flies
and humans.
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Genome-wide binding of K50 family transcription factors. Rhea R. Datta , Jia Ling , Leila Shokri , Anastasia
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Vedenko , Martha L. Bulyk , Steve Small . 1) Department of Biology, New York University, 100 Washington
Square East, 100 Silver Center, New York, NY 10003; 2) Division of Genetics, Department of Medicine,
Brigham and Women’s Hospital and Harvard Medical School, Boston, MA 02115.
Many questions remain concerning how individual binding events are coordinated so that the correct batteries of
target genes are expressed. Proteins with very similar binding affinities can exist within the same cells, and it is
unclear how they bind different targets. Here we compare the binding activities of Bicoid (Bcd) and Orthodenticle
(Otd), two homeodomain (HD) proteins that contain a lysine (K) at HD position 50 and recognize the same
consensus binding motif (TAATCC). Bcd and Otd are expressed in overlapping patterns at Stage 5 of the
syncytial blastoderm stage of the embryo. Following cellularization (stage 6-8), Otd continues to be expressed in
the head and neuroblasts and Bcd expression ceases. However, Bcd-dependent gene targets remain activated
in late Otd-expressing cells. Here we present an analysis of in vivo (ChIP-seq) and in vitro (Protein-binding
microarrays, PBMs) binding activities of Bcd and Otd at two different developmental timepoints. ChIP-seq
experiments show that Bcd and Otd share very few binding peaks (4% of the Bcd-bound peaks) at Stage 5,
while at stage 6-8, there is a much stronger overlap between peaks (59%). These results suggest that Bcd and
Otd bind different target enhancers despite recognizing the same TAATCC site. Additionally, a maternal
gradient of Otd fails to rescue Bcd targets in a bcd mutant background unless Otd contains the Bcd HD in lieu of
its own HD. Further, PBM analyses demonstrate that Bcd and Otd have preferred binding sites that deviate from
the canonical recognition motif. We suggest that variations in the TAATCC-binding motif allow Bcd and Otd to
differentially regulate gene targets. We also suggest that Otd protein attenuates gene expression of early Bcdactivated targets through a relay mechanism, and that cell-specific cofactors regulate activation of Bcd- vs Otdtargets.
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Co-option of a Hox-regulated network underlies a morphological novelty in Drosophila melanogaster.
Mark Rebeiz, William Glassford, Chas Elliot, Winslow Johnson. Biological Sciences, University of Pittsburgh,
PIttsburgh, PA.
The evolutionary origins of complex anatomical structures such as the eye or thumb remain a major puzzle in
evolutionary developmental biology. The development of morphology is controlled by gene regulatory networks
(GRNs) composed of transcription factors, signaling pathways, and the transcriptional regulatory sequences
(enhancers) they control to activate expression of genes that ultimately confer physical properties upon a tissue
(e.g. shape, size, rigidity, coloration). Although much is known about how GRNs control development of specific
structures in model organisms, the process by which networks evolve to generate novel structures remains
unclear. Comparative expression analysis of macroevolutionary novelties such as the beetle’s horn or turtle’s
shell indicate that network co-option is a major mechanism by which these structures evolve, as the genes
underlying such novel structures collectively participate in networks used elsewhere during development. Here,
we provide an example of network co-option underlying a recently evolved novelty in Drosophila melanogaster
that we have traced to individual enhancers of an ancestral network. The posterior lobe is a recently evolved
genital formation, unique to the D. melanogaster and simulans complexes that is a well-poised model system to
study the genetic origins of morphological structures. By tracing the evolutionary history of an enhancer that
drives posterior lobe expression of the pox-neuro (poxn) gene, we have discovered that this function likely
evolved through the co-option of an ancestral function in the embryonic posterior spiracles. Examination of
several additional genes of the Abd-B-regulated posterior spiracle network revealed expression of multiple
network components during genital development, suggesting that this Hox-regulated network was partially coopted during the origination of the posterior lobe structure. These findings provide a fine-scale picture of cooption, resolved to the level of regulatory connections, and illuminate how the ancestral network underlying a
novelty may have unexpected beginnings.
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Drosophila embryo. Garth R. Ilsley , Jasmin Fisher , Rolf Apweiler , Angela H. DePace , Nicholas M.
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Luscombe . 1) Okinawa Institute of Science and Technology Graduate University, Japan; 2) Microsoft
Research Cambridge, United Kingdom; 3) Department of Biochemistry, University of Cambridge, United
Kingdom; 4) European Molecular Biology Laboratory, European Bioinformatics Institute, Wellcome Trust
Genome Campus, United Kingdom; 5) Department of Systems Biology, Harvard Medical School, Boston, MA; 6)
UCL Genetics Institute, Department of Genetics, Evolution and Environment, University College London, United
Kingdom; 7) London Research Institute, Cancer Research UK, United Kingdom.
Transcriptional control ensures that genes are expressed in the right amounts at the correct times and locations.
A challenge is to understand quantitatively how regulatory systems convert input signals to the appropriate
outputs: what is the regulatory input function that determines a target gene’s expression pattern? We use the
Virtual Embryo dataset from the Berkeley Drosophila Transcription Network Project (Fowlkes et al., 2008) to
accurately model the expression of even skipped (eve) stripes 2 and 3+7 across the entire embryo at cellular
resolution for the first time (Ilsley et al., 2013). A straightforward statistical relationship (logistic regression)
explains how the measured concentrations of transcription factors (TF) define the complex spatial pattern of eve
expression, without the need for pairwise interactions or cross-regulatory dynamic processes. Nevertheless, the
model is able to predict the intricate effects of regulatory perturbations with remarkable accuracy, including from
mutations in regulating TFs and misexpression experiments. The success of the model enables us to show the
sufficiency of a simple model of positional information for even skipped, specifically that TF-specific thresholds
and pairwise interactions are not necessary. We do, however, demonstrate the positional value of homotypic
interactions that can convert an activator to a repressor at higher concentrations, shown here for Hunchback
and Bicoid.
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Chen , Ruta Ziukaite , Julia Zeitlinger , Stanislav Shvartsman , Christine Rushlow . 1) Department of Biology,
New York University, New York, NY; 2) Department of Chemical and Biological Engineering, Princeton
University, Princeton, NJ; 3) Lewis-Sigler Institute for Integrative Genomics, Princeton University, Princeton, NJ;
4) Stowers Institute for Medical Research, Kansas City, MO.
Morphogen activity is crucial to many developmental systems from the fruit fly to human. Dorsoventral (DV)
patterning of the Drosophila embryo is one of the best understood systems of transcriptional regulation. A
nuclear concentration gradient of the maternal transcription factor Dorsal sets the expression domains of at least
50 target genes, which subsequently specify tissue types and subdivide the developing embryo along the DV
axis. It remains an interesting question how a shallow morphogen gradient can specify the distinct expression
boundaries of intermediate and low level target genes. The ubiquitous zinc-finger protein Zelda activates the
zygotic genome during the Maternal-to-Zygotic Transition in Drosophila embryogenesis. The expression
patterns of many Dorsal target genes are altered in the absence of Zelda. Here we present evidence supporting
the hypothesis that the evenly distributed transcription factor Zelda fosters gradient readout of low level Dorsal
by directly binding to the enhancer of Dorsal target genes, and thereby facilitating Dorsal binding to DNA. We
propose that Zelda is crucial to the spatial and temporal precision of Dorsal target gene expression.
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Spatial expression of a comprehensive set of Drosophila transcription factors reveals novel insights
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into regulatory networks. Erwin Frise , Ann Hammonds , Siqi Wu , Antony Joseph , Richard Weiszmann ,
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William Fisher , Bin Yu , Susan Celniker . 1) BDGP/Genome Dynamics, Lawrence Berkeley National Labs,
Berkeley, CA; 2) Dept. of Statistics, UCB, Berkeley, CA.
At the Berkeley Drosophila Genome Project (BDGP), we have established a gene expression resource for
Drosophila development that contains spatial and temporal embryonic expression patterns, annotations of the
patterns using a standardized, controlled vocabulary (CV) based on ontology, as well as standardized virtual
representations of the patterns. Recently, we have completed spatial expression patterns for all 708 known and
predicted sequence specific Transcription Factors (TF). We have used this dataset to conduct an analysis of
transcriptional networks and gained novel insights into even well characterized systems.
Organizing the TFs by organ systems, we were able to perform a first comprehensive survey of the regulatory
dynamics governing organogenesis. We discovered novel relationships among organ systems and an
unexpectedly large set of TFs is restricted to single organ systems.
We have created a novel, highly scalable, statistical method to decompose the images of expression patterns
into small sets of interpretable principal patterns. The principal patterns can be viewed as the computational
equivalent of dissecting enhancer regions and enabled us to represent all expression patterns as well as divide
the developing embryo into more uniform areas matching future organ systems. We were able to analyze
regulatory networks in the early blastoderm and will present results and validations. For example, we succeeded

in identifying all known network components in the gap gene network and revealed previously unidentified TFs.
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Houston, TX; 2) Center for Theoretical Biological Physics, Rice University, Houston, TX; 3) Center for the
Physics of Living Cells, University of Illinois at Urbana-Champaign, Urbana, IL.
Regulation of the hunchback (hb) gene is a paradigm for the way sequence-specific transcription factors (TFs)
diversify cell fates during early development. Understanding TF regulation requires characterizing the interplay
of two processes, both of which obey stochastic, single-molecule kinetics: The arrival of TFs at the gene, and
the production of mRNA. Here we achieve this goal by combining single-molecule counting of Bicoid and
Hunchback TFs and nascent mRNAs at the endogenous hb gene locus, with theoretical modeling of the
underlying kinetics. We find that the effect of Bicoid binding is to drive, in a highly cooperative manner, the
stochastic switching of the hb promoter into an active state. Later on, when Hunchback protein accumulates to a
sufficient level, its binding has an auto-repressive effect on hb transcription. Our combined imaging, imageanalysis and modeling framework can be used to address TF regulation in other genes and possibly other
organisms.
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Luís Amaral , Richard Carthew , Ilaria Rebay . 1) University of Chicago, Chicago, IL; 2) Northwestern
University, Evanston, IL; 3) Chicago Center for Systems Biology (CCSB).
Regulation of gene expression downstream of receptor tyrosine kinase (RTK) signaling is mediated by two ETS
family transcription factors, Pointed (Pnt) and Yan. RTK signaling-induced attenuation of Yan-mediated
repression, degradation of Yan protein, and promotion of Pnt-mediated activation of previously repressed target
genes is critical for cell fate specification in a variety of tissues. Nevertheless, the precise dynamics and
mechanisms that are used to derepress and activate RTK target genes remain poorly understood. We have
been exploring the contribution of Sterile Alpha Motif (SAM)-mediated oligomerization of Yan to DNA binding,
transcriptional repression and RTK-responsiveness. We propose that self-association confers cooperative DNA
binding behavior, and that this ensures stable repression of gene expression and sets appropriate thresholds of
sensitivity to RTK signaling. To test this model, we are combining measurements of intrinsic ETS binding site
affinity and cooperativity in vitro together with in vivo quantification of altered regulation at specific enhancers in
which we manipulate the number and spacing of ETS binding sites. We have found that the spacing between
sites, rather than their total number, appears critical for Yan-mediated repression, with polymers tolerating
greater distances between sites than dimers. In parallel, we are quantifying in individual cells the expression
dynamics of fluorescently tagged Yan monomers, dimers and polymers during RTK-induced cell fate transitions.
Together our results suggest that while both Yan dimers and polymers confer cooperative binding, only higherorder polymers can stabilize long-range repressive interactions at enhancers to ensure the appropriate kinetics
of RTK-mediated attenuation of repression.
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Abl/Enabled signaling regulates Golgi architecture in vivo. Ramakrishnan Kannan, Irina Kuzina, Joy Gu,
Edward Giniger. National Inst of Neurological Disorder and Stroke, National Institute of Health, Bethesda, MD.
Despite our long acquaintance with the pivotal role of the Golgi apparatus in protein packaging and trafficking,
we still do not understand how this organelle is assembled and shaped to best perform its various functions, or
how that biogenesis is regulated by cell signaling. We now find that the signaling pathway defined by the Abl
tyrosine kinase and actin-binding protein, Enabled controls the subcellular architecture of golgi complex in
Drosophila photoreceptor (PR) neurons through its regulation of golgi-associated actin cytoskeleton. We find
that Ena selectively labels the cis-golgi compartment in developing PRs, using both fluorescent and ultrastructural studies. Either overexpression or loss-of-function of Ena increases the number of cis and trans-golgi
cisternae per cell, and Ena overexpression also causes a dramatic redistribution of golgi to the most basal
portion of the cell soma. Consistent with the known organization of the Abl/Ena signaling pathway, loss of
function of either Abl or of its upstream regulator, Disabled, cause the same alterations of golgi organization as
does overexpression of Ena. Live imaging of golgi dynamics in vivo reveals a constant flux of fissions and
fusions of golgi cisternae in wild type PRs and loss of Abl causes both an increase in the frequency of fission
events and a decrease in fusions. Finally, using both genetic and pharmacological approaches, we show that
the effects of Abl/Ena signaling on golgi are mediated via their regulation of remodeling of the actin
cytoskeleton. Our results demonstrate the importance of Abl/Ena mediated actin-regulating signaling pathways
for controlling golgi biogenesis. Collectively, our data suggest that some of the effects of phylogenetically
conserved Abl signaling pathway may be executed via regulation of secretory apparatus thereby linking the

regulatory machinery that senses external information and the secretory machinery that helps execute resulting
patterning choices.
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Clathrin-mediated endocytosis promotes embryonic wound repair in Drosophila. Miranda V. Hunter ,
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Rodrigo Fernandez-Gonzalez . 1) Department of Cell and Systems Biology, University of Toronto, Toronto,
Ontario, Canada; 2) Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto,
Ontario, Canada; 3) Developmental and Stem Cell Biology Program, The Hospital for Sick Children, Toronto,
Ontario, Canada.
Epithelial tissues have an outstanding ability to repair wounds, which is particularly marked in embryos.
Embryonic wound repair is driven by a contractile actomyosin cable, which assembles around the wound and
acts as a “purse string”, driving wound closure. This process is accompanied by the removal of junctions from
the interfaces between the wounded and adjacent cells, and by simultaneous clustering of junctional proteins at
the points of contact between cells adjacent to the wound at the wound margin. The process of endocytosis, in
which cells engulf fluid and molecules from the extracellular space, regulates both junctional remodeling and
cytoskeletal rearrangements in epithelial morphogenesis. However, the role of endocytosis in wound healing
has not yet been elucidated. We used in vivo time-lapse confocal microscopy and quantitative image analysis to
investigate the role of endocytosis in epidermal wound repair in Drosophila embryos. We found that the
endocytic vesicle coat protein, clathrin, localized at the wound margin, suggesting a role for clathrin-mediated
endocytosis in wound repair. When we blocked clathrin-mediated endocytosis using the pharmacological
inhibitor chlorpromazine, we found that wound closure was significantly delayed, suggesting that endocytosis is
necessary for rapid wound repair. The delay in wound closure was accompanied by aberrant localization of
junctional proteins in cytoplasmic vesicles, and by defects in the integrity of the actomyosin purse string around
the wound. Our results suggest a novel relationship between cytoskeletal proteins, junctional components, and
endocytosis, all of which cooperate to drive efficient wound closure.
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Kelch functions as a ubiquitin E3 ligase required for ovarian ring canal growth. Andrew Hudson, Lynn
Cooley. Dept Genetics, Yale Univ Sch Medicine, New Haven, CT.
Ring canals in the ovarian germ cells enable the transfer of cytoplasmic components from the nurse cells to the
growing oocyte. Ring canals form from arrested cleavage furrows, and they recruit a dynamic F-actin
cytoskeleton that drives their growth during oogenesis. Kelch is required for ring canal growth and organization:
in kelch mutants, the ring canals become occluded with F-actin and associated cytoskeletal proteins. Kelch has
two recognizable sequence motifs: a BTB domain and a Kelch repeat domain. The BTB domain mediates
dimerization, and the the Kelch-repeat domain binds F-actin. This led to a model in which Kelch functions as a
dimeric F-actin cross linking protein at the ring canal. More recently, we found that Kelch also functions with
Cullin-3 (Cul-3) as a component of a Cullin-RING Ubiquitin E3 ligase (CRL). In CRLs assembled on a Cullin-3
scaffold, BTB domain proteins bind Cullin-3 and function as substrate targeting proteins. When we examined
germ line clones of Cul-3 mutants, we found that Cul-3 shared a ring canal phenotype that was similar to that of
kelch. In addition, we found that Kelch and Cul-3 colocalize at ring canals and that the two proteins can be coimmunoprecipitated. These results support the conclusion that Kelch also functions as a ubiquitin ligase at ring
canals. We wished to determine how the two activities of Kelch contribute to its function during oogenesis.
Structures of homologous proteins allowed us to devise a strategy to mutate the Kelch BTB domain to
specifically disrupt its ability bind Cullin-3, leaving its ability to dimerize intact. We engineered several of these
mutations into a ketch cDNA and tested their ability to rescue kelch. These experiments revealed that while a
Kelch mutant that can no longer bind Cullin-3 is able to localize to ring canals, it fails to rescue the occluded
cytoskeleton phenotype. These results suggest that the primary function of Kelch in ovarian ring canals target a
substrate for degradation, and we are actively pursuing the identification of a substrate.
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An AP-1-dependent E-Cadherin recycling defect reveals a role for E-Cadherin in ring canals anchoring in
Drosophila germline cysts. Nicolas Loyer, Irina Kolotuev, Roland Le Borgne. IGDR, Rennes, France.
We have investigated the function of Clathrin adaptor complex AP-1 during oogenesis. Continuously growing
immature egg chambers are composed of a monolayered follicular epithelium surrounding a germline cyst of 16
cells, interconnected by cytoplasmic bridges called ring canals (RCs). AP-1 mutant germline cysts exhibited two
major phenotypes. First, localization of E-Cadherin (E-Cad) is affected. Indeed, in AP-1 mutant cysts E-Cad is
specifically excluded from the plasma membrane surrounding RCs where it is normally enriched, and
mislocalizes to enlarged endosomes marked with Rab11. Dominant-negative Rab11 causes similar phenotypes,
suggesting that AP-1 and Rab11-dependent recycling targets E-Cad to RCs. In follicular and pupal notum
epithelia mutant for AP-1, while the bulk of E-Cad resides in adherens junctions (AJ), a fraction of E-Cad is
mislocalized into apical dotted structures and Rab11-endosomes are enlarged. FRAP analyses revealed that

there is a slower and incomplete recycling of E-Cad to AJ. Thus, AP-1 seems to be a general regulator of E-Cad
trafficking. The second phenotype in the germline cyst is multinucleation. Live imaging of egg chambers
revealed that it is not caused by defective mitosis but instead by the detachment of plasma membrane from
RCs. We show that this phenotype, also seen in β-Catenin mutants, was not previously observed in E-Cad
mutant cysts because N-Cad is upregulated, recruits β-Cat and therefore substitutes for E-Cad. EM
ultrastructural analyses revealed that plasma membrane forms tightly packed and interdigitated folds that wrap
the RCs. Interdigitated folds contain fibrillar structures parallel to the plasma membrane. In AP-1 mutant cysts,
membrane packing and fibrillar structures are disorganized. We predict and currently test if the formin
Cappuccino and α-Actinin are downstream cortical effectors of E-Cad-based adhesion and organize the fibrillar
structures. We propose a model in which E-Cad whose trafficking is regulated by AP-1 assembles an actin
based cortical meshwork that ensures the membrane packing and wrapping around RCs.
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Mitotic Spatial Organization and Structural Morphology of the Endoplasmic Reticulum are Independently
Regulated. Zane J. Bergman, Justin D. Mclaurin, Blake Riggs. Biology, San Francisco State University, San
Francisco, CA.
The endoplasmic reticulum (ER) is a vital organelle involved in many cellular processes. Its cellular organization
and localization are highly dynamic, but not very well understood. Currently, it is unclear what factors are
responsible for shaping the ER during mitosis and what mechanism or pathway is responsible for the
coordination and timing of these changes. We utilized the cortical divisions of the Drosophila syncytial embryo to
observe several rapid mitoses. Using GFP-tagged lumenal and peripheral ER proteins, we have tracked the
changes in structural morphology and spatial organization of the mitotic ER. Micro-injection of small molecule
inhibitors of the cytoskeleton at precise times during the cell cycle revealed that mitotic spatial organization, and
not structural morphology, is dependent upon dynamic microtubules. Observation of free centrosomes
coordinating ER spatial organization events suggests that centrosomes serve as a scaffold or organizing center
for ER membrane during mitosis. Spatial organization of the ER changes rapidly upon entrance into mitosis, but
the regulatory mechanisms for this timing have not been elucidated. Manipulation of CDK1 activity by RNAimediated knockdown of individual mitotic cyclins disrupted single facets of ER spatial organization.
Simultaneous triple-knockdown of cyclins A, B, and B3 permitted the changes in structural morphology of the
ER but blocked spatial reorganization. Blocking entry into mitosis with cycloheximide maintained the ER in an
interphase-like state of spatial organization and structural morphology. Interestingly, this block can be alleviated
with micro-injection of purified cyclin B protein. These data indicate that mitotic ER spatial organization depends
upon a dynamic microtubule cytoskeleton and follows the cyclin/CDK1 cell cycle.
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Rab GTPases and BMP signalling regulate exosome secretion by controlling distinct endolysosomal
trafficking events in Drosophila secondary cells. Siamak Redhai, Laura Corrigan, Aaron Leiblich, Shih-Jung
Fan, Mark Wainwright, Carina Gandy, Sumeth Perera, Deborah Goberdhan, Clive Wilson. Department of
Physiology, Anatomy and Genetics, University of Oxford, Oxford, United Kingdom.
Exosomes are small membrane-bound vesicles formed inside late endosomal multivesicular bodies (MVBs).
They are secreted when MVBs fuse with the plasma membrane, releasing a host of intracellular and cell surface
signalling molecules into the extracellular space. Deciphering the mechanisms that regulate exosome
biogenesis has been challenging, partly because the internal architecture of endosomal compartments that
generate these structures cannot be visualised except by electron microscopy. The adult Drosophila accessory
gland consists of two epithelial cell types, the populous main cells and roughly 40 secondary cells (SCs) located
at the distal tips of each gland. We show that endosomal compartments in secondary cells are huge (≥4 μm
diameter), permitting visualisation of fluorescently tagged exosomes and their formation both in real time and in
fixed tissue. Specific Rab GTPases that control trafficking through the endocytic system have been implicated in
regulation of mammalian exosome secretion, but their precise roles are unclear. Similarly, we find that Rab7, 11
and 35 regulate exosome secretion in SCs, but they do so by controlling distinct aspects of endolysosomal
trafficking. Inhibition of putative Rab-interacting partners and several signalling cascades, including the BMP
pathway, phenocopy some of the endolysosomal defects observed after specific Rab knockdown. BMP
signalling in SCs is required for exosome secretion, and inhibition of exosome biogenesis, like blocking BMP
signalling, reduces the ability of males to suppress female receptivity after mating. Our data therefore highlight a
new role for BMP signalling in endolysosomal trafficking and exosome biogenesis, and indicates that modulation
of endolysosomal trafficking at multiple regulatory steps is critical in determining the exosome secretion status of
the cell.
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Fbxl7 is an F-box protein that functions with the atypical cadherin Fat to control tissue size and shape.
Justin A. Bosch, Taryn Sumabat, Kevin Gandhi, Iswar K. Hariharan. Molecular and Cell Biology, University of

California - Berkeley, Berkeley, CA.
The generation of an organ of a characteristic size and shape requires proper regulation of the rate of cell
growth and division, as well as the appropriate orientation of cell division and planar cell polarity. The atypical
cadherin Fat has emerged as a key regulator of each of these processes in Drosophila. The binding of
Dachsous, another cadherin, to Fat activates signaling pathways downstream of Fat, most notably the Hippo
pathway. Although several proteins are known to bind to the intracellular domain of Fat, we still have a limited
understanding of the signaling pathways downstream of Fat. In two different genetic screens, we isolated
mutations in CG4221, the Drosophila orthologue of human F-box and leucine-rich repeat protein 7 (FBXL7) that
likely functions as a component of an SCF-type ubiquitin ligase. Loss-of-function mutations increase tissue
growth, show defects suggestive of abnormalities in oriented cell division and increased expression of Yorkieregulated genes. Conversely, overexpression of Fbxl7 suppresses tissue growth and decreased expression of
Yorkie-regulated genes. These results suggest Fbxl7 may represent an important link between Fat and the
Hippo pathway. Fbxl7 physically interacts with and co-localizes with Fat at the membrane, and this localization
is lost in fat mutant cells. Fbxl7 is also planar polarized on the proximal surface of wing-imaginal-disc cells, as is
Fat. Fbxl7 appears to regulate Fat signaling in at least two ways. First, alterations in the localization of the
atypical myosin, Dachs, are observed in response to changes in Fbxl7 levels. Second, overexpression of Fbxl7
increases levels of Fat at the cell surface. Taken together, these observations favor a model where Fbxl7 is
recruited by Fat, and that Fbxl7 can then influence both Fat levels as well as the localization or levels of Fat
effectors such as Dachs.
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A novel gene, SAD, is required for axonal integrity in aging - a discovery from an unbiased genetic
1
1
2
1
screen using the Drosophila wing as a model. Yanshan Fang , Xu Cao , Xiuyin Teng , Qinqin Li , Yongqing
2
2
Zhu , Nancy Bonini . 1) SIOC, IRCBC, Chinese Academy of Sciences, Shanghai, China; 2) HHMI, Univ of
Pennsylvania, Philadelphia, PA.
Axon degeneration is a prominent feature of spinal cord injury and many human degenerative diseases. Studies
S
of the Wallerian degeneration slow (Wld ) mouse indicate that axon degeneration is an active process, however,
the underlying mechanisms remain elusive. To identify novel molecular components controlling axonal integrity,
it is desirable to perform unbiased, large-scale screening. We have recently developed a novel model of nerve
injury using the Drosophila wing. The fly wing is translucent, allowing us to highlight the axons using fluorescent
proteins and to monitor axonal changes in response to traumatic injury and ageing in live flies.
Using this model, we performed genetic screens to discover novel genes that can protect the injured nerve or to
S
revert the Wld -mediated axon protection. We found a mutant line of a functionally uncharacterized gene, which
S
not only diminishes Wld protection, but also displays striking age-dependent spontaneous axon degeneration
on its own. For this phenotype, we named the mutant: Spontaneous Axon Degeneration (SAD). Further
examination reveals massive vacuoles in the brain of aged SAD flies, indicating progressive neurodegeneration
in the CNS. Moreover, the lifespan of SAD mutants is significantly shortened. In addition, aged SAD flies have
elevated sensitivity to stress such as heat and physical stress.
Feature analysis of the SAD protein suggests that it may be involved in chromatin remodeling and epigenetic
modifications. Ongoing experiments include generating UAS-SAD and RNAi-SAD transgenic flies to determine
the role and molecular mechanisms of SAD in age-associated maintenance of the nervous system. By this
study, we hope to provide important foundation for new therapeutic targets of axonal/neural degeneration in
acute injury as well as chronic neurological disorders.
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Quantification of Drosophila insulin reveals genetic mechanisms of human diabetes risk. Sangbin Park,
Ronald W. Alfa, Sydni M. Topper, Grace E.S. Kim, Lutz Kockel, Seung K. Kim. Developmental Biology, Stanford
University School of Medicine, Standford, CA.
Impaired insulin sensitivity and insulin secretion underlie the development of type 2 diabetes mellitus (T2DM),
and genome-wide association studies strongly suggest a genetic basis for the pathogenesis of these
physiological hallmarks of diabetes. Drosophila, with its superb experimental genetics, could become a powerful
model for genetic dissection of insulin resistance and secretion if a robust and sensitive method to measure in
vivo circulating insulin in Drosophila can be established. Here we describe a novel system for measuring in vivo
levels of insulin in adult flies, paving the way to investigate genetic and physiological mechanisms of insulin
secretion and insulin resistance. We show that epitope-modified Insulin-like protein 2 (Ilp2HF) maintains full
bioactivity and permits quantification of circulating levels in flies. Using this tool, we measured oral glucosestimulated insulin secretion from insulin producing cells and detected age-dependent adaptive increases in
circulating insulin. Insulin-resistant states generated by genetic attenuation of insulin-receptor signaling caused
adaptive hyperinsulinemia. Furthermore, we demonstrate changes in insulin levels resulting from tissue-specific
knockdown of Drosophila cognates of risk genes for human T2DM , implicating these genes as regulators of
insulin levels. Thus, our study reveals both a cellular basis and an insulin-based mechanism to link risk genes to

T2DM pathogenesis, demonstrating efficient ways for exploiting Drosophila physiology in vivo to unravel human
T2DM genetics.
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Common responses of Drosophila and mammalian cells to novel lipid-lowering drugs. Kseniya
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Golovnina , Kirsten Tschapalda , Zhuyin Li , Min Shen , Matthew Boxer , Brian Oliver , Mathias Beller . 1)
NIH/NIDDK, Bethesda, MD; 2) Institute for Mathematical Modeling of Biological Systems, Heinrich Heine
University, Düsseldorf, Germany; 3) Department of Chemical Biology, Max Planck Institute of Molecular
Physiology, Dortmund, Germany; 4) NIH/NCATS, Rockville, MD.
Free fatty acids (FFA) are converted to triglyceride (TG), which is stored in lipid droplets and required for energy
and biosynthetic activity in cells and organism. Dysfunction in lipid storage and metabolism results in
pathologies such as obesity or type II diabetes recalcitrant to pharmacological treatment. Drosophila has
orthologs of 75% of human genes, a compact genome and powerful genetics making flies an emerging
pharmacogenomics model. We conducted a cell-based, ultra-high throughput screen (5 million wells) in
Drosophila melanogaster S3 cells to identify molecules decreasing cellular lipid storage scored by imaging. We
made derivatives of the three most effective structural scaffolds (chemotypes) which were screened in multiple
mammalian cell lines and in flies. The similar pharmacological responses observed in murine AML12
hepatocytes, human Hela and monkey COS-7, and S3 cells, suggested an evolutionary conserved mechanism
of drug action. Lack of TG in treated cells could be due to failed FFA import, enhanced FFA export, catabolism
in mitochondria, or blocked TG synthesis. To explore the mechanism, we analyzed the gene expression
response to treatment in mouse and fly cells by RNA-Seq. Principal component analysis showed clustering of
gene expression profiles from Drosophila and mouse cells provided free fatty acids and active compounds with
cells not provided free fatty acids. We observed the expression changes of genes involved in lipids metabolism
in these cells. Globally, the gene expression profiles following treatment with the novel compounds were similar
to those of cells treated with some known kinase inhibitors and activators of the important transcriptional
regulators of lipid metabolism, PPARα and PPARγ. Collectively, our data indicate that Drosophila is a good
model for testing lipid storage modulating molecules.
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Exploiting Drosophila as a platform to develop anti-amyloid strategies. Pedro Fernandez-Funez ,
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Jonantan Sanchez-Garcia , Swati Khare , Alfonso Martin-Peña , Diego Rincon-Limas . 1) Dept Neurology,
Univ Florida, Gainesville, FL; 2) McKnight Brain Institute, Genetics Institute, and Center for Translational
Research on Neurodegenerative Disorders.
Alzheimer’s disease (AD) is an incurable brain disorder characterized by irreversible neuronal loss and cognitive
decline. Soluble assemblies of the Amyloid-β42 (Aβ42) peptide are the leading neurotoxic agents in AD
pathogenesis; thus, targeting these Aβ42 toxic species is likely to slow or revert the disease. Unfortunately, no
disease modifying therapies are currently available for AD. We are exploring two distinct strategies to block
Aβ42 neurotoxicity through transgenic expression of Aβ42-binding agents. First, we used passive
immunotherapy, one of the most promising approaches against AD. To bypass the limited penetration of full
antibodies in the brain, we expressed two anti-Aβ single chain variable fragments (scFv). Flies expressing scFvAβ9 or scFv-213 showed suppressed Aβ42-dependent cell death, improved eye organization, and protected
mushroom body dendritic fields (calyces). Interestingly, co-expression of both scFvs demonstrated synergistic
protective activity, suggesting that both scFvs can simultaneously bind Aβ42. For the second approach, we
exploited the neuroprotective activity of Heat shock protein 70 (Hsp70), a molecular chaperone that binds
unfolded clients and promotes their refolding. To determine the protective activity of Hsp70 against Aβ42 in the
extracellular space, we engineered secreted Hsp70 (secHsp70) by adding a signal peptide. Flies co-expressing
Aβ42 and secHsp70 exhibited perfectly organized eyes, reduced cell death, preserved calyces in the mushroom
bodies, and improved memory. We also observed that secHsp70 interacts directly with Aβ42 without affecting
Aβ42 accumulation and aggregation. Thus, the protective activity of secHsp70 may be mediated by stable
binding to toxic Aβ42 species. Overall, we present here two strategies for developing novel anti-Aβ42 agents
and testing their functionality in vivo. We are currently expanding these studies by testing several new anti-Aβ42
scFvs and other secreted Heat shock proteins.
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H Efflux Enables Cancer Cell Behaviors. Bree K. Grillo-Hill, Mario Esquivel, Diane L. Barber. Cell and Tissue
Biology, Univ California, San Francisco, San Francisco, CA.
Constitutively increased intracellular pH (pHi) is a distinct, acquired characteristic of cancer cells regardless of
the genetic lesion or tissue origin. Many cancers have elevated expression or activity of membrane transport
+
+
proteins that facilitate increased pHi, including the mammalian Na -H exchanger NHE1. In cultured cells,
increased pHi confers pathological processes including hyper-proliferation, resistance to apoptosis, and directed
cell migration. However, the importance of increased pHi studied using in vivo cancer models remains

+

unresolved. To better understand how H efflux and increased pHi impact cancer cell behaviors, we asked
whether increased pHi in the absence of other transforming signals is sufficient to induce dysplasia. We found
that overexpression of Dnhe2, an ortholog of mammalian NHE1, increases pHi and induces hyper-proliferation
and dysplasia in the fly eye. Furthermore, overexpressing Dnhe2 with oncogenic RasV12 in wing discs
potentiates invasion and shows strong, non-autonomous increased growth. To identify signaling pathways that
may mediate dysplasia with increased pHi, we conducted a dominant modifier screen using the rough eye
phenotype induced by Dnhe2-overexpression (GMR>Dnhe2). We screened a collection of gain-of-function (gof)
and loss-of-function (lof) alleles affecting signaling pathways as well as known regulators of cell growth, cell size
and cytoskeleton. We identified interactions with members of the Myc, Notch and Wnt/β-catenin pathways.
Removing one copy of myc enhanced GMR>Dnhe2, while overexpression of myc suppressed it. Similarly,
wingless gof or over-expression of β-catenin suppressed GMR>Dnhe2, but RNAi targeting β-catenin or Ecadherin enhanced GMR>Dnhe2. GMR>Dnhe2 suppresses the overgrowth phenotype of Notch gof, and
enhances Notch or Delta lof alleles, and can induce lethality. In addition to revealing that increased pHi is
sufficient to induce dysplasia in the absence of oncogenic signals, these data indicate previously unrecognized
interactions between pHi dynamics and Myc, Wnt/β-catenin, and Notch signaling.
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Characterization of the leukemogenesis activity of the human Nup98-HoxA9 oncoprotein using
Drosophila as a model system. Gwenaelle Gavory, Caroline Baril, Gawa Bidla, Marc Therrien. IRIC,
University of Montreal, Montreal, Quebec, Canada.
Acute myeloid leukemia (AML) is a disorder of hematopoietic progenitors often characterized by chromosomal
translocations that lead to the ectopic expression of HOX transcription factors. Consistent with their critical role
in leukemia, overexpression of HOX proteins (such as the Nup98-HoxA9 oncoprotein) in mouse hematopoietic
progenitors induces leukemia. Yet, the underlying mechanism is unclear. Given that closely related Nup98 and
HoxA9 homologs are present in Drosophila, we sought to use this system for establishing a model enabling the
characterization of Nup98-HoxA9 (NH) activity. NH fuses the N-term part of Nup98 to the C-term part of HoxA9.
Mouse bone marrow transplants of NH-transduced progenitors lead to increased proliferation of myeloid
precursors, to their inhibition of differentiation and ultimately to AML after a long latency. This latency is
significantly reduced by co-expressing the HOX cofactor Meis1. Interestingly, expression of NH in the
Drosophila lymph gland (larval hematopoietic organ) recapitulates key features of the murine model. Firstly, NHexpressing hemocytes have an increased proliferative capacity, which leads to lymph gland hyperplasia.
Secondly, RNAi depletion of homothorax (hth) (Meis1 ortholog) suppresses NH-mediated proliferative
phenotypes. Thirdly, co-expression of hth strongly collaborates with NH. Finally, NH expression compromises
the terminal differentiation of plasmatocytes, which account for ~ 95% of the blood cell population. We started
investigating the events disrupted by NH expression. Our preliminary results suggest that NH antagonizes PVR
activity; a tyrosine kinase receptor related to the PDGF/VEGF receptors. A model accounting for the impact of
NH expression on PVR activity will be presented. This Nup98-HoxA9 fly model should prove useful to identify
factors that influence HOX-mediated leukemia.
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Mitochondrial i-AAA protease deficiency leads to neuromuscular degeneration through apoptotic cell
death. Yun Qi, Hong Xu. GDBC, NHLBI, bethesda, MD.
Mitochondrial protein homeostasis is essential for mitochondrial function. Mitochondrial AAA proteases on the
inner membrane are thought to play major roles in facilitating protein folding and removing unfolded or damaged
protein aggregates. The mutations affecting human matrix AAA (m-AAA) protease cause neuronal disorders
such as hereditary spastic paraplegia and spinocerebellar ataxia, highlighting the essential role of AAA
proteases in maintaining mitochondrial integrity and function. However, the degenerative mechanism underlying
this mitochondrial deficiency remains largely unknown. In addition, little is known about the pathology caused by
i-AAA protease deficiency in multicellular organisms. Here we genetically characterized the i-AAA protease in
del
Drosophila melanogaster. We found that the i-AAA protease null allele flies (dYME1L ) exhibited reduced
lifespan, male sterility, progressive locomotor deficiency, and neuron-muscular degeneration. Though young
del
dYME1L flies showed normal mitochondrial morphology and biogenetics, mitochondrial unfolded protein
del
response was detected. dYME1L flies were sensitive to genetic and pharmacological stresses. In aged
del
dYME1L , the stoichiometric change in the respiration chain (RC) complex subunits and protein aggregation
del
were evident. Old dYME1L flies also displayed disrupted mitochondrial morphology, impaired bioenergetics
and apoptotic cell death. Furthermore, inhibiting apoptosis was able to suppress the neuronal degeneration in
del
dYME1L . We propose that i-AAA protease deficiency disrupts mitochondrial proteostasis and subsequently
causes mitochondrial membrane remodeling and disruption, which in turn compromise mitochondrial integrity
and cell survival through apoptosis.
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A new paternal effect lethal is required to prime paternal chromatin for embryonic mitosis. Mia T.
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Levine , Helen M. Vander Wende , Harmit S. Malik . 1) Division of Basic Sciences, Fred Hutchinson Cancer
Research Center Seattle, WA; 2) HHMI.
Eukaryotic DNA is packaged into distinct chromatin compartments that support essential, highly conserved
functions. Many chromatin proteins, however, are unconserved. To gain insight into this paradox, we have
characterized the Heterochromatin Protein 1E (HP1E) gene, which is essential for male fertility in D.
melanogaster but recurrently lost over evolutionary time. We report that HP1E is a rare paternal effect lethal
(PEL). HP1E-depleted fathers make motile sperm that deposit paternal DNA into the egg, but these embryos
arrest after only a few rounds of mitotic division and exhibit severe genome instability. During the 1st mitotic
division, we observe an anaphase bridge comprised exclusively of paternal chromatin. Furthermore, we can fully
rescue mitotic cycling by crossing these PEL fathers to sesame- mutant mothers, whose embryos bypass
paternal DNA and instead undergo maternal haploid mitosis. This mitotic rescue implicates the paternal
chromatin as the primary source of the PEL-induced genome instability. Consistent with this inference, HP1E
localizes to wildtype post-meiotic spermatid nuclei. Our data suggest a model in which HP1E acts during
spermiogenesis to prime the paternal genome for embryonic mitosis. We propose that HP1E depletion in the
male germline results in incomplete paternal DNA replication prior to the first embryonic mitosis. Under this
model, chromosomes that harbor the longest blocks of late-replicating heterochromatin will be the most
vulnerable to missegregation. FISH experiments on the PEL embryos reveal significant enrichment of the highly
heterochromatic Y and X in the chromatin bridge of male and female embryos, respectively. HP1E’s
phylogenetic signature lends further support for a synthetic interaction between HP1E and the sex
chromosomes. Pseudogenization of HP1E in the obscura group exactly coincides with X and Y chromosome
fusions to autosomes, which may ameliorate the late-replication defect. We propose that a shift in the
heterochromatin landscape upon sex chromosome rearrangement releases functional constraint on a onceessential HP1 gene.
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The Epigenome of Evolving Drosophila Neo-Sex Chromosomes: Dosage Compensation and
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Heterochromatin Formation. Qi Zhou , Chris Ellison , Vera Kaiser , Artyom Alekseyenko , Andrey
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1
Gorchakov , Doris Bachtrog . 1) Integrative Biology, University of California, Berkeley, Berkeley, CA; 2)
Department of Genetics, Harvard Medical School; 3) Institute of Molecular and Cellular Biology, Novosibirsk,
Russia.
Sex chromosomes originated from autosomes but have evolved opposite chromatin structures. Drosophila Y
chromosomes are composed entirely of silent heterochromatin, while male X chromosomes have highly
accessible chromatin as a result of dosage compensation. Here, we dissect the molecular pathways and
functional pressures driving heterochromatin formation and dosage compensation of the recently formed neosex chromosomes of Drosophila miranda. We show that the onset of heterochromatin formation on the neo-Y is
triggered by an accumulation of repetitive DNA. The neo-X has evolved partial dosage compensation through
diverse mutational paths establishing several dozen novel binding consensus motifs for the dosage
compensation complex, which include simple point mutations at pre-binding sites, insertion and deletion
mutations, microsatellite expansions, or tandem amplification of weak binding sites. Intriguingly, the genomic
regions being targeted by the dosage compensation complex on the neo-X and those becoming
heterochromatic on the neo-Y show little overlap, possibly reflecting different propensities along the ancestral
chromosome that formed the sex chromosome to adopt active or repressive chromatin configurations. Our
findings have broad implications for current models of sex chromosome evolution, and demonstrate how
mechanistic constraints can limit evolutionary adaptations. Our study also highlights how evolution can follow
predictable genetic trajectories, by repeatedly acquiring the same 21-bp consensus motif for recruitment of the
dosage compensation complex, yet utilizing a diverse array of random mutational changes to attain the same
phenotypic outcome.
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The weak shall lead the strong: Low-affinity transcription factor binding sites in morphogen gradient
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responses and enhancer evolution. David Lorberbaum , Andrea Ramos , Victoria Blake , Charles
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Katzman , David Parker , Christina Swanson , Scott Barolo . 1) Dept. of Cell & Developmental Biology,
University of Michigan Medical School, Ann Arbor, MI; 2) Program in Cellular and Molecular Biology, University
of Michigan Medical School, Ann Arbor, MI; 3) Current address: Dept. of Biology, UNC Chapel Hill, NC.
Developmental cell signaling pathways relay patterning information to transcription factors (TFs), which in turn
control cell fate by regulating gene expression. Because these pathways are highly pleiotropic, we are
particularly interested in how cis-regulatory DNA sequences interpret such "generic" signals in a tissue-specific
manner, and how they accurately read spatial information from morphogen gradients.
By altering the affinity of signal response elements in vivo, we have discovered important, sometimes surprising
roles for low-affinity, non-consensus binding sites for signal-regulated TFs in the regulation of the genes

wingless, dpp, stripe, dPax2, and patched. In certain enhancers of these genes, weak binding is specifically
required for proper responses to Hedgehog or Notch signaling: improving binding affinity can either cause
ectopic responses to a signal or, unexpectedly, switch the “sign” of the response from activation to direct
repression. We have evidence for at least two separate mechanisms by which this switch can occur.
These findings have direct relevance for both the tissue specificity of signal responses and transcriptional
outputs of morphogen gradients. I will address the implications of our recent findings for genetic, genomic, and
computational approaches to the study of developmental transcriptional networks and their molecular evolution.
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Analysis of transcription factors binding footprints at developmental enhancers using ChIP-nexus, a
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1,2
novel ChIP-exo protocol. Qiye He , Jeff Johnston , Julia Zeitlinger . 1) Stowers Institute for Medical
Research, Kansas City, MO; 2) The University of Kansas School of Medicine, Department of Pathology and
Laboratory Medicine, Kansas City, KS.
Understanding how eukaryotic enhancers are bound and regulated by specific combinations of transcription
factors is still a major challenge in biology. Towards this goal, we have developed ChIP-nexus (ChIP
experiments with nucleotide resolution through exonuclease, unique barcode and single ligation), which allows
the mapping of sequence-specific transcription factor binding footprints across the genome in a more robust
manner than existing ChIP-exo protocols. Using the early Drosophila embryo as model system, we have
mapped well-studied transcription factors and find surprising differences among them. For example, some
transcription factors such as Twist show binding footprints that differ in shape between different sequence motif
variants. GAGA factor, on the other hand, binds in a strand-specific fashion and enhanced binding over multiple
GAGA motifs occurs preferentially on the same strand. Thus, we find that ChIP-nexus offers novel insights into
the binding properties of transcription factors, which in turn could help in understanding their combinatorial
requirement in transcription.
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K27me3 and CTCF demarcate cis-regulatory domains in the Drosophila bithorax complex. Sarah K.
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Bowman , Aimee M. Deaton , Peggy Wang , Heber Domingues , Robert E. Kingston , Welcome Bender . 1)
Massachusetts General Hospital, Dept. of Molecular Biology, Boston, MA; 2) Harvard Medical School, Dept. of
Genetics, Boston, MA; 3) Harvard Medical School, Dept. of Biological Chemistry and Molecular Pharmacology,
Boston, MA.
How cells with identical genetic information adopt diverse fates by modifying access to DNA is a central
question of developmental biology. We show that a fundamental cell type difference -- segment identity along
the anterior-posterior axis -- can be traced to precise chromatin modifications in a single region of the
Drosophila genome. Using transgenic flies to isolate four successive parasegments from Drosophila embryos,
we profiled chromatin architecture genome-wide. We find that the cis-regulatory regions of the homeotic genes
in the bithorax complex are modified sequentially, with one additional region activating in each more posterior
parasegment. Active regions lack the Polycomb-associated H3K27me3 histone mark and acquire opposing
marks of activation. The borders between active and repressive chromatin domains align precisely with CTCF
binding sites, and the protein remains on chromatin even in active regions. Investigation of other proteins and
histone marks is ongoing, and current observations include that the Polycomb-group protein Polyhomeotic is
found on active regulatory regions, and that Pol2 binds the promoter of Abd-B when it is in a repressed state.
Taken together, these findings support the domain model of homeotic activation, provide molecular insight into
decades of genetic experiments, and demonstrate that segment identity is molecularly specified at the level of
chromatin.
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Intrinsically random decisions and interchromosomal communication control stochastic expression in
the fly eye. Robert J. Johnston. Department of Biology, Johns Hopkins University, Baltimore, MD.
Sensory systems use stochastic mechanisms to diversify neuronal subtypes. In the Drosophila eye, stochastic
expression of the PAS-bHLH transcription factor Spineless (Ss) determines a random binary subtype choice in
R7 photoreceptors. We have found that a stochastic, cell-autonomous decision to express ss is made
intrinsically by each ss locus. Stochastic on or off expression of each ss allele is determined by combinatorial
inputs from one enhancer and two silencers acting at long range. We propose three possible mechanistic
models controlling the decision: (i) the ss locus randomly assumes one of two (i.e. active and repressed) DNA
looping configurations, (ii) one silencer facilitates the nucleation of closed chromatin state spreading from the
other silencer, and (iii) one silencer generally lowers expression in all R7s whereas the other specifically
provides the stochastic input (through looping or spreading).
The two ss alleles also average their frequency of expression through upregulatory and downregulatory
interallelic cross-talk. This inter- or intra- chromosomal long-range regulation does not require endogenous ss
chromosomal positioning or pairing. Therefore, although individual ss alleles make independent stochastic

choices, interchromosomal communication coordinates expression state between alleles, ensuring that they are
both expressed in the same random subset of R7s. We envision three models for how interchromsomal
communication controls expression: (i) a temporally distinct two-step mechanism involving both alleles making
independent expression decisions followed by an activating and repressing tug of war, (ii) a temporally distinct
two-step mechanism in which one allele makes the decision and then imposes the decision onto the other naïve
allele, and (iii) a mechanism involving contemporaneous decisions that average the activating and repressing
inputs from each allele.
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The function of Zelda in establishing early embryonic genome organization. Katharine N Schulz , Daniel J
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McKay , Danielle C Hamm , Jason D Lieb , Melissa M Harrison . 1) Dept. of Biomolecular Chemistry, University
of Wisconsin, Madison, WI; 2) Dept. of Biology, The University of North Carolina, Chapel Hill, NC; 3) Dept. of
Molecular Biology, Princeton University, Princeton, NJ.
The transition from a specified germ cell to a population of totipotent cells occurs immediately following
fertilization, during the initial stages of embryonic development. At this developmental stage, the zygotic genome
is transcriptionally quiescent, and development is controlled by maternally deposited mRNAs and proteins.
Widespread zygotic transcription initiates later, after the cells have become totipotent and are poised to
differentiate. Despite the fact that this delayed transcriptional activation of the zygotic genome is nearly universal
among metazoans, the mechanisms governing this process remain unknown. We and others have
demonstrated that the Drosophila protein Zelda (ZLD) acts globally to facilitate the transcriptional activation of
the zygotic genome. Our data suggested that ZLD may establish a permissive chromatin environment, allowing
additional transcription factors access to their underlying binding sites. We directly tested this hypothesis by
measuring chromatin accessibility in the presence and absence of ZLD in early embryos. We find that ZLD is
specifically required to establish regions of open chromatin at the maternal-to-zygotic transition. We will discuss
how these and other results suggest a mechanism for ZLD-mediated genome reorganization.
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PVR controls the antiviral ERK pathway in the Drosophila gut. Christine L. Sansone, Jie Xu, Ari Yasunaga,
Beth Gordesky-Gold, Sara Cherry. Microbiology, University of Pennsylvania, Philadelphia, PA.
Many pathogens, including viruses, are orally acquired through the gastrointestinal tract. The gut not only
provides a barrier against such challenges, but also plays an active role by inducing local immune pathways.
However, there is limited knowledge about the molecular mechanisms at play in the intestinal epithelium against
viruses. To address this gap in knowledge, we have developed an oral model for viral infection in Drosophila.
This led to our findings that the conserved ERK signaling pathway plays an antiviral role in the intestinal
epithelium against a panel of viruses. Receptor tyrosine kinases are known to activate ERK signaling. By testing
a subset of known activators, we discovered that PVR (PDGF/VGF Receptor) is required for antiviral ERK
signaling in vitro. Loss of PVR in the intestinal epithelium using epithelial-specific RNAi or expression of a
dominant negative form of the receptor leads to increased viral loads. Furthermore, PVR is required for virusinduced ERK activation in vitro. PVR has three known ligands (Pvf1-3) and we found that Pvf2 is required for
antiviral defense in vitro and ectopic expression of Pvf2 restricts oral infection in the gut. Since Pvf2 is
endogenously expressed in the gut, our current studies are aimed at identifying the cell types and stimuli that
induce this pathway in the intestines. Altogether, these findings extend our understanding of local antiviral
defenses.
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Epigenetic regulation of the antiviral Jak-Stat pathway by the histone methyltransferase G9a in
Drosophila. Sarah Merkling, Walter Bronkhorst, Gijs Overheul, Jamie Kramer, Annette Schenck, Ronald van
Rij. Radboud University Nijmegen Medical Center, Nijmegen Institute for Molecular Life Sciences, Nijmegen,
The Netherlands.
The fruit fly Drosophila melanogaster is a well-established model to study innate immunity. Evolutionary
conserved pathways for antimicrobial and antiviral host defense have been characterized in Drosophila. Efficient
defense responses require tight regulation of immune genes within multiple signaling networks. Histone
modifications are important components of epigenetic gene regulation. We have recently identified the histone
modifying enzyme EHMT/G9a (Euchromatin histone methyltransferase) as an important regulator of innate
immunity. EHMTs are a family of evolutionary conserved proteins involved in epigenetic transcriptional
regulation through dimethylation of histone 3 at lysine 9. Using viable null mutants for the ortholog of the human
EHMT-1 gene, we are investigating the role of G9a in innate immunity in Drosophila. Strikingly, G9a mutant flies
display high susceptibility to the picorna-like RNA virus, Drosophila C virus (DCV). Increased mortality of the
mutants was rescued by tissue-specific expression of G9a in the fat body, an important immune organ of
Drosophila. Whole-transcriptome analyses using RNA-sequencing suggested a deregulation of the immune
response in G9a mutants upon viral infection. Using chromatin-immunoprecipitation followed by qPCR (ChIP-

qPCR), we confirmed that several of those misregulated immune genes, such as Jak-Stat pathway components,
were direct targets of G9a-mediated epigenetic regulation. Moreover, using epistatic tests, we demonstrated
that G9a genetically interacts with components of the Jak-Stat signaling pathway. We conclude that G9amediated epigenetic regulation of the Jak-Stat pathway is essential for the control and efficiency of antiviral
immunity in Drosophila.
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Extracellular adenosine regulates complex host-pathogen interactions through the energy release for
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the immune response. Tomas Dolezal , Adam Bajgar , Katerina Kucerova , Lucie Jonatova , David
1
Schneider . 1) Microbiology and Immunology, Stanford University School of Medicine, Stanford, CA; 2) Faculty
of Science, University of South Bohemia in Ceske Budejovice, Czech Republic.
Immune response requires energy; therefore release of energy is crucial for the host resistance. However, the
energy may also be used by the pathogen and prolonged energy release may lead to a loss of energy reserves
in the host. Thus in theory, the energy release must be finely tuned; however the experimental evidence had
been largely missing. Extracellular adenosine (e-Ado) is an energy sensor, used from primitive organisms to
humans, produced by cells in energetic stress mediating a release of energy from stores. Our work uncovers the
role of e-Ado in energy regulation during the immune response and, using different mutants, pathogens and
diets, experimentally demonstrates the complexity in the regulation of energy release with various outcomes in
the host-pathogen interaction. First, using a parasitic wasp infection, we demonstrate that e-Ado regulates the
release of energy upon infection and we uncover the molecular mechanisms behind this regulation. Blocking the
e-Ado signaling decreases the resistance against the wasp parasite. Using additional types of infections and
blocking or enhancing e-Ado signaling, we show that e-Ado may increase the resistance against Streptococcus
on one side but elevates the growth of Listeria on the other side. The regulation of e-Ado actions may thus
influence the balance between feeding the immune response and feeding the pathogen. Tight regulation of eAdo is also important in preventing wasting during chronic infection. Such tight regulation of e-Ado seems to be
a trade-off between a shorter lifespan in ideal conditions and a better survival during stressful conditions. Our
results overall suggest that the regulation of energy during immune response by e-Ado is optimized to work
sufficiently well for various types of infections with the smallest possible pathological consequences.
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Drosophila-associated microbes promote host protein metabolism to rescue lifespan and development
during malnutrition. Ryuichi Yamada, William Ja. Metabolism and Aging, The Scripps Research Institute,
Jupiter, FL.
Animals constantly interact with a complex and dynamic microbial community. Growing evidence highlights the
importance of the microbiota for metabolic health. However, the mechanisms through which microbes influence
host metabolism are unknown. Here, we show that Drosophila-associated microbes benefit larval development
and adult lifespan primarily by influencing protein metabolism. During protein-specific malnutrition, a single
species of bacteria or fungi can extend fly lifespan. Importantly, microbial amplification in the fly food correlates
closely with extended lifespan. The microbe with the greatest capacity to grow on nutrient-poor food has the
greatest benefit in both lifespan and development. In addition, heat-killed microbes or dietary protein induce
similar beneficial effects in a dose-dependent manner, reinforcing the notion that flies use microbes directly as a
protein-rich food source. Microbial association modulates physiological measurements such as glucose,
triglyceride and ATP levels, to mimic that of well-nourished flies. A sufficient supply of microbes has the greatest
impact on fly health regardless of microbial species, which suggests that microbial quantity, rather than quality,
has the greatest impact on host protein metabolism. Given the fundamental nature of protein metabolism, it is
likely that microbial contributions directly alter all nutrition-related phenotypes such as activity and fecundity in
addition to lifespan and development. Hence, we suspect many studies of metabolism and aging are
complicated by experimental diets and microbes that vary between laboratories. Our findings suggest that the
interaction between microbes and nutrition must be considered in all studies of Drosophila physiology and
metabolism.
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The serine protease homolog novi is involved in sensing of pathogenic Gram positive bacteria. Jelena
Patrnogic, Vincent Leclerc, Jean-Marc Reichhart. Institut de Biologie Moléculaire et Cellulaire, CNRS UPR9022,
15 rue René Descartes, Strasbourg, France.
In Drosophila, recognition of pathogens such as Gram positive bacteria and fungi triggers the activation of
proteolytic cascades that culminate in activation of the Toll pathway. This can be achieved by either sensing of
pathogen associated molecular patterns (PAMPs) or by microbial proteolytic activity (danger signal). Previous
data suggested that certain serine protease homologs (inactive serine proteases) are involved in the pathway as
cofactors. We generated a null mutant of the serine protease homolog novi that allowed us to test its
involvement in activation of the Toll pathway. When flies mutant for novi were challenged with Enterococcus

faecalis, they showed susceptibility to infection, as well as reduced levels of Toll pathway activation. Conversely,
when novi flies were challenged with protease-deficient Enterococcus faecalis, they did not show the previously
observed phenotype. This result implies that Novi is specifically involved in the sensing of pathogenic Gram
positive bacteria. This is the first study demonstrating the involvement of a serine protease homolog in
Drosophila immune response.
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Origin, anatomy and proliferative capacity of adult hemocytes in Drosophila. Kalpana Makhijani , Brandy
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Alexander , Christa Rhiner , Eduardo Moreno , Katja Brückner . 1) Dept. Cell and Tissue Biology; 2) Broad
Center of Regeneration Medicine and Stem Cell Research; 3) CVRI; University of California San Francisco, CA;
4) University of Bern, Switzerland.
Hematopoiesis in Drosophila occurs in several waves. While embryonic, larval and lymph gland hematopoiesis
have been described previously, the anatomy and proliferative capacity of the adult hemopoietic system has
remained enigmatic. Here, we determine the lineage, organization and plasticity of the adult hematopoietic
system in Drosophila. Using flipout-lacZ lineage tracing, we confirm that pupal and adult hemocytes derive from
larval hemoctes that persist into later stages. Adult hemocyte distribution and number change over time: In
newly eclosed adults, hemocytes are found tightly attached to the dissipating cells of the dissociated larval fat
body. Within days, hemocytes then consolidate into distinct resident clusters, similar to the retreat of larval
hemocytes to the Hematopoietic Pockets of the larval body wall where hemocytes colocalize with sensory
neuron clusters of the Peripheral Nervous System (PNS). Indeed, also in the adult, we observe a tight
colocalization of hemocytes around adult peripheral neurons in a characteristic pattern along the ventral
abdomen of the fly, suggesting similar attractive and/or trophic functions of the PNS. However, in contrast to the
larva, this microenvironment may lack proliferative signals, as we find that adult hemocyte numbers decline with
age. Using in vivo EdU incorporation, hemocyte-specific MARCM and perma-twin MARCM genetic strategies,
we carefully probed the proliferative capacity of adult hemocytes. We find that, with few exceptions, hemocyte
proliferation largely ceases in the adult fly, even under most conditions of bacterial immune challenge; this
stands in contrast to the abundant hemocyte proliferation seen throughout larval development. Our findings
suggest that the adult hemocyte pool is largely determined earlier during development, and that adaptation may
be achieved through the plasticity of hematopoiesis at the larval stage.
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Protein restriction enhances anti-bacterial immunity through Target of Rapamycin and posttranslational
regulation of Myc by protein phosphatase 2A. Jung-Eun Lee, Scott Pletcher. University of Michigan, Ann
Arbor, MI.
Dietary restriction extends life span and improves health across phyla. However, our understanding of how it
affects individual health parameters, immune function in particular, remains limited. To elucidate the underlying
mechanisms through which the availability of specific nutrients impacts host immune function, we undertook a
comprehensive analysis of the effects of dietary composition on immunity. Acute protein restriction (PR) greatly
improved the survival of adult Drosophila infected with pathogenic bacteria as early as 2 days after flies had
been acclimated to the experimental diets. Through pharmacological and genetic manipulations, we established
that the target of rapamycin (TOR) pathway mediates the protective effects of PR on immunity. High protein
diets (HPD) increased TOR signaling, and rapamycin, a potent TOR inhibitor, mimicked PR and improved
survival outcomes of the flies fed HPD. We discovered that a transcription factor, Myc, was critical for PRmediated improvements in immunity. Flies fed HPD showed a reduced level of Myc, compared to the flies under
PR. Rapamycin treatment increased the level of Myc, establishing a role for TOR in Myc regulation.
Overexpression of myc improved immune response and survivorship of the flies that were fed HPD and infected
with Pseudomonas aeruginosa, proving that Myc is responsible for the beneficial effects of PR on immunity. We
further established that post-translational regulation is involved in diet-mediated changes in the level of Myc.
Okadaic acid, a potent protein phosphatase 2A (PP2A) inhibitor, increased the level of Myc in the flies fed HPD
and mimicked the beneficial effects of PR on immunity, suggesting that PR may downregulate PP2A, a
suppressor of Myc. In summary, this study has identified Myc as a novel pro-immune molecule governed by
nutrient signaling. Short-term interventions that limit dietary protein intake or those that modulate TOR-PP2AMyc interactions may present new strategies for enhancing survival following opportunistic bacterial infections
across phyla, including humans.
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Cholera toxin disrupts intestinal epithelial integrity by inhibiting junctional transport. Annabel E.
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Guichard , Beatriz Cruz Moreno , Berenice Aguilar , Nina van Sorge , Jennifer Kuang , Adrianne Kurkciyan ,
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Zhipeng Wang , Saiyu Hang , Guillaume Pineton de Chambrun , Declan McCole , Paula Watnick , Victor
2
1
Nizet , Ethan Bier . 1) Dept Biology, Univ California, San Diego, La Jolla, CA; 2) Dept Pediatrics, Univ
California, San Diego, La Jolla, CA; 3) Dept Medicine, Univ California, San Diego, La Jolla, CA; 4) Children's

Hospital, Boston, MA 02115.
Cholera toxin (Ctx), the primary virulence factor of Vibrio cholerae, causes the severe life-threatening diarrhea
associated with cholera. After entering host intestinal epithelial cells, Ctx induces activation of endogenous
adenylate cyclases. The subsequent overproduction of cAMP triggers a PKA-dependent transcellular Cl ion
+
efflux through apical CFTR channels, which entrains outflow of Na and water via a paracellular route, to
preserve electroneutrality and osmotic balance. How Ctx might contribute to this paracellular efflux as remained
a matter of debate. Here, we report that Ctx also disrupts epithelial cell-cell junctions by blocking junctional
trafficking. We find that Ctx-driven increase in cAMP prevents docking of recycling endosomes carrying
junctional cargo with the plasma membrane, which is mediated by the small GTPase Rab11 (on endosomes)
and its binding partner Sec15 (a component of the exocyst complex located at the plasma membrane). This
inhibition of junctional transport reduces levels of adhesion molecules and Notch signaling components at cell
junctions in the Drosophila wing disc, human intestinal epithelial cells, and ligated mouse ileal loops, thereby
disrupting barrier function. This was functionally confirmed by Ctx induction of junctional damage, weight loss,
and dye leakage in the Drosophila gut, contributing to lethality from live V. cholerae infection, all of which were
rescued by Rab11 over-expression. These barrier-disrupting effects of Ctx may act in parallel with Cl secretion
to drive the pathophysiology of cholera, and represents a significant step forward in the mechanistic
understanding of Ctx activity. Reference: Guichard et al., Cell Host Microbe, Sept. 2013; 14: 294-305.
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Taste of fatty acids - a new modality in Drosophila. Pavel Masek, Alex Keene. Biology Department,
University of Nevada Reno, Reno, NV.
Taste is the primary sensory system for detecting food quality and palatability. Drosophila detect five distinct
taste modalities that include sweet, bitter, salt, water, and the taste of carbonation. Of these, sweet-sensing
neurons appear to have utility for the detection of nutritionally rich food while bitter-sensing neurons signal
toxicity and confer repulsion. Growing evidence in mammals suggests that taste for fatty acids (FAs) signals the
presence of dietary lipids and promotes feeding. While flies appear to be attracted to fatty acids, the neural
basis for fatty acid detection and attraction was unclear. We demonstrate that a range of FAs are detected by
the gustatory system and elicit feeding response. Flies lacking olfactory organs still respond to FAs, confirming
that FA attraction is mediated through the gustatory system. Furthermore, flies detect FAs independent of pH,
suggesting the molecular basis for FA taste is not due to acidity. We show that low and medium concentrations
of FAs serve as an appetitive signal and they are detected exclusively through the same subset of neurons that
sense appetitive sweet substances, including most sugars. In mammals, perception of sweet, umami, bitter and
fatty substances is dependent on phospholipase C (PLC). We find that flies mutant for norpA, a Drosophila
ortholog of PLC, fail to respond to FAs, while responding normally to other appetitive tastants, including sucrose
and yeast. The defect of norpA mutants can be rescued by selectively restoring norpA expression in sweetsensing neurons, suggesting PLC signaling in the gustatory system is specifically involved in FA taste. Taken
together, we demonstrate through multiple lines of inquiry that fatty acids represent an appetitive cue that is
sensed through the primary gustatory system. Our findings reveal, for the first time, that fruit flies are capable of
fatty acid taste, and identify that a conserved molecular signaling pathway is required for fatty acid feeding
attraction.
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Acoustic Duetting During Courtship in Drosophila virilis. Kelly M. LaRue , Gordon J. Berman , Tristan
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Perez , Georgia Guan , David L. Stern , Mala Murthy . 1) Molecular Biology, Princeton University, Princeton,
NJ; 2) Princeton Neuroscience Institute, Princeton University, Princeton, NJ; 3) Lewis Sigler Institute for
Integrative Genomics, Princeton University, Princeton, NJ; 4) Howard Hughes Medical Institute, Janelia Farm
Research Campus, Ashburn, VA.
Acoustic communication is used for mate attraction in many species throughout the animal kingdom. Typically,
only males produce courtship songs, but in rare cases, females can acoustically participate in the courtship
ritual. Female courtship song has been previously observed in the Drosophila virilis group species, but not
systematically characterized. Using new high-throughput and quantitative methods for song recording and
analysis, we confirm that D. virilis group females produce species-specific songs distinct from their male
counterparts. Specifically in D. virilis, we show that male and female songs are temporally coordinated and that
acoustic feedback modifies song content and pattern in both sexes. We also identify the sensory cues required
to trigger female song production. Furthermore, we find that female song production is important for mating
success and signals receptivity. To our knowledge, these data represent the first demonstration of predictable
acoustic duetting in a Drosophilid species. We have recently begun to develop neurogenetic tools to label and
manipulate putative song production neurons in D. virilis. These tools, combined with the availability of genomic
sequence in this species, lay the groundwork for establishing D. virilis as a new model system for studies of the
genetic and neural basis of coordinated acoustic communication.
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Genetic and molecular bases of noxious cold detection in Drosophila larvae. Kevin Armengol , Heather
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Turner , Srividya C. Iyer , Luis Sullivan , Eswar P.R. Iyer , Christian Landry , Michael J. Galko , Daniel N. Cox .
1) Krasnow Institute, School of Systems Biology, George Mason University, Fairfax, VA; 2) Dept. of
Biochemistry & Molecular Biol, Dept. of Genetics, UT MD Anderson Cancer Center, Houston, TX.
Thermosensory nociception is essential for survival and provides a mechanism for sensory perception of
noxious thermal stimuli that alerts the organism to potential environmental dangers and prevents incipient tissue
damage. Despite this importance, our current understanding of the neural bases of noxious cold detection
remains poorly understood. To explore the cell and molecular bases of noxious cold perception, we have
established the first behavioral assays for investigating cold nociception in Drosophila. Both assays show that
Drosophila larvae produce a mutually exclusive set of primary cold-evoked reactive behaviors, distinct from the
commonly reported aversive “corkscrew” behavior seen in response to a high temperature probe. These coldspecific behaviors include a tail raise (TR), a combined head and tail raise (HT), and a full-body cringing (CR)
behavior. Blockade of neural transmission in class III peripheral sensory neurons results in a significant
inhibition of cold-evoked CR behavior. Moreover, optogenetic activation of class III neurons is sufficient to
produce CR behavior. Additionally, GCaMP analyses reveal specific activation of these neurons in response to
noxious cold stimulation. At a molecular level, microarray analyses revealed class III neurons are enriched with
a broad spectrum of ion channels, including numerous TRP channels. Mutant and cell-type specific RNAi
analyses, revealed trpm, nompC and almost there (Pkd2) are required for cold-evoked CR behavior in our
assays relative to controls suggesting these TRP channels act in class III neurons to detect and respond to
noxious cold temperatures. Functional optogenetic and GCaMP assays in cell-type specific TRP mutant
backgrounds have been used to explore the role of these ion channels in regulating noxious cold-evoked
neuronal dynamics.
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Translational profiling of clock cells reveals circadianly synchronized protein synthesis. Yanmei Huang,
Joshua Ainsley, Leon Reijmers, F. Rob Jackson. Department of Neuroscience, Tufts University School of
Medicine, Boston, MA.
Genome-wide studies of cell type-specific gene expression have been hindered by the presence of
heterogeneous cell populations in complex tissues such as the nervous system. We developed methods in
Drosophila that combine the Translating Ribosome Affinity Purification (TRAP) technique with RNA-seq for cell
type-specific translational profiling. Using this methodology, we have identified genes with enriched expression
in two different cell populations of the Drosophila adult head: neural clock cells and glial astrocytes. Further, we
have documented the circadian ‘‘translatome’’ in these different groups of cells. Within clock cells, the
translation of most rhythmic mRNAs —as assayed by ribosome association— surprisingly occurs at one of two
predominant circadian phases, mid-day or mid-night, times of behavioral quiescence. Messenger RNAs
encoding similar cellular functions are translated at the same time of day. Our analysis also indicates that
fundamental cellular processes — metabolism, energy production, redox state (e.g., the thioredoxin system),
cell growth, signaling and others — are rhythmically modulated within clock cells via synchronized protein
synthesis. Our approach is validated by the identification of mRNAs known to exhibit circadian changes in
abundance and the discovery of hundreds of novel mRNAs that show translational rhythms. This includes Tdc2,
encoding a neurotransmitter synthetic enzyme, which we demonstrate is required within clock neurons for
normal circadian locomotor activity.
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Synaptic microcircuits control Drosophila sleep and arousal. Divya Sitaraman , Yoshinori Aso , Gerald
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Rubin , Michael Nitabach . 1) Yale University School of Medicine, New Haven, CT; 2) Janelia Farm Research
Campus, HHMI Ashburn, VA.
Sleep is a fundamental behavioral state important for survival, and is universal in animals with sufficiently
complex nervous systems. As a neurobehavioral state sleep is characterized by heightened sensory thresholds,
altered brain electrical activity, homeostatic control, and circadian clock regulation. Although the physiological
function of sleep is poorly understood, sleep deprivation leads to a range of cognitive, attentional, motor, and
emotional deficits. Using a combination of anatomical, behavioral, and physiological approaches we have
identified a novel microcircuit within the Drosophila mushroom body that plays a critical role in wake. The
mushroom body represents an associative neural network wherein the α'/β' Kenyon cells mediate wake by
recruiting a distinct output neuron that innervates a specific sub compartment of the horizontal mushroom body
lobe. Further, we have identified novel dopaminergic neurons that signal arousal and specifically project to the
identified wake regulating MB sub-compartment. We will present behavioral and physiological evidence for
specific connections between the α'/β' Kenyon cells, dopaminergic input neuron and distinct output neurons that
regulate wake. Mapping structural and functional connections between the identified sleep regulating neural
nodes will pave way for elucidating network properties underlying sleep control in Drosophila.
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Serotonin motivates feeding behavior and appetitive memory performance in Drosophila. Stephanie D.
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Albin , Karla R. Kaun , Phuong Chung , Jon-Michael Knapp , Ulrike Heberlein , Julie H. Simpson . 1) HHMI
Janelia Farm, Ashburn, VA; 2) Brown University, Providence, RI.
Motivational drive states, such as hunger, strongly influence a variety of complex behaviors. Hunger, resulting
from metabolic deficit, affects food seeking and feeding behaviors, as well as appetitive memory acquisition and
performance. While neurons involved in taste processing, motor control of feeding, and metabolism have been
identified in adult Drosophila, none alter motivational drive states to mimic hunger. To identify these missing
hunger circuit components, we performed a GAL4 screen for neurons whose acute activation in a fed fly mimics
hunger and identified a GAL4 line expressed primarily in 50 central brain serotonergic neurons. Activation of
these neurons with TrpA in fed flies led to starvation-related behaviors such as increased ingestion, increased
proboscis extension to sucrose and increased preference for nutritive sugars over non-nutritive sugars.
Inhibition of these neurons in starved flies decreased, but did not eliminate, feeding. The expression of
appetitive memory in flies is also dependent on motivational state and is promoted by hunger. This effect on
memory is mimicked by activation of this subset of serotonergic neurons in fed flies specifically during memory
retrieval. Conversely, activation of this GAL4 line in starved flies during memory acquisition blocked appetitive
memory formation suggesting that reduced hunger drive is a salient cue for memory acquisition. Importantly,
activation of all 100+ serotonergic neurons in the fly does not phenocopy hunger, suggesting a specific local
action of these 50 serotonergic neurons in coordinating the hunger response. The sparsity of this serotonin
pattern enables future research into the physiology and connectivity of these neurons. This work provides
insights into how neural circuits encode internal state and how state changes lead to broad coordinated affects
on complex behaviors.
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A novel high-throughput mechanical nociception paradigm suggests a role for neuropeptides in
nociception behavior. W D. Tracey, Melissa Gottron, Ken Honjo. Dept Anesthesiology, Duke Univ Med Ctr,
Durham, NC.
Drosophila larvae are an excellent system for mechanical nociception studies. However, available methods for
studying mechanical nociception in larvae are extremely labor intensive. Therefore, we developed a highthroughput mechanical nociception paradigm in which wandering third instar Drosophila larvae were ballistically
stimulated with 12 micron tungsten particles that were fired from an air gun. We found that ballistically
stimulated larvae exhibited the characteristic nocifensive rolling response seen with other stimuli such as
noxious Von Frey fibers. This behavior depended on both tungsten density and particle emission pressure.
Importantly, the response required Class IV multidendritic neuron nociceptors. Silencing of these neurons with
tetanus toxin, para RNAi, knockdown of piezo, ppk RNAi, or pain RNAi, all blocked ballistically-induced
nociception responses. We used this paradigm to conduct an RNAi screen to identify specific genes important
for mechanical nociception. We first identified nociceptor-enriched genes with laser capture microdissection of
nociceptive Class IV multidendritic neurons and non-nociceptitve Class I multidendritic neurons. Four biological
replicates of each neuron type were used to probe Affymetrix microarrays. 231 nociceptor-enriched genes were
then tested for function in nociceptors by tissue specific RNAi knockdown. After testing 45,978 larvae, we
identified 25 candidate mechanical nociception genes. Interestingly, we identified Pal2, an enzyme important for
neuropeptide biogenesis as important for mechanical nociception. In contrast, Pal2 was not required for thermal
nociception. To further test for a peptidergic phenotype of Class IV neurons, we expressed a GFP tagged
neuropeptide in all multidendritic neurons and detected robust neuropeptide labeling of Class IV terminals. In
contrast, other md neuron terminals did not label with the neuropeptide reporter. We propose a role for
neuropeptides in prolonging behavioral responses to very brief mechanical nociception stimuli.
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Drosophila larvae establish a radish-dependent anesthesia resistent memory after aversive olfactory
conditioning. Annekathrin Widmann, Andreas Thum. Biology, University, Konstanz, Germany.
Establishing a memory is a highly complex and dynamic process. It consists of different phases, which
dependent on various neuronal and molecular mechanisms. In Drosophila flies it was shown that an aversive
olfactory memory is processed from a labile short-term to stable long-term memory phase. Within this process
different neuronal circuits, neurotransmitters, neuromodulators and molecules are involved. The different
components of this memory can be separated by mutations, their underlying neuronal circuitry and the
sensitivity to amnesic treatment like giving a cold-shock. Compared to flies little is known about these different
forms of memory in larvae. Thus, the aim of this study is to deconstruct in Drosophila larvae the mnemonic
organization after aversive olfactory conditioning on the molecular and anatomical level. First, we have
established an olfactory learning paradigm using aversive gustatory reinforcement and investigate the stability of
the formed memory over time. Second, we have applied different learning mutants to identify molecular key

players in the formation of the distinct memory phases. Third, by genetic interference within defined neuronal
populations we have identified the different neuronal circuits mediating aversive olfactory learning. Taken
together, we show that after aversive olfactory conditioning larvae form a single memory component, which is
longer lasting and radish-dependent; it is resistant to cold-shock treatment and independent of de-novo protein
synthesis. On the neuronal level this particular type of memory can be located within the mushroom body
Kenyon cells.
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renewal factors. Derek Janssens , Hideyuki Komori , Daniel Grbac , Cheng-Yu Lee . 1) Program in Cellular
and Molecular Biology; 2) Life Sciences Institute; 3) Department of Internal Medicine; 4) Department of Cell and
Developmental Biology, University of Michigan Medical School, Ann Arbor, MI, 48109, USA.
Stable restriction of developmental potential prevents intermediate progenitor cells, which often express stem
cell self-renewal factors, from aberrantly acquiring the stem cell-like properties. Intermediate progenitor cells
possessing aberrant stem cell-like properties might serve as tumor-initiating stem cells. Thus, insight into stable
restriction of the developmental potential in intermediate progenitor cells will improve our understanding of the
development and the growth of tumors. Intermediate neural progenitors (INPs) generated by type II neural stem
cells (neuroblasts) in fly larval brains provide an in vivo model for investigating the mechanisms that restrict the
developmental potential in intermediate progenitor cells. Here, we report that the transcriptional repressor
protein Earmuff (Erm) prevents INPs from aberrantly reverting into supernumerary neuroblasts by stably
restricting their developmental potential. Erm restricts the developmental potential in uncommitted (immature)
INPs where Erm is exclusively expressed in the type II neuroblast lineage. Erm-dependent restriction of
developmental potential leads to attenuated competence to respond to all known neuroblast self-renewal factors
in INPs. We also identified that the BAF chromatin-remodeling complex plays a role in restricting the
developmental potential of immature INPs. Reducing brm function further exacerbates the supernumerary
neuroblast phenotype in erm hypomorphic brains, indicating that Erm and the BAF complex function
synergistically to restrict the developmental potential in immature INPs. We propose that stable restriction of
developmental potential by the Erm-BAF-dependent mechanism functionally distinguishes an intermediate
progenitor cell from a stem cell and likely plays a critical role in suppressing progenitor cell-derived tumors.
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Neuroblasts transiently express differentiation factor Prospero in nucleus during entry into quiescence.
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Sen-Lin Lai , Chris Q. Doe . 1) HHMI; 2) Institute of Molecular Biology; 3) Institute of Neuroscience,
University of Oregon, Eugene, OR 97403.
Quiescent neural stem cells preserve the stem cell pool for activation following disease or injury. Moreover,
cancer cells can enter remission during treatment, possibly using mechanisms similar to stem cell quiescence,
and re-initiate tumorigenesis months to years later. Thus, studying stem cells quiescence may provide insight
into designing clinical approaches to aid in activating stem cells for tissue repair or to prevent tumor dormancy
and recurrence. Drosophila neural stem cells (neuroblasts) delaminate from neuroectoderm during early
embryogenesis, and go through several rounds of asymmetric division before exiting the cell cycle at the end of
embryogenesis. Emerging information showed that the timing of neuroblast quiescence is scheduled by the
intersection of spatial and temporal factors, yet little is known about the underlying mechanisms that initiate
quiescence. Here we show that when neuroblasts are about to enter quiescence, the differentiation factor
Prospero is transiently imported into the neuroblast nucleus at a low level. Manipulating temporal factors to
change the timing of neuroblast quiescence also changes the timing of this pulse of nuclear Prospero, such that
it always coincides with neuroblast entry into quiescence. Prospero is an atypical homeodomain transcription
factor, and is expressed in the neuroblast cytoplasm. During mitosis, Prospero is partitioned into the daughter
cells and is rapidly imported into the nucleus to arrest the cell cycle and promote differentiation. We show that
eliminating Prospero in neuroblasts can prevent entry into quiescence. Furthermore, low levels of nuclear
Prospero in neuroblasts can result in the entry into quiescence, whereas high levels of nuclear Prospero induce
differentiation or cell death. Our results demonstrate a dosage effect of Prospero in neuroblasts: a transient, low
level of Prospero is required and sufficient to promote quiescence, the first known function of Prospero in
neuroblasts.
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Notch signaling and FoxA collaborate to maintain intestinal stem cells in Drosophila adult midgut. Qing
Lan, Min Cao, Huaqi Jiang. Developmental Biology, UT Southwestern Medical Center, Dallas, TX.
Somatic stem cells maintain the homeostasis of adult tissues and are regulated by several conserved signaling
pathways, such as BMP, Notch and Wnt. However, it is not clear how these common niche pathways regulate
different stem cells in a myriad of adult tissues. Here, we identified Drosophila FoxA, fork head (fkh), as an
intrinsic master transcription factor that is required for maintaining tissue homeostasis in the adult midgut. fkh is

specifically expressed in the midgut progenitors and required for their maintenance. Specifically, fkh loss leads
to the ectopic differentiation of midgut progenitors, including intestinal stem cells (ISCs), into mature enterocytes
(ECs). Furthermore, we discovered that fkh specifies the midgut progenitors by collaborating with bHLH
transcription factor daughterless (da), whose activity is regulated by Notch pathway. Based on that, we propose
that Notch signaling and midgut master transcription factor fkh cooperate to maintain stem cells in the fly
intestine. This paradigm may be generalized to explain how common niche pathways maintain somatic stem
cells in various tissues: Niche pathway downstream transcription factors and tissue-specific intrinsic master
regulators cooperate to regulate critical downstream stem cell genes to specify somatic stem cell fates.
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Somatic mutation drives genetic heterogeneity and spontaneous neoplasia in the aging intestine.
Katarzyna Siudeja, Patricia Skorski, Allison Bardin. Genetics and Developmental Biology Unit, Institut Curie,
Paris, France.
Recent reports suggest that the genomes of somatic cells can be dynamic and that genomic instability is
detected in aging tissues and linked to age-related diseases. Exactly how somatic mutations arise, the extent to
which adult tissues accumulate mutations, and the effect of these mutations on tissue homeostasis, remain
poorly understood. Here we use the Drosophila intestine to address somatic mutagenesis in vivo. We have
obtained several independent lines of evidence suggesting that spontaneous mutations frequently occur in
aging Drosophila intestinal stem cells and are maintained in the tissue and alter tissue homeostasis. We
measured high rates of spontaneous loss of heterozygosity with single copy transgenes and flies heterozygous
mutant for the components of Notch pathway. Mitotic recombination likely contributes strongly to these events of
somatic mutagenesis. In addition, our data indicate that mitotic recombination independent events further
contribute to genetic instability of aging intestinal stem cells: we find that in aging wild type intestines,
spontaneous clonal events linked to the X chromosome occur that lead to the formation of stem/enteroendocrine
cell intestinal tumors. We show that these spontaneous tumors are most likely due to the loss of Notch gene
activity in the stem cells. We are currently using a targeted sequencing approach to identify the exact nature of
mutations leading to the initiation of these events. In summary, we find that somatic mutation occurs frequently
in aging adult intestinal stem cells, which drives genomic heterogeneity of the tissue and impacts tissue
physiology.
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Muscle niche ensures survival and reactivation of dormant Adult Muscle Precursors in Drosophila.
Krzysztof Jagla, Rajaguru Aradhya. GReD, INSERM U1103, CNRS UMR6293, Clermont-Ferrand, France.
How stem cells specified during development keep their non-differentiated quiescent state, and how they are
reactivated, remain poorly understood. Here we applied a Drosophila model to follow in vivo behavior of Adult
Muscle Precursors (AMPs), which share several features with vertebrate muscle stem cells. We report that
emerging AMPs display homing behavior, and that muscles act as their niche by protecting dormant AMPs from
apoptosis. We observed that the AMPs contact muscle fibers by sending out thin filopodia, a capacity that is
essential for their spatial positioning. The key role of muscles in the AMP cell behavior is also observed at their
exit from the quiescent state. We demonstrate that muscles send local inductive dIlp6 signals, which at the end
of second larval instar activate proliferation of AMPs. Unexpectedly, genetic rescue experiments reveal that the
Insulin pathway acts upstream of Notch, and positively regulates proliferation of AMPs via dMyc. Thus we
provide evidence for a niche-driven Insulin-Notch-dMyc cascade in setting the activated state of Drosophila
AMPs, suggesting that it may also regulate the reactivation of vertebrate muscle stem cells.

154
EGFR Regulates Epithelial Follicle Stem Cell Polarity to Facilitate Asymmetric Division. Angela
Castanieto, Todd Nystul. University of California San Francisco, San Francisco, CA.
Adult stem cells are defined by their ability to undergo asymmetric divisions that produce both stem cell and
non-stem cell daughters. We have used the Drosophila ovarian follicle stem cells (FSCs) as a model to
investigate how these cell fates are segregated in an epithelial stem cell lineage within its natural, in vivo
environment. FSC daughter cells differentiate gradually, over the course of several divisions, and we found that
one of the earliest morphological features of follicle cell differentiation is the acquisition of a mature apical
domain, which is lacking in FSCs. In this study, we demonstrate that EGF signaling is required in the FSC niche
for both FSC maintenance and the development of cell polarity in early FSC daughter cells. Surprisingly, we find
that, although EGF signaling is required for the establishment of cell polarity, it is not required for maintenance
of cell polarity in follicle cells. We are currently investigating the mechanism by which EGF signaling promotes
cell polarity in this lineage. Overall, our findings indicate that the EGF pathway is a key signal that regulates the
segregation of FSC and daughter cell fates, and demonstrate a novel role for EGF signaling in the
establishment of cell polarity.
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Wnt signaling in escorts cells regulate germ cell differentiation in drosophila ovary. Su Wang , Ting
1,2
XIe . 1) Xie's Lab, Stowers Inst Medical Research, Kansas City, MO; 2) University of Kansas Medical Center,
Department of Anatomy and Cell biology, Kansas City, KS.
In the drosophila ovary, germline stem cells (GSC) physically interact with cap cells and most anterior escort
cells (ECs), which function as the niche for GSC self-renewal. GSCs undergo self-renewing division and
continuously generate differentiated germ cells, which are encased by long cellular processes of posterior ECs.
Our recent work indicates that the posterior ECs provide the signals that are important for germ cell
differentiation. However, it still remains unclear how ECs control germ cell differentiation and are regulated in
the molecular level. Our recent genetic screens have shown the knockdown of arm or dsh in ECs leads to
defective germ cell differentiation as well as EC loss. Interestingly, wnt2 and wnt4 are highly expressed in escort
cells. Simultaneous knockdown of wnt2 and wnt4 in ECs also causes similar germ cell differentiation and EC
loss defects, indicating that autocrine Wnt signaling is important for EC maintenance and germ cell
differentiation. In addition, overexpression of constitutively active arm in ECs leads to a drastic increase in EC
number significantly, indicating that Wnt signaling promotes EC proliferation, survival or both. However, blocking
EC loss by forced expression of the anti-apoptosis protein p35 can only the partially suppress the germ cell
differentiation defects caused by defective Wnt signaling. Furthermore, a number of anti-oxidant genes
drastically decrease their expression in Wnt signaling defective ECs. Finally, forced expression of SOD1 in ECs
can drastically rescue the germ cell differentiation and EC loss defects. Therefore, our study suggests that Wnt
signaling maintains EC population and promotes germ cell differentiation by regulating anti-oxidant gene
expression.

156
An insulin-independent requirement for the adiponectin receptor homolog in the maintenance of
Drosophila melanogaster germline stem cells. Kaitlin Laws, Leesa Sampson, Daniela Drummond-Barbosa.
Department of Biochemistry and Molecular Biology; Johns Hopkins Bloomberg School of Public Health;
Baltimore, MD;.
The ability of a stem cell to sense and respond to systemic cues is integral for the coordination of its behavior
with organismal physiology. In mammals, adipose tissue secretes adipokines that regulate organismal
metabolism and homeostasis. For example, adiponectin both sensitizes tissues to insulin and regulates stem
cell populations, but the relationship between these roles is unclear. Adipokine signaling is conserved in
Drosophila melanogaster; for example, Unpaired-2, a fat body-secreted protein homologous to Leptin, controls
insulin secretion. Drosophila has no obvious adiponectin homolog, but a homolog of the adiponectin receptor,
AdipoR, exists and is reported to be expressed in insulin-producing cells and control insulin secretion in larvae.
Previous work in our lab demonstrated a requirement for insulin in the Drosophila ovary; we wondered whether
adiponectin signaling is similarly required. Drosophila ovarian germline stem cells (GSCs) require insulin directly
for their proliferation, and germline cysts require insulin cell-autonomously for their growth and progression
through vitellogenesis. While insulin is also required for GSC maintenance, this requirement is via the somatic
niche. By generating AdipoR genetic mosaics, we found that AdipoR is not required cell-autonomously in the
germline for the insulin-dependent processes of GSC proliferation, germline cyst growth, and progression
through vitellogenesis. AdipoR null GSCs, however, are lost much more frequently than controls. Since insulin
signaling is not intrinsically required for GSC maintenance, this result demonstrates that adiponectin signaling
controls stem cells independently of its role in insulin sensitization. These data suggest that adiponectin receptor
signaling might have an evolutionarily conserved, insulin-independent role in modulating stem cells.
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The role of Orc6 in septin complex functions in Drosophila. Katarina Akhmetova , Maxim Balasov ,
1
1
Richard Huijbregts , Igor Chesnokov . 1) Biochemistry and Molecular Genetics, UAB, Birmingham, AL; 2)
Institute of Cytology and Genetics, Novosibirsk, Russia.
Septins belong to a family of polymerizing GTPases, which are required for cytokinesis and other processes that
involve spatial organization of the cell cortex. In Drosophila, Pnut, Sep1 and Sep2 form a heteromeric six
subunit complex which can form larger filaments. In this study we have reconstituted a functional recombinant
Drosophila septin complex and compared activities of the wild-type and several mutant septin complex variants
both in vitro and in vivo. We have shown that the presence of intact C-terminal domain of septins is required for
the assembly and the integrity of the complex. Mutations in GTPase domain of Pnut and Sep1 do not interfere
with the assembly of the complex; however GTPase activity as well as filament formation is significantly
diminished for these mutants. We further show that Orc6, the smallest subunit of Origin Recognition Complex
(ORC), has a function in cytokinesis. Orc6 interacts with septin complex in Drosophila and facilitates septin
filament formation. C-terminal domain of Orc6 protein is important for interaction with Pnut and septin complex
both in vitro and in vivo. The ability of the protein to facilitate septin filament formation is associated with the Nterminal domain of Orc6. Biochemical assays, FRET experiments and mutational analysis strongly suggest that

the role of Orc6 in septin filament formation critically depends on the Orc6’s ability to form dimers. We propose
the model in which Orc6 directly interacts with Pnut protein within septin hexamer complex by its C-terminus and
the formation of septin filaments is facilitated and stabilized by the interaction of Orc6 N-termini and dimerization
of the protein. Our results suggest an active role for Orc6 in septin complex function. Orc6 might act as a
molecular switch or be a part of a control mechanism directing the cytokinesis machinery during final steps of
mitosis.

158B
Tubulation and furrow ingression during epithelial formation is directed by Rab8. J. Todd Blankenship,
Lauren Mavor, Zach Zuo. Biological Sciences, University of Denver, Denver, CO.
One of the most fundamental changes in cell morphology is the ingression of a plasma membrane furrow. The
Drosophila embryo undergoes several cycles of rapid furrow ingression during early development that
culminates in the formation of an epithelial sheet. Previous studies have demonstrated the requirement for
intracellular trafficking pathways in furrow ingression; however, the pathways that link compartmental behaviors
with cortical furrow ingression events have remained unclear. Here, we show that Rab8 demonstrates striking
dynamic behaviors in vivo, forming vesicular and tubular structures that precede the actomyosin network
associated with furrow canals. After early furrow initiation, Rab8 transitions to a cortical location that coincides
with known regions of directed plasma membrane addition as well as with Sec5, a subunit of the exocyst. When
Rab8 function is disrupted, furrow formation in the early embryo is completely abolished. We additionally
demonstrate that Rab8 behaviors are dependent on actin filament formation for proper orientation, while
microtubule networks are essential for Rab8 tubule formation but dispensable once a Rab8 cortical array has
formed. Active, GTP-locked Rab8 is primarily associated with dynamic membrane compartments and the
cortical array, while GDP-locked Rab8 forms large cytoplasmic aggregates. These studies suggest that active,
membrane-bound Rab8 populations prefigure and initiate furrow ingression, and direct tubulation and trafficking
behaviors in the Drosophila embryo.

159C
NMNAT Regulates Neuronal Microtubule Assembly State. Jennifer M Brazill, Brandon M Kitay, Yousuf O Ali,
R Grace Zhai. Molecular and Cellular Pharmacology, University of Miami Miller School of Medicine, Miami, FL.
Axons are long, thin neuronal processes that mediate signal transduction from the cell body to postsynaptic
targets. For the nervous system to function properly, axons must grow to reach their targets during
development, and these connections must be maintained for the lifetime of an organism. It is clear that
microtubules play an important role in growing axons during development and regeneration, as well as in
sustaining neuronal morphology and function. Microtubules are highly dynamic during axon outgrowth, while
mature axons contain relatively stable microtubules; therefore a finely tuned balance of dynamics and stability is
essential for neuronal and axonal integrity. How this balance is regulated, especially when challenged with
stress or injury, is therefore critical for developing neuroprotective strategies that target axonal microtubules.
+
NMNAT is a multifunctional protein- both an essential enzyme in the NAD synthesis pathway and a molecular
chaperone critical for neuronal maintenance. Overexpression of NMNAT can robustly delay axon degeneration
after injury, and these axons display a markedly preserved microtubule cytoskeleton. Additionally, NMNAT
expression confers resistance to neurite degeneration induced by microtubule destabilizing agents. We
hypothesize that NMNAT can act as a chaperone of microtubules, thereby stabilizing axonal microtubules to
preserve integrity upon stress. Owing to the conserved mechanisms of axon degeneration and NMNAT
protection in Drosophila melanogaster, we exploit this tractable model to test our hypothesis. By coimmunoprecipitation of Drosophila brain lysates, we observe that NMNAT interacts with α-tubulin and modified
acetylated α-tubulin, a marker of long-lived, stable microtubules. We further show that NMNAT interacts directly
with preassembled microtubules in vitro. We will use Drosophila larvae to investigate the effects of NMNAT on
microtubule assembly status, stability and dynamics in motor axons, both under normal and cold stress
conditions.

160A
Functions of tropomyosin in vivo. Aeri Cho, Denise Montell. University of California, Santa Barbara, Santa
Barbara, CA.
Cytoskeletal tropomyosins (Tm) are F-actin binding proteins that stabilize contractile actin filaments in the
lamellum. Tms are also thought to inhibit lamellipodium formation by modulating the actions of Arp2/3 and
cofilin. However there are more than 40 different mammalian Tm isoforms having different subcellular
localizations and possibly different functions. Little if anything is known regarding the functions of cytoskeletal
Tm isoforms in vivo. Drosophila egg chambers provide a genetically tractable in vivo model for studying
cytoskeleton dynamics in both migrating and stationary epithelial cells. Drosophila has one gene that encodes
cytoskeletal Tm isoforms. Here, we report that of the six predicted non-muscle isoforms of Tm1, only two, Tm1A and Tm1-I, are expressed detectably in follicle cells of the Drosophila egg chamber. When these two isoforms

are overexpressed in S2 cells, they show mutually exclusive localizations. Moreover, these isoforms also exhibit
distinct subcellular localizations in vivo. Since previous studies report that different Tms localize to different actin
structures and some play a role in recruiting myosin to the actin fibers, we looked at the outer follicle cells,
where distinct stress fibers can be observed near their basal surfaces. The organization of F-actin was disturbed
and the recruitment of myosin was reduced in Tm1 mutant follicle cells. Furthermore, the cell diameter appeared
to be affected. Overexpression of the two isoforms together, but not the individual isoforms, causes the opposite
effect on cell size and a change in the overall size of egg chambers. We are also investigating the role of Tm1 in
the collective migration of the border cells where Tm1-A and Tm1-I are the only two isoforms detectably
expressed. Using two different mutant alleles of Tm1, we have shown that reduced Tm in border cells results in
migration defects. Isoform-specific functions in these cells are currently under investigation. The fruit fly egg
chamber serves as an excellent in vivo model in which to study Tm function at the subcellular, cellular and
whole organ levels.

161B
Drak is required for actomyosin assembly or organization during Drosophila cellularization. Ashish B.
1
2
1
Chougule , Mary Catherine Hastert , Jeffrey H. Thomas . 1) Cell Biology and Biochemistry, TTUHSC, Lubbock,
TX; 2) Biological Sciences Imaging Center, TTU, Lubbock, TX.
During cellularization, membrane invaginates between the nuclei of the syncytial blastoderm. The furrow canals
at the leading edge of invagination are surrounded by actomyosin, which is involved in basal closure of cells.
Actomyosin dynamics are largely regulated by phosphorylation of Sqh (myosin regulatory light chain). Drak, the
Drosophila homologue of Death-associated protein kinase (DAPK), an MLCK family kinase, has been shown to
be a regulator of Sqh phosphorylation during epithelial and retinal morphogenesis. Here, we asked whether
Drak regulates actomyosin dynamics during Drosophila cellularization. Embryos maternally and zygotically
del
homozygous for the drak loss-of-function allele were stained with antibody to Zip (non-muscle myosin II heavy
chain) and found to have a non-uniform cellularization front and severe defects in the organization of myosin in
the actomyosin rings. Within the actomyosin rings, myosin was found in dense aggregates separated by regions
devoid of myosin. During late cellularization, myosin was less disorganized, but some regions of the actomyosin
rings still lacked myosin. Western blots showed that phosphorylation levels of Sqh are severely decreased in
del
del
drak embryos during both early and late cellularization. Expression of activated Sqh in drak embryos
del
restored normal actomyosin ring organization and normal cellularization. TEM examination of drak embryos
revealed that most furrow canals were narrow rather than teardrop-shaped as in wild-type embryos, or
del
contained membrane blebs during early cellularization. During late cellularization, many furrow canals in drak
embryos resembled wild-type furrow canals, but a small number remained unexpanded. Overall, our results
suggest that Drak-mediated regulation of myosin is required for the assembly or organization of actomyosin
rings and the maintenance of furrow canal structure during cellularization.

162C
Ena and Dynein Light Chain 90F may Function Together during Head Involution. Brittany Duran, Julie
Gates. Biology Dept., Bucknell University, Lewisburg, PA.
The actin cytoskeleton plays a central role during epithelial morphogenesis as its remodeling allows the cell
shape changes, cell rearrangements and cell migrations that drive tissue and organ formation. The remodeling
of the actin cytoskeleton is influenced by multiple proteins including members of the Ena/VASP protein family.
The single Drosophila Ena/VASP family member, Ena, has been shown to play a role during epithelial
morphogenesis in the embryo, including the processes of dorsal closure and head involution. To identify
additional proteins that may function with Ena during these processes, we have used a candidate gene
approach. A large-scale yeast two-hybrid screen was carried out several years ago by Giot and colleagues. This
screen identified multiple putative Ena binding proteins including Dynein Light Chain 90F (Dlc90F). We have
generated animals that are homozygous mutant for ena and carry one copy of a deficiency that includes Dlc90F.
We have found that the addition of the Dlc90F deficiency had essentially no effect of the frequency of dorsal
closure defects of the homozygous ena mutants, but reduced the frequency of head defects. We are currently
examining the levels and localization of Ena and actin in Dlc90F mutant embryos in order to better understand
the role that Dlc90F may play during epithelial morphogenesis.

163A
Garz may Function with Ena During Epithelial Morphogenesis. Rachel Franz, Julie Gates. Biology Dept.,
Bucknell University, Lewisburg, PA.
Regulation of actin dynamics is essential during epithelial morphogenesis to allow cells to change shape,
rearrange and migrate. Numerous proteins have been identified that influence actin dynamics including the
Abelson (Abl) non-receptor tyrosine kinase and one of its targets Enabled (Ena). Previous work has shown that
both Abl and Ena are required during epithelial morphogenesis in the embryo, including during the processes of
dorsal closure and head involution. Furthermore, Abl appears to negatively regulate Ena during dorsal closure

by reducing the levels of Ena available to assist with the formation of filopodia by the leading edge epithelial
cells. To identify additional proteins that may function with Abl and/or Ena during epithelial morphogenesis, we
are collaborating with Traci Stevens’ lab at Randolph-Macon College. The Stevens lab is carrying out a
deficiency screen to identify genes that dominantly enhance or suppress the epithelial defects caused by
overexpressing a constitutively active form of Abl called BCR-Abl. One of the genes they have identified is
EP2028
allele dominantly enhances the
gartenzwerg (garz), an ARF GEF. We have found that one copy of the garz
head involution phenotype of ena homozygous mutants, but has essentially no effect on the dorsal closure
phenotype of these mutants. To gain insight into the role Garz may play during epithelial morphogenesis, we are
currently examining the levels and localization of Ena and actin in garz mutant embryos.
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Presenilin and GSK-3β control motor-cargo movement on microtubules. Kunsang Dolma, Gary Iacobucci,
Kan Hong Zheng, Joseph White, Shermali D. Gunawardena. Biological Sciences, SUNY at Buffalo, Buffalo, NY.
Within axons, molecular motors transport essential components required for neuronal growth and viability.
Although many levels of regulation must exist for proper anterograde and retrograde transport of vital proteins,
little is known about these mechanisms. Previous work suggested that the amyloid precursor protein (APP)
functions as a kinesin-1 receptor during transport. However, how APP vesicle motility is regulated is unclear.
Using genetics and in vivo imaging in Drosophila larval axons we showed that reduction of presenilin (PS)
substantially increased anterograde and retrograde APP vesicle velocities. Strikingly, PS deficiency had no
effect on an unrelated cargo vesicle containing synaptotagmin, which is powered by a different kinesin motor.
Increased PS-mediated velocities required functional kinesin-1 and dynein motors. We also found that these
PS-mediated effects on motor protein function were mediated via a pathway that involves glycogen synthase
kinase-3β (GSK-3β). PS genetically interacted with GSK-3β in an activity dependent manner. Excess of active
GSK-3β perturbed transport by causing axonal blockages, which were enhanced by reduction of kinesin-1 or
dynein, while excess of non-functional GSK-3β had no effect. Strikingly, GSK-3β-activity dependent transport
defects were enhanced by reduction of PS. Collectively, our findings suggest that PS and GSK-3β are required
for normal motor protein function, and we propose a model in which PS likely regulates GSK-3β activity during
transport. These findings have important implications for our understanding of the complex regulatory machinery
that must exist in vivo and how this system is coordinated during vesicle motility on microtubules.

165C

1,3

1,3

Integrin regulation of filopodia during muscle migration. Yoshiko Inoue , Jenny Gallop , Nicholas
1,2
Brown . 1) The Gurdon Institute, Cambridge, United Kingdom; 2) Dept. of Biochemistry, University of
Cambridge; 3) Dept. of PDN, University of Cambridge.
Cell migration occurs in a number of important biological process including morphogenesis, axon pathfinding,
wound healing and cancer metastasis. Migrating cells use actin-based structures such as filopodia and
lamellipodia to search their environment and migrate to reach their target tissue. Studies on individual cells in
culture have revealed that coordinated polymerisation of actin filaments provides the force of migration, and the
integrin receptors for the extracellular matrix can regulate local actin assembly. The mechanism by which
integrins signal to the actin polymerisation machinery is not known especially in vivo. We are using the process
of muscle attachment formation to study cell migration within the developing Drosophila embryos. Like axons,
the ends of muscles migrate to find their attachment points on the epidermis, called tendon cells. We have
observed that muscle ends initially have extensive filopodia as they migrate toward the tendon cell, the filopodia
activity decreases when the muscle ends reach their target. We have found that the down regulation of filopodia
is regulated by integrin signaling. Embryos lacking integrin βPS or GIT showed hyperactivity of long filopodia,
and conversely, overexpression of FAK or a constitutive active integrin resulted in suppression of filopodia.
Current work is aimed at identifying additional components of this pathway, and understanding how actin
structures are regulated by integrating intrinsic and external cues.

166A
A genetic screen to identify dominant modifiers of Abl signaling during cell migration. Megan Jackson,
Kristina M Reiss, Christopher S Moline, Traci L Stevens. Biology, Randolph-Macon College, Ashland, VA.
Regulated cell migration is critical during development, wound healing, and immune responses, and errors in
migration can contribute to disease states such as cancer. The actin cytoskeleton, through its continuous
remodeling, directs cell migration. The non-receptor tyrosine kinase Abl is one regulator that regulates assembly
of the actin cytoskeleton. In Drosophila, Abl is primarily localized to the cell cortex, where it directs actin
assembly. Inappropriate activation of Abl is linked to several types of cancer, at least partially due to defects in
actin structures and cell migration. In this study, we used Drosophila embryos that express Bcr-Abl, an activated
version of Abl that has been linked to chronic myelogenous leukemia in humans, in the epithelium. Expression
of this activated form of Abl alters cell shape, actin dynamics, and cell migration both in cell culture and during
Drosophila embryonic development. Here, in order to identify novel components of the pathway by which Abl

regulates cell migration, a genetic screen was used to find genomic regions and genes that, when one copy is
removed, genetically modify the phenotypes associated with expression of activated Abl in the epithelium during
embryonic development. We used deficiencies to screen chromosome two in this manner and identified
nineteen interacting regions: seven deficiencies that suppressed, eleven deficiencies that enhanced, and one
deficiency that resulted in a novel phenotype in the head. We are currently using smaller deficiencies and
candidate genes in the regions that exhibit the strongest interactions to identify the gene(s) responsible. By
identifying genes that interact with Abl, we can develop a better understanding of the molecular pathways that
direct cell migration.
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Exploring the role of α-Actinin and Cheerio during Ventral Furrow Invagination and Dorsal Closure.
1
2
2
1
Jaime Jurado-Gomez , Michael Tworoger , Adam C. Martin , Nicole Gorfinkiel . 1) Centro Biologia Molecular
'Severo Ochoa', Madrid, Spain; 2) Department of Biology, Massachusetts Institute of Technology, Cambridge,
Massachusetts, USA.
Ventral Furrow Invagination and Dorsal Closure are two different morphogenetic processes in Drosophila
melanogaster driven by the apical contraction of epithelial cells. This contraction is pulsed and driven by an
oscillatory apical actomyosin network. To understand the basic mechanisms underlying apical cell contraction
during morphogenesis we have studied the localization and function of Cheerio and α-Actinin. We have found
that both actin cross-linkers are present in ventral furrow and amnioserosa cells and co-localize with adherens
junctions markers. Interestingly, Cheerio also co-localizes with F-actin and Myosin-II medioapical foci.
Furthermore, we have depleted their function using anti-GFP nanobodies and observed a decrease in the rate
of contraction of amnioserosa cells during Dorsal Closure. Conversely, the over-expression of α-Actinin in
amnioserosa cells results in a decrease in the cell area fluctuation period which suggests a higher contraction
rate. We have also perturbed protein function in ventral furrow cells using maternally driven short hairpin RNA of
interference, double stranded RNA micro-injections and over-expressing ectopically α-Actinin and Cheerio.
Injected embryos with ds RNA against α-Actinin showed cell shape and Myosin-II network disruptions.
Altogether, these findings suggest that Cheerio and α-Actinin might be playing a significant role regulating the
actomyosin networks during these two morphogenetic processes.
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Molecular dissection of the PINCH-RSU1 interaction in Drosophila. Julie L. Kadrmas , Stephen M.
1
Pronovost . 1) Huntsman Cancer Institute; 2) Oncological Sci, Univ Utah, Salt Lake City, UT.
Ras Suppressor 1 (RSU1) is a leucine-rich repeat protein encoded by ics in Drosophila. Null mutants in ics are
viable, though loss of RSU1 results in wing blisters characteristic of defects in integrin-mediated adhesion.
Roles in the regulation of small GTPase, MAP kinase, and integrin signaling have been reported for RSU1, but
the molecular mechanisms underlying regulation by RSU1 have largely remained elusive. Direct binding and
stabilization of the integrin associated LIM domain protein PINCH (encoded by stck) is the only function for
RSU1 described at a molecular level. The leucine-rich repeat portion of RSU1 binds to the fifth LIM domain of
PINCH, thereby targeting RSU1 to sites of integrin adhesion. Through novel modified yeast two-hybrid screens,
we have identified point mutations in both PINCH and RSU1 that disrupt the interaction between these two
proteins, while maintaining other aspects of PINCH and RSU1 structure and function. In stck null animals
D303V
, mutated in LIM5 to disrupt binding of RSU1, RSU1 fails to localize at sites
rescued with transgenic PINCH
of integrin adhesion. These animals exhibit wing blistering, hypercontraction and detachment of adult indirect
flight muscle, a highly penetrant upheld wing posture, and flight impairment. In contrast, transgenic expression
N102D
that is incapable of binding PINCH appears to have few in vivo consequences in an ics null
of mutant RSU1
background. Rescued animals are viable and have no obvious defects in either adhesion in the wing blade, or in
muscle structure and function. Thus, there are discrepancies in phenotypes between both the binding-defective
D303V
N102D
and RSU1
rescued animals, and between the ics null mutant that lacks RSU1 entirely. These
PINCH
data suggest that LIM5 of PINCH may have functions in addition to RSU1 binding that are simultaneously
D303V
mutant we identified. We are currently taking a candidate approach to uncover
affected in the PINCH
additional activities for PINCH LIM5, and working to elucidate how regulation of key signaling pathways by
RSU1 may be integrated with these activities.

169A
Flapwing may Function with Ena during Head Involution and Dorsal Closure. Rebecca LeShay, Julie
Gates. Biology Dept., Bucknell University, Lewisburg, PA.
During development the actin cytoskeleton must be remodeled to accommodate the remarkable changes in cell
shape, cell rearrangements and cell migrations that occur as tissues and organs are formed. If actin dynamics
are not properly regulated, morphogenesis is disrupted and normal development fails. Numerous proteins have
been identified that influence actin dynamics including members of the Ena/VASP protein family. Drosophila has
a single Ena/VASP family member, Ena. Previous work has shown that Ena is required for multiple

morphogenetic processes during embryogenesis including dorsal closure and head involution. To identify
additional proteins that may function with Ena during these processes, we have used a candidate gene
approach, testing whether putative Ena binding proteins genetically interact with ena during embryonic
development. One such candidate protein, the Drosophila PP1beta Phosphatase, Flapwing (Flw), was identified
in a large-scale yeast two-hybrid screen carried out by Giot and colleagues. We have found that the introduction
of a mutation in flw had variable effects on the phenotype of homozygous ena mutants; enhancing dorsal
closure defects while simultaneously suppressing head defects. To gain insight into how Flw and Ena may work
together during embryonic development, we are currently examining the levels and localization of Ena and actin
in flw mutant embryos.

170B
Identifying a Kelch-Cullin3 ubiquitin ligase substrate. Katelynn M. Mannix, Andrew Hudson, Lynn Cooley.
Genetics Dept., Yale University, New Haven, CT.
In the Drosophila egg chamber, ring canals are intercellular bridges composed of a robust actin cytoskeleton.
Mutations in kelch cause accumulation of F-actin in the lumen of ring canals. It was previously shown that Kelch
is an F-actin cross-linking protein but more recent work suggests that Kelch also functions with Cullin3 (Cul3) at
ring canals. Cul3 germline clones show a kel-like ring canal phenotype. We hypothesize that Kelch functions as
a substrate adaptor protein for a Cullin3-RING ubiquitin E3 ligase (CRL3). CRL3s usually target proteins for
ubiquitination and degradation by the proteasome. To determine if the proteasome is required for proper ring
canal cytoskeleton organization, we inhibited the proteasome in the female germline with shRNA lines (from
TRiP) targeting different proteasomal genes. We also developed a proteasome activity reporter to monitor the
effectiveness of proteasome inhibition. Indeed, proteasome inhibition leads to a kel-like ring canal phenotype.
These data suggest that Kelch and Cul3 function together as components of an E3 ubiquitin ligase to target a
ring canal protein for ubiquitylation and degradation by the proteasome, a process required for disassembly of
the lumenal ring canal cytoskeleton. To identify the CRL3-Kelch substrate, we are employing a new proteomics
technique developed by the Ting lab at MIT that uses a targetable ascorbate peroxidase enzyme (APEX) that is
capable of biotinylating nearby proteins with great specificity. The APEX enzyme was fused to a ring canalspecific protein (ovHtsRC) and expressed in egg chambers to target APEX specifically to ring canals, where it
can biotinylate ring canal proteins; these can then be purified and subjected to mass spectrometry (MS) to
identify novel ring canal proteins and candidate CRL3-Kelch substrates. As an alternative approach to identify
the CRL3-Kelch substrate at ring canals, we are working to directly immunoprecipitate Kelch from egg chambers
in conditions where the CRL3-Kelch-substrate complex should be stabilized and perform MS to identify Kelchinteracting proteins.

171C
The role of microtubule-based motor proteins in Drosophila bristle development. Anna Melkov, Yasmin
Simchoni, Anna Bakhart, Uri Abdu. Ben Gurion University, Israel, Beer Sheva, Israel.
In several specialized cell types such as neurons microtubule (MTs) are organized asymmetrically to regulate
polarized cargo trafficking and maintain cell polarity. Drosophila sensory bristles have proven to be a valuable
model system for studying cytoskeleton organization. We demonstrated that the bristle shaft contains both a
stable MT population polarized with their minus ends distal to the cell body, and a dynamic MT population that
exhibits mixed polarity. To understand the formation and function of bristle polarized MT's array we studied the
role of MT motor proteins, Dynein heavy chain (Dhc64) and Kinesin heavy chain (Khc) in bristle development.
Our results show that Dhc64C hypomorphic mutant bristles are much shorter than the wild type, with the upper
part of the bristle thinner and twisted, and the lower part much wider. Approximately 50% of Dhc64C mutant
bristles contained an ectopic extension at the base of the bristle shaft. On the other hand, down-regulation of
kinesin heavy chain (Khc) using RNAi resulted in flat and thin bristles with bulbous tip. At the cellular level, we
detected defects in MTs network organization both in Dhc64C and Khc mutants. Whereas in Dhc64C mutants,
MTs were absent at the upper part of the bristle shaft in Khc knocked down bristles, MTs were absent only at
the bristle tip. We also demonstrated that mutations in Dhc64C but not in Khc affect bristle actin organization.
Whereas in wild type bristle actin bundles are attached to the shaft membrane, in Dhc64C mutants actin
bundles could be seen both at the cell membrane and also ectopically in the bristle shaft. We found that both
Dhc64C and Khc are required for proper localization of the Golgi outpost in the bristle. Whereas in wild type,
Golgi outposts are restricted to the lower part of the bristle shaft, in Dhc64C and Khc mutants, Golgi outposts
found throughout the entire bristle shaft. In the future we would like to understand the molecular mechanism by
which these motor proteins affect bristle development.

172A
Asymmetric distribution of the homophilic cell surface molecule Echinoid polarizes the actin
cytoskeleton. Arsida Nocka, Laura Nilson. Biology Department, McGill University, Montreal, Quebec, Canada.
Epithelial morphogenesis is driven by cell shape changes and movements. Differential expression of the

homophilic cell surface protein Echinoid (Ed) is required for proper morphogenesis of the follicular epithelium
and dorsal closure. In these two systems Ed disappears from defined populations of cells thus creating
interfaces where cells expressing Ed abut cells not expressing Ed. These interfaces display a contractile
actomyosin cable which causes cells to change their shapes ultimately resulting in a smooth boundary. Because
of the homophilic binding property, the absence of Ed from one cell results in the loss of Ed from the apposing
side in the Ed-expressing neighboring cell resulting in a planar polarized distribution of Ed, which is essential for
actomyosin cable formation. We found that the intracellular domain of Ed is both necessary and sufficient for the
formation of this actomyosin cable and mapped the essential region to a (one hundred) amino acid long
sequence. The asymmetric distribution of Ed may direct cable formation by polarizing the localization of
Bazooka/Par-3 at the Ed/no Ed interfaces. Distribution of Baz is not affected in all cells lacking Ed and is
independent of the Ed PDZ motif suggesting the effect is indirect. Thus, the differential expression of Ed allows
cells to recognize their neighbors, and the resulting asymmetric distribution of Ed instructs cells to target actin
cable formation to the appropriate face.

173B
Epithelial Cell Alignment: A model of concerted cell shape changes. Katy Lauren Ong, Stephen DiNardo.
Cell and Developmental Biology, University of Pennsylvania, Philadelphia, PA.
Concerted cell shape changes drive tissue form, and proper form is essential for function. To elucidate the
mechanisms involved in orchestrating cell shape changes, we study a morphogenesis event in the embryonic
epithelium that yields aligned columns of cells. Select cell-cell interfaces along the dorsal-ventral axis (DV) are
remodeled away, with the consequence of converting lower energy three-cell junctions to higher energy four-cell
junctions, thereby forming the aligned columns. Very few molecular details of this process are understood, but
we have identified the cytoskeletal scaffold Discs large (Dlg) as a necessary regulator of this process. Dlg is
enriched on stable DV interfaces adjacent to remodeling ones during alignment, while Myosin II and F-actin are
enriched along all DV interfaces. Conditional disruption of Dlg resulted in alignment defects. We are exploring
whether and how Dlg regulates actomyosin contractility, which in turn governs junction remodeling. Additionally,
E-cadherin develops an asymmetric enrichment along anterior-posterior (AP) interfaces during alignment. Given
that regulation of E-cadherin turnover has been implicated in the control of junctional remodeling, we are testing
how E-cadherin dynamics vary along stable compared with shrinking interfaces.

174C
The conserved transmembrane proteoglycan Perdido/Kon-tiki is essential for myofibrillogenesis. Juan
1
2
1
1
José Pérez-Moreno , Marcus Bischoff , María Dolores Martín-Bermudo , Beatriz Estrada . 1) Centro Andaluz de
Biología del Desarrollo (CSIC/UPO), Seville, Spain; 2) Biomolecular Sciences Building, University of St
Andrews, Scotland, UK.
Mature muscles are composed of myofibrils, which are structural complexes organized in repeating units known
as sarcomeres. Costameres, which connect the sarcomeres to the cell membrane, act as nucleation sites for
myofibril assembly. However, the mechanisms underlying this process remain to be defined. Here, we describe
a novel role for the gene perdido (perd, also kon-tiki) in myofibrillogenesis. perd encodes a transmembrane
proteoglycan, orthologue of the mammalian receptor chondroitin sulphate proteoglycan, CSPG4. During
Drosophila embryonic development, this protein is required for muscle-tendon targeting and adhesion. In order
to investigate if perd plays additional roles in myogenesis, we have studied its function in adult abdominal
muscles, which constitute a useful paradigm to unravel the molecular mechanisms underlying muscle
development, function and maintenance. The expression of different specific RNAi constructs against perd in
the muscles before adult myogenesis starts, induces misoriented muscles and reduced attachment surface in
adult abdomen. Interestingly, we have observed that perd RNAi abdominal muscles show defects in the
assembly of myofibrils. The few remaining myofibrils found in perd RNAi muscles localize at the periphery of the
cell, and show a defective sarcomeric structure. HA-tagged Perd expressed in adult abdominal muscles
localizes to the muscle attachment sites and the costameres. Integrins, which also are found at costameres and
muscle attachment sites, regulate myofibrillogenesis both in vertebrates and invertebrates. However, essential
integrin adhesion site proteins, such as Talin, are normally distributed in perd RNAi muscles, suggesting that the
role of Perd is integrin-independent. We propose that, similar to integrins, Perd regulates myofibrillogenesis from
the costameres and the muscle attachment sites, even though the molecular mechanisms behind this function
are still unknown.

175A
Ovhts-RC modulates cytoplasmic actin filaments in developing oocytes. Nancy J. Pokrywka. Dept of
Biology, Vassar College, Poughkeepsie, NY.
Proper cytoskeletal organization is essential for localization of developmentally significant molecules during
Drosophila oogenesis. Much attention has been paid to the role of microtubules in establishing cell polarity, but
it is clear that actin filament organization is also important for oocyte organization. Hu-li tai shao (hts) has been

implicated in actin regulation, based partly on its homology with mammalian adducins. The oogenic form of hts
is expressed as the N4 class of hts transcripts (htsN4), which are localized to the anterior cortex of the oocyte.
htsN4 RNA is translated into a polyprotein that is then cleaved into two functional isoforms, one (Ovhts-fus)
which interacts with spectrin and is active only during the initial stages of egg chamber formation, and another
(Ovhts-RC) which is expressed throughout oogenesis and is a component of ring canals. Ovhts-fus has
homologies to mammalian adducins, but surprisingly, Ovhts-RC is unique to Drosophila. Although htsN4 RNA is
localized during stages 8-14 of oogenesis, the functional significance of its localization in the oocyte has not
been established. To explore potential roles for Ovhts-RC in oogenesis, we examined its distribution in nurse
cells and the oocyte during stages 8-14. We also tested the effect of htsN4 RNA localization on Ovhts-RC
distribution and on actin filament organization. We present evidence that Ovhts-RC directly modulates actin
filament proliferation in a concentration-dependent manner, and that localization of htsN4 RNA is required for
proper Ovhts-RC function.

176B
The role for Spire in phosphoinositide-regulated hemocyte membrane trafficking and cortical
remodeling. Anette Pykalainen, Amy Kiger. Biology, University of California, San Diego, 9500 Gilman Dr., La
Jolla, 92093 CA.
Immune cell surveillance requires ongoing cortical remodeling, including rapid flux in membrane trafficking and
cell protrusion dynamics. Specific phosphoinositide lipids, the phosphorylated forms of phosphatidylinositol (PI),
recruit specific PI-binding effectors that control dynamic membrane identities and trafficking. We previously
showed that Mtm phosphoinositide phosphatase acts with an associated protein complex to regulate an
endosomal PI(3)P pool and membrane efflux that are both necessary and sufficient to promote hemocyte
(macrophage) cell protrusion formation. Here, we identified Spire, an F-actin regulator associated with roles in
vesicle formation and transport, as a likely effector of the Mtm complex and PI(3)P regulation important for
hemocyte cortical dynamics. The N-terminus of full-length SpireB and shorter SpireD isoforms contain tandem
WH2-domains involved in actin nucleation, whereas the C-terminus of SpireB and shorter SpireC isoforms
encode a modified FYVE-domain implicated in membrane binding. The Spire mFYVE domain’s lipid binding
abilities and cellular functions remain uncharacterized. Using different alleles that disrupt specific combinations
of Spire isoforms, we show that Spire shares with the Mtm complex roles to maintain the proper cortical balance
in cell protrusion formation and endocytic trafficking. The joint depletion of the FYVE-domain containing Spire
isoforms, SpireB and SpireC, resulted in loss of hemocyte cell protrusions. In contrast, joint depletion of SpireB
and SpireD led to excess cell protrusions and a block in endocytotic uptake. SpireC exhibited dynamic cellular
localization both along the hemocyte cortex and co-localized with endosomal PI(3)P. Interestingly, SpireC
overexpression exhibited enhanced endosomal localization with accumulated PI(3)P and suppression of cortical
protrusion defects resulting from depletion of the Mtm complex functions. These results pave the way for
characterizing the mechanism of the Mtm complex function, and point towards a potential actin nucleator link
between endosomal PI(3)P and cortical remodeling.

177C
The role of ER-specific proteins reticulon, lunapark, and atlastin in the early Drosophila melanogaster
embryo. Amanda M Sims, Rachel Coombs, Blake Riggs. San Francisco State University 1600 Holloway
Avenue San Francisco, CA 94132.
The endoplasmic reticulum (ER) is a dynamic organelle that is responsible for a variety of functions for the cell
that includes protein synthesis, calcium sequestration, and lipid synthesis. During mitosis, the ER experiences
dynamic reorganization that includes spatial repositioning and structural morphology changes. However, the
molecular pathway involved in this process is currently unknown. Our central aim is to identify the mitotic
mechanisms that control and regulate these dramatic changes. Recent studies have implicated ER-shaping
protein reticulon (Rtnl1), atlastin (Atl), and lunapark (Lnp, CG8735) as necessary components for stabilizing ER
architecture during interphase. We examined expression of Rtnl1, Atl, and Lnp RNAi in the Drosophila
compound eye using the GAL4-UAS system. Induction of Rtnl1 and Lnp RNAi gave no specific eye phenotype,
however expression of Atl RNAi displayed a rough eye phenotype. This result has led us to hypothesize that
atlastin is controlling the interactions between reticulon and lunapark. To this end, we plan to perform a screen
for enhancers and suppressors of the Atl-RNAi induced rough eye phenotype for the identification of factors
involved in Atl regulation. This work will help define a regulatory pathway of ER dynamics during mitosis.

178A
Coordination of Rho family GTPase activities to orchestrate cytoskeleton responses during cell wound
repair. Jeffrey M. Verboon, Maria Abreu-Blanco, Susan Parkhurst. Fred Hutchinson Cancer Research Institute,
Seattle, WA.
Cells, like tissues, must have a robust wound repair response to combat the physical and chemical stresses
which they encounter on a regular basis. This response is necessarily extremely rapid to avoid the loss of

cytoplasm, influx of ions, and ultimately cell death. In the Drosophila syncytial embryo, single cell wound repair
is initially mediated by a temporary membrane plug. Subsequently, an actomyosin ring tethered to the
membrane by E-cadherin remodels the wounded area by drawing membrane and cytoskeletal proteins, which
accumulate around the wound over the wounded area. The Rho family of small GTPases has been implicated in
this process. We find that Rho, Rac and Cdc42 all accumulate surrounding the wound in dynamic, partiallyoverlapping zones and, each Rho GTPase makes specific contributions to wound repair. In general, Rho1 and
Cdc42 are involved in the formation of actin filaments and the stabilization of the actomyosin ring at the leading
edge. Rho1 is also essential to the activation of myosin II to form this ring. In contrast, Rac is necessary for the
recruitment and mobilization of actin of actin towards the wound. Furthermore, pharmacological impairment of
the cortical cytoskeleton leads to aberrant and delayed accumulations of each GTPase at the wound. Thus, the
Rho family GTPases act as a signaling hub wherein feedback between each other, as well as inputs from the
cytoskeleton allow for the assembly, disassembly and translocation of the actomyosin ring during single cell
wound repair.

179B
Coordinating the pulsed and ratcheted contractions that drive collective apical constrictions during
1
2
Drosophila gastrulation. Shicong Xie , Adam Martin . 1) PhD program in Computational & Systems Biology,
Massachusetts Institute of Technology, Cambridge, MA; 2) Department of Biology, Massachusetts Institute of
Technology, Cambridge, MA.
Epithelial morphogenesis that occurs during development requires complex genetic and physical coordination
among cells, which often need to execute specific cell shape changes in a collective manner. One model of
collective cell shape change is gastrulation in Drosophila, in which 1,000 mesoderm precursor cells constrict
their apices to promote the invagination of the tissue. In each cell, apical constriction is driven by pulses of
myosin accumulation in the apical cortex, interspersed with phases when the contracted shapes can be
stabilized, similar to a ratchet. However, there is considerable heterogeneity in how pulses occur amongst
different mesoderm cells, with differing amplitude, frequency, and the timing of pulses. In addition, the extent
which apical cell shape is maintained or stretched between myosin pulses is also heterogeneous. A quantitative
description of this heterogeneity is critical to understand the mechanism of this dynamic cell shape change and
how it is coordinated across an entire epithelium. Here we use image and signal analysis to identify 822 pulses
from 5 embryos to measure the timing, amplitude, and spatial position of pulse events within the epithelium. We
then use clustering techniques to group pulses with similar area responses, which allows us to classify
stereotypic cell behaviors during and after a pulse, especially with respect to the amount of constriction during
myosin accumulation and whether the constricted shape was stabilized after the pulse. We find that pulses
become stronger, more frequent, and the contracted shape is increasingly stabilized as tissue invagination
proceeds. Furthermore, next-neighbor cells are more likely to generate pulsed contractions within a short time
window of each other. These data suggest a possible positive-feedback mechanism between neighboring cells
that coordinates the engagement of a pulse-ratchet mechanism across the epithelium. We are examining
possible mechanisms for this feedback.

180C
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PIP2 regulates stability of cleavage furrow-associated proteins during cytokinesis. Sukriye Yildirim ,
1
1,2
1
1
1,2,3
Lacramioara Fabian , Raymond Wong , Ho-Chun Wei , Gordon Polevoy , Julie A Brill . 1) CELL BIOLOGY
PROGRAM, THE HOSPITAL FOR SICK CHILDREN; 2) INSTITUTE OF MEDICAL SCIENCE, UNIVERSITY OF
TORONTO; 3) DEPARTMENT OF MOLECULAR GENETICS, UNIVERSITY OF TORONTO.
Meiotic division during Drosophila melanogaster spermatogenesis serves as an excellent model for studying
mechanisms of cytokinesis. Previous studies showed that phosphatidylinositol phosphates (PIPs), which are
minor components of cellular membranes, act as regulators of cytokinesis. Changes in phosphatidylinositol 4,5bisphosphate (PIP2) levels interfere with successful completion of cytokinesis. To define the role of PIP2 in
meiotic cytokinesis, we studied cleavage furrow-associated proteins in PIP2-depleted testes. We found that
localization and abundance of anillin and Pnut are dependent on PIP2. Both proteins showed reduced
abundance and reduced cleavage furrow localization in PIP2-depleted testes. Live imaging of PIP2-depleted
spermatocytes showed that anillin, Sep2, and Sqh initially localize to the cleavage furrow, yet lose their cortical
localization during furrow regression. In addition, we showed that the PIP 5-kinase Sktl localizes to the cleavage
furrow and is necessary for cytokinesis. Taken together, our data suggest that PIP2 is synthesized at the
cleavage furrow, where it serves (at least in part) to maintain association of furrow proteins with plasma
membrane.
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The Role of the Drosophila Formin Frl in the Establishment of Planar Cell Polarity. Austen A Barnett ,
1
1
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Saw-Myat Maung , Gretchen Dollar , Cathie Pfleger , Andreas Jenny . 1) Molecular and Developmental
Biology, Albert Einstein College of Medicine, Yeshiva University, New York, NY; 2) Department of Oncological

Sciences, Icahn School of Medicine, Mt. Sinai Hospital, New York, NY.
The establishment of polarity within the plane of an epithelium relies upon the non-canonical Fz/ Planar cell
polarity (PCP) pathway. This pathway controls the differentiation of a myriad of cell types whose function
necessitates asymmetric structures. In D. melanogaster, PCP signaling controls the orientation and number of
the actin hairs on wing cells and the orientation of thoracic sensory bristles and ommatidia in the eye. A major
player in PCP signaling is Rho-kinase (Rok/Rock) that regulates the organization of the actin cytoskeleton.
Despite the consensus that Rok is a major player in PCP signaling, its targets have been poorly characterized.
Thus, research into determining the direct targets of Rok/Rock during PCP signaling is critical for the
understanding of PCP signaling. In a genome wide screen to identify novel Rok substrates in Drosophila, we
identified the formin Frl, the single fly FMNL (Formin related in Leukocytes/ Formin-like). Formins have a
conserved role in polymerizing linear actin, and as such represent key putative effectors of Drosophila PCP
signaling. To determine if Frl acts within PCP signaling, we performed loss-of-function analyses and found that
frl mutations and knock-downs resulted in PCP eye defects, suggestive of a role of Frl in PCP signaling.
Secondly, we found that dominant-negative frl genetically interacts with with cdc42 and rhoA, suggesting that Frl
integrates signals from different Rho family GTPases. Lastly, we found that double mutants of frl and daam also
produce PCP defects, suggestive of a redundant role of these two genes in establishing ommatidial
morphogenesis that will be tested further. These findings bring us closer to a better understanding of how the
PCP signal is transduced to the cytoskeleton and suggest that FMNL homologs might function during PCP
signaling in vertebrates.

182B
The polarity protein aPKC physically interacts with Nuf regulating vesicle trafficking. Francisco J. Calero,
Sol Sotillos. CABD, Seville (Spain).
Eukaryotic cells are polarized with an asymmetric distribution of molecules and organelles resulting in different
functional regions required for cell physiology. The control of this polarity is essential to coordinate changes in
cell morphology required for the development of the organism. Among the polarity machinery, we have focused
on aPKC, one of the few kinases involved in cell polarity establishment and maintenance. aPKC also
participates in other processes like migration or asymmetric cell division and in more general processes as cell
survival or proliferation. This kinase is able to carry on its function by phosphorylating different substrates
depending on the process and cell type. Moreover, to be activated aPKC interacts with different regulators
according to the process. Thus, to find new aPKC interactors is crucial to understand how aPKC works. To this
end we have performed a biochemical screen expressing different forms of a tagged aPKC in Drosophila
embryos. This expression allows us to purify aPKC and its possible interactors in native conditions. Using this
approach, we have obtained the protein Nuclear fallout (Nuf). Nuf has been involved in vesicle transport through
Rab11 interaction. Our data establish a new link between polarity and cell trafficking. We will present data
supporting this hypothesis.

183C
Structure-function analysis of Crumbs. Shradha Das, Elisabeth Knust. Max Planck Institute-CBG, Dresden,
Saxony, Germany.
Crumbs, is a type 1 transmembrane protein, having an extracellular domain made of ~2100 amino acids and an
intracellular domain made up of only 37 amino acids. Crumbs has a tissue-specific and stage-specific function in
the maintenance of epithelial polarity in the embryo. We are performing a structure-function analysis of Crumbs,
in order to understand the functions of the extracellular and the intracellular domains, mutually exclusive of each
other. This will help us gain a better understanding of its various functions. I am addressing this question by
generating transgenic flies, with transgenes either lacking the extracellular domain or the intracellular domain of
Crumbs. These transgenes have been generated by recombineering of foscrb ( a fosmid encoding the complete
genomic locus of crumbs, ensuring endogenous levels of expression). Initial results confirm that the intracellular
domain is necessary and sufficient for the maintenance of epithelial cell polarity and tissue integrity in the
developing Drosophila embryo. In addition, all tubular epithelia (salivary glands/ tracheae/ hindgut/ Malpighian
tubules) invaginate correctly and undergo normal morphogenesis. About 35-50% of crb mutant embryos
harboring a transgene that encodes only the membrane bound intracellular domain complete and hatch as
larvae. These larvae show defects in tracheae and Malpighian tubules, along with significantly shortened body
size and reduced mobility. Further analysis of the defects will help us to understand the function(s) of the
extracellular domain of Crumbs during development.
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The Role of Cell Polarity in the Engulfment of Dying Germ Cells. Sarah E. Kleinsorge , Sandy Serizier ,
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Tracy Meehan , Jeffrey Taylor , Kim McCall . 1) GPGG, BUSM, Boston, MA; 2) Dept of Biology, Boston
University, Boston, MA.
As an organism develops, multiple processes need to occur in order to specify and organize tissue. One is the

establishment of cell polarity, which drives cell fate specification and stem cell differentiation. Another is
programmed cell death, to remodel tissue and clear damaged or diseased cells from the body. The Drosophila
ovary is an excellent model to study both processes. During oogenesis, programmed cell death can be induced
within the ovary to prevent egg chambers from maturing under low nutrient, high stress or crowded conditions.
When this occurs, the germline within the egg chamber dies and is cleared from the ovary by a process known
as engulfment. Somatic follicle cells surrounding the germline within the egg chamber synchronously enlarge
and engulf the corpses of the dying germline cells. It is unknown what triggers the enlargement of the follicle
cells or if this enlargement has an energy requirement. Previous research has shown that the apical side of a
follicle cell is heavily marked by cell polarity proteins, to specify the apical side away from the lateral and basal
sides. We hypothesize that cell polarity plays a role in the enlargement of the follicle cells during engulfment. To
test this, we first examined whether follicle cell polarity is established and maintained in mutant fly lines known
to have engulfment defects, using antibodies against apical factors. We then examined RNAi lines for genes
responsible for the establishment and maintenance of follicle cell polarity to determine if there were defects in
engulfment, using antibodies against the follicle cell membrane. To determine if there is an energy requirement,
mutant lines with mutations in complex V of the electron transport chain, affecting ATP levels, were also
examined for engulfment defects. We next assessed follicle cell enlargement directly, using RNAi lines that
target genes of signaling pathways previously shown to play a role in cell growth. These studies could uncover a
new role for cell polarity in engulfment and new pathways required for follicle cell enlargement.

185B
Characterization of novel interactors of the Drosophila Crumbs complex. Ya-Huei Lin, Elisabeth Knust.
MPI-CBG, Dresden, Germany.
Crumbs (Crb) is an apical determinant in polarized epithelial and photoreceptor cells, and required for
establishment and maintenance of cell polarity. However, we still know little about the mechanisms by which Crb
regulates cell polarity. Using co-immunoprecipitation, we identified a novel interactor, α-adaptin, a known
regulator of endocytosis. In the absence of α-adaptin, polarity proteins, such as Crb, Armadillo and Disc large,
are redistributed in the follicle epithelium, indicating loss of polarity. Impairment of α-adaptin in wing disc results
in Crb accumulation, suggesting a role of α-adaptin in Crb regulation.

186C
The Drosophila planar polarity gene multiple wing hairs regulates actin cytoskeleton. Qiuheng Lu,
Dorothy Schafer, Paul Adler. Biology Department, Department of Cell Biology and Morphogenesis and
Regenerative Medicine Institute, University of Virginia, Charlottesville, Virginia, 22904.
The evolutionarily conserved frizzled signaling pathway has been extensively studied in wing planar cell polarity
(PCP); however, it remains unclear how the PCP signal is read out as single distally pointing actin-rich hair.
Multiple lines of evidence argue that the PCP effector gene multiple wing hairs (mwh) functions as an inhibitor of
the actin cytoskeleton. We have found that mwh interacts with diaphanous (dia), which encodes a well-known
regulator of actin polymerization. A variety of genetic data show that these two genes act antagonistically. The
amino half of the Mwh protein shows similarity to Dia family formins. This region of Dia is regulatory and also
mediates Dia dimerization. This suggested the hypothesis that Mwh might act as a dominant negative formin to
inhibit actin polymerization. Consistent with this model we found that expression of a constitutively active Dia
leads to multiple hair cells. We also established that the two proteins could be co-immunoprecipitated from wing
discs and fragments of the two proteins could be pulled down in GST pull down assays. To further test our
model we used an in vitro pyrene-actin polymerization assay and TIRF microscopy to directly examine actin
polymerization. We found that the amino half of Mwh on its own was able to crosslink, bundle and network actin
filaments at a low concentration. At higher concentration it was able to inhibit actin polymerization. Our data
suggest that Mwh can directly regulate the actin cytoskeleton in addition to its potential to regulate it indirectly by
physically interacting with Dia.
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Apical Localization of the Integrin Heterodimer, αPS3βPS, Promotes Engulfment and Cell Corpse
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1
Processing in the Drosophila Ovary. Tracy Meehan , Allison Timmons , Sarah Kleinsorge , Jeffrey Taylor ,
1
1
Sarah Yunes , Kimberly McCall . 1) Department of Biology, Boston University, Boston, MA; 2) Graduate
Program in Genetics and Genomics, Boston University, Boston, MA.
Billions of cells die in our body every day and are cleared by professional or non-professional phagocytes, such
as epithelial cells. Engulfment of apoptotic nurse cells (NCs) by epithelial follicle cells (FCs) in the Drosophila
ovary serves as a genetically tractable and physiologically relevant model for the study of non-professional
phagocytes. Upon starvation, the NCs are engulfed by the surrounding FCs, which synchronously enlarge
roughly 4- to 5-fold to engulf and degrade the NCs. Previously, we identified a requirement for draper in the
FCs, so we conducted a candidate dsRNA screen to identify other engulfment genes that are required in the
FCs. Through this screen, we found that loss of the integrin subunits αPS3 and βPS resulted in engulfment-

defective egg chambers, in which the FCs do not enlarge properly and die prematurely. Integrins are obligate
heterodimer αβ pairs that have only recently been studied as engulfment receptors in Drosophila. Antibody
staining on wild type dying egg chambers revealed that αPS3 and βPS increase on the apical surface of the
FCs during engulfment. The dsRNA screen also identified other genes required in the FCs that have previously
been shown to work downstream of integrin signaling: cdc42, ced-12, and kayak. However, integrin levels are
unaffected in these mutants, suggesting that integrin enrichment is reliant on another mechanism. Integrin
overexpression egg chambers suggest that localization of the integrin heterodimer may be dependent on the
alpha subunit: αPS3/βPS localization is apical in UAS-αPS3 egg chambers and basal in UAS-βPS egg
chambers. Strikingly, UAS-βPS egg chambers are engulfment-defective. Preliminary results suggest that
overexpression of βPS may cause improper localization of engulfment receptors and polarity proteins. Ongoing
analysis will further investigate whether proper integrin localization is required for polarization of the follicle cells
and engulfment.

188B
Cell polarity and Notch signaling - an "EXTRA" job for Crumbs. Linda Nemetschke, Elisabeth Knust. Max
Planck Institute of Molecular Cell Biology and Genetics, Pfotenhauerstr. 108, Dresden, Germany.
The evolutionary conserved transmembrane protein Crumbs is one of the key regulators of apical-basal polarity.
Crumbs consists of an EGF-repeat rich extracellular domain and a small intracellular domain containing a
FERM- and PDZ-domain binding site. The membrane bound, cytosolic domain of Crumbs is necessary and
sufficient for several aspects of its known function. The extracellular domain on the other hand has largely
remained a mystery. It has been shown to be involved in cell proliferation and regulation of cell shape, cell
adhesion and morphology, both in Drosophila and zebrafish. The underlying molecular mechanisms that
mediate these functions and potential binding/interaction partners are still unknown. We overexpressed a
truncated Crumbs protein that contains the extracellular and transmembrane domain, but not the intracellular
domain (Crumbs-extra-TM) in the wings of Drosophila melanogaster. This leads to venation defects and a size
reduction of the wing. This phenotype is dominantly enhanced in flies with only one functional copy of Notch.
Here we show that crumbs interacts genetically with Notch via its extracellular domain. Additionally, we show
that in the pupal wing Crumbs mutant cells lose Notch from the apical membrane, while in cells overexpressing
Crumbs-extra-TM Notch accumulates at the apical membrane. Together these data suggest that the activity and
localization of Notch in the wing epithelium is dependent on the extracellular domain of Crumbs.

189C
A Flamingo isoform lacking part of the Flamingo extracellular domain can send PCP signals in Fz independent manner. Jun Wu, Marek Mlodzik. Dept. of Developmental and Regenerative Biology, Icahn Sch
Medicine at Mount Sinai, New York, NY 10029.
Planar cell polarity (PCP) is the polarization of cells within the plane of epithelium, perpendicular to the apicalbasal axis. Transmembrane PCP proteins Frizzled (Fz), Flamingo (Fmi), and Van Gogh (Vang), are required for
PCP specification. Fz-Vang and Fmi-Fmi intercellular interactions are crucial for transmitting PCP information
between cells. Previous work has demonstrated that the Fz/Fmi complex is involved in sending the signal, while
Vang/Fmi complex is involved in receiving the signal, with models suggesting the Fmi is required to localize Fz
and Vang on opposing cell membranes. However, recent data suggest a more active role for Fmi in sending and
receiving PCP signals: in the absence of Vang, the Fz/Fmi signal can still be received by Fmi alone, although at
lower level than that received by Fmi-Vang complex (Struhl et al., 2012); and ectopic expression of FmiΔN (an
isoform deleting a large portion of extracellular domain of Fmi) causes a phenotype in the wing that is similar to
Fz expression (wing hairs of neighboring cells point away from FmiΔN expressing domain (Kimura et al., 2006)).
To try to understand the activity of FmiΔN in PCP, we investigated whether the non-autonomous gain of function
FmiΔN phenotype required the presence of Fz. We compared fmiΔN expressing clones, fz null mutant clones
and fmiΔN fz null mutant clones (FmiΔN is expressed in fz null mutant cells) in their abilities to alter PCP of
neighboring wildtype cells. If FmiΔN alters PCP entirely via Fz, then fmiΔN fz null mutant clones should have
phenotypes very similar to fz null mutant clones. The result of this epistatic analysis showed that fmiΔN fz null
mutant clones had non-autonomous PCP phenotypes that were between FmiΔN expressing clones and fz null
mutant clones, suggesting FmiΔN can transmit PCP signals in a Fz independent manner. Further experiments
showed that the FmiΔN signal was blocked by fmi mutation in fmiΔN fmi mutant clones, suggesting that
endogenous Fmi was required for the transmission of FmiΔN signal to neighboring cells.

190A
A genetic screen identifies Rab35 and membrane trafficking regulators that control Transverse-tubule
membrane remodeling required for muscle function. Naonobu Fujita, Wilson Huang, Amy Kiger. Section of
Cell and Developmental Biology, UCSD, San Diego, CA.
Transverse tubules (T-tubules) form an extensive membrane network invaginated from the muscle cell
membrane important for excitation-contraction coupling. T-tubules closely associate with the sarcoplasmic

reticulum to regulate synchronous calcium flux and contraction throughout the myofiber interior, and the
disruption of T-tubule organization is associated with human myopathy and cardiomyopathy. Whereas T-tubule
structure and significance are well established, however, mechanisms of T-tubule formation and maintenance
are poorly understood. We found that T-tubules undergo regulated disassembly and reassembly with normal
pupal abdominal myofiber remodeling. We showed that myotubularin (mtm), the fly homolog of human MTM1
phosphoinositide 3-phosphatase affected in centronuclear myopathy, is critical for reassembly of T-tubules with
pupal myofiber remodeling. To gain further insight into the mechanisms of T-tubule formation and remodeling,
we performed a muscle-targeted RNAi screen in both live larval and pupal muscles for membrane traffickingrelated functions required for T-tubule organization. We identified 20 RNAi candidates that represented several
distinct categories of T-tubule membrane defects, including Rab35 RNAi [and # other conditions] that induced
similar phenotypes to mtm RNAi. Rab GTPases play important roles in specifying vesicular trafficking and
membrane fusion, and Rab35 has been implicated in cargo recycling in endosomes. Consistent with the
knockdown effect, overexpression of a dominant negative Rab35 form similarly blocked T-tubule reassembly.
Moreover, we found that both Rab35 and the Mtm scaffold co-localize along T-tubule membranes. Collectively,
our genetic screen identified that Rab35 acts within an Mtm pathway as a critical regulator of T-tubule
remodeling .
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Rabs and Vacuoles : The role of Abd-B in male accessory glands trafficking. Elodie Prince , Marko
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Brankatschk , Dragan Gligorov , Robert K. Maeda , Suzanne R. Eaton , François Karch . 1) Genetics &
Evolution, University of Geneva, GENEVA, GE, Switzerland; 2) Max Planck Institute of Molecular Cell Biology
and Genetics, Dresden, Germany.
The Drosophila male accessory glands produce the accessory glands proteins (Acps) that are transferred to
females via the seminal fluid affecting thereby female physiology and behavior post-mating (post-mating
response or PMR). Accessory glands are composed of two secretory cell types: main cells (96% of the gland),
which are polygonally-shaped cells that produce most of the Accessory glands proteins (Acps), and secondary
cells (4% of the gland), which are spherically-shaped cells that contain large vacuoles. Our lab recently found
that the homeotic gene Abd-B is expressed in the secondary cells of the male accessory glands. Loss of Abd-B
function in the secondary cells results in the loss of the vacuolar structures in them, and defects in the PMR.
Biochemical analysis has shown that these phenotypes are accompanied by a loss of post-translational
modifications of certain Acps. With the eventual goal of understanding the Abd-B mutant phenotype, we have
started a basic characterization of the secondary cells and their vacuoles. We have begun with a general
characterization of their shape and cellular architecture and are now attempting to determine the function of the
vacuoles by identifying the Rab proteins bound to the vacuoles. Using a library established by the laboratory of
S. Eaton, in which each of the 27 Drosophila Rab genes have been fused to YFP at their endogenous locus, we
found that four Rabs mark the vacuoles of the secondary cells. Interestingly, these Rabs appear to label only
subsets of vacuoles, indicating that there may be different types of vacuoles in the cell. Furthermore, our
examinations of the subcellular position of the Rabs and the morphology of the cells of the gland seem to
suggest that exchanges between the two cell types of the accessory gland is a distinct possibility.
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Egalitarian links oskar mRNA to motor complexes in Drosophila oocyte. Paulomi B. Sanghavi , Caryn
2
1
Navarro , Graydon Gonsalvez . 1) Cellular Biology and Anatomy, Georgia Regents University, Augusta, GA; 2)
Biomedical Genetics Boston University School of Medicine, Boston, MA 02118.
Most cellular functions require efficient transport of key molecules to specific regions of the cell. Cellular cargoes
are often transported over long distances using microtubule based motor proteins. For instance, active transport
of critical mRNAs within the Drosophila oocyte is required for its polarization. One such mRNA is oskar; oskar
mRNA is transported and localized at the posterior of the oocyte in order to spatially restrict the expression of
Oskar protein. This restriction of Oskar protein is required for patterning the future embryo. Localization of oskar
mRNA requires the microtubule based motor, Kinesin-1. We recently demonstrated that an additional
microtubule motor, Dynein, also associates with oskar mRNA and is critical for its posterior localization.
However, the factor that links Dynein to oskar mRNA is unknown. In Drosophila embryos, Dynein is linked to its
mRNA cargoes via the RNA binding protein, Egalitarian (Egl). We hypothesized that Egl performs a similar
function within oocytes. In support of this hypothesis, we observed that Egl co-localizes with Dynein, Kinesin-1,
and oskar mRNA at the posterior of the oocyte. We demonstrate that Egl is present in a complex with oskar
RNA in vivo. Finally, germline specific depletion of Egl resulted in complete delocalization of oskar mRNA. In
addition to oskar mRNA, Dynein and Kinesin were also delocalized from the posterior. Collectively, our results
suggest that Egl associates with oskar mRNA and subsequently recruits motor complexes for transport of the
mRNA cargo to the oocyte posterior.
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The role of N-Cadherin in myoblast adhesion and its regulation during fusion. Carina Braukmann ,
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Christine Dottermusch-Heidel , Verena Groth , Julia Hamp , Marco Rust , Susanne-Filiz Önel . 1)
Developmental Biology, Philipps Universität Marburg, Marburg, Hessen, Germany; 2) Christian-AlbrechtsUniversität zu Kiel, Institut für Humanernährung und Lebensmittelkunde, Molekulare Prävention, Kiel, Germany;
3) Institut für Physiologische Chemie, Philipps Universität Marburg, Hessen, Germany.
During Drosophila embryogenesis two different types of myoblasts founder cells (fc) and fusion-competent
myoblasts (fcms) fuse to form the larval musculature. The recognition and adhesion of FCs and FCMs is
mediated by proteins of the immunoglobulin-superfamily (IgSF) and by the cadherin family. Here we compare
electron-dense structures in epithelia cells and at the synapse with electron-dense plaques observed in
adhering myoblasts. The IgSF proteins form a ring-like structure at cell-cell contact points and move radially
away from the site of fusion. N-Cadherin, however, is distributed evenly around the plasma membrane.
Biological membranes are naturally separated by 10-20 nms. To induce membrane merger membranes need to
be brought into close proximity (1 nm). This indicates that N-Cadherin must be removed from the site of fusion.
Protein and genetic interaction data suggest that the guanine-nucleotide exchange factor Schizo/Loner is
involved in the regulation of N-Cadherin. Furthermore, both proteins co-localize transiently in small vesicles
when expressed in Drosophila non-muscle S2 cells. Classical Cadherins like E- and N-Cadherin are involved in
the formation of electron-dense junctions between cells, e.g. between epithelial cells or between neuronal cells
and their target cell. During myoblast fusion electron-dense plaques form between adhering myoblasts. Here we
propose that these structures resemble cellular junctions and will compare different cell junctions with the
electron-dense plaques. Additionally, we will present a characterization of the N-Cadherin and Schizo-positive
vesicles and show first insights into the Schizo/Loner-dependent mechanism of N-Cadherin trafficking.
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Exocyst complex are required for fusion of dense exocytotic rods to lacuna membrane in Drosophila
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nephrocytes to maintain highly dynamic endocytic cycling. Fujian Zhang , Ying Zhao , Tiffany Chang ,
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Yufang Cao , Katherine Muir , Zhe Han . 1) Dept. of Internal Medicine, University of Michigan, Ann Arbor, MI;
2) Sanford Burnham Medical Research Institute, La Jolla, CA.
Drosophila nephrocytes constantly filter hemolymph to uptake proteins through active endocytosis. We identified
Cubilin and Amnionless as the key receptors for protein uptake in nephrocytes, as well as a group of genes
involved in the dynamic endocytosis process. However, how to maintain such high level of endocytosis with a
sustainable cellular mechanism is unknown. From a genetic screen for genes required for nephrocyte function,
we identified a group of eight genes (sec3, sec5, sec6, sec8, sec10, sec15, exo70 and exo84), each encoding
one of the eight subunits of the exocyst complex. Nephrocyte-specific RNAi knockdown of each exocyst gene
abolished the function of nephrocytes in protein uptake and detoxification. Exocyst complex components are
expressed at a very high level in the nephrocytes comparing to other tissues. Moreover, abolishing any one of
the eight exocyst complex genes in the nephrocytes led to a dramatic reduction of lacuna membrane structures,
as well as striking accumulation of an electron-dense rod-shaped organelles, which we named Dense Exocytotic
Rods (DERs), near the lacuna membrane. DERs are rare in wildtype nephrocytes but accumulate in large
numbers in exocyst-depleted nephrocytes, suggesting that the exocyst-mediated fusion of DERs to lacuna
membrane is an essential cellular mechanism of membrane recycling to maintain a dynamic endocytic cycling in
nephrocytes.

195C
Dynamin acts downstream of Tramtrack69 in the Drosophila ovary to promote epithelial tube expansion.
Nathaniel C. Peters, Celeste A. Berg. Department of Genome Sciences / Molecular and Cellular Biology
Program, University of Washington, Seattle, WA.
Epithelial tube morphogenesis requires 3 fundamentally distinct phases: tube patterning, tube formation, and
tube expansion. Developing egg chambers in the Drosophila ovary provide an accessible model for dissecting
the regulatory networks controlling these processes. In late oogenesis, two patches of epithelial follicle cells first
pattern, then form, and finally expand a pair of tubes, the lumens of which mold the eggshell’s two dorsal
appendages (DAs). Errors in any phase of this program produce distinct phenotypes in the laid egg. We
previously showed that the transcription factor Tramtrack69 promotes DA-tube expansion in part by regulating
another transcription factor, Mirror, which in turn regulates the focal-adhesion scaffold Paxillin (Peters et al.,
2013). We also found that Tramtrack69 promotes expression of the endocytosis factor Dynamin, which
facilitates salivary-gland tube expansion through turnover of apical, Cadherin-based adhesions (Pirraglia et al.,
2010). Unexpectedly, we found that Dynamin protein is primarily basal in DA-tube cells. This unusual
localization suggested two potential, novel mechanisms for Dynamin action: (1) promoting DA-tube expansion
by recycling specific basal targets, such as integrin-based focal adhesions, or (2) generally reallocating
basolateral membrane to the expanding apical membrane. To analyze Dynamin’s role at the cellular as well as
molecular level, we expressed dominant-negative forms of Dynamin specifically in DA-tube cells, and observed
a highly penetrant DA-tube expansion failure. We are now using live imaging to characterize the effects of

Dynamin disruption on DA-tube-cell behavior, while analyzing the localization of basolateral proteins and
membrane markers in fixed tissue to define Dynamin’s molecular mechanism in this context. These studies will
illuminate a potentially novel mechanism by which endocytosis can promote epithelial tube expansion.
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Endophilin B is required for the Drosophila oocyte to endocytose yolk downstream of Oskar. Yi-Cheng
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Tsai , Wei Chiang , Willisa Liou , Wei-Hao Lee , Yu-Wei Chang , Pei-Yu Wang , Yi-Chen Li , Tsubasa
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Tanaka , Akira Nakamura , Li-Mei Pai . 1) Graduate Institute of Biomedical Sciences, Chang Gung
University, Tao-Yuan, Taiwan; 2) Department of Biochemistry, Chang Gung University, Tao-Yuan, Taiwan; 3)
Chang Gung Molecular Medicine Research Center, Chang Gung University, Tao-Yuan, Taiwan; 4) Department
of Anatomy, College of Medicine, Chang Gung University, Tao-Yua; 5) Department of Germline Development,
Division of Organogenesis, Institute of Molecular Embryology and Genetics, Kumamoto University 2-2-1 Honjo,
Kumamoto 860-0811 Japan.
The nutritional environment is crucial for Drosophila oogenesis in terms of controlling hormonal conditions that
regulate yolk production and the progress of vitellogenesis. Here, we discovered that Drosophila Endophilin B
(D-EndoB), a member of the endophilin family, is required for yolk endocytosis as it regulates membrane
dynamics in developing egg chambers. Loss of D-EndoB leads to yolk content reduction, similar to that seen in
yolkless mutants, and also causes poor fecundity. In addition, mutant egg chambers exhibit an arrest at the
previtellogenic stage. D-EndoB displayed a crescent localization at the oocyte posterior pole in an Oskardependent manner; however, it did not contribute to pole plasm assembly. D-EndoB was found to partially colocalize with Long Oskar and Yolkless at the endocytic membranes in ultrastructure analysis. Using an FM4-64
dye incorporation assay, D-EndoB was also found to promote endocytosis in the oocyte. When expressing the
FL
ΔSH3
mutant transgenes in oocytes, the blockage of vitellogenesis and the
full-length D-endoB or D-endoB
defect in fecundity in D-endoB mutants was restored. In contrast, a truncated N-BAR domain of the D-EndoB
only partially rescued these defects. Taken together, these results allow us to conclude that D-EndoB
contributes to the endocytic activity downstream of Oskar by facilitating membrane dynamics through its N-BAR
domain in the yolk uptake process, thereby leading to normal progression of vitellogenesis.
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Dop/MAST2 kinase promotes protrusion formation during the collective migration of border cells.
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George Aranjuez , Alistair Langlands , Arno Müller , Jocelyn McDonald . 1) Molecular Genetics, Cleveland
Clinic Foundation, Cleveland, OH; 2) Genetics and Genome Sciences, Case Western Reserve University,
Cleveland, OH; 3) Cell and Developmental Biology, University of Dundee, UK.
Collective migration is the coordinated group movement of multiple motile cells. This type of migration is
observed during embryonic development, wound healing, and tumor metastasis, yet the mechanisms that
facilitate these coordinated movements are not completely understood. We use border cell migration during
Drosophila oogenesis as a model to understand collective migration in tissues. The border cell cluster migrates
by extending a single protrusion towards the direction of migration which then contracts and pulls the whole
cluster forward. However, the mechanisms that control: 1) the number of protrusions; and 2) the morphology of
protrusions, are not completely understood. In an effort to identify new genes required for collective border cell
migration, we recently performed a targeted RNAi screen. We report here the identification of a novel regulator
of border cell migration: the serine-threonine kinase Dropout (Dop). Loss of dop function inhibits border cell
migration. Specifically, dop mutant border cell clusters extend abnormally-shaped protrusions. In addition, dop
mutant border cell clusters have too many protrusions. As proper protrusion formation is critical for efficient
border cell migration, it is possible that the abnormal protrusions from dop mutant clusters causes the failure of
collective migration. Furthermore, protrusion formation is influenced by cytoskeletal dynamics. The mammalian
homolog of Dop is Microtubule-Associated Serine/Threonine Kinase 2 (MAST2) and has been shown to
indirectly interact with microtubules. We are currently testing the hypothesis that Dop regulates the cytoskeleton
to promote normal protrusion formation. As very little is known about Dop/MAST2 function in any organism, our
analyses are expected to reveal new insights into this conserved serine-threonine kinase.
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Mechanical feedback through E-cadherin amplifies guidance signaling in collective border cell
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migration. Danfeng Cai , Mohit Prasad , Shann-Ching Chen , Li He , Xiaobo Wang , Valerie Choesmel6
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Cadamuro , Jessica Sawyer , Gaudenz Danuser , Denise Montell . 1) Department of Biological Chemistry,
Johns Hopkins University, Baltimore, MD; 2) Molecular, Cellular and Developmental Biology Department
University of California, Santa Barbara, CA; 3) Department of Biological Sciences, IISER-Kolkata, West Bengal
741252, India; 4) Life Technologies, South San Francisco, CA; 5) Department of Genetics, Harvard Medical
School, Boston, MA; 6) Université P. Sabatier Toulouse III, 31062 Toulouse cedex9. FRANCE; 7) Department of
Pharmacology and Cancer Biology, Duke University School of Medicine, Durham, NC; 8) Department of Cell
Biology, Harvard Medical School, Boston, MA.

E-cadherin is a major homophilic cell-cell adhesion molecule that inhibits motility of individual cells on matrix.
However its contribution to migration of cells through cell-rich tissues is less clear. We developed an in vivo
optical sensor of mechanical tension across E-cadherin molecules and a method for statistical classification of
migration phenotypes called morphodynamic profiling, which we combined with cell-type-specific RNAi and
photo-activatable Rac to study border cell migration. E-cadherin-mediated adhesion between border cells and
their substrate, the nurse cells, was required in a positive feedback loop with Rac to stabilize forward-directed
protrusion and directionally persistent movement. Adhesion between individual border cells was essential for
communication of direction and collective guidance. Adhesion between the motile border cells and the nonmigratory polar cells holds the cluster together and polarizes each individual cell. Together, these results
establish E-cadherin as a multi-functional component of the cell migration machinery in vivo that can establish
the leading edge when the substrate is another cell.
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Epithelial rotation promotes the global alignment of contractile actin filaments during Drosophila egg
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Lewellyn , Michael J. Fairchild , Guy Tanentzapf , Margaret L. Gardel , Sally Horne-Badovinac . 1) University
of Chicago, Chicago, IL; 2) University of British Columbia, Vancouver, BC, Canada; 3) Butler University,
Indianapolis, IN.
Developing tissues and organs use a variety of mechanisms to lengthen along particular body axes. The
Drosophila egg chamber is an organ-like structure that elongates to form an elliptical egg. This transformation
depends on a dramatic migration of the follicular epithelium that causes the egg chamber to rotate within its
surrounding basement membrane. When rotation ends, a “molecular corset” of parallel contractile actin
filaments produces a constrictive force around the egg chamber’s circumference. Currently, the relationship
between the rotation and tissue-level actin alignment is unknown. Here, we show that rotation begins much
earlier than previously reported and that it requires SCAR-dependent lamellipodia at each follicle cell’s leading
edge. Temporally blocking rotation reveals two mechanisms that promote global actin alignment. An early
rotation phase maintains the circumferential actin pattern established in a small number of follicle cell precursors
through a period of cellular proliferation. Later, rotation polarizes the basement membrane and the global actin
pattern is stabilized. We propose that epithelial rotation provides a single mechanism to maintain, expand and
then fix a circumferential contractile actin network necessary for elongation morphogenesis.

200B
Cytoskeletal and signaling factors act non-autonomously to regulate dorsal appendage morphogenesis.
Sandra G. Zimmerman, Celeste A. Berg. Deptartment of Gemone Sciences, University of Washington, Seattle,
WA.
Coordinated cell movements and shape changes drive epithelial morphogenesis. Abnormalities in these
processes can produce birth defects or facilitate cancer-cell metastasis. An excellent model for studying the
regulation of epithelial morphogenesis is dorsal appendage (DA) formation in the Drosophila ovary. Two patches
of somatic follicle cells that lie dorsal to the oocyte form the DAs by reorganizing into tubes and crawling over
the adjacent, squamous, “stretch” follicle cells. During this process, stretch cells send out cytoplasmic
extensions toward the DA cells. The Sox transcription factor, Bullwinkle (BWK), functions in the nurse cells to
regulate DA formation; it acts through the tyrosine kinases SHARK and SRC42A in the overlying stretch cells.
Intriguingly, shark mRNA localizes in distinct patches in the stretch cells just prior to DA formation. Mutations in
bwk disrupt shark mRNA localization and lead to DA-cell-adhesion defects, aberrant cell migration, and mooseantler-like DAs. To discover how the BWK-SHARK-SRC42A pathway regulates DA formation via the stretch
cells, we adapted an established magnetic-bead cell-separation protocol for a novel application: mass
spectrometry. We purified stretch cells from wild-type vs. bwk egg chambers, compared relative protein
expression, and identified >100 differentially expressed proteins, including known cytoskeletal regulators and
growth factors. Using stretch-cell-specific RNAi and mutant allele analyses, we found that non-muscle
Tropomyosin 1, Eb1, Rac2, the Rho pathway regulator RhoGDI, and Imaginal disc growth factors (IDGF family)
non-autonomously regulate DA formation. To test whether these factors are associated with stretch-cell
cytoplasmic extensions and/or localize shark mRNA (to localize SHARK function), we developed a protocol for
protein-RNA double labeling (immunofluorescence/FISH) in Drosophila ovaries. Understanding the precise role
of these newly identified factors in DA morphogenesis will reveal how extrinsic signals contribute to coordinated
cell movements.
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Regulation of Eyes shut trafficking and rhabdomere separation by O-glucose. Amanda Haltom , Tom
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Lee , Beth Harvey , Jessica Leonardi , Yi-Jiun Chen , Yang Hong , Robert Haltiwanger , Hamed Jafar1,2,4
Nejad . 1) Program in Genes and Development, University of Texas Health Science Center, Houston, TX; 2)
Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, TX; 3) Department of

Biochemistry and Cell Biology, Stony Brook University, Stony Brook, NY; 4) Program in Developmental Biology,
Baylor College of Medicine, Houston, TX; 5) Department of Cell Biology and Physiology, University of Pittsburgh
School of Medicine, Pittsburgh, PA.
Rumi is a protein O-glucosyltransferase that adds O-linked glucose to the EGF repeats of the Notch protein with
a CXSX(P/A)C consensus sequence, and is required for Notch signaling, especially at higher temperatures. In
addition to classical Notch loss-of-function phenotypes, rumi mutant flies exhibit a 100% penetrant defect in
interrhabdomeral space (IRS) formation. These defects begin at the pupal stage and are independent of the loss
of Notch signaling, as animals harboring a Notch genomic transgene lacking all 18 Rumi target sites show
normal IRS. Among the potential Rumi targets in flies, two proteins are involved in photoreceptor development
and IRS formation: Crumbs and Eyes shut. We generated a knock-in allele of crumbs lacking all of its O-glucose
sites and found that animals homozygous for this allele do not have any rhabdomere spacing defects.
Drosophila Eyes shut contains O-glucose modifications as indicated by mass spectrometric analysis. Moreover,
in rumi mutants at the beginning of IRS formation, Eyes shut fails to be properly secreted and is accumulated
intracellularly. Furthermore, mutating the Rumi target sites in Eyes shut results in its accumulation inside the
cell. Altogether, our data indicate that O-glucosylation of Eyes shut by Rumi ensures rhabdomere separation by
promoting proper folding and trafficking of Eyes shut in the pupal eye. Since human EYS is required to prevent
retinal degeneration and harbors seven Rumi target sites, our work provides a framework to understand the role
of glycosylation in the regulation of EYS trafficking in the mammalian retina.
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Actomyosin contraction assists lumen formation and expansion in Drosophila photoreceptor cells. Jing
Nie, Simpla Mahato, Andrew Zelhof. Department of Biology, Indiana University Bloomington, Bloomington, IN.
Multicellular tubes are an essential structure for many transient developmental and adult physiological functions
in a number of tissues and organs, and can be generated through the modulation of different morphological
programs. In the Drosophila retina, each ommatidium forms a solid luminal matrix, the inter-rhabdomeral space
(IRS), to separate the key phototransduction organelles for proper visual acuity. In a screen to define regulatory
mechanisms of retina lumen formation, we identified Actin as a key molecule. In particular, reduction of Actin
does not affect the secretion or localization of key lumen proteins, but rather our data indicates Actin along with
non-muscle Myosin II provides a contractile force for lumen formation and expansion and establishment of
cellular morphology. Whereas the principle modes of lumen formation and expansion have been relegated to
the secretion of a luminal material and/or apical cell membrane biogenesis, our results reveal that actomyosininduced cell contraction is also required for the separation of the photoreceptor cell apical membranes and
proper inter-rhabdomeral lumen formation.
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Investigating the role of Mmp1 in cell migration using a larval epidermis wound healing model. Erica
Shannon, Joshua Clanton, Andrea Page-McCaw. Vanderbilt University Medical Center, Nashville, TN.
Cell migration is an important aspect of many wound closure models. The process of cell migration is in part
mediated through cell attachments to the basement membrane, a sheet-like extracellular matrix. In our current
study, we will use the Drosophila third instar larval wounding model to further elucidate the role of matrix
metalloproteases during cell migration in wound closure. As a result of a puncture wound in larvae epidermis,
the basement membrane and cells are torn open leaving a gap across the wound bed. We observe that Mmp1
mutant epithelial cells fail to close large wounds but are capable of closing small wounds. We hypothesize that
large wounds require cells to migrate into the wounded space until they are close enough to re-establish cell-cell
adhesions, while small wounds are capable of establishing cell-cell adhesions without migration. We have found
that Mmp1 mutants cannot undergo cell migration as they do not extend actin protrusions and elongate into the
wound. However, the precise mechanism of Mmp1 in cell elongation and migration remains unclear. We have
previously demonstrated that Mmp1 mutants exhibit deficiencies in the incorporation of collagen IV, a crucial
component of basement membranes. Since our recent observations suggest de novo basement membrane
incorporation is a significant step in the wound healing process, we are investigating the proposal that Mmp1
mutants fail to close large wounds because they are incapable of restoring the substrate required for cell
migration. Restoration of the basement membrane wound not be necessary to close small wounds because
wound closure would not be dependent on migration.
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Differential Roles of Dock Family Members in Development. Bridget H. Biersmith , Erika R. Geisbrecht . 1)
University of Missouri - Kansas City, Kansas City, MO; 2) Kansas State Univerity, Manhattan, KS.
The evolutionarily conserved Dock family of proteins function as guanine nucleotide exchange factors (GEFs),
which form a protein complex with the ELMO family. This complex then activates the small GTPase Rac to
modulate actin cytoskeletal movements, including cell migration and myoblast fusion. Two Dock proteins
encoded by Drosophila with high domain homology are Myoblast city (Mbc; vertebrate Dock180) and Sponge

(Spg; vertebrate Dock4). These proteins have redundant function in some processes, like border cell migration,
but not in others, for instance somatic muscle development. To determine if the cellular roles of these closely
related proteins are redundant in other developmental processes, we employed the dorsal vessel, or Drosophila
heart, as a model tissue where both proteins are expressed. In dorsal vessel development, two rows of heart
cells, or cardioblasts, meet at the dorsal midline and form a more dorsal adherens junction. The cells then
undergo dramatic cell shape changes to become crescent-like and adhere again on the ventral side forming a
linear tube. Hemolymph is pumped through the lumen of this tube, bathing the developing embryo. Using crosssectional analysis, we have found that mbc mutant cardioblasts fail to properly change shape after the initial
adhesion event and the resulting lumen is defective. Interestingly, removal of mbc and spg together does not
exacerbate this phenotype, but it is in fact ameliorated. Moreover, high-magnification electron micrographs
reveal mbc mutants retain their adherens junctions while the double mutants phenocopy known adhesion
mutants, such as DE-Cadherin. Together these data indicate Mbc and Spg do not function redundantly and
perhaps have differential downstream targets in some tissues. Further exploration of this pathway using liveimaging and genetic analysis will reveal the specific function of these highly conserved proteins and provide
insight into many aspects of development and disease.
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Novel, tension-responsive adhesive structures mediate cell attachment to the ECM during dorsal
closure. Stephanie J. Ellis, Katie Goodwin, Emily Lostchuck, Guy Tanentzapf. Cellular and Physiological
Sciences, University of British Columbia, Vancouver, BC, Canada.
Morphogenesis of a complex body plan involves the coordinated regulation of cell adhesion to form distinct,
organized tissues. Integrin transmembrane adhesion receptors link the extracellular matrix (ECM) and the actin
cytoskeleton and are essential for fly embryogenesis. Dorsal closure (DC) is an integrin-dependent
morphogenetic event that involves the migration and fusion of epithelial sheets. However, the exact molecular
mechanisms that regulate integrin function in DC are not well understood. We have identified a novel, integrincontaining adhesive structure on the basal surface of the amnioserosa, an extra-embryonic epithelium that is
essential for DC. These adhesion complexes bear striking resemblance to focal adhesions, structures observed
and well-studied in cell culture, thus we term them Focal Adhesion-Like Structures (FALS). Since the
physiological relevance of focal adhesions has recently been contested, new in vivo models to study cell-ECM
adhesion are sought after to corroborate years of in vitro studies. FALS contain integrin and talin, and associate
with the actin cytoskeleton. We find that as DC progresses, the size, shape, and polarity of FALS change. Live
imaging has revealed that FALS are highly motile and undergo rapid turnover. Interestingly, as tissue tension in
the amnioserosa increases, they become more stable. Moreover, modulating actomyosin contractility also alters
FALS dynamics and behavior. A mutation in talin that stabilizes and increases the size of FALS leads to a delay
in DC. We propose that FALS play an important role in DC by supporting the integrity of the amnioserosa as it
faces increased mechanical force.

206B
Functional analysis of Cell-ECM adhesion during Dorsal Closure using quantitative imaging and
mathematical modeling. Katharine Goodwin, Stephanie Ellis, Emily Lostchuck, Qiming Wang, James Feng,
Guy Tanentzapf. University of British Columbia, Vancouver, Canada.
During morphogenesis cells undergo dynamic processes of migration, rearrangement, and shape changes in
order to form complex tissue architecture. Essential for these morphogenetic processes is the ability of cells to
form adhesive contacts to their neighbors and to the underlying extracellular matrix (ECM). Cell-Cell adhesion
and Cell-ECM adhesion is mediated by transmembrane adhesion receptors that link the extracellular
environment and intracellular cytoskeletal networks. Our lab is interested in the studying the morphogenetic
roles of integrins, which form the primary link between the ECM and the actin cytoskeleton. To this end we are
studying integrin function during dorsal closure (DC), a morphogenetic event that involves cell migration and
fusion of epithelial sheets over an extra-embryonic tissue, the amnioserosa (AS). Integrins and their associated
adhesion complex play important and diverse roles during DC. We are utilizing a toolkit, generated in our lab,
containing various regulatory mutations in integrins and their associated proteins. We identified a number of
regulatory mutations that disrupt specific aspects of integrin-mediated adhesion and lead to defective and/or
abnormal DC. We will present the results of an intensive quantitative analysis of cell behavior during DC that
was carried out using high-resolution live imaging in Cell-ECM mutants that exhibit abnormal DC. To
contextualize and interpret our image analysis data we are utilizing a cell-level biomechanical mathematical
model of dorsal closure that includes many of the quantitative parameters we measure. Modifying this
mathematical model in order to recapitulate a mutant phenotype can help us to understand the mechanical
effects of the mutation on cell behavior and tissue dynamics during DC. With this quantitative approach, we will
provide novel mechanistic insight into the role of Cell-ECM adhesion in the formation and maintenance of
complex tissue architecture.
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Raibatak Das , Pablo Lopez , Stefan Czerniecki , Daniel Coombs , Guy Tanentzapf . 1) Department of Cellular
and Physiological Sciences, University of British Columbia, Life Science Institute, 2350 Health Sciences Mall,
Vancouver, British Columbia V6T 1Z3, Canada; 2) Department of Mathematics and Institute of Applied
Mathematics, 1984 Mathematics Road, University of British Columbia, Vancouver, British Columbia V6T 1Z2,
Canada; 3) Integrative Biology, University of Colorado Denver, Denver, CO.
Cells in multicellular organisms are arranged in complex-three dimensional patterns. To achieve such
complexity, cells must form adhesive contacts with the extracellular matrix (ECM). The most common adhesion
receptors that mediate cell-ECM adhesions are the integrins. Regulated assembly and disassembly, or turnover,
of the cell-ECM adhesions is essential for dynamic cell movements and tissue maintenance. In particular we are
interested in how the turnover of cell-ECM adhesion is controlled by mechanical force experienced by the cells.
To investigate the turnover of the adhesion complex in vivo we perform FRAP on the myotendionous junctions
(MTJs) in live embryos and larvae. We use temperature sensitive mutants to alter the force acting on the MTJs.
To better understand the kinetics of the adhesion complex, we have developed a mathematical model. Using
this approach, we discovered a role for mechanical force in regulating integrin turnover and secondly, in
stabilizing cell adhesions over the course of development. We hypothesize that talin, an essential linker between
integrins and the actin cytoskeleton and a key regulator of the integrin function plays an important role in
transducing mechanosensory information from integrins to the rest of the adhesion complex. Using targeted
point mutations in the functional domains of talin, we investigate the role of talin in mechanosensing. Consistent
with our hypothesis our results show that disrupting functional domains in talin impinges on the ability of the
adhesion complex to respond to mechanical force by regulating adhesion turnover. We will present our results
from this mutational analysis in talin.
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The stability of the integrin adhesion complex is modulated by mechanical force. Pablo López Ceballos ,
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1
2
3
2
Guðlaug Katrín Hákonardóttir , Stefan Czerniecki , Alejandra Herrera Reyes , Raibatak Das , Daniel Coombs ,
1
Guy Tanentzapf . 1) Cellular and Physiological Sciences, University of British Columbia, Vancouver, BC; 2)
Mathematics, University of British Columbia, Vancouver, BC; 3) Integrative Biology, University of Colorado
Denver, Denver, CO.
The strength and stability of cell adhesion to the extracellular environment has a profound affects on cell
behaviour. For example migrating cells need to rapidly make and break new adhesions while, in comparison,
tissue maintenance requires long lasting static adhesion. Our goal is to investigate the role that mechanical
force plays in stabilizing cell adhesion to the ExtraCellular Matrix (ECM) and the focus of our studies is on
integrin-mediated adhesion, the predominant type of Cell-ECM adhesion in animals. Intergrin are heterodimeric
transmembrane proteins that recruit a large Intracellular Adhesion Complex (IAC) that connects to the
cytoskeleton. We use conditional mutants that increase or decrease muscle contractility to modulate the amount
of force acting on the myotendinous junctions (MTJs), prominent sites of integrin-mediated Cell-ECM adhesion
in fly embryos and larva. The stability and turnover of integrin and the IAC at the MTJs is analyzed using
fluorescence recovery after photobleaching (FRAP) combined with mathematical modelling. Previous work from
our lab has shown that mechanical force regulates the turnover of integrins and that integrins actively sense the
amount of force that they are exposed to and transmit signals that modulate the stability of the adhesion
complex in response. We present that the IAC plays an important role in the stabilization of integrin-based
adhesions in response to the application of force. Our results suggest that force-mediated regulation of integrin
adhesion stability is conferred by altering the kinetics of the association of IAC components with integrin.

209B
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PDZ-GEF/Rap1 regulate dynamic cell adhesion during border cell collective migration. Ketki Sawant ,
1,3
1,2,3
George Aranjuez , Jocelyn McDonald . 1) Molecular Genetics, Lerner research institute, cleveland, OH; 2)
Cleveland State university, Cleveland , Ohio; 3) Department of Genetics, School of Medicine, case Western
Reserve University, OH.
Collective cell migration is an important mechanism for cell navigation in cancer, tissue repair and
morphogenesis. How cell cluster coordinate their motility is still not well understood.During Drosophila
melanogaster oogenesis, 6-8 cells derive from the follicular epithelium to form the border cell cluster. These
border cells then detach from the follicular epithelium and migrate as a cohesive cluster. How the cluster
detaches and migrates as cohesive group is still elusive. Screening studies in our lab identified the Drosophila
homolog of PDZ-GEF (guanine nucleotide exchange factor containing PDZ domain) as a novel gene required
for border cell migration. PDZ-GEF is an activator of the small GTPase Rap1. The role for Rap1 in the migration
of cell collectives is relatively unexplored. Here we report that PDZ-GEF/Rap1 regulate cell-cell adhesion during
border cell migration. Rap1-GFP localizes to border cell membranes throughout their migration. Loss of either
PDZ-GEF or the small GTPase Rap1 show strong border cell migration defects. Phenotypes of PDZ-GEF

mutants are similar to Rap1 suggesting they affect the same pathway. Further, loss of Rap1 disrupts the border
cell cluster, where the compact structure of the cluster is lost and border cells are more spread out compared to
normal. Live imaging of dominant-negative Rap1 border cells confirms that mutant border cells no longer
behave as a cohesive cluster. Supporting the idea that cell adhesion is disrupted, PDZ-GEF mutants have lower
levels of E-Cadherin between cells of the cluster. Further, constitutively-active Rap1 and overexpression of
PDZ-GEF each prevent border cells from detaching from the follicular epithelium, presumably through abnormal
maintenance of adhesion between border cells and follicle cells. Thus, PDZ-GEF/Rap1 regulates differential cell
adhesion to promote normal detachment from the epithelium and cohesion of the border cell cluster during
collective cell migration.

210C
Automated multidimensional image analysis reveals a role for Abl in embryonic wound repair. Teresa
1
1,2,3
Zulueta-Coarasa , Rodrigo Fernandez-Gonzalez . 1) Institute of Biomaterials and Biomedical Engineering,
University of Toronto, Toronto, ON; 2) Department of Cell and Systems Biology, University of Toronto, Toronto,
ON; 3) Developmental and Stem Cell Biology Program, The Hospital for Sick Children, Toronto, ON.
The embryonic epidermis displays a remarkable ability to rapidly repair wounds. Embryonic wound repair is
driven by the redistribution of cytoskeletal and junctional proteins around the wound. The conserved nature of
the molecular rearrangements associated with embryonic wound repair has allowed the use of model
organisms, such as Drosophila, to screen for factors implicated in wound closure. However, genetic screens
have been limited by the use of manual analysis methods. We introduce MEDUSA, a novel image analysis tool
for the automated quantification of wound closure and molecular dynamics from time-lapse confocal microscopy
data. We validate our algorithm quantifying wound closure dynamics in Drosophila embryos, and we show that
the results of our automated analysis are comparable to manual delineation and tracking of the wounds, while
significantly reducing the processing time. We apply MEDUSA to identify GFP-fused molecules that localize
around epidermal wounds in Drosophila embryos. We find that the conserved non-receptor tyrosine kinase
Abelson contributes to rapid embryonic wound closure. We demonstrate that Abelson plays a role in the
redistribution of the junctional protein β-catenin at the wound margin during embryonic wound repair. We
propose that Abelson can regulate adhesion dynamics during wound repair 1) through tyrosine phosphorylation
to promote β-catenin turnover and the disassembly of junctions between wounded and adjacent cells; and 2)
regulating actin organization around the wound to promote contractile forces and growth of mechanosensitive
cadherin-catenin complexes at discrete points of contact between cells adjacent to the wound.
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Quantification of mechanical force driving left-right asymmetric morphogenesis of the embryonic gut.
1
1,2
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Mai Adachi , Naotaka Nakazawa , Reo Maeda , Shukei Sugita , Takeo Matsumoto , Kenji Matsuno . 1)
Biological Sciences, Osaka University, Toyonaka, Japan; 2) Biological Science & Technology, Tokyo University
of Science, Katsushika, Japan; 3) Mechanical Engineering, Nagoya Institute of Technology, Nagoya, Japan.
In Drosophila, many internal organs, including the embryonic hindgut, show directional LR asymmetry. The LR
asymmetric structure of the embryonic hindgut is formed through a 90 degree counterclockwise rotation by the
mechanical force generated by the hindgut itself. Before this rotation, the shape of hindgut epithelial cells at the
apical plane is LR asymmetric in vivo. Given that their three dimensional structure does not overlap with that of
their mirror image, this LR asymmetric property is referred to as “planar cell chirality” (PCC). Our computer
modeling suggests that the PCC is responsible for this left-handed rotation. To explore the genetic pathway that
generates mechanical force inducing the rotation of the hindgut, we first need to quantify the force. We
developed a novel method to measure the torque of the hindgut counterclockwise rotation using the magnetic
beads. Before the rotation of the embryonic hindgut, its anterior end curves towards the ventral side, although it
is LR symmetric. Magnetic beads were microinjected into the lumen of the hindgut anterior end. Using
neodymium magnets, we induced counterbalancing magnetic force against the twisting of the hindgut. As a
reference of how much force this counterbalancing created, we measure the magnetic force between the
magnetic beads and the neodymium magnet in viscous fluid using Stokes’ law. Base on these calculation
formulas, we successfully quantified the magnetic force required to stop the contortion of the hindgut, which is
equivalent to the force generated by the hindgut for its twisting. These values are crucial for performing
quantitative genetic analysis of mechanical force inducing the LR asymmetric morphogenesis.

212B
Huntingtin transports a novel class of vesicles on Drosophila larval axons. Joseph White, Shruthi
Srinivasan, Kan Hong Zheng, Shermali D. Gunawardena. Biological Sciences, SUNY at Buffalo, Buffalo, NY.
Previous work suggested that huntingtin (HTT) the Huntington’s disease (HD) protein interacts with both kinesin1 and dynein motors for axonal transport. However, the vesicle type that HTT influences during axonal transport
is unknown. We recently showed that reduction of HTT perturbed the movement of Rab11, a marker for
recycling endosomes. However, there are several neuronal-specific Rabs and different types of Rabs (synaptic,

recycling, early and late endosomal). Using in vivo motility analysis in Drosophila larval axons, we showed that
HTT influences different types of Rabs. We found that similar to Rab11, Rab3, Rab19, Rab26, Rab27 and
Rab32 moved bi-directionally, while RabX4 showed axonal transport defects. Similar to Rab11, reduction of
HTT perturbed the movement of Rab3 and Rab26 vesicles, while no effect was seen on Rab19, Rab27 or
Rab32 vesicles. Intriguingly, reduction of HTT rescued RabX4-mediated transport defects. While Rab11, Rab19,
Rab26, Rab32 and RabX4 are all recycling endosomes, and Rab3 and Rab27 are synaptic, whether HTT is
physically present on both recycling endosomes and synaptic vesicles is unclear. Preliminary dual- color
imaging suggested that both Rab11 and HTT might be on the same vesicle but that RabX4 and HTT are not.
Taken together, our results revealed a novel role for HTT and suggest that under physiological conditions, HTT
plays a key role in controlling the motility of some Rab vesicles but not others. These findings have important
implications for our understanding of the normal function of HTT, and how perturbations in Rab vesicle transport
mediated by mutant HTT may contribute to Huntington’s disease.

213C
An analysis of maternally expressed Blastoderm specific gene 25D in oogenesis and early Drosophila
1
1
2
1
1
embryogenesis. Michelle A. Kowanda , Stephanie Yee , Julie Bergalet , Michal Wieczorek , Gary Brouhard ,
2
1
Eric Lécuyer , Paul Lasko . 1) McGill University, Montreal, Quebec, Canada; 2) Institut de Recherches Cliniques
de Montréal, Montreal, Canada.
Localization of particular mRNAs at the posterior of the embryo is essential for the generation of primordial germ
cells, also known as pole cells. Large-scale screens have identified many other mRNAs that also localize at the
posterior of the early Drosophila embryo, and the functions, if any, of most of these in pole cell development
have not been determined. An active transport mechanism localizes a subset of posterior-enriched mRNAs to
the pole cells. Transport of these mRNAs along astral microtubules helps to create structures called ‘RNA
islands’ in stage 3 embryos. Many well-characterized mRNAs, such as germ cell less and arrest, perform crucial
roles in pole cell specification are recruited to RNA islands, suggesting that other mRNAs that accumulate in
RNA islands may also be important for this developmental event. We are studying one of these mRNAs,
Blastoderm specific gene 25D (Bsg25D). Bsg25D protein is homologous to human Ninein-Like Protein (Nlp), a
protein required for centrosome maturation and spindle assembly. We have found that Bsg25D protein also
colocalizes to gamma tubulin during embryogenesis in somatic and germline cells. Using total internal reflection
fluorescence (TIRF) microscopy we find that a purified fragment of Bsg25D protein binds microtubules and
moves directionally in an embryo lysate dependent manner. We are further investigating the requirement and
role of Bsg25D in meiosis and mitosis.

214A
Dynamic Actin-based Extensions Mediate Myoblast Fusion in Developing Flight Muscles. Dagan Segal,
Benny Shilo, Eyal Schejter. Department of Molecuar Genetics, Weizmann Institute of Science, Rehovot, Israel.
Myoblast fusion is an essential process during development, growth and regeneration of muscles in multicellular
organisms. Our lab studies this process during formation of the indirect flight muscles (IFMs) of Drosophila.
Generation of these large muscles involves fusion of numerous myoblasts with prominent myotube templates,
making them an attractive subject for study of myoblast fusion. During the initial stages of IFM development,
myoblasts migrate from the wing imaginal disc towards a persistent set of myotubes, with which they fuse.
During their migration the myoblasts continue to divide, and are maintained in a semi-differentiated state by
mutual Delta-Notch signaling. Once the myoblasts reach the vicinity of the myotubes, Notch signaling is shut off
and the myoblasts begin to express fusion-related factors, such as Vrp and Sns. The signal responsible for the
Notch signaling shut-off, presumably emanating from the myotube targets, is unknown. We have established an
ex-vivo culturing method of the IFMs that allows us to visualize through live-imaging the dynamics of myoblastmyoblast and myoblast-myotube interactions. A striking observation made possible by this approach is a high
prominence of actin-based extensions, emanating from both the myotubes and the myoblasts. Extensions from
the myotubes contact and appear to interact with the surrounding myoblasts. These structures dynamically
lengthen and retract, and can extend to more than two myoblast cell-diameters. We propose and are currently
pursuing the possibility that the extensions have roles in establishing fusion-competent identity in myoblasts,
and in the fusion process itself.
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Fondue and Tiggrin Interaction at Muscle-Muscle Attachments. Nicole Green , Nadia Odell , Clara Bazjek ,
4
3
1
Shufei Zhuang , Mitch Dushay , Erika Geisbrecht . 1) Biochemistry & Molecular Biophysics Dept., Kansas State
University, Manhattan, KS; 2) Cell Biology & Biophysics Dept., University of Missouri-Kansas City, Kansas City,
MO; 3) Biology Dept., Illinois Institute of Technology, Chicago, IL; 4) University of Kansas Cancer Center,
Kansas University Medical Center, Kansas City, KS.
The ability of muscles to remain attached, whether to other muscle cells or adjacent tendon cells, during body
wall muscle contraction is necessary for locomotion in Drosophila. In mammals, muscle detachment can lead to

muscle myopathies and/or muscular dystrophies. Previous studies have identified extracellular matrix (ECM)
proteins that bind to integrins expressed on the surface of muscle and tendon cells as essential for muscle
attachment. Fondue (Fon), a Drosophila ECM secreted protein, was first identified as a clot constituent. We
have found an additional role for this protein at the muscle attachment site. fondue mutants were observed to
have an abnormal pupal phenotype consistent with defects in body-wall shortening resulting in lethality at this
stage. In addition, overexpression and misexpression of fondue during embryonic development leads to
lethality. Upon examination of the somatic larval musculature, fon mutants exhibit muscles that fail to remain
attached with distinctive gaps between muscles. Integrins were properly localized upon loss of Fon, suggesting
that destabilization of the integrin complex is not the source of muscle detachment. Localization experiments
revealed Fon-GFP accumulation in a characteristic striped pattern at the ends of muscles, analogous to Tiggrin
(Tig) expression. Tig was first noted for its role in maintaining muscle attachments and was later identified within
the hemolymph clot. Analysis of Fon and Tig localization revealed overlap at the muscle attachment sites.
Larvae transheterozygous for fon and tig displayed muscle attachment defects and muscle patterning defects,
leading to the conclusion that Fon and Tig may function together in the muscle tissue. This information provides
rationale for exploring additional coagulation genes as candidates involved in muscle development and stability.

216C
Hyperphosphorylation and high levels of activity of the GPCR Smoothened are regulated by the Fused
1
1
1
1
1
kinase. Isabelle Becam , Matthieu Sanial , Line Hofmann , Julien Béhague , Vanessa Gourhand , Robert
2
1
Holmgren , Anne Plessis . 1) Institut Jacques Monod, CNRS, Univ Paris Diderot, F-75205 Paris, France; 2)
Dept. of Mol. Biosc., Northwestern Univ., Evanston, IL 60208-3500, USA.
The transduction of the morphogen and oncogene Hedgehog (HH) requires Smoothened (SMO), a GPCRrelated protein. In absence of HH, SMO is negatively regulated by the HH co-receptor Patched (PTC). HH
binding to PTC releases this inhibition, leading to the activation of SMO, which is associated with its
accumulation at the plasma membrane. In Drosophila, both events require the hyperphosphorylation of SMO by
the PKA and the CKI kinases on three clusters of serine-threonine (ser-thr) in its intracellular C-terminal tail.
SMO activation is directly transduced to an associated intracellular cytosolic complex which contains and
controls Cubitus interruptus, a transcription factor of the GLI family. This complex includes Fused (FU), a ser-thr
kinase required for the responses to high level of HH signal and which regulates several members of the
complex. Our previous data indicated that once activated by SMO, FU could retroact on SMO. Here, we
identified by site directed mutagenesis several clusters of ser-thr in the C-terminal part of SMO that are required
for the induction of the phosphorylation of SMO by FU. Using the fly wing imaginal disc as a model, we showed
that these novel phosphorylation events are required in vivo specifically for the responses to high level HH
signaling. Moreover, our results provide evidence for a phosphorylation cascade that regulates SMO activity and
stability. Taken together our data indicate that FU is part of a positive feedback loop that finely regulates the
level of SMO phosphorylation allowing the transduction of different doses of HH into differential responses.

217A
Phosphorylation of the Smo tail is controlled by membrane localization and is dispensable for
2
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1
1
clustering. Adam P. Kupinski , Isabel Raabe , Marcus Michel , Christian Boekel . 1) CRTD, TU Dresden,
Dresden, Germany; 2) Faculty of Biological Sciences, University of Leeds, Leeds LS2 9JT, UK.
The Hedgehog (Hh) pathway is evolutionary conserved signalling cascade involved in development,
homeostasis and disease. We study Hh signalling in Drosophila, where it is amongst other functions involved in
pattern formation during development and stem cell niche function in the adult gonad. In the absence of ligand,
the Hh receptor Patched (Ptc) represses the signal transducer Smoothened (Smo) through an unknown
mechanism. Hh binding to Ptc alleviates this repression, causing Smo redistribution to the plasma membrane,
phosphorylation and opening of the Smo cytoplasmic tail, and Smo oligomerization. However, the order and
interdependence of these events is poorly understood. We have mathematically simulated Smo activation for
two alternative modes of pathway activation, with Ptc primarily affecting either Smo localization or
phosphorylation. Visualizing Smo activation through a novel, fluorescence based reporter allowed us to test
these competing models. Here we show that Smo localization to the plasma membrane is sufficient for
phosphorylation of the cytoplasmic tail in the presence of Ptc. Using fluorescence cross-correlation
spectroscopy (FCCS) we furthermore demonstrate that inactivation of Ptc by Hh induces Smo clustering
irrespective of Smo phosphorylation. Our observations therefore strongly support models of Hh signal
transduction whereby Smo subcellular localization and not Smo phosporylation is the primary target of Ptc
function.

218B
Characterization of a novel Wnt signaling factor regulating tissue homeostasis in the intestine of
Drosophila melanogaster. Anna-Lisa Boettcher, Teresa Eichenlaub, Jun Zhou, Michael Boutros. Division of
Signaling and Functional Genomics, German Cancer Research Center, Heidelberg, Baden-Wurttemberg,

Germany.
Tissue homeostasis requires a tightly regulated balance between cell death and proliferation, which is often
surveyed by somatic stem cells residing within the tissue. A critical mediator of signaling events during adult
homeostasis and development is the highly conserved Wnt family of secreted proteins that activate different
downstream signaling cascades. Drosophila melanogaster provides a powerful genetic model system for
studying conserved regulatory mechanisms and has advanced our understanding of signaling transduction
pathways in humans. In the Drosophila midgut, regeneration of the intestinal epithelium shows similarity to the
regeneration of the mammalian midgut. Using RNA interference (RNAi) in vivo, we have identified potential
novel signaling components, which are required for the differentiation of intestinal stem cells (ISCs) as well as
the maintenance of their pluripotent fate, with a focus on the role of the Wnt signaling pathway. With this
approach we have uncovered a number of potential novel signaling components, among them was a novel gene
that putatively plays a role in the regulation of Wnt signaling. The depletion of that gene in the ISCs of the fly
midgut, significantly increased the number of stem and progenitor cells within the epithelium, similar to the
phenotype observed when knocking down Apc, a known negative regulator of the Wnt pathway. Based on these
findings, we called the gene enhancer of stem cells (Eos). In vitro, we were able to show that eos is found in the
supernatant of cells and co-localizes with endosomal markers. Our results propose that eos plays a role as a
secreted negative regulator of Wnt signaling, thus might be required for tissue homeostasis and regeneration in
Drosophila.
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Self-association of the APC tumor suppressor is required for the assembly, stability and activity of the
1
2
1
Wnt signaling destruction complex. Ezgi Kunttas-Tatli , David Roberts , Brooke M. McCartney . 1)
Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA 15213; 2) Department of Biology,
Franklin and Marshall College, Lancaster, PA 17604.
Canonical Wnt signaling is evolutionarily conserved from hydra to humans, and employs a negative regulatory
machine called the destruction complex to target its key effector β-catenin/Armadillo (β-cat/Arm) for proteosomal
degradation in the absence of Wnt. The destruction complex forms macromolecular particles we termed the
destructosome. While the output of this molecular machine is known to be phosphorylated and ubiquitinated βcatenin, the internal workings of the machine are poorly understood. The colon cancer tumor suppressor
Adenomatous polyposis coli (APC) negatively regulates Wnt signaling through the destructosome. As a core
component of the complex with Axin, GSK3β and CK1, APC binds directly to β-cat/Arm to target it for
proteosome-mediated degradation. Disruption of APC leads to defects in embryonic differentiation and the
initiation of cancers including colorectal cancer. However, the precise role of APC within the destructosome has
been elusive. Human APC forms coiled-coil based dimers through an N-terminal helix known as the
“oligomerization domain”. The functional significance of dimerization in destructosome function is not known.
Here we show that a novel N-terminal helix in Drosophila APCs, conserved in vertebrate APC, directly mediates
the self-association of Drosophila APC proteins. In addition, we demonstrate that Drosophila APC2 selfassociation in fly S2 cells and in human SW480 colon cancer cells plays an essential role in the assembly and
stability of the destructosome that regulates its β-catenin destruction activity. Consistent with this model, loss of
APC2 self-association in the Drosophila embryo leads to ligand-independent Wnt pathway activation due to
reduced destructosome activity and the accumulation of Arm. These results suggest that APC proteins are not
only required for the activity of the destructosome, but also play a role in the assembly and stability of this
complex macromolecular machine.

220A
Genetic control of cardiac inflow tract formation. Dalea Nodal, Gloriana Trujillo, Richard Cripps. Biology,
Univ New Mexico, Albuquerque, NM.
In the Drosophila circulatory system, hemolymph enters the cardiac tube through specialized inflow tracts
termed ostia. These cells express the orphan nuclear receptor gene seven-up (svp), as well as the signaling
molecule wingless (wg), that activates a cascade that is responsible for gene expression. We studied the
involvement Wg has in activating other genes that are hypothesized to be required in ostia formation. We found
that Wg signals in an autocrine manner to promote inflow tract formation, and that it must collaborate with the
homeotic gene abdA to activate markers of the inflow tracts. In addition, we identify an alkaline phosphatase
ortholog that is expressed in the ostia, and that may contribute to inflow tract development. There are many
conserved genetic pathways between Drosophila and vertebrate species, and in particular wg has mammalian
orthologs that are expressed in the developing heart, which makes our research important in defining pathways
for heart development.

221B
An in vivo kinome and phosphatome RNAi screen in the Drosophila wing imaginal disc identifies a novel
regulator of Wnt/Wg secretion. Tirthadipa Pradhan, Esther Verheyen. SSB7152,MBB, Simon Fraser

Unversity, Burnaby, BC, Canada.
Wingless (Wg) proteins are lipid modified secreted glycoprotein that are involved in tissue patterning and cell
fate specification. Secretion of Wg is regulated by a specialized mechanism involving a repertoire of proteins.
We performed an in vivo kinome and phosphatome RNAi screen in the Drosophila third instar wing imaginal disc
to identify novel regulators of the Wg pathway.
Here we show that a novel protein tyrosine phosphatase (PPXY016) is indispensable for endosomal trafficking
of Wg and Wntless (Wls), and its absence leads to trapping of Wg and Wls in early endosomal compartments.
The vertebrate homolog of PPXY016 also has this conserved role in Wnt secretion. Our study highlights on the
importance of early endosomal trafficking in Wg secretion. Taken together, we report the role of a novel protein
tyrosine phosphatase in Wnt/Wg secretion.

222C
Drosophila Matrix Metalloproteinase 2 inhibits Wingless signaling and the proliferation of follicle stem
cells via processing of Dally-like protein. Xiaoxi Wang, Andrea Page-McCaw. Vanderbilt University Medical
Center, Nashville, TN.
The self-renew and proliferation of follicle stem cells (FSCs) in the fly ovary requires Wnt/Wingless (Wg)
signaling. Produced by cells distal to the FSCs, Wg forms a gradient extracellularly towards the FSCs. In this
study, we found that Drosophila Mmp2, a metalloproteinase (MMP) that modifies substrates in the extracellular
matrix, inhibits Wg signaling to regulate the proliferation of FSCs. Mmp2 mutants display over-proliferation of
FSCs and extra follicle cells accumulated in interfollicular stalks, which could be suppressed by removing one
copy of wg or armadillo. Mmp2 is expressed at sites of Wg production where it restricts extracellular Wg levels
and long-range diffusion. Dally-like protein (Dlp) is a glypican that promotes long-range Wg diffusion and
signaling in the wing disc and we show that it functions similarly in the ovary. Mmp2 mutants exhibit changes in
Dlp distribution, and reducing dlp attenuates Mmp2 loss-of-function phenotypes. In cultured cells, Mmp2 cleaves
Dlp in the N-terminal subunit, resulting in the relocalization of Dlp from cell surface to intracellular vesicles and
loss of the cell-surface binding of Dlp to Wg. Our studies have identified a novel interaction between MMP and
glypican in the regulation of Wg signaling and stem cell proliferation.
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Testing the models: Direct binding of β-catenin to the 20 amino acid repeats of APC is dispensible for
Wnt regulation. Robert Yamulla, Eric Kane, Alexandra Moody, Kristin Politi, Andrew Foley, David Roberts.
Franklin & Marshall College, Lancaster, PA.
The Wnt pathway is a key signal transduction pathway that contributes to normal development and adult
homeostasis, but is also misregulated in human diseases such as cancer. The tumor suppressor Adenomatous
Polyposis Coli (APC) is an essential negative regulator of Wnt signaling that is inactivated in over 80% of all
colon cancer cases. APC participates in a multi-protein “destruction complex” that targets the proto-oncogene βcatenin for ubiquitin-mediated proteolysis; however, the precise mechanistic role of APC in the destruction
complex has remained elusive. Several models of APC function have recently been proposed, many of which
have focused on the importance of phosphorylation of high affinity β-catenin binding sites on APC (20 amino
acid repeats). Here we perform functional studies in both human colon cancer cells lines and Drosophila
embryos to directly test these models. Our findings are inconsistent with current models as the β-catenin binding
20 amino acid repeats of APC are not required for β-catenin destruction or regulation of Wnt-target gene
expression in either human colon carcinoma cell lines or Drosophila embryos. In addition, we show that a direct
β-catenin/APC interaction is not absolutely essential for Wnt regulation, although direct binding increases the
efficiency of β-catenin destruction. Surprisingly, an APC construct lacking all β-catenin binding sites is still able
to co-immunoprecipitate β-catenin, suggesting that APC can interact with β-catenin indirectly in the destruction
complex, likely through Axin. Overall, our findings support the hypothesis that β-catenin binding sites on APC
function to dock β-catenin in the destruction complex, thereby increasing the efficiency of destruction complex
function, but further suggest that β-catenin binding sites on APC and Axin are partially redundant in this role.
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A pilot screen for deficiencies that alter wing phenotypes from overexpression of a hyperactive Smad
1,2
1,2
1,2
1
gene. Leeda Barikzi , Carla Cortez , Lina Truong , Laurel Raftery . 1) School of Life Sciences, University of
Nevada, Las Vegas, NV; 2) Authors contributed equally to this work.
The BMP signaling pathway activates Smad proteins to regulate the transcription of target genes that, in turn,
determine the patterning and development of tissues. Numerous mechanisms that modulate the BMP pathway
have been identified in cultured mammalian cells, but the relevance of these mechanisms to tissue-wide
responses to BMP morphogen gradients is largely unknown. Genetic modifier screens can be used to uncover
positive or negative regulators that significantly impact outputs from BMP signaling, and thus provide a
complementary approach to identify new regulators. We are taking advantage of a sensitized genetic
background that destabilizes BMP-directed patterning of wing veins and wing size. We have generated a mutant

Mad transgene (UAS-Mad[202A,212A,220A,226A].C) that is hyper-responsive to BMP signals due to mutations
in the linker region of the protein. GAL4-directed expression of this mutant Mad perturbs wing development so
that wing size is larger and sections of the L4 vein tissue are missing, with different ranges of severity at
different temperatures; we call this the pre-existing phenotype. As a pilot screen, we are testing for modulation
of the preexisting phenotype by deficiencies on the left arm of the third chromosome, obtained as part of the
Bloomington deficiency kit. If a dosage-sensitive regulator of the BMP pathway is encoded in the deleted region
of a deficiency strain, we expect to see a perturbation of the pre-existing wing phenotype. Preliminary data from
this screen indicates that the Bloomington deficiency strains generally yield a common baseline effect on the
pre-existing wing phenotype. To date, 4/15 deficiency backgrounds rescued the truncated vein tissue; 2 others
rescued wing size to wild type. Our data suggest this approach will be useful in identifying novel regulators of
the BMP pathway. Steven Kim provided technical assistance. This work was supported by Nevada EPSCoR (LB
& CC), Nevada INBRE (LT), and NIGMS (LAR).

225C
BMP signaling and extracellular matrix in the pupal wing are regulated by the receptor guanylyl cyclase
Gyc76C and the cGMP-dependent kinase Foraging. Justin Schleede, Seth S. Blair. Dept Zoology, Univ
Wisconsin, Madison, WI.
The developing crossveins of the pupal wing require localized BMP signaling, and are very sensitive to changes
in Dpp and Gbb movement and signal reception, providing a useful system for the isolation of new BMP
modulators. We have been investigating one of the loci identified in a mosaic screen for new crossveinless
mutations, which encodes the transmembrane receptor guanylyl cylase Gyc76C. Loss of Gyc76C initially
broadens the region of BMP signaling during development of the posterior crossvein (PCV), but that signaling is
quickly lost. Conversely, overexpression of Gyc76C induces ectopic BMP signaling and venation. Surprisingly,
these effects are not cell autonomous, as BMP signaling in mutant clones is rescued by neighboring wild type
cells, while ectopic BMP signaling can be induced outside regions of Gyc76C overexpression. While this
suggests an extracellular effect, our genetic interaction experiments indicate that Gyc76C is not regulating the
activity of any single known extracellular BMP regulator (Cv, Cv-2, Sog, Tok). Instead we found that loss of
Gyc76C generally affects the extracellular matrix (ECM) of the pupal wing, altering the localization of Collagen
IV, Laminin B2 and the perlecan Trol in both veins and interveins. The BMP signaling and ECM defects are
mimicked by loss of the cGMP-dependent kinase Foraging, but the ECM defects were not affected by loss of
BMP signaling (cv mutants) or vein morphogenesis (cv-c mutants). Intriguingly, both the ECM defects and BMP
signaling are substantially rescued by inhibition of extracellular matrix metalloproteinase activity via
overexpression of Timp or RNAi knockdown of Mmp2 (but not through knockdown of Mmp1). These results
suggest that cGMP levels and For regulates ECM via changes in Mmp2 activity, thereby altering BMP signaling
by modifying the distribution or activities of matrix-bound BMP-binding proteins such as Sog and Cv-2. This
provides a new model for the crosstalk between cGMP and BMP pathways found in human pathologies such as
pulmonary hypertension.

226A
An Inwardly Rectifying K+ channel regulates Dpp Release. Giri Raj Dahal, Emily Bates. Developmental
Biology-PEDS, Univ Colorado Denver Anschutz Medical Campus, Aurora, CO.
Inwardly rectifying potassium (IRK/Kir) channels regulate intracellular K+ concentrations and membrane
potential. Disruption of Kir2.1 causes dominantly inherited Andersen Tawil Syndrome (ATS). ATS patients suffer
from cardiac arrhythmias, periodic paralysis, cognitive impairment and craniofacial and digital deformities such
as cleft palate, dental defects, wide set eyes, low set ears, and crooked or fused digits. We previously showed
that the Irk2 channel is required for Decapentaplegic (Dpp)/bone morphogenetic protein (BMP) signaling for
wing development in fruit flies. Next, we systematically tested the components of the Dpp signaling cascade to
find at what point in Dpp signaling Irk2 is required. We found that Irk2 is not directly required for the intracellular
propagation of the Dpp signal. Irk2 dominant negative (Irk2DN) could not eliminate the phosphorylation of Mad
by a constitutively activated receptor thick vein (Tkv). Using clonal analysis, we determined that expression of
Irk2DN could not block Dpp signaling in Dpp responding cells. We found that blocking Irk2 in Dpp-producing
cells increases the amount of Dpp-GFP released causing increased disc size. We speculate that Irk2 affects the
endocytic pathway that transports Dpp from medial cells to lateral cells. Phenotypic analysis in mice and flies
suggests that Dpp/BMP requires Irk/Kir channels globally. We tested the impact of reduced irk2 function on the
development of the Drosophila eye where Irk2 is expressed and Dpp is required for normal patterning. We found
that abolition of Irk channels causes eye defects that are similar to those that occur with the loss of Dpp
signaling. Trachea development also depends on Dpp. Blocking Irk2 in the developing trachea results in severe
defects. We conclude that Irk2 plays a global role in Dpp signaling. The demonstration that Irk2 is a node for
BMP signaling could be used to control cell fate decisions for regenerative medicine or for therapeutics.

227B

Mad linker phosphorylation controls the range of BMP activity in the wing imaginal disc. Edward Eivers,
Marlyn Rios, Matthew Juarez, Fletcher Przybyla, Daniel Lee, Ashley Su, Abigail Aleman. Department of
Biological Sciences, California State University Los Angeles, Los Angeles, CA. 90032-8201. USA.
Understanding how cells integrate multiple signals to generate pattern is one of the biggest challenges in cell
and developmental biology. Signal integration has been demonstrated at many levels for the bone
morphogenetic protein (BMP) pathway; this signaling cascade plays a key role in cell fate decisions throughout
embryonic development. Here we describe how the combinatorial activity of two kinases, induce hyperphosphorylation of the BMP transcription factor, Mad. We propose that Mad linker hyper-phosphorylation is a
cellular mechanism of fine tuning the BMP-activated Mad (pMad) gradient across its signaling range in the
Drosophila wing imaginal disc. In support of this we will demonstrate that Mad linker phosphorylation negatively
regulates BMP signaling, while inhibition of Mad linker phosphorylation via kinase knockdown, expands the
BMP-activated pMad gradient within the anterior and posterior wing compartments. In conclusion, our results
describe how new players modulate BMP signaling to determine cell fate in the developing Drosophila wing.

228C
A Novel Role for UDP-GlcNAc in Dpp Signal Antagonism. Matthew J. Moulton, Gregory B. Humphreys,
Anthea Letsou. Human Genetics, University of Utah, Salt Lake City, UT.
Dpp is a secreted cytokine of the TGF-β superfamily with critical roles in embryonic patterning and tissue
formation. Drosophila embryos undergo a process called dorsal closure that requires precise regulation of Dpp
signaling. The Letsou Lab and others have used dorsal closure to understand both agonists and antagonists of
Dpp signaling in order to understand the role Dpp plays in development and disease. Our lab has described a
gene, mummy (mmy), and shown that Mmy functions to antagonize Dpp signaling in the embryonic epidermis
during dorsal closure. mmy encodes a protein required for the synthesis of UDP-N-acetylglucosamine (UDPGlcNAc) and we seek to understand how GlcNAc is involved in Dpp signal antagonism. Specifically, we seek to
investigate the role glycosylation plays in Dpp signal antagonism using mutants defective in the generation and
utilization of UDP-GlcNAc. Using an RNAi screen, we identified two genes involved in UDP-GlcNAc utilization
that exhibit shared loss-of-function phenotypes with mmy. The molecular and biochemical role for these genes,
namely CG43313 (wand) and sxc, suggest new models for GlcNAc in regulating Dpp signal antagonism. Data
supporting these models will be presented.

229A
Linker domain phosphorylation of Mad reduces its activity, independent of effects on protein levels.
Seema Patel, Travis Parsons, Alexi Brooks, Laurel Raftery. School of Life Sciences, University of Nevada, Las
Vegas, Las Vegas, NV.
The Drosophila bone morphogenetic proteins (BMPs) Dpp and Gbb collaborate to form a BMP activity gradient
that regulates growth and patterning of the wing imaginal disk. In the wing primordium, the extracellular BMP
activity gradient generates a graded pattern of intracellular signal-activated Mad (C-phospho-Mad). C-phosphoMad accumulates in the nucleus at levels proportional to the hypothesized level of extracellular BMP activity,
and is required for BMP-mediated gene regulation. Other groups have demonstrated that different BMP target
genes are regulated by combinatorial action of C-phospho-Mad with additional transcription factors, such as
Medea for activation of dad, Medea and Schnurri for repression of brinker, or Yorkie for activation of bantam.
Vertebrate studies indicate that proline-directed kinases, such as Erk or CDK’s, can antagonize BMP activity
through phosphorylation of the central linker domain for the Mad homolog Smad1. A recent publication indicated
this mechanism is active during wing development. We are testing the significance of linker phosphorylation for
BMP gradient interpretation, with an emphasis on the potential contributions of cross-talk with the Ras-MAP
kinase pathway. Mutation of all linker proline-directed phosphorylation sites creates a hyperactive form of Mad,
which yields stronger phenotypes than wild type Mad when over-expressed with the Gal4-UAS system, even
though total C-phospho-Mad protein levels are indistinguishable. Stronger effects on expression of the three
target genes listed above suggests that linker phosphorylation down-regulates Mad activity independent of the
specific partner transcription factors, and independent of proposed mechanisms involving Mad degradation.

230B
Identification of novel maternal neurogenic genes that are potential components of Notch signaling in
1,2
2
2
2
2
Drosophila. Takuma Gushiken , Kenjiroo Matsumoto , Ryo Hatori , Tomoko Yamakawa , Takeshi Sasamura ,
2
Kenji Matsuno . 1) Department of Biological Science and Technology, Tokyo University of Science, Japan; 2)
Department of Biological Science, Osaka university, Japan.
Notch signaling regulates many cell-fate specifications through local cell-cell interaction. Notch signaling is
involved in “lateral inhibition” that prevents proneural cells adjacent to a neuroblast from choosing the
neuroblast-fate during neuroblast segregation. Thus, in the absence of Notch signaling, proneural cells
differentiate into neuroblasts at the expense of epidermoblasts. Therefore, the disruption of Notch signaling
results in the hyperplasia of neuronal cells in Drosophila embryos, which is referred to as “neurogenic

phenotype”. Conversely, hyper-activation of Notch signaling causes a reduction of neuroblasts, called “antineurogenic phenotype”. Because most of the genes that encode Notch-signaling components are essential for
lateral inhibition, these genes were first identified based on their neurogenic phenotype.
Although mutants that show neurogenic phenotype in their homozygotes have been studied extensively in
Drosophila, we probably failed to identify many mutants that lead to neurogenic or anti-neurogenic phenotypes,
because maternal supply of their gene functions can suppress these phenotypes. To address this problem, we
screened mutants that showed neurogenic or anti-neurogenic phenotypes in their homozygous embryos lacking
their maternal contribution.
We screened mutants on the left arms of the second and third chromosomes, which cover about 40% of the
Drosophila genomes. From these genetic screens, we identified two maternal neurogenic genes, anterior
pharynx defective 1 and mastermind and one maternal anti-neurogenic gene, m633. We are still conducting
these screens, and a summary of our results will be presented. Our studies should contribute to the
identification of the novel components of Notch signaling.

231C

1

Xylose is a novel ligand-specific regulator of Notch signaling in Drosophila. Tom Van Lee , Hamed Jafar1,2
Nejad . 1) Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, TX; 2)
Program in Developmental Biology, Baylor College of Medicine, Houston, TX.
One of the important post-translational modifications identified on the extracellular domain of the Notch
receptors is the addition of O-glucose to Epidermal Growth Factor-like (EGF) repeats. Previous work in
Drosophila identified the protein O-glucosyltransferase Rumi, a temperature-sensitive activator of Notch
signaling by adding O-glucose to Notch EGF repeats. The O-glucose on EGF repeats can be extended by the
addition of xylose residues by the Drosophila glucoside xylosyltransferase Shams. We have recently reported
that xylosylation of Notch at EGF repeats 16-20 negatively regulates Notch signaling in certain contexts
including wing vein formation, in part by regulating the cell surface expression of Notch. However, all the shams
loss-of-function phenotypes cannot be fully explained by altered Notch expression. Dosage-sensitive genetic
interaction studies indicate that the function of Delta is inhibited by Shams. First, shams mutations can suppress
Delta haploinsufficient phenotypes and vice versa, but removal of one copy of Serrate does not suppress the
shams mutant wing phenotype. Secondly, providing additional genomic copies of Delta results in a stronger
enhancement of the shams mutant wing phenotype in comparison to increasing the Serrate gene dosage.
Lastly, loss of shams results in a dramatic increase in Notch trans-activation induced by ectopic expression of
Delta but does not affect trans-activation of Notch by ectopic Serrate. The effects of Shams loss on the ability of
overexpressed Delta to trans-activate Notch can be phenocopied by removing one copy of endogenous ligands,
indicating that loss of Shams mimics a relative decrease in the cis-inhibition of Notch by ligands. Taken
together, these data indicate that xylosylation of Notch is a novel ligand-specific modulator of Notch signaling in
Drosophila and strongly suggest that xylose residues on Notch help determine the balance of Notch receptor’s
response to cis- vs. trans-Delta.

232A
Roles of glycan modifications of Notch receptor in Drosophila Notch signaling. Kenjiroo Matsumoto, Akira
Ishio, Takeshi Sasamura, Tomoko Yamakawa, Kenji Matsuno. Biological Science, Osaka University, Toyonaka,
Osaka, Japan.
Cell-cell interactions are essential for the development of multicellular organism. Notch signaling is mediated by
directional cell-cell contacts and regulates various cell specifications. Notch family proteins are single pass
transmembrane receptors with multiple epidermal growth factors (EGF)-like repeats in those extracellular
domains. These EGF-like repeats serve as the binding sites for the Delta/ Serrate/Lag2 domain in the
extracellular region of Notch’s transmembrane ligand Delta and Serrate in Drosophila. These EGF-like repeats
have four types of glycan chains, O-fucose glycans, O-GlcNAc glycans, O-glucose glycans and N-linked
glycans. Here, we showed that O-fucose monosaccharide and O-glucose glycan modifications of Drosophila
Notch, catalyzed by O-fut1 and Rumi, respectively, have a temperature-sensitive redundant function essential
for Notch signal activation. We also studied the mutants of neuronally altered carbohydrate (nac) and ER GDPfucose transporter (Efr) genes, encoding nucleotide-sugar transporters. In double mutant of nac and Efr, Notch
signaling was abolished completely. This result suggests that N-linked glycan modification of Notch also plays
an essential role in Notch signaling activation. Currently, we are determining the abnormality of N-glycan
structure in these double mutant flies.

233B
Drosophila TRAF2 physically interacts with Notch receptor and downregulates its signaling activity.
Abhinava K. Mishra, Nalani Sachan, Ashim Mukherjee. Molecular and Human Genetics, Banaras Hindu
University, Varanasi, Uttar Pradesh, India.
The Notch pathway is an evolutionarily conserved signaling system which controls diverse cell-fate specification

events throughout development. It is evident from different studies that the outcome of Notch signaling depends
on signal strength, timing, cell type, and cellular context. Regulation of Notch activity occurs at multiple levels
including patterns of receptor and ligand expression, Notch-ligand interactions, trafficking of the receptor and
ligands, and post-translational modifications of receptor. Pathway-intrinsic/extrinsic mechanisms including crosstalk between Notch and other signaling pathways contribute to its tight regulation. In a yeast two-hybrid screen,
we identified DTRAF2 (Drosophila homolog of mammalian TRAF6) as an interacting partner of Notch
intracellular domain (Notch-ICD) and confirmed this interaction by GST-Pull down and co-immunoprecipitation
experiments. DTRAF2 also genetically interacts with Notch pathway components in transheterozygous
combinations. Immunocytochemical analysis shows that DTRAF2 colocalizes with Notch in Drosophila third
instar larval tissues. Our genetic interaction data suggests that gain-of-function and loss-of-function of DTRAF2
has modifying effects on previously identified Kurtz-Deltex mediated wing notching phenotype as well as
vesicular status of Notch protein. Co-expression of DTRAF2 and deltex enhances deltex induced wing nicking
phenotype and results in depletion of endogenous Notch from deltex positive vesicles in vivo. Our results also
reveal that co-expression of deltex and DTRAF2 downregulates Notch targets, Wingless and Cut. Taken
together, our results suggest that DTRAF2 plays important role in regulation of Notch signaling.

234C
Functions of a neurogenic gene, pecanex in Notch signaling. Tomoko Yamakawa, Yu Atsumi, Shiori Kubo,
Kenji Matsuno. Osaka Univ, Osaka, Japan.
Notch (N) signaling is an evolutionarily conserved and regulates a broad spectrum of cell-specification through
local cell-cell interaction. Drosophila pecanex (pcx) encodes an evolutionarily conserved multi-pass membrane
protein, which is a component of N signaling. We previously showed that Pcx is specifically localized to the
endoplasmic reticulum (ER) and required for the ER morphogenesis, suggesting that Pcx is involved in some
ER functions, which are essential for the N activation. However, its biochemical functions are still unknown.
In this study, we searched for genetic dominant-modifiers of pcx utilizing the temperature-sensitive phenotype of
pcx. pcx homozygous females mated with the wild-type males produce embryos (pcx/+), which show
temperature-sensitive lethality at 18°C. However, pcx/+ embryos survive until pupa at 25°C and adulthood at
28°C. We mated pcx homozygous mutant females with the males of deficiencies carrying a missing of the 2nd
and 3rd chromosome a stretch of genome on an isogenic background at 25°C and 28°C. Then, we searched for
the deficiencies that contain modifiers which dominantly enhance or suppress the temperature-sensitive lethality
of pcx.
We screened 325 deficiencies on the 2nd and 3rd chromosomes. From this screen, we identified 2 deficiency
lines that dominantly suppressed the lethality and 8 deficiencies that dominantly enhanced it. Some of these
deficiencies uncovered known genes encoding the components of N signaling, big brain, Delta, neutralized and
Brother of Bearded A as dominant-enhancers of pcx. We still have unidentified deficiencies and expect these
genes to encode novel components of N signaling.

235A
Ack regulates Dock localization to promote Drosophila spermatogenesis. Abbas Abdallah, James
Clemens, Henry Chang. Purdue University, West Lafayette, IN.
Deregulation of the non-receptor tyrosine kinase ACK1 (Activated Cdc42-associated kinase) correlates with
poor prognosis in cancers and has been implicated in promoting metastasis. To further understand its in vivo
function, we have characterized the developmental defects of a null mutation in Drosophila Ack, which lacks a
CRIB domain but bears a high degree of sequence similarity to mammalian ACK1. We show that Ack, while not
essential for viability, is critical for sperm formation. This function depends on Ack tyrosine kinase activity and is
required cell autonomously in differentiating male germ cells at or after the spermatocyte stage. Ack associates
predominantly with endocytic clathrin sites in spermatocytes, but disruption of Ack function has no apparent
effect on clathrin localization and receptor-mediated internalization of Boss (Bride of sevenless) protein in eye
discs. Instead, Ack is required for the subcellular distribution of dock (dreadlocks), the Drosophila homolog of
the SH2- and SH3-containing adaptor protein Nck. Moreover, dock forms a complex with Ack, and the
localization of dock in male germ cells depends on its SH2 domain. Together, our results suggest that Ackdependent tyrosine phosphorylation recruits dock to promote sperm differentiation.

236B
Rap1 and PDZ-GEF contribute to the apical localization of the Sevenless receptor tyrosine kinase during
Drosophila eye development. Caroline Baril, Martin Lefrançois, Marc Therrien. IRIC-University of Montreal,
Montreal, PQ, Canada.
The RTK/RAS/ERK signaling pathway is reiteratively used throughout metazoan development and its
hyperactivation has been detected in a large proportion of human tumors. Over the last two decades, a great
number of factors were found to be required for efficient RTK signaling in Drosophila. One of these, Connector
eNhancer of KSR (CNK), functions as a scaffolding protein downstream of Ras by coupling core components of

the MAPK module. Given the presence of domains or conserved motifs in CNK for which no role has been
attributed yet, we suspect that CNK fulfills other functions. To look for additional roles for CNK, we conducted a
CNK-dependent genetic screen in the fly eye. The screen led to the identification of the Rap1 GTPase and its
upstream activator PDZ-GEF as new positive regulators of RTK/RAS/ERK signaling. Mutant Rap1 and pdz-gef
alleles genetically interact with raf and cnk mutations and their depletion by RNAi impairs photoreceptor (PR)
development, a process that highly depends on the EGF and Sevenless (SEV) RTKs. Interestingly, clonal
expression of Rap1 or pdz-gef RNAi in developing eye imaginal discs impede MAPK activation, but only in the
area dependent on SEV activity. Moreover, we found that Rap1 or pdz-gef RNAi prevent the expression of SEV,
but have no impact on the level of EGFR or its basolateral localization during PR development. Rap1 signaling
is known for its role in adherens junction (AJ) formation and as expected, ommatidial AJ markers such as ECadherin and Armadillo (beta-catenin) are reduced in cells compromised for Rap1 signaling. Importantly, we
also found that the levels of several apical proteins such as aPKC, Bazooka, PATJ and Par-6 were reduced in
developing ommatidial clusters expressing Rap1 or pdz-gef RNAi. Given that SEV normally localizes to the
apical domain, it is possible that the loss of the apical domain in Rap1-compromised cells leads to the
mislocalization and destabilization of SEV. Alternatively, Rap1 may directly control SEV expression. Further
experiments are ongoing to distinguish between these two models.

237C
Investigation of novel epidermal growth factor receptor target genes implicated in multiple aspects of
Drosophila development. Luke Dombert, Kristopher Krawchuk, Sean Thomas, Connor Zale, Lisa Kadlec.
Department of Biology, Wilkes University, Wilkes-Barre, PA.
Signaling by the Drosophila epidermal growth factor receptor (Egfr) plays an important role in many aspects of
development, including oogenesis, embryogenesis and proper development of the wing and eye. The Egfr
pathway is utilized, for example, in the establishment of the body axes during oogenesis, in vein tissue
specification in the wing, and in photoreceptor cell differentiation in the eye. Microarray screens by our lab and
others have previously been used to identify novel downstream transcriptional targets of the Egf receptor using
the Drosophila ovary as a model system. Our initial work compared gene expression using fly ovaries in which
the activity of the Egfr-pathway was reduced (grk-HK36 mutant), normal (OreR), or constitutively active
(CY2/λtop). We have been employing a variety of approaches to investigate the expression, biological function,
and mechanism of action of a number of putative targets. Target genes of interest include a number of genes
whose function is currently unknown (including CG13299, CG11381, CG13083 and CG14309). RT-PCR has
confirmed the up-regulation of a subset of genes originally identified by microarray. Screening for biological
function using UAS-RNAi suggests roles for several target genes of unknown function in eggshell production
and/or integrity, wing morphogenesis, or both. Several putative targets have been shown to exhibit
developmentally regulated expression in the ovary, and in some cases this expression has been shown to be
altered in response to changes in levels of Egfr signaling. We are currently using in situ hybridization and RTPCR to investigate target gene expression in wing imaginal discs. A neutral red uptake assay was performed to
further explore observed eggshell defects, and suggests defects in vitelline membrane integrity in compromised
eggshells. Additionally, we are utilizing the UAS-RNAi system to attempt to identify candidate target genes
which may play roles in the development of the eye.

238A

Screening for novel PLCγ inhibitors in Drosophila melanogaster. Chitra Naidu, Claire Rosenwasser, Todd
Rosenberg, Michelle Latino, Justin Thackeray. Biology Department, Clark University, Worcester, MA.
PLCγ is a regulator of the EGFR signaling cascade, which is key to multiple cellular activities including growth
and proliferation. In humans, about half of all breast and prostate cancer metastases show PLCγ1
overexpression, suggesting that PLCγ inhibition might be a promising way to tackle metastasis. However,
existing PLCγ inhibitors are known to be rather non-specific. The primary goal of this study is therefore, to find
new small molecule inhibitors of PLCγ. We are using a set of 1,596 chemically diverse small molecules, the NCI
Diversity Set IV, to screen for potential inhibitors. A primary screen was conducted by growing Drosophila in
media containing each drug, while overexpressing the EGFR inhibitory ligand Argos in the wing, using the
MS1096 GAL4 driver. Adults of this genotype show significant loss of wing veins. Drosophila PLCγ is encoded
by small wing (sl), and contributes to negative regulation of the EGFR pathway, which is required for vein
differentiation. Reducing the dosage of sl genetically in the MS1096>Aos background partially rescues the veinloss phenotype, providing a sensitive way to identify drugs that inhibit PLCγ, or otherwise perturb EGFR
signaling. We have screened 800 drugs and identified 3 molecules as potential “hits”. One of these molecules
has previously been shown to inhibit a human phospholipase, PLA2. Further experiments are in progress to
determine whether the candidates are indeed inhibiting Sl, or perhaps affecting one of several other known
EGFR negative regulators.

239B

The dorsal ridge: a TGF-alpha-like mediated morphological novelty on the Drosophila eggshell. Matthew
G. Niepielko, Nir Yakoby. CCIB, Rutgers University, Camden, NJ.
The Drosophila eggshell is the intricate 3D casing of the developing embryo. Eggshell structures, including the
dorsal appendages, the embryo’s respirators, have been extensively used to study how changes in cell
signaling mediate eggshell morphogenesis. Here, we analyzed the dorsal ridge, a novel structure along the
dorsal side of eggshells from numerous species. This structure varies in size and shape among Drosophila
species. We associate spatiotemporal changes in EGFR signaling distribution with the presence/absence and
diverse morphologies of the dorsal ridge. Using chemical and genetic perturbations, we relate the distribution of
the TGF-alpha-like ligand Gurken (GRK) to the changes in EGFR activation and dorsal ridge formation in D.
willistoni, a species with a dorsal ridge. Furthermore, we demonstrate that GRK from D. willistoni not only
rescues a grk null D. melanogaster fly, it is also sufficient to generate a dorsal ridge-like structure on its
eggshell. We conclude that local changes in GRK distributions can account for morphological novelty formation
on an eggshell.

240C
PVR receptor tyrosine kinase is required for dorsal closure in parallel with JNK signaling. Rebecca
1
2
1
Garlena , Ashley Lennox , Beth Stronach . 1) Dept Micro & Mol Genetics, Univ Pittsburgh Sch Medicine,
Pittsburgh, PA; 2) Dept Mol Genetics & Micro, Duke Univ Med Cntr, Durham, NC.
One of the leading causes of human birth defects is the incomplete fusion of tissues, often manifested in the
palate, heart, abdomen, or neural tube. Here we investigate the molecular control of the fusion process in
Drosophila using embryonic dorsal closure as an experimental model. Previous studies have elucidated the
essential role of the Jun kinase (JNK) signaling pathway in tissue closure for modulation of gene expression, cell
adhesion, and the cytoskeleton; however the initial triggers for JNK activation are still debated. In considering
potential candidate activators, we discovered a role for PVR, the Drosophila Platelet-derived and Vascular
endothelial growth factor Receptor homolog, in dorsal closure using loss- and gain-of-function studies.
Unexpectedly, our data challenge the purported role of PVR as an activator of JNK signaling. Unlike the severe
dorsal open phenotype of JNK mutants, Pvr mutant embryos display mild dorsal midline defects, from a small
hole or scab, to segmental misalignment, suggesting improper zippering of the epithelial leading edges near the
completion of closure. Consistent with this requirement, PVR protein is detectable in the amnioserosa and
epidermis, where it is planar polarized at the leading edge. Also, directed modulation of PVR activity in the
embryo reveals that it is neither necessary nor sufficient to activate JNK target gene expression acutely during
dorsal closure. Yet curiously, the two pathways do interact genetically, as combined reduction of JNK activity
and PVF1, a ligand for PVR, results in synthetic lethality with complete failure of dorsal closure. Altogether,
these results suggest a mutual participation but parallel organization of JNK and PVR signaling in the regulation
of dorsal midline closure. Given the conservation and essential roles for JNK and PDGF pathways in
mammalian embryonic tissue closure, this work may one day impact the diagnosis and treatment of common
malformations in humans.

241A
Src-kinases and ERK activate distinct responses to Stitcher receptor tyrosine kinase signaling during
wound healing in Drosophila. Vasilios Tsarouhas, Liqun Yao, Christos Samakovlis. Molecular Biosciences,
The Wenner-Gren Institute, Stockholm University, Stockholm, Sweden.
Metazoans have evolved efficient mechanisms for epidermal repair and survival upon injury. Several cellular
responses and key signaling molecules involved in wound healing have been identified in Drosophila but the
coordination of cytoskeletal rearrangements and the activation of gene expression during barrier repair is poorly
understood. The Ret-like, receptor tyrosine kinase Stitcher (Stit) regulates both re-epithelialization and
transcriptional activation by Grainy head (Grh) to induce extracellular barrier restoration. Here, we describe the
immediate down-stream effectors of Stit signaling in vivo. Drk (downstream of receptor kinase) and Src-family
tyrosine kinases bind to the same docking site in the Stit intracellular domain. Using live imaging we show that
Drk is required for the full activation of transcriptional responses but is dispensable for re-epithelialization. By
contrast, Src-family kinases control both the assembly of a contractile actin ring at the wound periphery and
Grh-dependent activation of barrier repair genes independently of ERK activation. Our analysis identifies distinct
pathways mediating injury responses and reveals an RTK-dependent activation mode of Src-kinases and their
central functions during epidermal wound healing in vivo.

242B
An in vivo RNAi screen identifies new regulators of invasive cell specification. Afsoon Saadin, Michelle
Starz-Gaiano. University of Maryland Baltimore County, Baltimore, MD.
Cell migration is a crucial phenomenon during embryonic development, immune function and wound healing. It
can also lead to a detrimental event, tumor invasion. Migration of a cluster of cells termed border cells in the
Drosophila ovary is an excellent example of collective cell migration, which resembles metastasis of some

carcinoma cells. The border cell cluster is composed of a pair of non-migratory cells (polar cells) surrounded by
4-6 migratory cells (border cells), which arise within the follicular epithelium, and are required to migrate to the
oocyte to contribute to a fertilizable egg. Different signaling pathways including Delta/Notch are required for
specification of polar cells, however, specification of border cells requires the Janus Kinase and Signal
Transducer and Activator of Transcription (JAK/STAT) signaling pathway. Although the function of the wellconserved components of STAT signaling, including the activating cytokine, its receptor, JAK and STAT, during
border cell specification are well studied, the role of other potential regulators of the pathway in this process are
not yet known. To find new components of the pathway, we knocked down predicted STAT modulators using
RNAi expression in follicle cells and assayed for defective border cell cluster formation/migration. We have
indicated that Soluble NSF-Attachment Protein (SNAP) and Protein Tyrosine Phosphatase 61F (PTP61F) are
involved in border cell specification. The mechanistic effects of these molecules on migratory cell fate
specification are currently being studied.
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Localization of Insulin Receptor Function in Metabolic Regulation of Sleep. Wesley L. Bollinger , Katelyn
1
1
2
1
Offerdahl , Pavel Masek , Yoon-Joon Kim , Alex Keene . 1) Biology, University of Nevada, Reno, Reno, NV; 2)
Life Science, Gwangju University, Gwangju, South Korea.
Dysregulation of sleep underlies numerous metabolic disorders, including type II diabetes and obesity. Flies and
mammals modulate sleep in accordance with metabolic state. Starved flies and mammals suppress sleep to
search for food, but little is known about the neural processes that regulate this behavioral interaction. We have
found that insulin promotes sleep in Drosophila, and expression of constitutively active insulin receptor (InR)
prevents starvation-induced sleep suppression. Our lab seeks to localize the sleep-promoting neuronal targets
of insulin. We have developed a high-throughput tracking system that allows for efficient screening and analysis
of fly sleep and are currently applying this system to localize the effects of insulin-like-peptides on sleep
regulation. InR activation in approximately 200 peptidergic neurons abolishes starvation-induced sleep
suppression. We have activated insulin signaling in 40 distinct populations of peptidergic neurons through
expression of a constitutively active InR and measured sleep in fed and starved conditions. We find that
expression of constitutively active InR in Drosulfakinin-expressing cells eliminates starvation-induced sleep
suppression. Taken together these experiments serve to localize which neurons insulin targets in the fly brain to
promote sleep.

244A
Pri peptides mediate ecdysone developmental timing for epidermal morphogenesis. Helene Chanut1,2
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1,2
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1,2
1,2
Delalande , Yoshiko Hashimoto , Anne Pélissier-Monier , Rebecca Spokony , Azza Dib , Jérôme Bohère ,
1,2
1,2
1,2
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1,2
Yvan Latapie , Philippe Valenti , Cédric Polesello , Bernard Moussian , Kevin White , Serge Plaza , Yugi
5
1,2
Kageyama , François Payre . 1) Centre de Biologie du Développement, Toulouse, France; 2) CNRS,
UMR5547, Centre de Biologie du Développement, Toulouse, France; 3) Institute for Genomics and Systems
Biology and Department of Human Genetics, University of Chicago, Illinois, USA; 4) Animal Genetics,
Interfaculty Institute for Cell Biology, University of Tübingen, Germany; 5) Research Center for Environmental
Genomics, Organization of Advanced Science and Technology, Kobe University, Japan.
Animal development fundamentally relies on the precise control, in space and time, of genome expression.
While we now have a wealth of information about the way spatial patterns are built, little is known on the
temporal control of developmental programs. The spatial pattern of Drosophila trichomes is determined by the
expression of a transcription factor, Shavenbaby (Svb). Svb function requires proteolytic maturation, triggered
by polished-rice (pri) peptides. Here we show that ecdysone, a steroid hormone controlling key developmental
transitions, provides a strict temporal control to trichome formation. In response to ecdysone signaling, the
expression of pri acts as a timed cue to define the onset of Svb maturation and thereby of trichome formation.
Indeed, manipulating pri expression is sufficient to either block or induce premature trichome formation. Taken
together, these findings provide a molecular framework to explain how systemic hormonal control coordinates a
specific program of differentiation with developmental timing.

245B
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Inhibition of JNK pathway by Myc under stress in Drosophila. Jiuhong Huang , Li He , Norbert Perrimon ,
1
Lei Xue . 1) School of Life Science and Technology, Tongji University, Shanghai, China; 2) Department of
Genetics, Harvard Medical School, Boston, MA.
The Jun-N-terminal Kinase pathway (JNK), also known as stress activated protein kinase pathway (SAPK), is
activated when cell confronted with stress like UV irradiation, oxidative stress, heat shock, etc. To mimic stress
induced JNK pathway activation, we applied ectopic expressed egr in Drosophila eye under GMR-Gal4 which
has been proved to activate JNK pathway and induce cell death. Use this model we screened the Drosophila
genome, expected to find some JNK pathway regulators. We found that Myc negatively regulates JNK pathway
activity. Knock down of myc dramatically increases JNK phosphorylation. Conversely, over expressing myc

reduced JNK phosphorylation under stress. Further genetic epistatic analysis indicates that Myc transactivates
puc, which encodes a phosphatase that dephosphorylates JNK and inhibits its activity. The consequent ChIP
assay reveals Myc binds to the puc locus to enhance puc expression under stress. In conclusion, when cell
faced stress, the trancription factor Myc binds to puc gene locus to enhance its expression which consequently
suppresses JNK pathway activation.

246C
Raw-Mediated JNK Signaling Antagonism: Keeping hyperactive JNK signaling in check. Molly C. Jud,
Anthea Letsou. Human Genetics, University of Utah, Salt Lake City, UT.
JNK signaling is a key modulator of development and disease in multicellular organisms. The effects of JNK
signaling loss have been well studied; however, less is known about the effects of JNK signaling
hyperactivation. We have identified a conserved but novel Drosophila gene, raw, that is required to prevent
hyperactive JNK signaling in the embryonic epithelium. Our lab has shown that: (1) high levels of total Jun
protein, a component of the AP-1 transcription factor, accumulate in raw mutants to levels 2-3 fold higher than in
wild type, and (2) this accumulation takes the form of phosphorylated Jun (P-Jun). Previous studies of
mammalian c-Jun indicate that N-terminal phosphorylation increases both the stability and the DNA-binding
activity of Jun. To determine whether hyperactive JNK signaling in raw mutants is dependent upon P-Jun or if
simply having too much total Jun protein leads to phosphorylation-independent signaling, we generated HS+
A
Gal4:UAS-Jun transgenic flies where Jun is either wild type (Jun ) or non-phosphorylatable (Jun ). Ectopic
+
A
expression of either Jun or Jun in a wild-type background results in hyperactive JNK signaling indicating that
+
phosphorylation is not essential for Jun activity. Jun activity is greater in a Jra raw mutant background than in a
Jra background, suggesting that Raw is required to maintain the proper balance of Jun and P-Jun levels. Our
A
observation that the non-phosphorylatable form of Jun (Jun ) is also more active in a Jra raw mutant
background than in a Jra background points to a role for Raw in effecting the Jun:P-Jun balance via mediation
of Jun degradation, but not through Jun modification by phosphorylation. In deciphering the mechanism of Raw
function, we are gaining significant new insights into a previously unrecognized mechanism of JNK signaling
regulation.

247A
Rab GTPases and their role in glue secretion in the larval salivary gland. Kathryn Lantz, Christopher
Hardy, Andrew Andres. University of Nevada, Las Vegas, LAS VEGAS, NV.
Rab GTPases function in the sorting of vesicle cargo and trafficking vesicles between intracellular
compartments and the extracellular environment. This process is well conserved throughout most metazoans.
The salivary gland of Drosophila melanogaster is a well-characterized secretory tissue that is ideal for the study
of Rab-dependent trafficking events. In response to two distinct pulses of 20-hydroxyecdysone (20E) during the
end of the third larval stage, the salivary gland synthesizes glue polypeptides and secretes them into the lumen
of the tissue. In order to elucidate which Rab GTPases are involved in the synthesis and secretion of glue
polypeptides, we have taken a five-pronged approach: (1) Using UAS-transgenes from the Drosophila
community, we expressed 31 YFP-tagged wildtype Rab GTPase in the salivary gland at three different
developmental time points to catalog where Rab GTPases localize during these events; (2) Using UASdominant-negative, constitutive-active, and RNAi-hairpin, we performed a functional analysis to identify which
Rab GTPases are needed for synthesis and secretion; (3) Assaying for a suppression in the secretion-defective
phenotype caused by overexpression of Guanosine diphosphate Dissociation Inhibitor (GDI), a recycling
component of the Rab GTPase pathway, we determined whether any individual Rab GTPases were able to
rescue the blockage; (4) Performing a transcriptome and bioinformatics analysis of RNA before and after the
pre-metamorphic pulse of 20E in the salivary gland, we showed that only 18 of the 31 Rab GTPases tested are
endogenously expressed in the salivary gland and several have increased expression after hormone exposure;
(5) Examining individual Rab GTPases by RT-PCR analysis, we verified which are directly regulated by 20E.
Results of these analyses indicate that Rab1, Rab11, and Rab35 are necessary for the 20E-regulated
exocytosis pathway of the glue polypeptides. Specific details of these analyses will be presented.

248B

1

Dual functionality of O-GlcNAc transferase is required for Drosophila development. Daniel N. Mariyappa ,
1
2
1,3
Xiaowei Zheng , Arno Muller , Daan van Aalten . 1) MRC Protein Phosphorylation Unit, College of Life
Sciences, University of Dundee, Dundee, Angus, United Kingdom; 2) Division of Cell and Developmental
Biology, College of Life Sciences, University of Dundee, Dundee, Angus, United Kingdom; 3) Division of
Molecular Microbiology, College of Life Sciences, University of Dundee, Dundee, Angus, United Kingdom.
Post-translational modification of intracellular proteins with N-acetyl glucosamine (O-GlcNAc) has been
implicated in diverse cellular functions, and is catalysed by O-GlcNAc transferase (OGT). OGT consists of a Cterminal glycosyltransferase catalytic domain, while the N-terminal tetratricopeptide repeats (TPRs) have been
implicated in a range of protein complexes. ogt has been shown to be required for normal development in a

range of organisms. Drosophila OGT is encoded by super sex combs (sxc), mutants of which produce pupal
lethality, although it is not clear whether this is through loss of cellular O-GlcNAc or loss of the OGT protein.
Here we have dissected the catalytic versus non-catalytic roles of OGT in Drosophila development. As a first
step, structural and enzymatic similarities between human and Drosophila OGTs were determined. Drosophila
OGT is active on peptide substrates and comparison of its crystal structure with that of human OGT revealed
structural conservation of the active site and the TPR repeats. This analysis informed the rational design of
Drosophila OGT point mutants with a range of reduced catalytic activities. Transgenic experiments showed that
pupal lethality of sxc flies can be rescued with catalytically incompetent OGT mutants. Strikingly, however, these
rescued flies do not produce F2 adults. Therefore, OGT catalytic activity is required for development up to late
pupal stages, while further development requires as yet uncharacterised non-catalytic functions of OGT. This
study underlines the robustness of fly developmental pathways under conditions of reduced/absent O-GlcNAc
signalling.

249C
Hemocyte-mediated repair: promoting retinal repair with MANF. Joana Neves, Deepak Lamba, Heinrich
Jasper. Buck Institute for Research on Aging, Novato, CA.
Regeneration and repair are critical to ensure tissue health throughout life. We are exploring the role of
hemocytes in the control of photoreceptor survival and tissue repair in the fly retina. Hemocytes are attracted to
the pupal retina and activated by Pvf-1/PvR signaling in response to UV-induced DNA damage, and are
required to prevent excessive cell loss. We are now using this system to identify hemocyte-derived factors that
can promote tissue repair in the retina, and are testing the conservation of their function in the mammalian
retina. We have identified MANF (Mesencephalic Astrocyte-derived Neurotrophic Factor), as a hemocyte
derived protein in Drosophila that can promote retinal repair. We find that MANF is induced in hemocytes in
response to stress in a Pvf-1/PvR dependent manner, is secreted into the hemolymph, and reduces tissue loss
after UV-induced and genetically triggered photoreceptor apoptosis. Moreover, stress-induced MANF results in
changes in the hemocyte population that correlate with increased lamellocyte differentiation. Based on these
observations, and on the reported cytoprotective function of MANF in the mammalian brain, we hypothesize that
MANF has a conserved role in mammals, and that this function can promote integration of transplanted retinal
cells into the diseased retina. We find that mouse MANF is induced in microglia and macrophages invading the
retina following light damage, and that this correlates with reduced tissue loss. Importantly, intravitreal delivery
of MANF recombinant protein is sufficient to limit photoreceptor death following light damage, and promotes
beneficial M2 polarization of macrophages/microglia, suggesting that the role of MANF is conserved between
flies and mice. Further, we will test the ability of MANF delivery in promoting progenitor cell integration following
transplantation. This work will serve as a proof of concept for the use of factors that promote tissue repair as coadjuvants in stem cell regenerative therapies, and for the use of the fly as a tool to identify such factors.

250A
PS2 Integrins are important for glia cell migration into the eye imaginal disc. Ligia Tavares, Emiliana
Pereira, Rui Traquete, Andreia Correia, Nuno Amaral, João B Relvas, Paulo S Pereira. IBMC, Porto, Porto,
Portugal.
During development photoreceptors differentiate in the eye disc and send their axons to the brain. On the
contrary, glia cells migrate from the brain to the optic stalk and the eye disc in a continuous process to
accompany the newly differentiated neurons. In this process various signalling pathways are important to induce
glia cell migration and restrain it. Here we demonstrate the importance of integrins for glia cell migration. By
knocking down the PS2 heterodimer (both α and β-subunit) using the Repo-GAL4 driver (glia specific) the
migration of glia to the eye imaginal disc was inhibited. With the help of the CD8-GFP marker we confirm that
not only glia nuclei but also glia cell projections are absent from the eye imaginal disc. Despite the absence of
glia in the eye disc, development proceeds until the pupa stage and axonal targeting to the optic stalk happens
normally. As glia cells have been for many years considered important guideposts for axon targeting this
surprising result was validated with RpL7A and eIF-4a knockdowns. Both protein knockdowns induce apoptosis
stopping glia from migrating to the eye disc. As with PS2 knockdown axon pathfinding is not affected. With this
we demonstrate that glia cells are not required as guideposts for axon targeting into the optic stalk. JBR and
PSP shared senior authorship. Acknowledgements: This work was supported by the project EXPL/NEUNMC/0380/2012 from the Fundação para a Ciência e Tecnologia of the Portuguese Ministry of Science and
Technology and by the COMPETE program, financed by the European Community fund QREN.

251B
A novel tool to monitor and specifically manipulate cells in which Yorkie is nuclear. Ryohei Yagi, Marc
Debrunner, Franz Mayer, Konrad Basler. Institute of Molecular Life Sciences, University of Zürich, Zürich,
Switzerland.
yorkie (yki) is a growth promoter and encodes the transcriptional co-activator of the Hippo (Hpo) pathway. To

activate Hpo target genes required for organ growth, Yki binds to specific transcription factors in the nucleus.
Diverse inputs activate the Hpo pathway; these converge on inhibiting Yki entry into the nucleus and thereby
restricting organ growth. Even in growing tissues, such as the wing disc, Yki is predominantly present in the
cytoplasm. To be able to monitor the size of the nuclear pool, we engineered a novel genetic reporter system
that is activated in response to the entry of Yki into the nucleus. The system is a modified LexA/lexA operator
(lexO) system that comprises a genomic yki construct encoding LexA chimeras of Yki (Yki::LexA) and a lexOeffector gene. The yki::lexA genomic construct can rescue the lethality of a yki null mutant. In the presence of a
lexO-reporter the Yki::LexA chimera showed a mild tissue-specific LexA transactivator (LexA TA) activity. We
refined the Yki::LexA chimera to generate a higher LexA TA activity. The refined yki::lexA construct showed
stronger responses to manipulations of the pathway activity. The system has two unique features. First, unlike
most existing Hpo target gene reporters, the system globally reports the pathway activity by means of the Yki
activation defined by the Yki in the nucleus. Second, because it is based on a binary transcriptional system, it
permits genetic manipulation of cells in which Yki is active by expressing multiple lexO-effector genes. In
combination with other genetic tools, the system provides a powerful tool to create mechanistic insights of organ
growth, tissue homeostasis and tumor formation, processes in which Yki plays a pivotal role.

252C
Characterization of the subcellular localization of BMP receptors. Ilaria Alborelli, Markus Affolter.
Biozentrum, Basel, Switzerland.
The secreted molecule Decapentaplegic (Dpp) acts as a morphogen, regulating pattern and growth through the
anterior-posterior axis of the Drosophila wing. Like its vertebrate homolog BMPs, secreted Dpp molecules bind
heteromeric receptor complexes formed by transmembrane type I and type II serine/threonine kinases. The
major type I receptor for Dpp is Thickveins (Tkv), and its activated form is able to directly phosphorylate the
major signal transducer Mothers against dpp (Mad), which upon phosphorylation translocates into the nucleus
and regulates the transcription of target genes. The dynamics of Dpp ligand gradient have been and are
currently under deep examination, but it is still not clearly understood how morphogen concentrations are
interpreted in the receiving cells. An intrinsic attribute of cells capable to interpret Dpp signal is the expression of
Tkv, therefore further investigation on the receptor properties could lead to new insights about this issue. By
using a novel tool, a YFP-tagged version of Tkv at the endogenous locus, we plan to probe the receptor
dynamics and trafficking. We have shown that Tkv-YFP is recapitulating the expression pattern of the
endogenous Tkv, showing low expression along the A/P border and a higher expression on the lateral region of
the wing disc. In the next step, we will create a quantitative dataset assessing the dynamic distribution of TkvYFP during wing disc development and patterning.

253A
JNK and DPP act in a feed-forward loop to achieve robustness during Dorsal Closure. Antoine Ducuing,
Bertrand Mollereau, Stephane Vincent. LBMC, Ecole Normale Supérieure de Lyon, Lyon, France.
Robustness is a key feature of morphogenesis as the dynamics of individual cells must be coordinated to
generate homogenous tissue shape changes. During embryonic dorsal closure, about 200 leading edge cells
are perfectly coordinated in order to close the dorsal hole left after Germ Band retraction. Here we show that
Jun Kinase (JNK) and Decapentaplegic (DPP) participate in a coherent feed-forward loop (FFL) to control the
dymamics of the cytoskeleton. This FFL regulates key aspects of leading edge cell behavior such as cell
adhesion, microtubule polarization, actin cable and filopodia formation. Furthermore, we show that DPP input to
the FLL is solely mediated via the transcriptional repressor brinker (brk) but does not require activation via the
transcription activator mad. This finding prompted us to examine the effect of breaking the FFL by removing Dpp
input in tkv-brk- embryos. In this case, we found that when acting without the Dpp input, JNK contribution alone
leads to uneven target genes expression patterns. This indicates the presence of a flow in the robustness of the
signal interpretation at the cellular level that translates into a variable response at the tissue level. Finally, using
high-throughput live imaging on a spinning disc confocal microscope, we show that the FFL is crucial for
morphogenesis dynamics and dorsal closure efficiency. Our data show that a FFL can integrate instructive
signals at the tissue level in order to perform key morphogenesis event in a robust manner.

254B
The Polarized Deposition of Basement Membrane Proteins Depends on Phosphatidylinositol Synthase
and the Levels of Phosphatidylinositol 4,5-bisphosphate. Olivier Devergne, Karen Tsung, Gail Barcelo,
Trudi Schüpbach. HHMI/Molecular Biology, Princeton University, Princeton, NJ.
Epithelial cells perform many important functions in embryonic and adult organisms. The cellular basis to
accomplish these functions is provided by their polarized architecture. The establishment and maintenance of
polarity relies on the regulated transport of newly synthesized and recycled proteins to these specific domains.
The basement membrane (BM), a specialized sheet of the extracellular matrix, secreted basally by the
epithelium, plays an important role in the control of the polarized structure of epithelial cells. However, little is

known about how BM proteins themselves achieve a polarized distribution. An attractive model system for the
study of epithelial structure and morphogenesis is the follicular epithelium, which envelops the germline during
Drosophila oogenesis. Here, we identify a new gene, Pis, encoding Phosphatidylinositol Synthase, as a key
regulator in the polarized BM secretion. Pis plays a critical role in the production of phosphatidylinositol, the
backbone of all phosphoinositides. Phosphoinositides have emerged as an important regulator of many cellular
functions such as intracellular trafficking and membrane transport. Among all the various phosophoinositides,
we specifically identify Phosphatidylinositol 4,5-bisphosphate (PIP2) as a critical regulator of the polarized
secretion of BM proteins. A decrease of PIP2 levels, in particular through mutations in Pis and other members of
the phosphoinositide pathway, leads to the aberrant accumulation of BM components at the apical side of the
cell without primarily affecting the distribution of apical and basolateral polarity proteins. In addition, PIP2
controls the apical and lateral localization of Crag, a factor specifically required to prevent aberrant apical
secretion of BM. We propose that PIP2, through the control of Crag’s subcellular localization restricts the
secretion of BM proteins to the basal side.

255C
An examination of the requirement for septate junction components during morphogenesis in
Drosophila melanogaster. Sonia Hall, Beth Jarvis, Robert Ward. Molecular Biosciences, University of Kansas,
Lawrence, KS.
Organismal development depends upon highly regulated cellular rearrangements and cell shape changes.
These morphological processes require signaling pathways that regulate actin dynamics to propagate forces
through tissues, and stabilization of these effects mediated by adherens junctions. Our lab conducted a screen
for genes that regulate leg morphogenesis during metamorphosis in Drosophila. From this screen we identified
Macroglobulin complement related (Mcr). During the characterization of Mcr, we found that it serves an essential
role in the establishment of septate junctions (SJs). Similar to vertebrate tight junctions, SJs are occluding
junctions along the lateral membranes of epithelial cells that allow for the separation of chemically distinct organ
compartments. Previous work indicated that a few SJ genes play a role in morphogenesis including Coracle,
NeurexinIV, and Discs Large in dorsal closure, and Gliotactin and Coracle in imaginal disc morphogenesis. To
determine whether the SJ as a complex functions in morphogenesis, or if only a few individual SJ genes have
additional roles in regulating morphogenesis, we conducted an analysis of twelve SJ mutations in coordinating
complex morphogenetic processes during embryonic, larval, and pupal development. From this analysis, we
conclude that each SJ component examined has an essential role in regulating morphogenesis during
development. We propose that the SJ complex has a novel, essential role in morphogenesis prior to its
assembly into the occluding junction. Next, we will examine how SJ components function as a complex or subcomplex to regulate morphogenesis.

256A
The Drosophila T-box Transcription Factor Midline Functions within the Insulin Receptor Activated
Signaling Pathway to Regulate Interommatidial Bristle Formation and Cell Survival. Sandra M. Leal,
Qichuan Chen, Sudeshna Das, Yan Zong, Robert Smith, Kelly Odom, Wisam Buti, Brielle Menegazzi. Dept
Biological Sci, Univ Southern Mississippi, Hattiesburg, MS.
We recently reported that the T-box transcription factor midline (mid) functions within the Notch-Delta signaling
pathway to specify sensory organ precursor (SOP) cell fates in early-staged pupal eye imaginal discs (Das et
al., 2013). Targeted reduction of mid expression in cells within and posterior of the morphogenetic furrow (MF)
during third-instar larval (3oL) and early pupal developmental stages using the UAS-Gal4 binary expression
system and RNAi methods (mid-RNAi) resulted in decreased numbers of interommatidial bristles (IOBs)
generated from SOP cells and widespread apoptosis in the adult eye (Das et al., 2013). We have now identified
several members of the Insulin Receptor (InR) signaling pathway that antagonize mid to regulate
interommatidial bristle formation and cellular survival: Drosophila FOXO (dFOXO), target of rapamycin (dTOR),
chico and the InR, among a few representative genes. Thus we genetically place mid upstream or in parallel
with the InR signaling hierarchy suggesting that under specific physiological conditions, mid either inhibits InR
expression, antagonizes the expression of positive modulators of InR expression or InR activity, or conversely
activates negative modulators of InR expression or InR activity. Research is ongoing to examine whether mid
regulates bristle formation and cellular homeostasis under conditions of metabolic and oxidative stress.

257B
Functional specificity in highly conserved Drosophila zinc transport genes. Christopher D Richards,
Jessica Lye, Richard Burke. School of Biological Science, Monash University, Melbourne, Australia.
Zinc is an essential dietary nutrient involved in numerous cellular and physiological pathways. The maintenance
of zinc homeostasis at both the cellular and systemic level is achieved by a complex network of zinc transport
genes that work in a co-ordinated fashion to import (ZIP) and export (ZnT) zinc in response to the various
requirements in almost all cell-/tissue- types. Imbalances in zinc homeostasis have been implicated in a number

of serious diseases such as Alzheimer’s disease, diabetes and asthma. Drosophila melanogaster has 17
putative zinc transport genes compared to 24 in mammals and provides an excellent model in which to elucidate
the function of single zinc transport genes, investigate how they interact with other genes and explore the
potential for functional redundancy or highly specialised functional roles within this system. The function of many
of these transporters still remains unknown in mammalian systems. Here a clade of four highly similar
Drosophila ZIP transporters, dZIP89B, dZIP88E, dZIP42C.1 and dZIP42C.2, homologs of mammalian ZIP 1, 2
and 3, is investigated. Analysis of genetic interactions, expression patterns, protein sub-cellular localisation and
detailed functional analysis of null mutations in two of these genes will demonstrate that although dispensable
under normal growth conditions, they display contrasting responses to dietary zinc modulation and strikingly
different abilities to affect both dietary/systemic zinc uptake/accumulation. These genes also display distinct
expression patterns and protein localisations indicating that even highly conserved zinc transporters have
specific functional roles.

258C
Digitor, an Essential Protein with Homology to Mammalian ATMIN is Involved in Brain Development and
Oxidative Stress Pathways in Drosophila. Saheli Sengupta, Changfu Yao, Uttama Rath, Jack Girton, Jorgen
Johansen, Kristen Johansen. Biochemistry, Biophysics & Molecular Biology, Iowa State University, Ames, IA.
In Drosophila we have used yeast two-hybrid interaction assays to identify Digitor (CG14962) a zinc-finger
protein with six TQT motifs that interacts with the carboxy-terminal of Skeletor. Skeletor localizes to interband
regions of polytene chromosomes during interphase and transient expression studies of GFP-tagged Digitor
suggested a nuclear localization for Digitor. Furthermore, pulldown assays confirmed a physical interaction with
Skeletor as well as with cut-up, a dynein light chain protein of 8 kDa. This interaction was also documented in
vivo in S2 cells where ectopically expressed cut-up-mCherry redistributes completely to the nucleus in presence
of high Digitor-GFP expression compared to its ubiquitous distribution in the absence of overexpressed DigitorGFP. Multiple sequence alignments indicated that Digitor may be the Drosophila homolog of the ATM-kinase
interacting protein ATMIN sharing the zinc-fingers and SQ/TQ motifs that are hallmarks of DNA damage
response proteins. In order to initiate functional studies of Digitor we identified a P-element insertion that we by
PCR analysis confirmed to be a likely null allele. Homozygous mutants for Digitor give rise to late pupal lethality
with no escapers. Interestingly, while the size of Digitor mutant larvae are indistinguishable from wild-type larvae
their brain size is specifically affected being significantly smaller. By TUNEL assays we show that this small
brain phenotype is associated with increased apoptosis. Furthermore, heterozygous mutant flies have increased
susceptibility to acute exposure to paraquat indicating that Digitor is involved in signaling pathways combating
acute oxidative stress. Supported by NIH grant GM62916 and NSF grant MCB0817107.
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Drosophila Acinus: A Genetic Link Between Autophagy and Hippo Signaling. Lauren K. Tyra , Nilay
1
2
3
1
Nandi , Gabrielle Zuniga , Cecilia Esquivel , Helmut Krämer . 1) Neuroscience, UT Southwestern Medical
Center, Dallas, TX; 2) SURF Program, UT Southwestern Medical Center, Dallas, TX; 3) STARS Program, UT
Southwestern Medical Center, Dallas, TX.
Autophagy, a process cells use to recycle damaged organelles or proteins, is important in development and
adaptation to starvation, and mounting evidence suggests it is also critical for preventing disease, such as
neurodegeneration and cancer. Thus, elucidation of key players and mechanisms that regulate basic autophagy
is critical to understanding its role in many disorders. My research focuses on Drosophila Acinus, a regulator of
autophagy, as well as the closely linked process of endocytic trafficking. Acinus, a primarily nuclear protein, not
only regulates endocytic trafficking of receptor/ligand complexes in Drosophila photoreceptors, it is also
necessary for the induction of autophagy upon starvation in Drosophila. The mechanisms by which Acinus
regulates autophagy and endocytic trafficking remain unknown. We performed a classic enhancer/suppressor
screen using the Bloomington Drosophila deficiency kit to identify novel interactors of Drosophila Acinus. Eyespecific overexpression of Drosophila Acinus creates a rough-eye phenotype that can be suppressed by
knocking down autophagy genes, including Atg1, Atg5, and Atg7. Using this rough-eye system, I identified 66
deficiencies out of 466 that act as suppressors. Several of these interactions indicated a strong genetic
interaction between Drosophila Acinus and members of the Hippo signaling pathway, including a strong
interaction with the kinase Hippo. The Hippo pathway is not only critical for development, but many members of
the pathway have been implicated as tumorigenic. I have used both RNAi lines and hippo null alleles to confirm
this genetic interaction between Drosophila Acinus and Hippo, as well as other members of the Hippo pathway,
including Dachs and Zyxin. I am using genetic and biochemical methods to further investigate the nature of this
interaction.

260B

Skp2

in maintaining genome stability. Biju Vasavan, Nilanjana Das, Andrew Swan.
Mitotic role of SCF
Biological Sciences, University of Windsor, Windsor, Ontario, Canada.

Polyploidy is often an important step towards development of cancer. S-phase kinase associated protein 2
(Skp2) is a key G1-S phase specific cell cycle regulator that ubiquitinates and targets proteins for degradation
with the help of a small Cyclin dependent kinase (Cdk) interacting protein Cks. Skp2 is well known as an
oncogene for its ability to target p27, a Cdk inhibitor and it is up-regulated in numerous cancers. We previously
generated flies with null alleles of Skp2 and observed that it is essential to maintain diploidy, suggesting Skp2
has a tumor suppressive role. We have found that this tumor suppressive role reflects a novel function of Skp2
in normal entry and progression of mitosis. Here we present genetic and biochemical interaction studies, which
reveal that Skp2 associates with mitotic cyclins in this role. Our study also shows that polyploidy in Skp2 null
cells triggers checkpoint pathways that protect against further aneuploidy. We present our findings on how loss
of Skp2 can lead to polyploidy and how cells respond to this through checkpoint activation.
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The roles of mir-2a in Drosophila eye development. Su-Wen Cheng , Y. Henry Sun , Yu-Chen Tsai . 1)
Dept Life Science, Tung-hai Univ, Taichung, Taiwan; 2) Institute of Genetics, Yang-Ming Unv, Taipei, Taiwan; 3)
Institute of Mol., Bio., Academia Sinica, Taipei, Taiwan.
MicroRNAs (miRNAs) are samll ssRNAs that do not encode protein product. Mature miRNAs specifically bind
their target genes and inhibit gene translation. We used Drosophila as an animal model to study the roles of
miRNAs in eye development. We used GAL4/UAS system to express different miRNAs in the developing eye
and then screened for alternation of eye size or roughness. We found overexpression of miR-2a in
undifferentiated eye cells driven by ey-GAL4 (ey>miR-2a) and in differentiating cells (GMR>miR-2a) both
caused adult small eye phenotype. Lots of apoptotic cells were found in the middle of eye discs. Furthermore,
miR-2a-induced apoptosis was blocked by expression of DIAP1, mi-RGH (miR-reaper, hid, grim) or p35. These
suggest that miR-2a induced apoptosis through classical apoptosis pathway. The apoptotic region in ey>miR-2a
is in the equator of eye disc. N signaling is also activated at the equator and controls cell proliferation.
Decreasing dosage of N or Ser and Dl reduced apoptosis in ey>miR-2a. Eyg protein is a downstream
component of Notch signaling pathway. Eyg protein is decreased in the apoptotic region in ey>miR-2a.
Furthermore, decreasing the dosage of eyg in ey>miR-2a also enhanced apoptosis phenotype. eyg contains two
putative miR-2a target sites, so it may be a putative direct target of miR-2a.

262A
Evaluating the Roles of Blm and rtel in Homologous Recombination in D. melanogaster. Christopher
Rota, Susan McMahan, Jeff Sekelsky. Biology, University of North Carolina at Chapel Hill, Chapel Hill, NC.
Homologous recombination is an essential and highly regulated method of repairing DNA double-strand breaks
in Drosophila, capable of producing both crossover and non-crossover outcomes. Based on previous fly studies,
the Bloom's syndrome helicase gene Blm is strongly suspected to regulate both of these processes. The
Drosophila ortholog of human RTEL-1, rtel (CG4078), is a newer and less certain suspect for regulating SDSA,
having only been linked indirectly in C. elegans. Here, we utilize two novel genetic assays to study mitotic
crossover formation and synthesis-dependent strand annealing (SDSA), repair processes which are closely
associated with crossover and non-crossover outcomes during homologous recombination, respectively. In one
assay, we measure the rate of spontaneous mitotic crossovers on 2R by formation of GFP-DsRed twin spots in
larval wing discs. Twin spots were observed in Blm mutants, but not in wild-type, reaffirming the Bloom
syndrome helicase as a suppressor of mitotic crossovers. In the other assay, excision of a P element carrying
dsRed gives a break that can repaired by SDSA to produce GFP when partial GFP repeats anneal. We
evaluated this assay in wild type as well as Blm and rtel mutant brains. GFP cell clones were found to occur
most frequently in wild type, with none occurring in Blm mutants and an intermediate number occurring in rtel
mutants. We hypothesize based on these results that rtel plays a non-essential but significant role in SDSA
repair. Both assays represent reliable in-vivo methods of studying these repair processes which can be adapted
to a wide variety of candidate genes, making them useful for the field at large.
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Mutations in C-terminal domain of Orc6 affect origin recognition complex function. Maxim Balasov ,
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3
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Franziska Bleichert , Michael Botchan , James Berger , Igor Chesnokov . 1) Department of Biochemistry and
Molecular Genetics, University of Alabama at Birmingham School of Medicine; 2) Miller Institute for Basic
Research in Science, University of California, Berkeley; 3) Department of Molecular and Cell Biology, University
of California, Berkeley.
The origin recognition complex (ORC) is a six -subunits protein assembly that promotes replisome formation in
eukaryotic cells. We have shown that the smallest ORC subunit, Orc6, has an active role in both DNA
replication and cytokinesis. Structural and functional analyses revealed Orc6 homology with transcriptional
factor TFIIB. Our data suggest that Orc6 is a DNA binding subunits of ORC and may position the whole complex
at the origins of replication similar to the role of TFIIB in positioning transcription pre-initiation complex at the
promoter. Mutational analysis revealed that N-terminal domain of Orc6 is important for DNA binding. C-terminus

contains conservative motives required for interaction with another ORC subunit, Orc3, and linked to MeierGorlin syndrome, a dwarfism disorder in humans. Mutations in this domain result in impeding of Orc6
recruitment to ORC. Flies bearing mutations in this motif fail to rescue Orc6 deletion mutant to viability.
Biochemical studies demonstrate that mutations in this region impair the formation of ORC hexamer and the
loading of MCM2-7 complex in vivo. The functional analysis of these mutations in vivo revealed defects in
replication, cell cycle progression and chromosome segregation. Taken together, these results suggest that Nterminal TFIIB-like domain of Orc6 is involved in DNA binding and C-terminus of the protein is important for
ORC assembly and for the function of Orc6 in cytokinesis.

264C
Evaluating the requirement of Mcm10’s expanded CTD in D. melanogaster. Michael C. Reubens, Tim W.
Christensen. Biology, East Carolina University, Greenville, NC.
First discovered in yeast as a mutant defective for the ability to maintain mini chromosomes, Mcm10 has
become a protein documented to function in both replication and heterochromatin formation. Despite ongoing
research in many model systems the exact functions of Mcm10 in these processes remains poorly understood;
however, due to this protein’s involvement in these essential cellular processes, it is not surprising that recent
reports have listed Mcm10 as one of the top 10 genes found to be altered in many cancerous states. These
recent findings suggest that a firm understanding of the functions of Mcm10 in these processes may provide
insight into the mechanisms that underlie oncogenesis, and potentially lead the way to new cancer diagnostics
and/or novel treatments. Our investigation of Mcm10 in Drosophila began with the characterization of two
mutant alleles which yielded evidence that that the expanded and conserved C-terminal domain of Mcm10,
present in higher eukaryotes but not in S. cerevisiae, was important for interactions with proteins involved in
both replication and chromatin dynamics. To better understand the function of this expanded C terminal domain,
we have continued our analysis of Mcm10 by characterizing the impacts of three larger C terminal truncations
on cell cycle progression and chromatin biology by investigating the canonical cell cycle in the larval CNS, the
endoreplication cycle of the larval salivary gland, the rapid synchronous cell cycles of the early embryo, the
chromatin dynamics during oogenesis, and PEV in the adult male eye. Together our analyses have suggested
that the C terminal 388aa of Mcm10 are dispensable for adult viability, but required for efficient oogenesis and
embryogenesis. Though not required for adult viability, the CTD of Mcm10 is required for proper cell cycle
progression and chromatin packaging in somatic tissues. It is our hope that further analyses of Mcm10’s C
terminal domain will shed light on the essential nature of Mcm10, and aid in a better understanding of
replication, chromosome biology, and potentially oncogenesis.

265A
Investigating the Interaction of RecQL4 and Mcm10 in Drosophila melanogaster. Wayne Rummings,
Michael Reubens, Lucas Hopkins, Tim Christensen. Biology, East Carolina University, Greenville, NC.
Disrupting the machinery responsible for the highly orchestrated events of the cell cycle is thought to play an
important role in the development and progression of cancer. RecQL4 is one of the five RecQ helicases found in
humans. It is a 1208 amino acid protein with a highly conserved Superfamily II helicase domain that has been
shown to be essential for cell viability. Mutations in human RecQL4 give rise to three autosomal recessive
diseases: Rothmund-Thomson syndrome, RAPALIDINO, and Baller-Gerold syndrome. Affected individuals age
prematurely and are predisposed to site-specific malignances. Further, RecQL4 possesses a distinct N-terminal
region, sharing sequence homology with the yeast replication initiation factor Sld2. Given this, elucidating key
protein-protein interactions will provide further insight into RecQL4’s involvement in replication. Mcm10 is
another highly conserved protein, first discovered in Saccharomyces cerevisiae. Mcm10 has essential roles in
replication and the elongation process. Work in 293T cells and Xenopus extracts show a direct interaction
between the two proteins, with Mcm10 mediating RecQL4’s association with the Mcm2-7 helicase and GINS
complex. With this in mind, we are interested in further establishing Drosophila melanogaster as a model for
investigating the significance of this protein interaction. Using the yeast two-hybrid system, we have confirmed
that a physical interaction exists between Drosophila RecQL4 and Mcm10. The generation of double mutants
suggests a genetic interaction after observing the rescue of RecQL4 lethal and female sterile phenotypes in
mutant Mcm10 backgrounds. Additionally, multiple phenotypes have been assayed to understand the nature of
this genetic interaction. These include analysis of cell-cycle progression, mitotic chromosome morphology,
chromosomal condensation, and early embryogenesis. By dissecting the molecular relationship between these
two important proteins, we will further expand our current understanding of the mechanisms controlling
replication and maintaining genomic stability.
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Essential role of the BLM helicase in syncytial cycles. Eric P. Stoffregen , Kathryn P. Kohl , Susan
1
1,2
McMahon , Jeff Sekelsky . 1) Department of Biology, University of North Carolina, Chapel Hill, NC 27599; 2)
Curriculum in Genetics and Molecular Biology.

Mutations in the BLM DNA helicase lead to Bloom Syndrome (BS), which is primarily characterized by a high
incidence of a broad range of cancers. BLM plays multiple roles in repair of DNA double-strand breaks (DSBs)
in mitotic and meiotic cells, and also in responses to replication stress caused by blocked, stalled, or collapsed
replication forks. Drosophila melanogaster is an attractive metazoan model in which to study the functions of
BLM due to the phenotypic similarities between Drosophila Blm mutants and BS patient cells. Drosophila
embryos provide a good model for studying the role of BLM in response to replication stress due to their unique
developmental properties. During syncytial development, each cell cycle has a rapid S-phase that requires
many active replication origins. BLM is essential in these early embryonic cycles; BLM null females show a high
rate of sterility due to a lack of maternally loaded BLM in their embryos. Our data suggests that BLM is essential
during these cycles to respond to, and manage, replication stress. We found an inverse correlation between the
amount of repetitive DNA inherited by an embryo and its survival to adulthood. Additionally, these BLM null
embryos undergo severe nuclear damage, as measured by nuclear fallout. These findings do not appear to be a
result of the heterochromatic nature of these DNA sequences, the defects are detected prior to the onset of
heterochromatic markers, but they may be due to related challenges to the replicative machinery, such as
secondary structures formed by these repetitive elements. Finally, we used a partial separation of function
N2
allele, Blm , which removes multiple functions of BLM in DSB repair, but appears to retain the ability to respond
N2
to replication fork stress. Embryos from Blm mothers do not have the same replication stress-induced survival
defect, suggesting this defect is due to the failure of BLM to manage replication stress, rather than DSB repair
failure.

267C
Intrinsic and extrinsic signals activate neural stem cell apoptosis through coordinated cell death gene
expression. Richa Arya, Tatevik Keshishyan, Kristin White. CBRC, MGH/HARVARD, CHARLESTOWN, MA.
Cell death is a prevalent, well-controlled and fundamental aspect of development, particularly in the nervous
system. However, there has been little analysis of the spatial, temporal and cell identity cues that activate the
cell death machinery in doomed cells. We have characterized a regulatory circuit that activates cell death in
Drosophila neuroblasts. Using both genetic and transgenic approaches, we defined an enhancer region that is
necessary and sufficient for the transcription of the major cell death activators. In both embryonic and larval
stages, this enhancer region specifically activates reaper, grim and sickle in the neuroblasts that are destined to
die. Activity of the enhancer is in turn controlled by the abdominalA homeobox protein, which provides important
spatial cues for death. Notch signaling is also required for neural stem cell death, and acts upstream of
abdominalA. Importantly, Notch is activated by the Delta ligand expressed on the stem cells’ progeny. Thus we
identify a previously unknown role for stem cell progeny in regulating the proper developmental death of their
parental cell.
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The role of pro-apoptotic genes in the developing Drosophila optic lobe cell death. Hidenobu Tsujimura ,
1
1
1
1
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Ayaka Tsutsumi , Kengo Beppu , Yu Togane , Yusuke Hara , Hiromi Akagawa , Ryo Iiduka . 1) Dept Dev Biol,
Tokyo Univ Agric & Tech, Fuchu-si, Tokyo, Japan; 2) Department of Biological Production Science, Tokyo
University of Agriculture and Technology.
In the Drosophila optic lobe, many cells die during development. The number of dying cells in the developing
optic lobe peaked at APF 24h in the early half of the pupal stage. Dying cells are located in clusters in the optic
lobe. The cell death is apoptosis and executed through the initiator caspase, dronc, and two effector caspases,
drice and dcp-1. However, we do not know what proapotptic genes work for this cell death. In this study, we
examined the role of four known proapoptotic genes, reaper, hid, grim and sickle, in the cell death. The number
of dead cells was the same in the hid mutant as in the wild type at the puparium formation, but decreased
thereafter and did not have a peak in the pupal stage. Cell death was not observed in nearly all dead cell
clusters, but observed in two clusters in the lamina cortex. These facts indicate that cell death does not require
hid function in all clusters first, but require it later in most clusters except that in the lamina cortex. In the reaper ,
grim, and sickle mutants, no significant difference was observed in the number of dying cells, suggesting these
genes are not involved in the optic lobe cell death. In the reaper and grim double mutants, there is no significant
difference, either. In these mutants, nearly the same number of dead cells was observed in every cluster.
Altogether, hid works for cell death in the medulla, T/C, lobula plate, and lobula cortex neurons. In the lamina
cortex, the cell death must be controlled in some other way. In addition, a tumor-like lump of nerve cells with
many dead cells was formed in the dorsal side of the optic lobe in all of the hid mutants and some of the grim
mutants, suggesting a possibie role of these genes in the control of the number of neurons produced through
regulating the cell death of neuro-epithelial cells or neuroblasts.
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Drosophila MOF and genome stability: a chromatin modifier to the rescue. Arpita Sarkar , Sncvl
1
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Pushpavalli , Manika Pal-Bhadra , Utpal Bhadra . 1) chemical biology, IICT, Hyderabad, Andhra Pradesh, India;

2) Centre for Cellular and Molecular Biology,Hyderabad.
Protection of genomic DNA from external and spontaneous damaging assaults is crucial to cellular integrity. The
Drosophila dosage compensation complex component MOF (male absent on first), a histone acetyltranferase, is
acclaimed for mediating 2-fold hyperactivation of male X-linked genes to equalize their dosage in females. We
show here that this chromatin modifier is needed for a radically different function: participation in the DNA
damage response to ionizing radiation (IR). Several allelic mutants of mof exhibit defective IR induced DNA
repair mechanisms. Also, crucial cell cycle checkpoints fail to respond to DNA damage .Massive chromosomal
aberrations predominate early syncytial mitotic divisions in mof haplo-insufficient embryos. Further, MOF
controls DNA damage response gene Chk2 to ensure the removal of abnormal nuclei from the embryonic
precursor pool and maintain genome stability. Finally we also demonstrate the role of MOF in eliminating
irreparable deleterious mutations through apoptosis. ChIP assays and genetic interaction studies confirm the
enrichment of MOF at the diap1(Drosophila Inhibitor of Apoptosis1) promoter. A balance between antagonistic
pro apoptotic factors (RHG proteins) and MOF appears to maintain the threshold of apoptosis. Finally, pull-down
assays show a strong physical in vitro interaction of dMOF with a JNK pathway regulating HDAC Sir2,
reinforcing MOF’s critical role in regulating cell death and survival in the whole organism.

270C
NuA4 Acts as a Timer in the Transition to a Postmitotic State. Kerry Flegel, Olga Grushko, Kelsey Bolin,
Ellen Griggs, Laura Buttitta. University of Michigan, Ann Arbor, MI.
The role of the conserved nucleosome acetyltransferase of histone H4 (NuA4) chromatin remodeling complex in
cell cycle regulation is controversial. Though histone acetylation is most commonly associated with active
transcription, previous reports have shown that NuA4 components can both co-repress and co-activate cell
cycle gene expression. Consistent with this, NuA4 components have been reported to act as both oncogenes
and tumor suppressors in cancer. We believe that these seemingly contradictory functions may be due to
NuA4’s previously unknown role as a timer in the transition to a postmitotic state. We have found that inhibition
of NuA4 causes complex changes in cell cycle gene expression in actively proliferating tissues, with some NuA4
components activating and others inhibiting cell cycle gene expression. In contrast, when we examine cells
transitioning from a proliferative to a postmitotic state in the Drosophila melanogaster wing, we find that all NuA4
components exhibit the same phenotype when inhibited - a delay in the proper timing of cell cycle exit. This
defect in cell cycle exit is not due to global effects on development or gene expression, as the proper timing of
terminal differentiation remains unaltered. We find that NuA4 inhibition also increases the overall levels of both
activating and repressive chromatin modifications. In addition, the effect of NuA4 on cell cycle exit timing
appears to be independent of its known role in the DNA damage response. Our data instead suggest that NuA4
normally functions to regulate the proper timing and levels of cell cycle gene transcript oscillations through both
activating and repressive chromatin modifications, thereby impacting the speed of the transition from a
proliferating to a postmitotic state.

271A
Regulation of cell death in the Drosophila ovary by Snail family genes. Victoria Kathryn Jenkins, Kim
McCall. Department of Biology, Boston University, Boston, MA.
In the Drosophila melanogaster ovary, egg chambers are comprised of a 16-cell germline cyst containing the
oocyte and 15 supporting nurse cells, encapsulated by a layer of somatic follicle cells. Several types of germline
cell death events occur in the fly ovary, employing apoptotic and non-apoptotic mechanisms. One type occurs at
the pre-vitellogenic “mid-stage” checkpoint, where protein starvation induces the apoptotic death of individual
egg chambers. A second type occurs in nearly mature “late stage” egg chambers, where nurse cells die during
development, largely via non-apoptotic mechanisms. Our lab has found that overexpression of the transcription
factor escargot in the germline prevents both of these death events. Ectopic expression thereby prevents both
apoptotic and non-apoptotic cell death, but it is not known whether escargot has an anti-death function in wildtype ovaries. Members of the Snail gene family are better known for their role in enabling the epithelial-tomesenchymal transition during gastrulation, maintaining stem cell identity, and regulating cell cycle progression.
While they are known to regulate cell death in C. elegans and mammals, there is little evidence that Snail genes
play a role in Drosophila cell death. We are investigating the role of Snail genes in the ovary, examining
overexpression, null, and RNAi knockdown phenotypes. By generating mosaic ovaries lacking one or more
Snail genes in the germline, somatic cells, or both, we can attribute abnormal phenotypes to individual genes
and cell lineages. To identify genes that may be dysregulated in mutant egg chambers for analysis, we will
identify candidates from RNA-seq data generated from ovaries overexpressing escargot in the germline, and
examine phenotypes of those mutants. From there, we will determine how Snail genes influence pathways
regulating ovarian cell function and survival. Abnormal phenotypes in ovaries lacking Snail genes suggest that
they play a role in regulating egg chamber survival, and that incorrect Snail gene function may contribute to cell
death in the ovary.

272B
Salvador-Warts-Hippo pathway in a developmental checkpoint monitoring Helix-Loop-Helix regulation.
1
1,2,3
Lan-Hsin Wang , Nicholas Baker . 1) Genetics Dept, Albert Einstein College of Medicine, NY; 2)
Developmental and Molecular Biology Dept, Albert Einstein College of Medicine; 3) Ophthalmology and Visual
Sciences Dept, Albert Einstein College of Medicine.
Development is highly regulated, and such errors that do occur frequently trigger cell death that removes misspecified cells, although how this occurs is not often known. The E-proteins and Id-proteins are, respectively,
the positive and negative heterodimer partners for the basic helix-loop-helix (HLH) protein family, and as such
contribute to a remarkably large number of cell fate decisions. E-proteins and Id-proteins also function in
undifferentiated progenitor cells to inhibit or promote cell proliferation and cancer. The Drosophila member of the
Id protein family, Extramacrochaetae, is a negative regulator of differentiation that is also required for cells to
grow in imaginal discs. We report that Extramacrochaetae enables growth by suppressing activation of the
Salvador-Warts-Hippo (SWH) pathway of tumor suppressors by restraining its target Daughterless (Drosophila
E protein). Daughterless regulates SWH activity directly by binding to and transcriptional activation of an intronic
enhancer in the expanded gene. Expanded and more downstream SWH components are essential for growth
regulation by Daughterless, but the upstream transmembrane protein Crumbs is not. The same expanded
enhancer also mediates negative feedback regulation of SWH activity, which can be bypassed by Daughterless.
If expanded activation is prevented, then loss of extramacrochaetae results in powerful neural hyperplasia,
normally prevented by expanded and SWH-dependent cell killing. These findings show that the SWH pathway
can act as a cell-autonomous surveillance pathway to prevent inappropriate differentiation caused by HLH
protein imbalance, and monitors the intrinsic status of proliferating progenitor cells, distinct from responses to
cell-cell interactions. Developmental errors are often removed by cell death, and this appears to be a function of
the cell killing activity of the SWH pathway.

273C
The Drosophila effector caspase Dcp-1 regulates mitochondrial dynamics and autophagic flux via SesB.
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Sharon M. Gorski , Lindsay DeVorkin , Nancy Erro Go , Claire Hou , Annie Moradian , Gregg B. Morin .
1) Genome Sciences Centre, British Columbia Cancer Agency, Vancouver, BC, Canada; 2) Molecular Biology
and Biochemistry, Simon Fraser University, Burnaby, BC, Canada.
Increasing evidence reveals the same proteins participate in both the autophagy and apoptosis pathways, and
this dual function is important in normal physiological contexts and in pathological settings. We discovered that
the Drosophila effector caspase Dcp-1 localizes within mitochondria and regulates mitochondrial morphology
and autophagic flux. In Drosophila cultured cells and in ovaries, loss of Dcp-1 leads to mitochondrial elongation,
increased levels of the mitochondrial adenine nucleotide translocase SesB, increased ATP and a reduction in
autophagic flux. We found that SesB suppresses autophagic flux during mid-oogenesis, identifying a novel
negative regulator of autophagy. Reduced SesB activity or depletion of ATP by oligomycin A can rescue the
autophagy defect in Dcp-1 loss-of-function flies, demonstrating that Dcp-1 promotes autophagy by negatively
regulating SesB and ATP levels. Further, we found that pro-Dcp-1 interacts with SesB in a non-proteolytic
manner to regulate its stability. These data reveal a new mitochondrial-associated molecular link between nonapoptotic caspase function and autophagy regulation in vivo.
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A novel Fizzy/Cdc20-dependent mechanism suppresses necrosis in neural stem cells. Chaoyuan Kuang ,
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. 1) Program in Cellular and
Krista Golden , John Damrath , Claudio Simon , Laura Buttitta , Cheng-Yu Lee
Molecular Biology; 2) Life Sciences Institute; 3) Department of Internal Medicine; 4) Department of Cell and
Developmental Biology, University of Michigan Medical School; 5) Department of Molecular, Cellular and
Developmental Biology, University of Michigan, Ann Arbor, MI 48109.
Despite suffering from catastrophic cellular stress induced by conventional chemo- and radiotherapies, cancer
stem cells can evade checkpoint-induced apoptosis by acquiring additional mutations, contributing to tumor
relapse. Necrosis frequently serves as the alternative cell death modality to eliminate apoptosis-deficient cells.
Thus, mechanistic insight linking catastrophic cellular stress to the activation of necrosis in apoptosis-deficient
stem cells can have a transformative impact on the development of new cancer therapies. Despite recent
advances in the understanding of the regulation of necrosis, the mechanistic link between catastrophic cellular
stress and the activation of necrosis remains unknown. We investigate the regulation of necrosis in Drosophila
larval brain neural stem cells (neuroblasts) where apoptosis is repressed by the Polycomb protein. From a
screen, we identified two novel mutant alleles of the conserved Cdc20/fizzy (fzy) gene that uniquely abolish the
survival of larval brain neuroblasts without perturbing cell proliferation in other diploid cell types. We show that
Fzy maintains neuroblast survival by suppressing necrosis via a novel anaphase promoting complex/cyclosome
(APC/C) dependent mechanism because neuroblasts mutant for fzy or lacking APC/C function display hallmarks
of necrosis. Fzy suppresses necrosis in neuroblasts by antagonizing the function of apoptosis inducing factor
(aif) and JNK signaling. Importantly, defective protein folding, double-stranded DNA break or over-expression of

p53 induces necrosis in neuroblasts by abolishing Fzy expression. Thus, we propose that attenuation of the
Fzy-dependent survival mechanism provides a mechanistic link between catastrophic cellular stress and the
elimination of apoptosis-deficient neural stem cells by necrosis.
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Quantitative Analysis of Drosophila Embryonic Epidermal Development. Cody E Narciso , Jessica
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Freeman , Jochen Kurswe , Alexander Fletcher , Jeremiah Zartman . 1) Department of Chemical and
Biomolecular Engineering, University of Notre Dame, Notre Dame, IN; 2) Wolfson Centre for Mathematical
Biology, Mathematical Institute, University of Oxford, Oxford, United Kingdom.
Apoptosis plays multiple fundamental roles in organogenesis and tissue homeostasis, including the regulation of
compartment shape and size. To better understand the patterning and size control functions of apoptosis, we
are using high-resolution confocal microscopy and an in-house image-processing pipeline to quantify the effect
of epidermal growth factor receptor (EGFR) signaling on cell topology and cell death in the Drosophila
embryonic epidermis. Past genetic studies have firmly established the importance of apoptosis in development.
However, due to the transient nature of apoptosis, few attempts have been made to quantitatively characterize
the cellular processes that regulate it. In conjunction, we are developing an integrated, vertex-based
computational model that incorporates EGFR signaling dynamics, tissue mechanics and apoptotic decisionmaking. A systematic framework for modeling these core processes will lend insight into the general strategies
employed during development to control organ size and correct patterning defects.
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Dmp53 interacts with the Hippo pathway to regulate cell proliferation and apoptosis. Shilpi Verghese ,
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Amit Singh , Madhuri Kango-Singh . 1) Department of Biology, University of Dayton, Dayton, OH; 2) Center
for Tissue Regeneration and Engineering at Dayton (TREND); 3) Premedical Programs, University of Dayton,
Dayton OH 45469.
Normal development entails a balance between cell proliferation and cell death in order for organs to grow to
their normal size. This is achieved by the concerted action of several developmental signaling pathways- chief
amongst which is the Hippo pathway. The Hippo pathway is conserved from flies to humans and regulates
tissue size through transcriptional regulation of its target genes via its transcriptional co-activator Yorkie (Yki);
and through its interactions with other signaling pathways. The Hippo pathway exerts its effects on
organogenesis, regeneration, cell competition and tumorigenesis. Yki partners with several transcriptional
factors like Scalloped (Sd), Mad, Homothorax (Hth), Teashirt (Tsh) to regulate target gene expression. Recently,
Yki was shown to regulate apoptotic proteins like Dronc and Reaper to regulate cell death and proliferation. In
Drosophila, p53 (Dmp53) has been shown to act downstream of Yki to regulate Reaper. Dmp53 belong to the
p53 family of transcription factors that control multiple processes like protecting the cells from cytotoxic insults
resulting from DNA damage, or telomere erosion. In other contexts in response to DNA damage Dmp53
activates Hippo pathway to promote cell death. In mammalian systems YAP interacts with p73 (another P53
family transcription factor) to regulate Caspase9 expression. Therefore, we investigated interactions between
Dmp53 and the Hippo pathway. We show that p53 interacts with Hippo Signaling to regulate cell death and
proliferation by regulating the pathway target genes. Our experiments suggest an important role of p53 in the
tissues to regulate Yki activity in order to achieve tissue homeostasis.
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Cell death as a defence against cytosolic DNA in Drosophila. Nazarii Vitak , Karyn Johnson , David Sester ,
1
Katryn Stacey . 1) School of Chemistry and Molecular Biosciences, University of Queensland, Brisbane, QLD,
Australia; 2) School of Biological Sciences, University of Queensland, Brisbane, QLD, Australia.
Eukaryotic cells sequester their DNA in the nucleus and organelles, The presence of DNA in the cytosol
indicates a danger, such as infection, activity of retrotransposons or DNA damage. We hypothesized that
defence against cytosolic DNA is a feature of all eukaryotic cells, and fundamental to maintenance of genome
integrity as well as recognition of infection. In mammals cytosolic DNA is recognized by AIM2, leading to a rapid
lytic death of macrophages, termed pyroptosis.. There is no data about such a system for invertebrates, and
AIM2 itself is a mammalian-restricted protein. To investigate whether an analogous system operates in
Drosophila, cells were transfected with different types of DNA via electroporation and viability was assessed
either by MTT assay or by exclusion of membrane-impermeable DNA stains. We have found that both primary
hemocytes, and the Drosophila S2 macrophage-like cell line are sensitive to cytosolic DNA. Results showed that
DNA, but not synthetic double stranded RNA caused rapid cell death. Unlike mammalian DNA-dependent cell
death, both single and double stranded DNAs were toxic, and the response was sequence-specific. The mode
of cell death was investigated. Rapid loss of membrane integrity, lack of a population of cells with sub-G0G1
levels of DNA, and insensitivity to the pancaspase inhibitor z-VAD-fmk showed that cell death was not apoptotic.
We conclude that sensing of cytosolic DNA in fruitfly induced a novel lytic pathway of cell death. Elucidation of
the molecular basis for this DNA recognition will allow determination of whether it plays a role in defence against

infection or in guarding genome integrity.

278B
Examination of the ER-specific Rab10 GTPase on ER partitioning during mitosis. Elliott Holt, Zane
Bergman, Blake Riggs. Biology, San Francisco State University, San Francisco, CA.
Proper partitioning of any cellular component requires a period of growth. Currently, it is unknown if the ER
experiences any steps of growth prior to or during cell division. Recently, the ER-specific small GTPase Rab10
has been shown to be involved in ER dynamics by marking the position of ER tubule growth. We hypothesize
that Rab10 promotes ER growth during mitosis as a pathway to ER partitioning during cell division. Here we
investigate the role of Rab10 prior to and during mitosis in the syncytial divisions of the early Drosophila embryo.
Using time-lapse confocal microscopy, we imaged the localization of wildtype Rab10, a constitutively active
Rab10 mutant Q68L, and a dominant negative Rab10 mutant T23N. Surprisingly, we find that Rab10 localizes
to the pseudocleavage furrows early in prophase, while the constitutively active version of Rab10 displays a
centrosomal localization. This result suggests that Rab10 may play a role in growth and establishment of the
pseudocleavage furrows during the rapid divisions of the early embryo.

279C
Spindle Matrix Formation is Required for Cyclin B Localization, Nuclear Envelope Breakdown, and Cell
Cycle Progression. Jorgen Johansen, Changfu Yao, Jack Girton, Kristen Johansen. Biochem, Biophys &
Molec Biol, Iowa State Univ, Ames, IA.
The microtubule-based spindle apparatus provides a conserved mechanism to segregate chromosomes during
mitosis. However, how this process is coordinated with disassembly and reassembly of nuclear structures
during mitotic progression is poorly understood. It is also not clear how cell cycle regulators and other diffusible
molecules are localized and confined to the spindle region in the absence of diffusion barriers following nuclear
envelope (NE) breakdown. We propose such roles are fulfilled by the spindle matrix. We have identified four
proteins from two different nuclear compartments that redistribute during prophase to form a dynamic, gel-like
spindle matrix that embeds the microtubule spindle apparatus, stretching from pole to pole. This matrix forms
prior to NE breakdown and specific interactions between spindle matrix molecules are necessary for complex
formation and cohesion. Previously, we have demonstrated that Megator and its human homolog Tpr act as
spindle matrix proteins that have an evolutionarily conserved function as spatial regulators of the spindle
assembly checkpoint proteins Mad2 and Mps1. Here we present evidence that 14-3-3, Cdc-20, Ran, and Cyclin
B also co-localize with the spindle matrix suggesting that the spindle matrix serves a general role in physically
confining and organizing cell cycle factors in the spindle region in organisms with open or semi-open mitosis.
Triple RNAi knockdown of Cyclins A, B, and B3 results in cell cycle arrest prior to NE breakdown. We show that
preventing spindle matrix formation by function blocking antibodies leads to a similar phenotype. Furthermore, in
such nuclei although Cyclin-B-GFP is continuously imported into the nucleus there is no discernible localization
to the nuclear rim, kinetochores of the condensed chromosomes, or centrosomes. These results strongly
supports the hypothesis that spindle matrix formation is required for Cyclin B localization and dynamics thus
facilitating signaling events leading to NE breakdown and cell cycle progression.

280A
Drosophila cytokinesis proteins regulate meiotic spindle assembly and homologue bi-orientation in
oocytes. Arunika Das, Kim McKim. Waksman Institute,Rutgers University, New Jersey.
Accurate segregation of chromosomes is achieved by the formation of a bipolar array of microtubules called the
spindle. In mitotic spindle assembly, the centrosomes define the two poles and organize the microtubules. In the
oocytes of many animals including humans, spindles are assembled in the absence of centrosomes. It is poorly
understood what organizes the bipolar spindle in this system and directs attachment of chromosomes to
opposing poles, a process known as bi-orientation. The meiotic spindle has two subsets of microtubules, the
interpolar microtubules constituting the central spindle and the kinetochore microtubules which mediate
attachment to the chromosomes. The meiotic metaphase central spindle is similar to the mitotic anaphase
central spindle and mitotic central spindle proteins, required for cytokinesis, also localize to the meiotic central
spindle. However the functions of the cytokinesis proteins in meiotic spindle assembly are unknown. Since most
of these proteins regulate the actin cytoskeleton we also addressed the question of whether actin has a role in
meiotic spindle assembly. This study has revealed that Rho1 and its atypical effector Sticky (citron kinase
homolog) are both important for microtubule organization suggesting that actin dynamics is important for spindle
assembly. We further looked at the Drosophila cofilin (actin depolymerisation factor), Twinstar, to directly test
whether actin dynamics affects of spindle assembly and chromosome organization. Twinstar was found to be
required for chromosome maintenance and spindle microtubule organization. As expected for defects in
microtubule regulation, all three proteins are also required for homologue bi-orientation. From this study we
conclude that the central spindle proteins are not only required for cytokinesis but also perform early functions
during meiotic spindle assembly including karyosome maintenance, microtubule regulation and chromosome

segregation. We can also conclude that actin interactions are important for regulating microtubule stability and
chromosome movement during meiosis.

281B
Proposed cohesin complexes in Drosophila meiosis. Mercedes R. Gyuricza, Kathryn B. Landy, Kim S.
McKim. Waksman Institute, Rutgers University, Piscataway, NJ.
During meiosis the cohesin complex, a ring like structure comprised of four subunits SMC1, SMC3, Rad21, and
Stromalin (SA), holds sister chromatids together. Homologous pairs of chromosomes are held together by the
synaptonemal complex (SC). It has been shown previously that formation of the SC is dependent upon SMC1
and SMC3. However, using Rad21 RNAi in the germline yields no defect in SC assembly. The SC is also
dependent upon C(2)M and ORD, two proteins also found at the chromosome axis. This is of interest because
C(2)M, like Rad21, is a Kleisin. Kleisins are a group of proteins known to associate with SMCs and aid in closing
the rings. Based on the phenotype of c(2)M mutants, which includes patchy SC assembly but not cohesion
defects, we propose that C(2)M is functioning as the kleisin in some but not all of the cohesin complexes in
Drosophila meiosis. Similarly, SA RNAi results in an intermediate, patchy, SC phenotype similar to c(2)M. We
are looking further into the intermediate phenotype by making a null mutation of SA and characterizing the
phenotype. The phenotypes of other potential cohesin complex mutants, such as ord and solo, are also
consistent with the suggestion that there may be multiple cohesin complexes in Drosophila meiosis. To
investigate how these different complexes are regulated, we are also looking at the role of cohesin regulators on
SC assembly and chromosome segregation. Interestingly, the phenotype of Nipped-B RNAi, a positive regulator
of cohesion, is similar to the patchy SC seen in SA RNAi. The similar phenotype suggests that that Nipped-B
may only be responsible for regulating some of the cohesin complexes, such as those that contain SA and
C(2)M.
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Germline progenitors escape the widespread phenomenon of homolog pairing during Drosophila
development. Eric Joyce, C.-ting (Ting) Wu. Department of Genetics, Harvard Medical School, Boston, MA.
Homolog pairing, which plays a critical role in meiosis, poses a potential risk if it occurs in inappropriate tissues
or between nonallelic sites, as it can lead to changes in gene expression, chromosome entanglements, and
loss-of-heterozygosity due to mitotic recombination. This is particularly true in Drosophila, which supports
organismal-wide pairing throughout development. Discovered over a century ago, such extensive pairing has
led to the perception that germline pairing in the adult gonad is an extension of the pairing established during
embryogenesis and, therefore, differs from the mechanism utilized in most species to initiate pairing specifically
in the germline. Contrary to long-standing assumptions, we find that homologous chromosomes are unpaired in
primordial germ cells from the moment the germline can be distinguished from the soma in the embryo and
remain unpaired even in the germline stem cells of the adult gonad. We further establish that pairing originates
immediately after the stem cell stage. This pairing occurs well before the initiation of meiosis and, strikingly,
continues through the several mitotic divisions preceding meiosis. These discoveries indicate that the spatial
organization of the Drosophila genome differs between the germline and the soma from the earliest moments of
development and thus argue that homolog pairing in the germline is an active process as versus a passive
continuation of pairing established during embryogenesis. This work was supported by a Ruth L. Kirschstein
National Research Service Award to EFJ from the National Cancer Institute (F32CA157188) and NIH/NIGMS
grants (RO1GM61936 and 5DP1GM106412) to C-tW.
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Analysis of Meiotic functions of Sisters Unbound Reveals Similarities to Drosophila Cohesion Proteins.
1
1
2
1
1
1
Badri Krishnan , Sharon Thomas , Igor Zhulin , Hirotsugu Yamada , Rihui Yan , Bruce McKee . 1) BCMB ,
University of Tennessee Knoxville, Knoxville, TN; 2) Department of Microbiology, University of Tennessee,
Knoxville.
Meiosis is a reductional segregation process during which haploid gametes are produced from diploid
precursors. Chromosome segregation during meiosis requires proper cohesion between sister chromatids,
which is responsible for ensuring mono-orientation of sister centromeres (and reductional segregation) during
meiosis I and bi-orientation of sister centromeres (and equational segregation) at meiosis II. In Drosophila
melanogaster, the complete identity of the cohesion-mediating complex is not known, especially that of the nonSMC subunits. We have identified a gene, sisters unbound (sun), whose mutants show high percentage of sister
chromatid and homolog non-disjunction in genetic assays in both males and females. Fluorescent-In-SituHybridization (FISH) of sun mutant spermatocytes revealed that equational chromosome segregation occurs at
anaphase I due to defective mono-orientation. These segregation defects arose due to loss of centromeric
cohesion and clustering (in females) prior to anaphase I segregation, which was determined by analyzing CID
(Centromere Identifier) foci using immunostaining. In Drosophila females, sun shows functions associated with
meiotic cohesion proteins. Genetic tests show that these mutants have reduced recombination frequency and

immunostaining using synaptonemal complex and double strand break markers show that sun affects these in a
manner similar to other cohesion genes like ord and solo. Evidence that SUN interacts directly with cohesion
complex is realized from observation that it localizes to centromeres in both sexes and to chromosome arms in
females and its absence leads to loss of SMC1 (Structural Maintenance of Chromosomes) and SOLO (Sisters
On the LOose) from centromeres from the earliest meiosis stage. Bioinformatic analysis of SUN structure
showed it is a structural homolog of Drosophila Stromalin, which suggests that it performs meiotic functions by
being part of the cohesin complex.

284B
Synaptonemal Complex Protein c3G is required for regulating crossover frequency. John R. Merriam.
Dept Molec/Cell/Dev Biol, Univ California, Los Angeles, CA.
The c3G-coded synaptonemal complex protein is required to properly regulate chiasma (exchange) frequency
by reducing their number. Limited, circumstantial observations suggest the number of crossovers is regulated to
reduce their number to only slightly more than one exchange per tetrad (bivalent). These observations are 1.
chiasma interference, 2. crossover locations are not uniformly distributed over chromosomes, being greatly
reduced adjacent to telomeres and centromeres, and 3. fewer multiple crossover-bearing gametes are observed
than expected relative to the frequency of single crossover-bearing gametes. Possibly relevant as well is the
observation that the frequency of double strand breaks (dsb) is approximately 4x larger than the exchange
frequency. Recombination rates are under genetic control and may be increased, however, by the
interchromosomal effect with heterozygous inversions in another bivalent; the increase is predominantly near
the telomeres and centromeres. In order to screen for genotypes that regulate recombination or influence the
interchromosomal effect an assay was set up to measure enhanced crossingover in the telomere-adjacent
yellow to white interval. An early candidate to test was the c3G[1] (hypomorphic) mutant, reported to cause a
slight increase in overall recombination when heterozygous. c3G[1] heterozygotes approximately double the y-w
crossover rate for all backgrounds, reaching almost 10% in combination with the CyO and TM3 balancers;
heteroygotes with the c3G[68] (null) allele reach slightly more than 10%. Thus it appears that a gene dosage
effect is supported and 2 copies of c3G product are required to normally regulate exchange frequencies. One
possible explanation is the c3G-coded protein plays a structural role with the system identifying which dsb are
repaired with homologous replacement and exchange instead of single-end joining repair. Alternatively, the c3G
protein may participate in single-end joining repair; less c3G protein in heteroygotes may shift more dsb into
repair with homologous replacement and crossing over.

285C
Effects of SMC3 RNAi knockdown in Drosophila male meiosis. Avik Mukherjee. Genome Science and
Technology, University of Tennessee, Knoxville, TN.
Meiosis, essential for sexual reproduction all eukaryotes, is driven by the pairing and proper segregation of both
sister chromatids and homologous chromosomes. Cohesion between sister chromatids plays multiple roles in
pairing and segregation of homologs as well as sister chromatids. It depends, in both mitosis and meiosis, on a
conserved protein complex, cohesin, that forms a ring around duplicated sister chromatids and prevents them
from separating prematurely. Cohesin is composed of four subunits: SMC1 and SMC3 and SCC1/RAD21 and
SCC3/SA. Insight into the composition and role of cohesin in Drosophila meiosis is thus far very limited. The
Drosophila genome encodes single orthologs of SMC1 and SMC3 and two orthologs of RAD21 and SCC3/SA.
There are proteins in Drosophila known to play a role in sister chromatid cohesion and proper segregation like
ORD and SOLO. These proteins colocalize with SMC1 on centromeres of meiotic chromosomes and are
required for centromeric cohesion, proper chromatid segregation and for stable centromere localization of SMC1
and are also required for homolog recombination and synapsis in female meiosis. Recent cytological studies
show germline SMC3 knockdown in Drosophila females disrupt synaptonemal complex formation. But their role
in male meiosis has not been explored. We are investigating the role of cohesins in Drosophila male meiosis by
using germ-line specific RNAi to deplete one of the core cohesin proteins SMC3. Multiple genetic and
cytological studies have been undertaken to assess the effects of depleting the SMC3 cohesin subunit on
centromere cohesion, homolog pairing and chromosome segregation. When we knockdown SMC3 in male
germline we observe premature sister chromatid separation and we also observe loss of centromeric cohesion
between sister chromatids. The genetic and cytological data match and indicate similar effects. We will also
report the effect of SMC3 depletion on localization of other proteins required for cohesion in Drosophila males.
This study provides insight into the function of SMC3 protein in Drosophila male meiosis.

286A
A splice variant of centrosomin (Cnn) converts mitochondria into MTOCs to facilitate sperm tail
elongation. Jieyan Chen, Timothy Megraw. Biomedical Sciences, Florida State University, Tallahassee, FL.
Mitochondria are energy centers in cells. In Drosophila, however, they also play an important role in sperm tail
elongation by providing a structural platform for microtubule (MT) organization to support the elongating tail.

Centrosomin (Cnn) is a core centrosomal protein whose gene expresses several variants. Its centrosomal forms
(CnnC) are essential for functional centrosomes, the major Microtubule Organizing Centers (MTOCs) in animal
cells. We recently found that the other alternative splicing forms of Cnn (CnnT) are exclusively expressed in
testes. And unlike CnnC, which localizes at centrosomes, CnnT localizes to giant mitochondria (nebenkerns) in
spermatids. Ectopic expression of CnnT in Kc167 cells recruits the essential MT nucleating factor γ-tubulin to
mitochondria, and expression of CnnT fragments showed that the N terminus (shared by CnnC and CnnT) of
CnnT functions in γ-tubulin recruitment, whereas the unique C terminal region of CnnT is responsible for
mitochondrial targeting. These features of CnnT are conserved in mammalian cells. MT-regrowth assays in
CHO cells revealed that CnnT recruits γ-tubulin and GCP-WD to nucleate MTs on mitochondria. The conserved
N terminus of CnnT is is necessary and sufficient for this MT-nucleating function, while the C-terminus is
necessary and sufficient for mitochondrial targeting. Focusing on the MT-nucleation function, we found that
disrupting centrosomin domain 1 (CM1) abolishes the MT-nucleating function of CnnT but does not block γtubulin or GCP-WD recruitment, indicating that CM1 is essential for the activation but not recruitment of MTnucleating factors. In vivo, CnnT forms speckles on the surface of the nebenkern in spermatids, where it also
recruits γ-tubulin. Consistently, a CnnT mutant does not have γ-tubulin speckles on the nebenkern. In addition,
CnnT mutant males have significantly shorter mature sperm tail, smaller seminal vesicles and reduced fertility.
Altogether, we propose that CnnT promotes assembly of unique MTOCs on the surface of mitochondria where,
in elongating sperm cells, it regulates sperm tail growth.

287B
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The PCL acts as a sperm centriolar precursor during fertilization. Atul Khire , Stephanie Blachon , Tomer
1
Avidor-Reiss . 1) Department Biological Sciences, The University of Toledo, Toledo, OH-43606; 2) Hybrigenics,
3-5 impasse Reille, 75014 PARIS.
A typical centrosome consists of a pair of centrioles associated with fibrous pericentriolar material.Although cell
requires two centrioles to function, it is startling that the Drosophila melanogaster oocyte lacks centrioles and
that a single functional centriole is inherited form the male sperm.Surprisingly, the second centriolar structure
has been observed soon after the fertilization.To explain origin of the centrioles in animal zygote,their are four
hypotheses:1)The Duplication Hypothesis postulates that single functional centriole is inherited from the sperm,
which is duplicated soon after the fertilization.2)The Regeneration Hypothesis proposes that non-rodent
mammalian sperm have an intact sperm and a degenerated centriole. After fertilization, the degenerated
centriole regenerates to form a second centriolar structure. 3)TheMaternal Hypothesis explains the observation
that rodent sperm and zygotes lack a recognizable centriole, yet centrioles are observed when the zygote
reaches the sixty-four-cell stage.4)The Precursor Hypothesis states that a sperm provides both a centriole and a
centriolar like precursor; in the zygote, the precursor becomes the second centriolar structure. We recently
discovered that the sperm has additional centriole precursor like structure (PCL) that can be the origin of the
2nd centriole of the zygote.We tested this by studying the centriole origin during fertilization in wild type and
mutant embryo. We marked the PCL using various genetically tagged centriolar proteins (Ana1, Bld10, Sas4
and Sas6) in the Drosophila spermatids, and using antibodies against PCM proteins (DSpd-2, Asl, γ-tubulin,
CNN) after fertilization. Our finding suggests that the PCL is inherited from the sperm to the zygote were it acts
by recruiting the PCM proteins, assemble aster microtubules and serve as a scaffold to form a daughter
centriole. Thus, our findings suggest that in Drosophila the PCL is the origin of the second centriole in the
zygote.

288C
Isoform-specific functions of Mud/NuMA mediate binucleation of Drosophila male accessory gland cells.
1
2,3
2,3
4
4
Kiichiro Taniguchi , Akihiko Kokuryo , Takao Imano , Ryunosuke Minami , Hideki Nakagoshi , Takashi
1,2,3
Adachi-Yamada . 1) Dept. Life Sci., Fac. Sci., Gakushuin University, Tokyo, Japan; 2) Inst. Biomol. Sci.,
Gakushuin University, Tokyo, Japan; 3) Dept. Biol., Grad. Sch. Sci., Kobe University, Kobe, Japan; 4) Grad.
Sch. Nat. Sci./Tech., Okayama University, Okayama, Japan.
In standard cell division, cells sequentially execute karyokinesis and cytokinesis. Although these processes are
strictly regulated in most organisms, certain animal cells, such as cardiomyocytes and hepatocytes, go through
mitosis without cytokinesis to produce binucleate cells. However, little is known about how cytokinesis is skipped
after karyokinesis to bring about binucleation. To address this issue, we analyzed the Drosophilaa male
accessory gland, in which all cells are binucleated. Here we characterized the binucleation event during
development of the accessory gland and examined the mechanisms regulating binucleation. We found that the
accessory gland cells arrested the cell cycle and temporarily stopped proliferating in the middle of the pupal
stage. The cells subsequently restarted the cell cycle and entered the M-phase synchronously. At this stage,
mitosis took place without cytokinesis to binucleate. Binucleating cells displayed the standard karyokinesis
progression, but showed unusual behaviors such as a non-round shape, spindle orientation along the apicobasal axis, and poor assembly of the central spindle. We found that Mud, a Drosophila homolog of NuMA,
regulates these three behaviors during binucleation. Moreover, we found that two isoforms for Mud differentially

short

regulate them. In particular, a newly characterized shorter isoform of Mud (Mud ) played critical roles in
orienting the spindle along the apico-basal axis and in repressing the central spindle assembly. In contrast, the
long
short
previously known longer isoform of Mud (Mud ) repressed cell rounding. Importantly, large amounts of Mud
dominantly induced binucleation even in proliferating cells. These results suggest that Mudshort is a key
regulator in executing binucleation.

289A
Small molecule screen to design a chemically defined medium supporting long-term growth of
1
1
2
1
Drosophila cell lines. Miranda Burnette , Jonathan Chen , Jun Li , Jeremiah Zartman . 1) Department of
Chemical and Biomolecular Engineering, University of Notre Dame, Notre Dame, IN; 2) Department of Applied
and Computational Mathematics and Statistics, University of Notre Dame, Notre Dame IN.
Due to the numerous genetic tools available, Drosophila cell culture finds multiple applications as a screening
platform to identify new therapeutic targets, to study conserved signal transduction pathway mechanisms, and
as an expression system for recombinant proteins. However, the relative lack of in vitro methods for Drosophila
cell and tissue culture compared to mammalian culture technology limits its potential as a biochemical model
system for studying human diseases. In an effort to characterize the minimal essential requirements for longterm growth of Drosophila cell lines, we developed an adaptive screening strategy utilizing two cell lines to
identify compounds and compound synergies stimulating proliferation and cell viability in a chemically defined
medium. In a pilot screen, we focused on two well-characterized cell lines: a wing imaginal disc cell line with
fibroblast morphology, Cl.8, which has been previously used to identify novel insect-specific growth factors; and
an embryonic cell line with macrophage-like lineage, S2, which is frequently used for recombinant protein
production. Validated factors were investigated for their ability to maintain cell viability and growth over multiple
passages in the chemically defined medium for both cell lines. We identified the polyamine spermidine as a
critical component enabling long-term maintenance of Cl.8 cells in a chemically defined medium. We have
investigated the role of spermidine in Drosophila development and in a Drosophila model of tumorigenesis.
Future iterations will enable identification of small molecule combinations optimized for specific applications—
the maintenance and generation of Drosophila cell lines, production and purification of recombinant proteins—
increasing the versatility of Drosophila cell culture as both a genetic and biochemical model system.

290B
Troponin-I localizes cell polarity signals and is required for tumor growth. Sergio Casas-Tinto, Alberto
Ferrus. Cajal Institute, Madrid, Spain.
We investigated the role of Troponin I (TnI) in three cell types that exhibit different polarization and proliferation
strategies: epithelial (imaginal discs), stem-like (neuroblasts) and secretory (salivary gland) cells. Tn-I traffics
between cytoplasm and nucleus, and can show apical localization, both in the cytoplasm and the nucleus, as a
function of cell cycle status. In epithelial systems, TnI is required for the polar localization of Par3/Bazooka and
Dlg, but not for that of aPKC or Scribbled. In neuroblasts, the polar localization of Miranda requires TnI. In
salivary gland cells, TnI is necessary for proper chromosome structure but does not seem to affect polarity.
Cells deficient for Tn-I exhibit reduced fitness and undergo cell competition including apoptosis and basal
extrusion from epithelial systems. These features can be rescued by the cell-competition-specific factors Flower
and Sparc, yielding defective, but not extruded, cells. In neuroblasts, TnI also shows apical localization and its
deficiency limits proliferation. Tumorous overgrowth of Yorkie, Notch or Ras oncogenic origins are largely
suppressed by Tn-I down-regulation. Consistent with these data from Drosophila, human tumor cell lines can be
arrested by interfering their endogenous Tn-I activity with a human peptide. Tumor cells are arrested at G0/G1.
Thus, beyond its role in muscle contraction, Tn-I plays a conserved role in symmetric and asymmetric cell
divisions, and in the polar localization of specific signals according to their cell type. Given its structural role, TnI
becomes a potentially useful new target to prevent tumor growth.

291C
A screen for Tribbles interacting genes using FijiWings, a toolkit for semi-automated wing
morphometric analysis. Leonard L. Dobens, Anna Shipman. Sch Biological Sci, Univ Missouri, Kansas City,
Kansas City, MO.
The Drosophila wing is an ideal tissue to examine how cell proliferation is coordinated with cell growth to pattern
proper tissue size. Wing features, including veins and trichome structures, provide distinctive landmarks useful
to measure tissue and cell size. We have developed FijiWings, a set of macros that automate plug-ins in the
ImageJ/Fiji software, to accomplish morphophometric analysis of any wing photomicrograph. FijiWings uses
pattern recognition to outline wing veins and image processing to identify individual trichomes to calculate tissue
and cell size, respectively. Using a misexpression approach, we have shown previously that this tool can
effectively detect changes in both tissue and cell size resulting from manipulations to the insulin signaling
pathway. Here use FijiWings to conduct a high-throughput wing misexpression screen for genes that interact
with the conserved kinase-like protein Tribbles. In humans and mice, Trb family members are associated with

both insulin resistance and cancer. In flies, Tribbles binds to and blocks or degrades the activity of key
regulatory genes during diverse developmental processes, including (1) String/Twine/cdc25 phosphatase during
cell division in the embryo, (2) Akt1 during cell growth in the larva and (3) the C/EBP homolog Slbo during cell
migration in the ovary. In the wing, Tribbles misexpression decreases wing tissue size but increases the size of
wing cells and here we describe ongoing work to identify new genes that modify these phenotypes to act
potentially in a conserved Tribbles signaling pathway regulating cell proliferation and growth.
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Healing a fly by increasing cell size through polyploidization and fusion. Vicki Losick , Allan Spradling .
1) Dept Embryology, Carnegie Institution for Science, Baltimore, MD; 2) Howard Hughes Medical Institute.
All organisms suffer external or internal wounds to some extent during their lifetimes; through normal usage and
aging, organs must be repaired. A monolayer of differentiated epithelial cells underlies the adult abdominal
cuticle in Drosophila, and provides an attractive new system to address how post-mitotic diploid cells contribute
to tissue repair. In this system, it is known that puncture wounds first close by forming a melanized scab, which
persists for the fly’s lifetime as a scar at site of injury. We discovered that differentiated epithelial cells respond
to injury by enlarging their cell size through cell growth and cell fusion instead of through cell division.
Furthermore, the enlarged cells maintain their genomic content by entry into the endocycle. Polyploidization and
cell fusion work in parallel to heal wounds; only when both pathways are blocked do wounds fail to close. We
showed that the Hippo signaling effector, Yorkie, is required to modulate both the polyploidization and the cell
fusion responses. The Hippo pathway is known to be responsive to mechanical signals including changes in
cytoskeletal dynamics and cell polarity, suggesting one of these cues may drive the extent and location of tissue
repair. In addition, we found that this repair mechanism occurs in coordination with scar formation. The epithelial
nuclei within the central enlarged syncytium organize in a distinct pattern and encircle the scar’s edge,
suggesting that large cell production may help to mechanically support the scar/cell interface.

293B
CG10126 is a downstream target of EGFR signaling. Qian Nie, Susan Spencer. Department of Biology, Saint
Louis, MO.
The Epidermal Growth Factor Receptor (EGFR) is a receptor tyrosine kinase that regulates signaling pathways
critical for cell development and proliferation from Drosophila to humans. Identifying the downstream
transcriptional targets of EGFR signaling is important for understanding the role of this signaling in normal tissue
development and tumor growth. We have used microarray analysis to identify a highly upregulated gene,
CG10126, a Drosophila homolog of the human protein Calcyphosin. Here, we examine the transcription of this
new gene is response to EGFR activation, and the role of CG10126 in Drosophila eye development. We will
also present researches in the role of CG10126 and associated proteins in cell cycle regulation and cell
proliferation. Together, we show CG10126 as a downstream target of EGFR is essential for cell growth and
Drosophila eye formation.

294C
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Non-autonomous tissue growth by endocytic regulation of Eiger and Ras signaling. Kyoko Takino ,
1
1,3
Shizue Ohsawa , Tatsushi Igaki . 1) Lab. of Genetics, Kyoto Univ. Grad. Sch. of Biostu, Kyoto, Kyoto, Japan;
2) Division of Genetics, Kobe Univ. Grad. Sch. of Med; 3) PRESTO, Japan Science and Technology Agency.
Epithelial tumor progression is regulated by cell-cell communications between oncogenic cells and normal cells
within tumor microenvironment. To understand the mechanism by which tumors progress through cell-cell
interactions, we performed a genetic screen in Drosophila eye disc to identify mutations that cause nonautonomous overgrowth of surrounding tissue. We isolated a mutant for rab5, a small GTPase protein essential
for generating early endosomes, as an inducer of non-autonomous overgrowth. We found that normal tissue
surrounding rab5 mutant clones overgrow through the Upd-JAK/STAT pathway triggered by mutant clones that
inactivate the Hippo pathway. We further found that the inactivation of the Hippo pathway is triggered by coactivation of Eiger and Ras signaling. The mechanism by which rab5 mutation inactivates the Hippo pathway will
be discussed.

295A
Identification and study of new genes involved in epithelial growth and morphogenesis. Parvathy
Venugopal, Vincent Mirouse. GReD, Clermont University, CNRS UMR 6293, INSERM U1103, ClermontFerrand, France.
Genes that control epithelial growth and morphogenesis play important role in normal and cancer development.
We use the follicular cells of the Drosophila ovary as a model of epithelium to study polarity, cell
morphogenesis, growth and tissue elongation. We did an in vivo RNAi screen on a set of 1000 selected genes
in the follicle cells of Drosophila ovary. In the screen we identified seven new genes regulating morphogenesis
and four new genes that regulate cell growth.

We now focus our study on one of the candidate gene from the screen: Discs Large 5 (Dlg5), the loss of
function of which gives smaller cells. Dlg5 is an evolutionarily conserved protein belonging to the MAGUK family
of proteins that include many other epithelial polarity proteins. Mouse Dlg5 knockout leads to growth defect and
weak epithelial polarity defects, though these functions are not understood at the molecular level. We generated
antibody against Drosophila Dlg5 protein and immunostaining data show that Dlg5 is located at or near the cell
cortex and shows a vesicular staining pattern, suggesting a role in cell trafficking. Although the absence of Dlg5
did not cause a loss of epithelial polarity, there is a decrease in the level of polarity markers in mutant follicular
cells, suggesting a role in this process. Homozygous Dlg5 mutant larvae fail to grow and Dlg5 is also required
for the wing growth indicating a broad function. We identified Dlg5 as new actor of the TOR growth pathway,
regulating protein level of a key component of this pathway. We are also performing a structure function analysis
in vivo using various deletion constructs to identify the domains important for the conserved functions of Dlg5 in
cell growth and polarity.

296B
Regulation of Hippo signaling by EGFR-MAPK signaling through Ajuba family proteins. Venu Reddy
1,2
2
Bommireddy Venkata , Ken Irvine . 1) KS 338D, ACTREC, TMH, Navi Mumbai, Maharastra, India; 2)
Waksman Institute, Rutgers University, Piscatway, NJ 08854.
Epidermal growth factor receptor signaling plays an important role in growth control, and inappropriate activation
of EGFR signaling has been implicated in several cancers. Likewise, the recently discovered Hippo signaling
plays a crucial role both in controlling normal growth during development, and when dysregulated contributes to
tumorigenesis. Here, we identify and characterize a conserved link between these pathways. We find that EGFR
activates the Hippo pathway transcription factor Yorkie, and demonstrate that Yorkie is required for the influence
of EGFR on cell proliferation in both glial cells and wing imaginal discs of Drosophila. We determine that EGFR
regulates Yorkie through the Ras-MAPK branch of EGFR signaling. Genetic and biochemical experiments
implicate the Ajuba LIM protein Jub as the key target of EGFR-Ras-MAPK signaling within the Hippo pathway,
as Jub is epistatic to EGFR and Ras for Yorkie regulation, Jub is subject to MAPK-dependent phosphorylation,
and EGFR-Ras-MAPK signaling enhances Jub binding to the Yorkie kinase Warts, and to the scaffolding protein
Salvador. We further show that an EGFR-Hippo pathway link is conserved in mammals, as activation of EGFR
or RAS results in activation of the Yorkie homologue YAP, and EGFR-RAS-MAPK signaling promotes
phosphorylation of the human Ajuba family protein WTIP, and also promote WTIP binding to the Warts and
Salvador homologues LATS and WW45. Our observations implicate the Hippo pathway in EGFR-mediated
tumorigenesis and identify a novel molecular link between these two pathways.

297C
Nitric oxide signaling in the prothoracic gland regulates growth coordination during the regeneration
checkpoint. Jacob Jaszczak, Jacob Wolpe, Anh Dao, Adrian Halme. Department of Cell Biology, University of
Virginia School of Medicine, Charlottesville, VA.
In Drosophila larvae, imaginal disc damage activates a regenerative checkpoint that both extends larval
development and slows the growth of undamaged imaginal discs. This reduction of growth may function to
coordinate regenerative growth with the developmental growth of undamaged tissues. While Dilp8 has been
identified as an important regulator of both delay and growth coordination during the regenerative checkpoint,
the pathways by which Dilp8 mediates growth control are still unknown. Nitric oxide synthase (NOS) has been
shown to regulate developmental growth of the imaginal discs; however, the mechanism of growth regulation by
NOS had not been characterized.
We show that NOS mediates growth control during the regenerative checkpoint and functions in the prothoracic
gland to regulate the growth of undamaged tissues by restricting larval ecdysone signaling. While previously
published experiments show that NOS activity in the PG of post-feeding larvae promotes ecdysone synthesis,
we demonstrate that NOS in the PG has the opposite effect on ecdysone synthesis in younger feeding thirdinstar larvae. During the regenerative checkpoint, NOS reduces ecdysone signaling by reducing the expression
of critical ecdysone biosynthesis genes. Based on this work, we propose that Dilp8 produced in regenerating
tissues signals through NOS in the PG to decrease ecdysone signaling. Our experiments demonstrate: 1)
ecdysone signaling is rate-limiting for imaginal tissue growth during the last larval instar and 2) regenerating and
undamaged tissues differ in their dependence on ecdysone for growth. Based on these results, we plan to
identify the role of ecdysone in imaginal tissue growth regulation and determine the distinctions between
regenerative and developmental growth.

298A
Genetic control of tissue specific growth in the larval trachea of Drosophila. Paulo Leal, Brett Bohmann,
Cyril Cook, Alex Matlock, Robert Ward. Dept. of Molecular Biosciences, University of Kansas Lawrence, KS.
Different tissues and organs grow at different rates compared to overall organismal growth, suggesting growth

mechanisms that act tissue specifically. The mechanisms of tissue specific growth are less well understood than
those governing the growth of an entire organism. To gain a better understanding of tissue specific growth
processes we have been characterizing mutations that alter growth in single tissues in a genetically tractable
model systems. Larval trachea growth in Drosophila melanogaster is well suited for these studies since the
trachea shows dramatic growth during the larval stages, can be imaged and measured in living animals, and
gene expression can be specially altered in this tissue using breathless-GAL4. In addition mutations in
uninflatable (uif) and Matrix metalloproteinase 1 (Mmp1) are larval lethal with phenotypes including specific
defects in larval tracheal growth relative to overall organismal growth. Here we report the characterization of 8
additional tracheal growth mutations recovered from screens of an EMS mutagenesis and larval lethal P
elements. We are conducting phenotypic analyses of the mutants animals coupled with whole genome
sequencing to identity the causative mutation in each line. Since the growth of larval endoreplicating tissues
(including the trachea) is fueled by nutrition and largely regulated through the insulin signaling pathway, it is
possible that mechanisms of tissue specific growth in this tissue will impinge upon insulin signaling. Therefore
we are analyzing the insulin signaling pathway in these mutations and attempting to rescue their growth defects
by upregulating insulin signaling specifically in the trachea.
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Non-cell autonomous tumor progression driven by cell cycle arrest. Nakamura Mai , Ohsawa Shizue ,
1,2
Igaki Tatsushi . 1) Kyoto University, Kyoto, Sakyo-ku, Japan; 2) PRESTO, JST, Japan.
Cell-cell communications in tumor microenvironment play important roles in cancer progression. However, the
mechanism by which oncogenic mutations create tumor microenvironment in vivo remains elusive. We have
V12
recently found in Drosophila imaginal disc that clones of oncogenic Ras -expressing cells with mitochondrial
V12
-/dysfunction (Ras /mito ), the frequent alteration in human malignancy, lead to the secretion of inflammatory
cytokines and the induction of tumor growth and progression in neighboring tissue. Here we show that the nonV12
-/cell autonomous tumor progression caused by Ras /mito clones is driven by G1-phase cell cycle arrest in
response to DNA damage. This phenomenon exhibits the characteristics of cellular senescence, which includes
irreversible cell cycle arrest, DNA damage, cellular hypertrophy, and secretion of inflammatory cytokines. While
it has been believed that cellular senescence acts as a tumor suppressor, our data shows that it can also act as
a tumor promoter through cell-cell communication. The mechanism by which cell cycle arrest drives non-cell
autonomous tumor progression will be discussed.

300C
Identification of new Fat-Dachsous signaling regulators in growth control. Yifei Zhang, Xing Wang, Seth
Blair. Zoology Dept, UW Madison, Madison, WI.
Fat-Dachsous signaling plays key roles in growth control by regulating Hippo pathway. Although previous
studies have identified a few proteins that are involved in this regulation, how the growth control signals are
transmitted from Fat to those mediators and the core Hippo machinery is not well understood. We used yeast
two-hybrid and and affinity purification-mass spec approaches to find new binding partners for the Hipporegulating domains of the Fat protein, and used co-IP to validate candidates and investigate binding to other
Hippo pathways components. Our results identified known growth regulators such as Cpa, as well as novel
growth regulators such as CG15576. In vivo analyses indicate that these proteins genetically interact with Fat to
regulate growth, as revealed by changes in tissue sizes and/or various Hippo signaling markers. Our findings
further suggest that CG15576 may act as an adaptor between Fat and the Zyxin/Dachs complex, while Cpa may
provide a direct link from Fat to the core Hippo machinery.

301A
Dynein Light Chain 1 (DLC1) is required for normal growth in Drosophila Melanogaster. Daniel Allyn
Barron, Kenneth Moberg. Dept Cell Biol, Emory Univ Sch Med, Atlanta, GA.
Carcinogenesis is fueled by the deregulation of oncogenes and tumor suppressor genes, which allows for
excessive cell proliferation and tissue growth. The Dlc1 (dynein light chain 1) gene encodes a very well
conserved protein that can promote cancerous phenotypes in cultured cells and is deregulated in human
cancers. Our goal is to use Drosophila as a model system to elucidate the molecular pathway(s) through which
Dlc1 influences cell biological process that underlie tumorgenesis. The Dlc1 protein was originally described for
its accessory role in dynein motor complexes; however, it is now becoming clear that Dlc1 plays a variety of
dynein-independent roles in the cell by acting as a ‘dimerization hub’ to promote the formation of higher-order
protein complexes. Using Drosophila, we have identified a previously undescribed phenotype whereby ‘knocking
down’ Dlc1 protein with an RNAi transgene reduces organ size. This phenotype offers a unique opportunity to
genetically dissect the growth regulatory function of Dlc1. Here, we present genetic and reporter data
suggesting a role for Dlc1 in the conserved Hippo tumor suppressor pathway.

302B

Regenerative signals regulate the timing of epithelial tumor development through ecdysone signaling.
Thu Tran, Rebecca Garrett, Rajan Bhandari, Adrian Halme. Cell Biology, University of Virginia, Charlottesville,
VA.
The expression of tumorigenic phenotypes by cells depends on the interaction between genetic changes within
the cell and the cellular environment. The emergence of several tumor types in humans is often correlated with
specific developmental transitions (e.g. thyroid carcinoma and malignant melanoma at puberty); tumorigenesis
may rely on specific signals produced at these times. Additionally, tumor incidence or pathology can be
influenced by the systemic hormone signals that control human development, as seen in the increased
incidence of breast cancer or advanced pathology of colorectal cancer in women undergoing hormone
replacement therapy.
To examine the role of developmentally regulated signals in promoting the expression of tumorigenic
phenotypes, we are studying the emergence of neoplastic tumors that result from mutation in the tumorsuppressor genes avalanche or lethal giant larvae in a Drosophila model for epithelial tumorigenesis. We
observe that the expression of the neoplastic tumor phenotype resulting from either of these mutations begins at
a specific time in development and is correlated with the activity of a steroid endocrine signal, ecdysone. We
show here that ecdysone signaling through its nuclear receptor (EcR) functions in mutant cells to promote
neoplastic transformation. Furthermore, we demonstrate that EcR regulates the transcription of a specific gene,
wingless, that is activated as part of a program of epithelial tissue regeneration. The constitutive activation of
this regenerative signaling pathway in tumors promotes tumor progression and depends on ecdysone signaling
through EcR activation in tumor cells. In summary, we observe that tumor-suppressor dependent neoplastic
transformation of Drosophila epithelial tissues requires EcR activation in transforming tissues, which allows the
expression an epithelial regenerative pathway that fuels neoplastic tumorigenesis.

303C
Disc overgrown (Dco) as a player in Drosophila haematopoiesis. Lucie Jonatova, Tomas Dolezal.
University of South Bohemia, Ceske Budejovice, Czech Republic.
Dco is a ser/thr protein kinase with highly conserved structure and sequence encoding a homologue of human
casein kinase Iδ/ε (CKIδ/ε). It had been shown to play a role in the proper larval development since mutations in
this gene cause overgrowth or discless phenotypes in Drosophila larvae. There have been found point
mutations in the human CKIε gene in breast cancer samples that were introduced into the Drosophila dco.
These cause a hyperplastic growth of imaginal discs. In addition, we show that these Drosophila mutants dco[L39Q] and dco [L39Q S101R] - also affect haematopoiesis causing leukaemia-like phenotypes. Lymph
gland, a haematopoietic organ in Drosophila larvae, is strikingly overgrown, which is in conformity with
increased numbers of circulating haemocytes. On the other hand, Dco-deficient larvae have half of the normal
number of circulating haemocytes and the lymph gland never reaches the normal size. We have tested a
correlation between JAK/STAT signalling and the Dco haematopoietic phenotypes in the lymph gland. We
expressed the mutant alleles specifically in the functionally diverse parts of the lymph gland and changes in the
functional distribution of lymph gland compartments were detected by immunohistochemistry. Thus the specific
role of Dco was implicated with emphasize on the hematopoietic system.
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d-Csk regulates growth via the Hippo signaling pathway. Hailey J. Kwon , Indrayani Waghmare , Shilpi
1
1,2,3
Verghese , Madhuri Kango-Singh . 1) Department of Biology, University of Dayton, Dayton, OH; 2) Center for
Tissue Regeneration and Engineering at Dayton, Dayton, OH; 3) Premedical Programs, University of Dayton,
Dayton, OH 45469.
The Hippo signaling pathway is involved in regulating tissue size by inhibiting cell proliferation and promoting
apoptosis. Hippo signaling coordinates a timely transition from cell proliferation to cellular quiescence, and
ensures proper cellular differentiation. Aberrant Hippo pathway function (due to mutations or amplification of
genes, epigenetic silencing, and oncogenic transformation) is often detected in human cancers and correlates
with poor prognosis. The Drosophila C-terminal Src kinase (d-Csk) is a genetic modifier of warts (wts), a tumorsuppressor gene in the Hippo pathway, and interacts with the Src oncogene. Reduction in d-Csk expression and
the consequent activation of Src are frequently seen in hepatocellular and colorectal tumors. Previous studies
show that d-Csk regulates cell proliferation and tissue size during development. Given the similarity in the lossof-function phenotypes of d-Csk and wts, we have investigated the interactions of d-Csk with the Hippo
pathway. Here we present multiple lines of evidence suggesting that d-Csk regulates growth via the Hippo
signaling pathway.
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A role for Spaetzle in sensing and signaling during cell competition. Lale Alpar , Cora Bergantiños , Marc
2
2
Amoyel , Laura A. Johnston . 1) Biological Sciences, Columbia University, New York, NY; 2) Genetics and
Development, Columbia University, New York, NY.

Cell competition responds to differences in the expression of genes that control growth, patterning, or
metabolism and results in the promotion of the stronger cells at the expense of the weaker. In a wing imaginal
disc mosaic for the growth regulator and oncogene Myc, cells with less Myc expression “lose” and get
eliminated by their “winner” neighbors with higher Myc levels. Little is known about the signaling pathways that
recognize and communicate competitive differences between “winner” and “loser” cells. Using clonal analysis to
measure the growth of “loser” cell clones in different genetic backgrounds, we have shown that certain
components of the innate immune signaling pathways of Drosophila are required for Myc-induced cell
competition. Our data suggests that during cell competition, these components work in a novel configuration to
serve as a signalling pathway that allows for the elimination of the “losers”. We identified Spaetzle (Spz) as a
putative activator of this pathway and showed that in a spz null background, the elimination of "loser" cells is
prevented. Spz is synthesized as an inactive precursor and needs to be cleaved for activation. We are currently
trying to identify components that control Spz activity, and how they are regulated during cell competition.
Ultimately, by identifying the regulatory system that controls Spz activation during cell competition, we hope to
better understand the machinery that perceives and responds to competitive differences between populations of
cells.

306C
Mosaic Ribosomal protein S6 deficiency: a Minute mouse model for studying cell competition. Laina
Freyer, Nicholas E. Baker, Bernice E. Morrow. Genetics, Albert Einstein College of Medicine, Bronx, NY.
Cell competition was originally described in mosaic Drosophila Minute mutants, characterized by phenotypic
traits linked to Ribosomal protein (Rp) haploinsufficiency, as a non-autonomous mechanism by which one group
of cells actively eliminates and replaces neighboring cells that have been identified as relatively less fit. We are
utilizing the new MASTR (Mosaic mutant Analysis with Spatial and Temporal control of Recombination; Lao et
al., 2012) method in mice to induce mosaic Ribosomal protein S6 (RpS6) heterozygous deficiency in vivo in
order to directly test parameters of cell competition in a Minute mouse model. While genetic mosaic studies are
routine in Drosophila, conditional mouse knockouts do not couple mutation induction with a cell-autonomous
marker. MASTR provides a two-tiered Flp/Frt and Cre/LoxP recombinase system for mosaic mutation coupled
with cell labeling. The first step requires activation of FlpoER recombinase, expressed constitutively from the
FlpoER
locus but requiring tamoxifen for activity. Low-level, stochastic recombination of FRT sites on the
Rosa26
MASTR
allele activates constitutive expression of a Cre:GFP fusion protein to drive complete
Rosa26
recombination of all floxed target alleles in the same cell. Thus, MASTR can activate a reporter allele to faithfully
represent recombination of target alleles. Currently, we are testing variable conditions for optimized clone
labeling and growth and seek to test our hypothesis that RpS6 haploinsufficiency may be repaired in mosaic
mouse tissue by selective elimination of RpS6+/- cells by +/+ cells via cell competition mechanisms. Our model
can be combined with other existing mutant alleles thus accommodating future studies of genetic pathways that
either modulate or are targets of Rp-mediated cell competition in a mammalian system in vivo.

307A
A Transcriptional profiling approach to identify genes defining the loser cell identity in cell competition.
Iwo Kucinski, Eugenia Piddini. Gurdon Institute, University of Cambridge, Cambridge, United Kingdom.
Cell competition is a process during which a fitter cell population outcompetes a population of neighbouring
weaker cells, inducing their elimination. Despite its discovery 38 years ago, our knowledge of the molecular
mechanisms governing cell competition is limited. Specifically, the upstream signals that allow loser cells
recognition and initiation of cell competition remain unidentified. One approach to address this question is to
identify at the molecular level the differences between loser and winner cells. To this end we have carried out
-/+
transcriptional profiling of Minute ; wing disc cells (which are outcompeted by wild-type cells) and compared it
to the transcriptome of wild-type Drosophila wing discs. We have identified ≈300 genes that are differentially
-/+
expressed and bioinformatics analysis suggests that some pathways are constitutively active in Minute ; cells.
We are currently investigating their relevance to cell competition.
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Mechanical processing of differential cell division during epithelial cell competition. Alice Tsuboi , Shizue
2
1
2
1
Ohsawa , Kenji Matsuno , Tatsushi Igaki , Koichi Fujimoto . 1) Graduate School Of Science, Osaka Univ.,
toyonaka, Japan; 2) Graduate School Of Biostudies, Kyoto Univ., Sakyo-ku, Japan.
Cell competition is a mechanism of tissue homeostasis against cell-cell heterogeneity, whereby apoptosis
occurs into slower-dividing cells (losers) among cells dividing more rapidly (winners) in multicellular
communities. The difference in cell division rate can accumulate mechanical pressure and tension at the
interface between the two cell populations. However, the properties that detect the difference in cell division rate
and the tissue mechanics that regulate the detection process are little known. Here we combined computer
simulations and genetic experiments in Drosophila to analyze the mechanical processing of the differential cell
division rate. By introducing two clonal cell populations with different cell division rates into the cell vertex model,

we numerically found that the interface between the clones self-organizes into a smoothly rounded shape.
Moreover, the slower-dividing loser cells at the clone interface were abnormal not only in their elongated shape
but also in mechanical tension at their cell-cell interfaces, which were not observed in the faster-dividing winner
cells. As the difference in cell division rate increases, the interface between the two cell populations becomes
more smoothly rounded, and the slower-dividing cells at the interface become more elongated. Consistent with
the numerical predictions, mosaic experiments in Drosophila imaginal epithelium showed that the clone interface
between wild-type and Hippo mutant (faster-dividing) cells was smoothly rounded. However, the interfacespecific cell elongation predicted by the numerical study was much weaker in the imaginal epithelium, indicating
the existence of additional factors that regulate losers’ cell shape. As a candidate, we further numerically
predicted that cellular stiffness of faster-dividing is less than that of slower-dividing cells. The mechanical
processing of the information for the differential cell division rate may regulate epithelial cell competition.

309C
A Drosophila model to study signaling and intercellular interactions that Promote Aggressive
1
1
3
1,2,3
Tumorigenesis. Indrayani Waghmare , Shilpi Verghese , Austin Roebke , Amit Singh , Madhuri Kango1,2,3
Singh . 1) Department of Biology, University of Dayton, Dayton, OH; 2) Center for Tissue Regeneration and
Engineering at Dayton (TREND), University of Dayton, Dayton, OH; 3) Premedical Programs, University of
Dayton, Dayton OH 45469.
Epithelial cells are the major cell-type for all organs, and are the source of 90% of human cancers. Epithelial
cells organize into elaborate stratified sheets via formation of intercellular junctions, and have a distinct apicalbasal polarity. In all advanced epithelial cancers, malignant cells lose polarity and connections to the basement
membrane, and become proliferative, motile, and invasive. Several Drosophila cancer models reinforce these
observations, however, the underlying changes in signaling and intercellular interactions remain largely unclear.
Evidence from studies in Drosophila and recently also in vertebrate models have suggested that even the
oncogene-driven enforced cell proliferation can be conditional, dependent on the influence of cell-cell or cellmicroenvironment contacts. We have performed a systematic analysis to identify the signaling changes in scrib
mutant cells and their neighboring normal cells. We compared scrib mutant cells generated in different genetic
backgrounds for our analyses and our preliminary studies show that the cellular environment modifies the
competitive ability of scrib mutant cells. We have identified three molecules (JNK, Wg and Yki) that are
associated with aggressive proliferation of UASRasV12 scrib-/- cells. The combination of survival, mitogenic,
and proliferative signals by activation of Ras-MAPK, JNK, WG and Yki mediated signaling drives aggressive
proliferation of UASRasV12 scrib-/- cells. Our hypothesis is that JNK induced Wg and Yki activity underlies the
aggressive growth of tumors. Here we present, our progress on the ‘tumor-specific’ interactions between JNK,
Yki and Wg pathways that may be important for tumorigenic effects like aggressive proliferation, and invasive
and metastatic behavior of polarity deficient cells.

310A
Identification of factors regulating regenerative growth in Drosophila imaginal discs. Syeda Nayab
Fatima Abidi, Amanda Brock, Sumbul Jawed Khan, Rachel Smith-Bolton. CDB, UIUC, Urbana, IL.
Drosophila melanogaster imaginal discs provide a useful model for studying tissue regeneration. The process of
regeneration in Drosophila has largely been studied by fragmenting imaginal discs, culturing them in vivo in the
abdomen of adult females and finally transplanting them into third instar larvae to allow differentiation. However,
this experimental method is impractical for performing large-scale genetic screens. We have developed a novel
and efficient method to induce tissue damage genetically in the Drosophila larval wing imaginal disc under
precise spatial and temporal control. Using our ablation system we performed a pilot screen of isogenic
deficiencies of the third chromosome for dominant modifiers of imaginal disc regeneration. Our screen has
identified a mutant that does not allow the wings to regenerate fully. Heterozygous Df(3R)ED5331 flies
displayed poorly regenerated wings compared to control flies. We have mapped the poor-regeneration
phenotype to the pumilio gene locus. We are characterizing how pumilio deletion results in impaired
regeneration. We are also developing an ablation system in the antennal imaginal disc to determine whether
modifiers of regeneration identified in the wing disc, such as pumilio, are important in multiple tissues. In
addition we will use transcriptional profiling to compare gene expression profiles in regenerating tissue from
wing and antennal discs. Our work will provide insight into the factors that regulate regeneration in Drosophila
imaginal discs.

311B
Pattern reorganization occurs independently of cell division during Drosophila wing disc regeneration in
1
2
situ. Sandra Diaz-Garcia , Antonio Baonza . 1) Division of Biological Sciences, University of California, San
Diego, San Diego, CA; 2) Centro de Biología Molecular Severo Ochoa, Universidad Autonoma de Madrid.
Madrid, Spain.
One of the most intriguing problems in developmental biology is how an organism can replace missing organs or

portions of their bodies after injuries. This capacity, known as regeneration, is conserved across different phyla.
The imaginal discs of Drosophila melanogaster provide a particularly well-characterised model system for
analysing regeneration. Although this organism has been extensively used to study this process, the cellular and
molecular mechanisms underlying regeneration remain unclear. We have developed a new method to study
organ regeneration under physiological conditions using the imaginal discs of Drosophila as a model system.
Using this method, we have revisited different aspects of organ regeneration in Drosophila. The results
presented in this report suggest that during the initial stages of disc regeneration different processes occur,
including wound healing, temporary loss of markers of cell fate commitment and pattern reorganisation. These
processes occur even when cell proliferation has been arrested. Our data suggests that wingless plays only a
minor role during the early stages of regeneration, and its expression is down-regulated in some regions of the
wing discs as a consequence of a reduction in the activity of Notch signalling. We also analized the function of
different signalling pathways in the initiation of the molecular and cellular processes that occurs during
regeneration.

312C
Control of cell division during epithelial repair. Telmo Pereira, Marco Antunes, Antonio Jacinto. CEDOC Centre for Studies in Chronic Diseases, Lisboa, Portugal.
Epithelia are the first line of defence to protect an organism from the surrounding environment. The ability to
maintain a well controlled barrier is fundamental for survival. Wound repair in simple epithelia relies mainly on
tissue movements and cell shape changes. We have shown that immediately after wounding of the pupal
notum, there are dramatic cytoskeleton remodelling events and cell movements. A pulse of actomyosin
filaments assembles in cells around the wound edge and flows from cell to cell toward the margin of the wound,
culminating in the formation of the leading edge actomyosin cable, a contractile structure that is essential for
wound closure. As these events occur the cells surrounding the wound are stimulated to proliferate through
increase of the levels of String. However, those cells do no divide while moving or changing shape. It is only
after the hole is closed that cell division takes place in order to compensate the cells that were lost during
wounding. Our results suggest that there is a G2/M checkpoint that can represses cell division to allow the
cytoskeleton to direct more efficiently the cell movements that repair the epithelia. Once the wound is closed the
tissue is allowed to divide and restore the appropriate numbers of cells. We have used live imaging and RNAi
knock down to describe this process in detail and to identify the molecular players involved.

313A
Nucleoporin Nup98 is required for normal tissue growth and cell cycle regulation. Kiriaki Kanakousaki,
Olga Grushko, Laura Buttitta. Molecular, Cellular and Developmental Biology, University of Michigan, Ann Arbor,
MI.
Nucleoporins are components of Nuclear pore complexes (NPCs), multiprotein structures that facilitate
communication between the nucleus and cytoplasm. We identified Nup98 Nucleoporin in a genetic screen as a
candidate gene affecting cell cycle exit in Drosophila melanogaster epithelia. Also, chromosomal translocations
resulting in Nup98 fusions with other protein partners are found in many hematological malignancies. However,
it is yet unclear how Nup98 function is related to cell cycle regulation. Our results indicate that Nup98 reduction
strongly affects cell cycle progression in proliferating wings. Cell cycle profile analysis of Nup98 RNAi
expressing cells revealed that a large portion of Nup98-deficient cells have an abnormal DNA content that falls
between G1 (2n) and G2 (4n), indicating that many Nup98-mutant cells are likely in S-phase. Subsequent
examination of the Mitotic Index in Nup98 mutant cells also showed a significant increase of Mitotic cells
compared to controls. These results suggest an acceleration of cell cycle progression in Nup98-deficient cells.
However tissue overgrowth was not observed, likely due to a substantial increase in apoptosis of Nup98deficient cells as indicated by Caspase-3 activation. We find that Nup98-deficient cells have increased JNK
activation, and exhibit aberrant Wingless expression, similar to regenerating wings. However, Dpp pathway
activation was not observed in Nup98 RNAi expressing discs. Apoptosis does not appear to occur via the DNA
damage pathway, as H2Av phosphorylation was not increased significantly in Nup98 knockdown cells and coexpression of a dominant-negative P53 protein in Nup98-deficient cells does not rescue the apoptosis. Thus,
loss of proper Nup98 function probably induces cell-death in a p53-independent manner. Taken together, our
results indicate a significant role for Nup98 in proliferation, cell survival and tissue growth. Our current research
is focused on understanding how Nup98 loss causes cell cycle deregulation and whether a regenerative-like
response may underlie some Nup98 malfunctions in cancer.

314B
Uncovering the principles of organ regeneration in Drosophila using whole-genome transcription
profiling. Sumbul Jawed Khan, Syeda Nayab Fatima Abidi, Yuan Tian, Rachel K. Smith-Bolton. Cell and
Developmental Biology, University of Illinois at Urbana Champaign, Urbana, IL.
Regeneration involves the parallel orchestration of multiple cellular events in damaged tissue giving rise to a

fully functional organ. Most of these events take place in a group of undifferentiated cells called the blastema,
that gives rise to distinct cell types and in some organisms is believed to have multipotent capacities. In the case
of Drosophila imaginal disc regeneration a zone of proliferating cells is formed at the wound edge, which is
similar to the vertebrate blastema. We have developed a non-surgical method of inducing tissue damage and
regeneration in the wing imaginal disc of Drosophila, which is highly amenable to genetic manipulations and can
be used to address the unanswered questions of regenerative biology. In a regenerating wing imaginal disc the
blastema is established by 24 hours after injury in the pouch domain. We have mapped various developmental
changes that the blastema cells undergo during regeneration. However, a dynamic process like regeneration
likely requires global changes in gene expression. In order to characterize these changes we are carrying out
whole-genome gene expression profiling using mRNA-seq of the blastema cells. We have developed a system
to mark the blastema cells with GFP, enabling their isolation after dissociation of the intact discs. Expression
profiles from the blastema cells will be compared to undamaged pouch cells to identify the differentially
expressed genes and thereby the regeneration-specific signatures. These results will give further insight into
fundamental mechanisms of the regenerative process.

315C
Chameleon: a mutant with an increased frequency of notum-to-wing transdetermination. Melanie I.
Worley, Iswar K. Hariharan. Molec & Cell Biol, Univ California, Berkeley, Berkeley, CA.
The process of transdetermination demonstrates that cells within imaginal discs are able to change fate
following damage and regeneration. In a screen for modifiers of regeneration using a genetic system that
induces ablation by the overexpression of Eiger (Smith-Bolton et al., 2009), we have identified a mutant that we
have named Chameleon (Cme), which dominantly increases the frequency of notum-to-wing pouch fate change.
Cme increases the frequency of notum-to-wing pouch transdetermination from a background frequency of ~4%
up to ~35-40%. Ectopic wing formation is only observed following ablation and the frequency of adults with
ectopic wing tissue changes when ablation is induced on different days of larval development, with a peak
frequency when ablation is initiated in early third larval instar. Characterization of the transdetermination process
suggests that a heterotypic interaction between the disc proper and the underlying adepithelial cells is
responsible for its initiation, that the ectopic pouch is formed from multiple cells that have changed fate and that
local proliferation generates the new structure. The genomic lesions that are responsible for the Cme mutant
phenotype remain unknown. However, we have used a combination of quantitative trait loci (QTL) mapping,
recombinant inbred lines, and deficiencies to identify two distinct loci on the 3rd chromosome that cooperate to
increase the frequency of transdetermination following ablation and regeneration.

316A

1

1

Zonda: a novel gene involved in autophagy and growth control. Mariana Melani , Nuria Romero , Julieta
1
1
1
1
2
2
Acevedo , Joel Perez Perri , Eleonora Sorianello , Ayelen Valko , Milton Aguilera , Maria Colombo , Pablo
1
Wappner . 1) Fundacion Instituto Leloir-CONICET, Buenos Aires, Argentina; 2) Instituto de Histología y
Embriología, Facultad de Ciencias Médicas, Universidad Nacional de Cuyo-CONICET, Mendoza, Argentina.
The final size of an organism, its organs and cells is controlled by the interconnection of intrinsic genetic
information with external environmental clues. We describe the function of a novel Drosophila gene, zonda, as a
negative regulator of growth. The loss of zonda activity in the head generates flies with larger heads than
controls. Conversely, overexpression of zonda leads to a pinhead phenotype, and mosaic overexpression of
zonda in larval fat body cells provokes an autonomous cell size reduction. These effects on cell growth correlate
with the phosphorylation state of S6K, the target of the TOR kinase. Zonda subcellular localization is sensitive to
nutrients. In well-fed larvae Zonda presents a vesiculo-reticulated subcelullar distribution. Zonda relocalizes
upon starvation to discrete foci that co-localize with autophagosome marker ATG-8. Starvation-induced Zonda
nucleation depends on ATG1 but not on VPS34, unlike ATG8 nucleation that fully depends on both, suggesting
that Zonda nucleation is an early event in the autophagic cascade. Starved zonda mutant cells fail to incorporate
lysotracker and to nucleate ATG8, indicating a requirement of zonda activity for this process. zonda overexpression is sufficient to induce autophagy, as assessed by the nucleation of ATG8. zonda mammalian
homolog is also required for starvation-induced autophagy and it also stimulates ATG8 nucleation when
overexpressed. We postulate that Zonda effects on cell growth are a consequence of its capability to regulate
autophagy. Altogether, zonda is a novel autophagy gene likely to play a role at early steps of the autophagic
cascade, and its role on autophagy is evolutionary conserved.

317B
Muscle organizer cells regulate myoblast proliferation during adult myogenesis in Drosophila. Kumar
Vishal, Mary Turvy, Kevin Venczel, Lindsay Grainger, Joyce Fernandes. Department of Zoology, Maimi
University, Oxford, OH.
Myoblasts undergo many rounds of proliferation and subsequent fusion with the organizer cells to become
mature fibers. The indirect flight muscles (IFMs) are made up of two groups of muscles with opposing functions:

a) dorsal longitudinal muscles (DLMs), which are the wing depressorsand b) dorso-ventral muscles (DVMs),
which are the wing elevators. Each of the 13 muscles that comprise IFMs are made up of approximately 3000
nuclei per fiber (Kopec 1923). The starting pool of myoblasts for these muscles is located in the larval imaginal
wing disc and is a few hundred in number (Curie et al., 1991). at the third larval instar. During the first 24 hours
of pupal development which much of the myogenesis occurs, this pool has to expand by at least 100 fold. Our
studies are aimed at understanding the cellular and molecular underpinnings of this expansion, in the context of
achieving the desired target size. Although muscle organizer cells are critical for the formation of correct number
of fibers (Atreya and Fernandes, 2008), their role in regulation of myoblast proliferation is still unknown. The
Gal4/Gal80 system of targeted expression was used to 1) Genetically ablate organizer cells using reaper and 2)
Block secretion of putative ligands by the organizer cells using a dominant negative form of N-ethylmaleimide
sensitive fusion protein (NSF). The effect of these manipulations on myoblast proliferation was tested.
Additionally, the effect of blocking EGF receptor in myoblasts was examined on proliferation, fusion and
subsequent fiber formation. Our preliminary data indicates that: 1) Killing organizer cells causes a 35%
reduction in myoblasts proliferation for both DLM and DVM (n=6; p<0.05). 2) Blocking ligand secretion by
organizer cell reduces myoblasts proliferation by 20% (n=6, p<0.05). 3) Disrupting EGF receptor in myoblasts
resulted in a 32% reduction the number of nuclei in the adult muscle section (n=10, p<0.05). These results
indicate that organizer cells play an important role in regulating adult muscle patterning.
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Mating-Reward Reverses the Effects of Pheromone Perception in Drosophila. Zachary M. Harvanek ,
1
1
1
Christi M. Gendron , Brian Y. Chung , Scott D. Pletcher . 1) Molecular and Integrative Physiology, University of
Michigan, Ann Arbor, MI; 2) Medical Scientist Training Program, University of Michigan, Ann Arbor, MI.
Our laboratory has clearly demonstrated that perception of potential rewards, such as pheromones of the
opposite sex, can significantly alter Drosophila lifespan and physiology. These effects are mediated by
Neuropeptide F (NPF), which is known to be involved in reward pathways that reinforce behavior such as
alcohol consumption and mating. Therefore, we hypothesized that the deleterious effects of pheromone sensing
were the result of an imbalance between reward (i.e., mating) and the perceived environment (i.e.,
pheromones). To investigate this idea, we assayed lifespan, stress resistance, and nutrient stores in male flies
exposed to various cohorts of “donor” flies. These cohorts included wild-type males, transgenic males
expressing female pheromones, and females in combinations to investigate the interaction between matingreward and pheromone sensing. We determined that exposure to an excess of females partially rescued the
deleterious effects of pheromone sensing on lifespan, and that increased mate availability partially reversed the
metabolic consequences of pheromone exposure. Furthermore, we have begun to dissect the physiologic
effects of mating-reward in the absence of pheromone sensing, revealing the independent effects of mating
itself. This set of experiments demonstrates that the negative consequences of mating on longevity in
Drosophila are primarily the result of a regulated process set in motion by perception of the opposite sex by
pheromone sensing, and that mating partially reverses these deleterious effects.
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Drosophila embryogenesis scales uniformly across temperature in diverse species. Steven G. Kuntz ,
1,2,3
Michael B. Eisen . 1) QB3, UC Berkeley, Berkeley, CA; 2) Department of Molecular and Cell Biology, UC
Berkeley, Berkeley, CA; 3) Howard Hughes Medical Institute, UC Berkeley, Berkeley, CA.
Temperature dramatically affects the developmental rate of fruit fly embryogenesis in a highly species-specific
manner. Despite the impact of temperature on cross-species comparisons through differential growth rate
changes, to date there has been no determination of what causes this developmental rate change nor has there
been a description of what else temperature may change. Our goal is to understand and describe
developmental rate control in Drosophila embryogenesis by comparing species under temperature stresses.
Through time-lapse imaging and precise temperature control, we have demonstrated that embryogenesis
duration depends exponentially on temperature and we have confirmed that this dependence is speciesspecific. Nevertheless, we have found that morphological events of embryonic development scale uniformly
under normal conditions regardless of species, temperature, sex, or temperature history. There is no critical
period during embryogenesis, as scaling remains consistent regardless of when a temperature is introduced.
Parental heat conditions do affect growth rate, as adults at lower temperatures produce embryos exhibiting
magnified developmental delays from heat stress.
Changes in growth rate are largely independent of changes in gene expression, with just a handful of genes
showing strong temperature dependence and just one gene, CG16758, showing stage-independent
temperature-dependent expression levels. We have demonstrated that cross-species, cross-strain, and crosstemperature comparisons are valid at similar morphological stages, heedless of temperature or time differences.
We are continuing to dissect the temperature-dependent mechanism of developmental control, which will
provide valuable insight into how development is regulated in flies.

320B
Role of ADI1 in regulation of ER stress. Wei-Cheng Lin, Li-Mei Pai. Chang-Gung University, Tao-Yuan,
Taiwan.
The unpublished data in our lab has indicated that ADI1 genetically interacts with COPI, which mediates vesicle
transportation, to regulate FasIII expression on the cell surface, suggesting that ADI1 plays a role in the
regulation of vesicle trafficking. Vesicle trafficking is important for protein transportation and secretion, and
suppression of vesicle trafficking induces ER stress and unfolded protein response (UPR). The aim of this study
is to investigate the molecular mechanisms of ADI1-mediated vesicle trafficking regulation. Results and
conclusions: Our preliminary results showed that Hela cells were induced apoptosis by treating with ER stressinducing drugs such as DTT, Thapsigargin and tunicamycin. The apoptosis was enhanced in adi1 gene
knockdown cells compared with wild type cells; however in Western blot experiment, the expression level of Bip
is not changed. We established the fly model system in which flies were fed with DTT to investigate the role of
ADI1 in physiological conditions and the results reveals that ADI1 mutant flies were more sensitive to DTTinduced mortality in comparison with wild type strain. Expression of XBP1-EGFP, ER stress reporter, was
enhanced in ADI1 mutant salivary gland incubated with DTT-containing medium. Taken together, ADI1 plays a
role in maintaining ER homeostasis and prevents ER stress-induced apoptosis. The role of ADI1 in the
regulation of ER-stress-induced apoptosis is still unknown. In the future, we will assay the role of ADI1 in three
major UPR pathways, and perform proteomics analysis to analyze the organelle compartments to investigate
the molecular composition involved in ADI1-mediated vesicle trafficking.

321C
Heat stress disrupts key events in early embryonic development. Brent L. Lockwood, Kristi L. Montooth.
Biology, Indiana University, Bloomington, IN.
For ectothermic organisms like Drosophila, changes in environmental temperature alter cellular processes.
During early development, a rapid series of mitotic divisions bring an embryo from having a single nucleus to
having thousands of nuclei, before gastrulation occurs and cell differentiation begins to take place. These early
mitotic divisions are driven by the cytoskeleton, and previous work in cell culture has shown the cytoskeleton to
be sensitive to thermal stress. Does thermal variability disrupt developmental progression by adversely affecting
the cytoskeleton? Here we use confocal fluorescence microscopy to investigate the effects of thermal stress on
the cytoskeleton in vivo in early stage embryos of Drosophila melanogaster. We find that exposure of eggs to
heat stress causes gross defects in cytoskeletal arrangement and leads to the disruption of mitosis and
cellularization of the blastoderm, both key developmental events. Moreover, brief heat stress events
experienced in early embryogenesis lead to a decrease in survival to adulthood. These findings suggest that the
thermal sensitivity of the cytoskeleton plays a key role in determining thermal tolerance at both the cellular and
whole-organism levels.

322A
Oxidative stress and the fly metabolome. Thomas JS Merritt, Jose M. Knee. Chemistry & Biochemistry,
Laurentian University, Sudbury, Ontario, Canada.
Oxidative stress (OS) has a major role in many diseases and aging and results in a wide variety of quantifiable
physiological and biochemical changes. In Drosophila melanogaster, OS can be generated through a number of
different means both genetic, e.g. with a Superoxide dismutase (Sod) null allele, or environmental, e.g. with a
superoxide-generating chemical such as paraquat. While both Sod-null and paraquat models have been
extensively characterized, little is known about either’s effects on global metabolite concentrations. Here, we
take an LC-MS-based metabolomics approach to describe the metabolic profile of a Sod null allele and paraquat
induced oxidative stress in D. melanogaster. Both stressors resulted in change to a substantial percentage of
the measured metabolome: the Sod null affected over 20%, 138 out of 594 features (potential metabolites), and
paraquat almost 15%, 59 out of 459 detected features. Pathway analysis, using over 50 confirmed metabolites,
gives a picture of the impact of either stressor on biochemical networks. The two sources of oxidative stress
resulted in alterations to several pathways, including pathways previously observed to be affected by oxidative
stress such as central metabolism, the glutathione and pantothenate pathways. Each stressor also had a set of
unique features not present in the other. Our results highlight similarities and differences between the Sod-null
and paraquat models of oxidative stress and suggest interesting directions for the future investigation of OS in
general.
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The Fruit Fly: A Tractable System to Study Cold Tolerance. Daniel Ricketti , David Luor , Kosha Parikh ,
1
1
1
1,2
1,2
Nuray Sariaydin , Mohammad Khan , Alessio Russomanno , Daniel Shain , Nir Yakoby . 1) Biology
Department, Rutgers, The State University of New Jersey, Camden, NJ; 2) Center for Computational and
Integrative Biology, Rutgers, The State University of New Jersey, Camden, NJ.
In response to changes in temperature, organisms that are adapted to survive cold temperatures implement

thermoregulatory systems that adjust their growth, locomotion, reproduction, and other physiological functions.
Drosophila is an ideal model system to understand cold tolerance due to the availability of genetic manipulation
tools. In addition, Drosophila species thrive in many different environments on the globe, thus providing a
system to answer evolutionary questions about cold adaptation. In ice worms, an increase in ATP levels has
been associated with cold tolerance. ADP levels are the limiting substrate for ATP in the cell. ADP levels are
regulated by the recycling of AMP. Thus, the degradation of AMP by AMP phosphatase (AMPP) and AMP
deaminase (AMPD) controls the levels of ATP. To test this mechanism, we use species occupying different
geographic environments, including D. melanogaster, D. funebris, D. virilis, and D. mojavensis, and two
knockdown fly lines in AMPP and AMPD. Although there are species-specific differences in ATP concentration,
all species show a decrease in ATP levels as temperatures lower. This trend is consistent with larvae mobility
with the exception for D. funebris whose mobility increase from 13°C to 11°C. Interestingly, adult flies’ life span
significantly increases in lower temperature with an advantage to D. funebris, a fly isolated from Alaska. We will
discuss the effect of genetic perturbations on ATP levels, mobility, and fitness.
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A Role for Drosophila p38 MAP Kinase in Protein Homeostasis. Sarah Ryan , Amelia M. Burch ,
3
1
Subhabrata Sanyal , Alysia D. Vrailas-Mortimer . 1) Biological Sciences, University of Denver, Denver, CO; 2)
Department of Cell Biology, Emory University, Atlanta, GA; 3) BiogenIdec, Boston, MA.
Protein homeostasis is required for maintaining the health of the cell, and when disrupted, can lead to increased
protein aggregate formation. Protein aggregation can lead to a cellular pathology and are associated with many
neurodegenerative diseases, however the role aggregates paly in a disease state is not well understood.
Increased protein aggregation is also associated with aging and increased oxidative stress, two factors that are
linked to many neurodegenerative disorders. Protein aggregates can be cleared through several mechanisms,
such as Chaperone Assisted Selective Autophagy (CASA) a specialized form of autophagy that utilizes a BAG3HspB8-Hsp70 chaperone complex to target specific protein substrates for degradation through the lysosome. In
Drosophila, age-dependent protein aggregation is delayed in long-lived mutant strains suggesting that either
preventing protein aggregation or efficient resolution of aggregates plays an important role in aging. We now
find that exposure to an oxidizing agent, also leads to an increase in protein aggregation. We have previously
reported that the p38 MAPK (p38K) is a regulator of lifespan and oxidative stress. We now find that inhibition of
p38K leads to increased protein aggregation, whereas over-expression of p38K coincides with a reduction in the
number of protein aggregates throughout life and is protective against oxidative stress induced aggregation.
These data suggest that p38K may play an integral role in general and damage induced protein homeostasis.
Furthermore, we find that p38K interacts with CASA complex to regulate lifespan and that p38K may be
regulating the activity of the CASA complex through an interaction with the CASA complex member BAG3
(starvin). To determine if p38K is required for the clearance of CASA specific substrates, we are testing if p38K
modifies the phenotypes of protein aggregation disease models such as spinocerebellar ataxia 3 and the
Alzheimer’s disease Aβ model.

325A
Hypoxia-induced insulin resistance and associated lipid metabolism defects in Drosophila
melanogaster. Daniel Wong, Julian Martinez-Agosto. Department of Human Genetics, University of California,
Los Angeles, Los Angeles, CA.
In Drosophila, hypoxia systemically restricts larval growth, but the molecular mechanism through which it does
so remains poorly characterized. We show that Sima, the alpha subunit of the Drosophila hypoxia-inducible
factor, accumulates in nuclei of larval fat body cells during hypoxia and inhibits systemic growth when
overexpressed in this same tissue. Oxygen deprivation and Sima overexpression in the fat body also cause lipid
droplets to aggregate in this metabolic tissue but not in the larval oenocytes, a liver-like cell type, unlike what is
observed in starvation. Additionally, hypoxia and Sima overexpression in the fat body cause the retention of
Drosophila insulin-like peptides (Dilps) in the larval brain. Ubiquitous overexpression of the insulin receptor
rescues hypoxic growth restriction, suggesting that hypoxia-induced insulin resistance in peripheral tissues
serves to inhibit systemic growth. A survey of tissue-specific insulin receptor overexpression under hypoxic
conditions identified the trachea as partially sufficient to rescue growth inhibition. While hypoxic growth
restriction is associated with a reduction in total triglyceride levels, this is not rescued by overexpression of the
insulin receptor in the trachea. Interestingly, however, activation of insulin signaling in the trachea increases
total triglyceride levels under normal conditions. This suggests that larval tracheal cells can non-autonomously
regulate triglyceride stores through an uncharacterized, secreted signal. Collectively, our results demonstrate
that hypoxia causes Dilp retention and induces insulin resistance in peripheral tissues to mediate larval growth
restriction. Furthermore, coordination of larval size and energy homeostasis is dependent on the communication
between many organs through the use of insulin signaling and alterations to lipid metabolism, including trachea.
These findings may be applicable to other instances in which an adaptive response to hypoxia is required.
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Desiccation regulates innate immunity via ecdysone signaling in Drosophila Malpighian tubules. Wenjing
1
1
2
2
1
Zheng , Ana Hernandez , Florintina Rus , Neal Silverman , Marc Tatar . 1) Ecology and Evolutionary Biology
Department, Brown University, Providence, RI, USA; 2) Division of Infectious Diseases, Department of
Medicine, University of Massachusetts Medical, Worcester, MA, USA.
Drosophila Malpighian tubules have osmoregulatory functions but also possess autonomous innate immune
functions, which provides a model to study innate immune aging in the context of a well-defined tissue. When
challenged with monomeric peptidoglycan in ex vivo culture, Malpighian tubules from aged flies induce greater
expression of antimicrobial peptide mRNAs than do young tubules. We previously found that ecdysone primes
Drosophila innate immunity by inducing expression of peptidoglycan recognition protein LC (PGRP-LC), a
peptidoglycan sensing receptor that activates IMD signaling. Here we find that a short bout of water stress alone
is sufficient to induce PGRP-LC expression in young flies, while the same desiccation treatment does not further
elevate the already high level of PGRP-LC expression seen in old flies. In whole animals the expression of
ecdysone target genes including eip74ef,eip93, eip75b, and br-c is upregulated in desiccated flies, as is the
level of total 20E. In Malpighian tubules, desiccation increases gene expression of ecdysone receptor and
PGRP-LC. Targeted knockdown of ecdysone receptor in tubule principal cells or stellate cells reduces
desiccation-regulated PGRP-LC expression. We define this desiccation stress response as Innate Immune
Priming (IIMP). Further, we propose that aged flies, which are known to suffer increased water-loss, are prone
to elevated IIMP and thus to present a high level of AMP expression. These results lay a foundation for future
study on the link between age-dependent water-loss and chronic inflammation, as well as the molecular
mechanisms of chronic inflammation and age-related kidney diseases.
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Seipin promotes adipose tissue fat storage through the ER Ca -ATPase SERCA. Junfeng Bi, Wei Wang,
Zhonghua Liu, Xun Huang. Institute of Genetics and Developmental Biology, CAS, Beijing, China.
Adipose tissue is central to the regulation of lipid metabolism. Excess fat storage or an excess mass of
adipocytes leads to obesity, while defective adipogenesis results in reduced fat storage and lipodystrophy.
Berardinelli-Seip congenital lipodystrophy type 2 (BSCL2), one of the most severe lipodystrophy diseases in
man, is caused by mutation of the Seipin gene. Seipin plays an important role in adipocyte differentiation and
lipid homeostasis, but its exact molecular functions are still unknown. Here we show that Seipin physically
2+
interacts with the sarco/endoplasmic reticulum Ca -ATPase (SERCA) in both Drosophila and man. SERCA, an
endoplasmic reticulum (ER) calcium pump, is solely responsible for transporting cytosolic calcium into the ER
lumen. Like dSeipin, dSERCA cell-autonomously promotes lipid storage in Drosophila fat cells. dSeipin affects
dSERCA activity and modulates intracellular calcium homeostasis. Adipose tissue-specific knockdown of the
ER-to-cytosol calcium release channel RyR (ryanodine receptor) partially restores fat storage in dSeipin
mutants. Our results reveal that Seipin promotes adipose tissue fat storage by regulating intracellular calcium
homeostasis. This finding may lead to an effective therapy for BSCL2.

328A
The Roles of Endocannabinoids and Their Chemical Relatives in Regulating Drosophila melanogaster
Metabolism. Ruth A. Bishop. Biology, The University of Alabama, Shreveport, LA.
Endocannabinoids are endogenous neuromodulatory lipids that bind to mammalian cannabinoid receptors
(CB1, CB2), and TRPV1 (transient receptor potential vanilloid subtype 1). They are involved in lipid metabolism
and appetite, making them and their chemical relatives interesting to study in the context of metabolic syndrome
(MetS). Because humans and Drosophila have many of the same metabolic pathways including the
maintenance of sugar homeostasis and lipid uptake/storage, this organism is useful in modeling MetS. Despite
previous bioinformatic analyses of gene sequences suggesting that the cannabinoid system is absent in insects,
we have found in metabolomic analyses that L-DOPA and N-arachidonoyl dopamine (NADA) levels are
correlated with pupal weight, triglyceride levels, and total sugar levels; evidence pointing to these compounds'
roles in Drosophila metabolism. NADA is a ligand for the CB1 and TRPV1 receptors in mammals, and L-DOPA
is a precursor to dopamine and NADA in their respective synthesis pathways. We selected 6 compounds for this
study, 2-AG, anandamide, L-DOPA, Dopamine HCl, capsaicin, and NADA, because they were either ligands to
mammalian cannabinoid receptors or involved in dopamine or NADA synthesis pathways. We first conducted a
dose response curve using 0.1, 1, 10, and 100 μM doses to determine if these compounds would negatively
affect survivability. Finding no such effects, larvae from five phenotypically distinct genetic lines were fed 100
μM of these compounds to determine whether pupal weight, triglyceride levels, or glucose levels were affected.
We found that these compounds had line specific effects on these phenotypes. We found that all of the genetic
lines treated with 2-AG had increased glucose levels, 4 of the 5 genetic lines treated with AEA showed a
decrease in glucose levels, 4 of the 5 genetic lines treated with capsaicin showed an increase in glucose levels,
and all of the lines treated with L-DOPA showed an increase in triglyceride levels.
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Metabolism and Locomotion in Anoxic Drosophila. Viviane Callier , Steven C. Hand , Jacob B. Campbell ,
1
Jon F. Harrison . 1) Arizona State University, Tempe, AZ; 2) Louisiana State University, Baton Rouge, LA.
Although it is well known that insects have the highest aerobic metabolic rates in the animal kingdom during
flight, a much less appreciated trait is their ability to survive and perform under anoxic conditions. Despite being
a premier model organism for the study of anoxia tolerance, we still lack a basic understanding of the
physiological responses of Drosophila to anoxia. Here we present data on survival, locomotion, heat production
(calorimetry), gas exchange and lactate production for larvae and adult Drosophila melanogaster in anoxia.
Although adults become quickly paralyzed by anoxia, larvae continue to exhibit escape locomotion for over 30
minutes powered by high rates of lactate production. While both stages produce lactate during anoxia, larvae
-1
produce lactate at a 3x higher rate (accumulating levels in excess of 70 mmol kg after two hours of anoxia).
Adults and larvae have similar capacities to suppress metabolism with longer-term anoxia; at 1-3 hours of
anoxia, both larvae and adults suppress metabolic heat production to 3% of normoxic rates. In larvae, heat
production can be quantitatively explained by lactate production; however, other end-products must be
important in adults. Interestingly, nearly 100% of adults survive anoxia up to 4 hours while less than 50% of third
instar larvae survive anoxic bouts greater than 90 minutes. Our data suggest that historical exposure to anoxic
micro-sites may have selected for metabolic and behavioral traits that allow escape from such death traps in
larvae, at a cost of reduced ability to survive long-term anoxia. Drosophila adults retain the more common
pattern among insects of linking behavioral paralysis with strong suppression of metabolic rate, a strategy that
may be particularly useful for survival of rain or flooding. Supported partially by NSF IOS 1256745.
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Dietary and Genetic Regulation of Longevity and Neuronal Function in Drosophila. Eric Ratliff ,
1
1,2
1,2,3
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1,3
Madhulika Achal , Roxanne Kotzebue , Arysa Gonzalez , Ruth Mauntz , Kim Finley . 1) Shiley
BioScience Center, San Diego State University, San Diego, CA; 2) Dept. Biology, SDSU; 3) Expression Drug
Designs, LLC., SDSU, San Diego, CA.
Studies show that caloric restriction (CR) and intermittent fasting (IF) increase longevity across multiple species.
Mechanistically, this phenomenon is poorly understood, however, improved insulin signaling is consistently
observed under these conditions. Nutrient sensing pathways are known to regulate a complex series of
downstream components including TOR activation and have a profound effect on aging. Insulin signaling also
has profound effect over the regulation of the macroautophagy pathway (autophagy). Autophagy is a key
homeostatic mechanism that is involved with stress responses, recycling of intracellular components,
mitochondrial dynamics and aging. We have shown that defects in the autophagy pathway result in reduced
lifespans, premature aging, the buildup of protein aggregates and neural degeneration. Previously we
demonstrated that insulin (chico1/+, long-lived) and autophagy (Atg8a1, short-lived) defects have opposing
effects on the age-dependent accumulation of neural aggregates. Here we examine the effect of IF on normal
controls as well as chico1 and Atg8a1 flies. We find that IF treatment extends the lifespan of adult Drosophila
and has a positive effect on their response to acute starvation. We also find that restricting access to food slows
and partly rescues the age-dependent decline of different behaviors in all three genotypes as well as slowing the
build up of aggregate markers within the adult nervous system. IF treatment also impacts the age-related
changes to carbohydrate and lipid metabolism and physiology that is typically seen as flies grow older. This
work begins to characterize the effect that the complex nutrient sensing and homeostatic pathways have on
metabolism and neuronal aging. These studies have broad ranging implications for human health, including the
effect of diet on progressive disorders including type-II diabetes, metabolic syndrome, Crohn’s disease and
neural degeneration.

331A
Genetic and metabolic bases of thermal plasticity in Drosophila. Luke A. Hoekstra, Kristi L. Montooth. Dept
Biol, Indiana Univ, Bloomington, IN.
Variation in the thermal environment challenges homeostasis, and organisms respond via physiological and
behavioral processes. These strategies are fueled by metabolism, a set of biochemical reactions which
themselves directly respond to temperature. Together these dynamics can create complex genotype-byenvironment interactions, particularly for mutations affecting energy use. Previously, we identified a
mitochondrial-nuclear incompatibility by pairing Drosophila melanogaster nuclear genomes with divergent
Drosophila mitochondrial genomes. Under normal laboratory conditions, a particular genetic combination of a
mitochondrial-tRNA and its nuclear-encoded tRNA synthetase compromises mitochondrial protein translation
and negatively impacts a suite of energy dependent traits including development time, metabolic rate, and
pupation height. However, the deleterious effects of this mitochondrial-nuclear genetic interaction depend
almost completely on the thermal environment. Cold development temperatures mitigate the deleterious effects
of these interacting mutations, while warmer temperatures magnify the deleterious effects. Using flow-through
respirometry to measure the metabolic rate of developing larvae, we showed that the temperature-dependent

effects of this mitochondrial-nuclear epistasis arise from temperature-dependent variation in the efficiency of
metabolism. Here we use this variation in metabolic efficiency to test hypotheses about the role of metabolism in
response to fluctuating thermal environments. We discuss multivariate physiological tradeoffs resulting from
variation in mitochondrial-nuclear compatibility and interactions with the thermal environment, which we argue
can be used to establish physiological priorities and delimit the capacity of developmental regulatory networks to
buffer deleterious effects of genetic and environmental perturbation.
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Lost in translation: a mitonuclear interaction affecting metabolism, stress resistance and aging
1
2
associated with mitochondrial tRNA mutations. Marissa A. Holmbeck , David M. Rand . 1) Bio-Med, Brown
University, Providence, RI; 2) Ecology and Evolutionary Biology, Brown University, Providence RI, USA.
Communication between the mitochondrial and nuclear genomes is vital for cellular function and influences
aging. Coordinated expression of both genomes is required for the function of jointly encoded respiratory
enzymes that produce the majority of energy for the cell. We have developed a model where mtDNA from
different strains of Drosophila simulans (Dsim) and D. melanogaster (Dmel) have been introduced into
controlled Dmel nuclear backgrounds. We previously found that a specific Dsim mtDNA, simw501, shows a
strong epistatic interaction with the OreR nuclear background resulting in a suite of compromised phenotypes
including developmental delay and reduced mitochondrial function. Genetic mapping studies have identified a
mutation in the nuclear encoded mitochondrial tyrosyl-tRNA synthetase, and a mutation in the mtDNA encoded
tyrosine-tRNA as the source of this epistatic interaction (Meiklejohn et al. 2013). Our working model is that this
mito-nuclear interaction compromises translation within mitochondria. We have examined the effects of this
epistasis on mortality: the simw501; OreR (mito; nuclear) genotype reduces lifespan, but does not have elevated
reactive oxygen species (ROS) levels. Interestingly, simw501; OreR displays increased resistance to paraquat
treatment. These phenotypes are not seen when the simw501 mtDNA is placed on an Aut nuclear background.
A transgenic approach was used to generate rescue strains with alternative OreR and Aut nuclear alleles of the
identified tyrosyl-tRNA synthetase inserted into the genome at the same location. The strain containing the
transgenic OreR allele also displays reduced lifespan when paired with the simw501 mtDNA in a matched
genetic background, supporting the model of epistasis. This study provides insight into the joint genetic
architecture that regulates mitochondrial function and aging and suggests that mitochondrial defects can reduce
longevity without increasing ROS.

333C
Regulation of energy metabolism by the nuclear receptor DHR78. Stefanie M. Marxreiter, Carl S. Thummel.
Human Genetics, University of Utah, Salt Lake City, UT.
DHR78 encodes the single fly ortholog of the mammalian orphan nuclear receptors TR2 and TR4. Recent
studies of TR4 mutant mice indicate that it regulates a metabolic transcriptional program, including many genes
involved in lipid metabolism. These animals are lean and protected against obesity and insulin resistance when
fed a high-fat diet. The mechanisms by which this nuclear receptor family regulates metabolism, however,
remain unclear. Previous studies of DHR78 mutants could not address possible roles for this receptor in
metabolic control because of their roving behavior and early lethality. DHR78 mutants display severe defects in
tracheal cuticle molting, inducing hypoxic behavior such as roving and reduced growth until the animals
eventually die as third instar larvae. Expressing DHR78 strictly within the trachea in a mutant animal effectively
rescues lethality and reveals metabolic defects in DHR78 mutants. Tracheal-rescued DHR78 mutant flies
display significant reductions in glycogen and triacylglycerides, similar to TR4 mutant mice, suggesting that
DHR78 may regulate energy homeostasis. Consistent with this hypothesis, antibody staining revealed that
DHR78 is not only expressed in the trachea, but is also expressed in key metabolic tissues such as the midgut
and fat body. Current efforts are focused on using tissue-specific genetic rescue experiments, metabolomics,
and RNA-seq to define the molecular mechanisms by which DHR78 regulates metabolism.

334A
Regulation of glucose homeostasis by dsir2 in Drosophila melanogaster. Rebecca A. Somer, Carl S.
Thummel. Human Genetics, University of Utah, Salt Lake City, UT.
Complex metabolic disorders such as obesity and diabetes are on the rise in developed countries worldwide,
highlighting the importance of characterizing the factors involved in the development and progression of
metabolic dysfunction. In large part, the complexity of these disorders arises from the interactions between
genetic and environmental factors in determining individual metabolic health. The highly conserved deacetylase
Sirt1 (Sir2) plays an important role in integrating these factors due to its widespread effects on histone and
+
transcription factor acetylation state in response to levels of NAD , an important electron carrier in central
metabolic pathways including glycolysis and the TCA cycle. It is therefore unsurprising that Sirt1 regulates
metabolic processes, including maintaining insulin sensitivity and preventing lipid accumulation in mouse
models, although its molecular role in these pathways remains unclear. Previous work has demonstrated that

deletion of the Sirt1 ortholog in Drosophila, dsir2, leads to increased triglyceride levels at both adult and larval
stages, consistent with phenotypes seen in mouse Sirt1 mutants. Using basic metabolic assays, we have
confirmed these effects and shown that dsir2 mutants are hyperglycemic under both fed and fasted conditions, a
hallmark of diabetes. These mutants are also glucose intolerant, as assayed by an oral glucose tolerance test,
and display reduced insulin signaling in peripheral tissues. Our current studies are aimed at determining the key
tissues in which dSir2 is acting and the molecular mechanisms by which it maintains glucose and lipid
homeostasis.
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Rapamycin increases mitochondrial efficiency by mtDNA-dependent reprogramming of mitochondrial
1
2
2
metabolism in Drosophila. Eugenia Villa-Cuesta , Marissa Holmbeck , David Rand . 1) BIOLOGY,
DEPARTMENT OF, Adelphi University, Garden City, NY; 2) Department of Ecology and Evolutionary Biology,
Brown University, RI, USA.
Down-regulation of the mTOR pathway by its inhibitor rapamycin is emerging as a potential pharmacological
intervention that mimics the beneficial effects of dietary restriction. Modulation of mTOR has diverse effects on
mitochondrial metabolism and biogenesis, but the role of mitochondria genotype in mediating these effects
remains unknown. Here we use novel mitochondrial genome replacement strains in Drosophila to test the
hypothesis that genes encoded in mtDNA influence the mTOR pathway. We show that rapamycin increases
mitochondrial physiology and generates distinct shifts in the metabolite profiles of isolated mitochondria versus
whole Drosophila. These effects are disabled when divergent mitochondrial genomes from D. simulans are
placed into a common nuclear background, demonstrating that the benefits of rapamycin to mitochondrial
metabolism depend on genes encoded in the mtDNA. Overall, this study provides the first evidence for a link
between mitochondrial genotype and the effects of rapamycin on mitochondrial metabolic pathways.
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Comparing Nutrient Restrictions and its Effects on Metabolic Output in Drosophila melanogaster.
1
1,2
Rebecca A Vaders , Alexis A Nagengast . 1) Chemistry, Widener University, Chester, PA; 2) Biochemistry,
Widener University, Chester, PA.
Aging is a complex process that has a variety of underlying causes including reactive oxygen species (ROS)
damage to proteins, lipids and carbohydrates. Previous results in the laboratory showed that male flies raised on
a high nutrient corn syrup-whole yeast diet had higher triglyceride levels and lived longer than male flies raised
on a restricted molasses-yeast extract diet. This is contrary to what was expected because calorie restriction is
known to extend lifespan in model organisms such as flies, worms, mice and yeast. As the probable cause of
these results, the differences in ROS levels were investigated by measuring superoxide dismutase (SOD)
expression using the method of qPCR. Under high ROS levels, SOD expression increases and the enzyme
catalyzes the reaction that converts ROS to hydrogen peroxide and oxygen to lower ROS. SOD expression
levels were measured in flies raised on both high and low nutrient diets and found to not differ significantly. We
are currently developing a method to investigate iron and zinc levels as a probable cause of aging under these
dietary conditions.
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Mio and bigmax act in the brain to control feeding and metabolism in Drosophila. James E. Docherty,
Sarah M. Rosenheck, Joseph E. Manno, Jacqueline E. McDermott, Justin R. DiAngelo. Biology, Hofstra
University, Hempstead, NY.
After a meal, multiple organs recognize the availability of nutrients and increase their intake and storage as
glycogen and fat. For example, specific neurons in the brain sense changes in nutrient levels leading to
alterations in an animal’s feeding behavior, amount of food consumed and energy expenditure. However, the
molecular mechanisms underlying nutrient sensing and subsequent changes in behavior and metabolism are
not fully understood. Our lab has previously shown that Mio, the Drosophila homolog of carbohydrate response
element binding protein (ChREBP), functions in the fat body of the fly to control triglyceride storage as well as
feeding, suggesting that Mio may act as a nutrient sensor to coordinate food consumption and metabolism.
However, whether Mio functions in this capacity in other tissues is unknown. In this study, we characterized the
role of Mio and its binding partner, bigmax, in the brain to control feeding and metabolism. Lowering Mio and
bigmax levels using RNAi in the entire Drosophila brain leads to decreased food consumption; however, there is
little effect on triglyceride and glycogen levels. Interestingly, Mio and bigmax act in specific neuronal populations
to regulate feeding and energy storage. Lowering Mio and bigmax levels in the NPF-producing neurons results
in a decrease in feeding and an increase in both triglyceride and glycogen storage. Decreasing Mio and bigmax
in the insulin-producing cells (IPCs) also leads to reduced feeding and increased triglyceride storage. Mio and
bigmax may act in the IPCs to regulate feeding and nutrient storage by controlling dilp secretion as reducing Mio
and bigmax levels in these cells leads to an increase in dilp3 expression. These data indicate a role for Mio and
bigmax as nutrient sensors in the NPF-producing neurons and IPCs to regulate feeding and metabolism

behavior in accordance with nutrient availability.
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The Role of dTORC1 on Muscle Development, Function and Longevity in Drosophila. Isabelle Hatfield ,
1
2,3
1,3
Erika Yates , Lawrence Reiter , Dave Bridges . 1) Department of Physiology, University of Tennessee Health
Science Center, Memphis, TN; 2) Department of Neurology, University of Tennessee Health Science Center,
855 Monroe Avenue, Memphis, Tennessee 38163; 3) Children's Foundation Research Institute, Le Bonheur
Children's Hospital, Department of Pediatrics, University of Tennessee Health Science Center, 50 North Dunlap,
Memphis, TN 38103.
The TORC1 signaling pathway is critical for cell growth and proliferation. It has been implicated in disorders
ranging from diabetes and obesity to depression and cancer. Previous work has implicated the TORC1 pathway
in the regulation of organismal longevity and muscle function in a variety of model systems. In this study, we
focus on fruit fly muscles and manipulate the activity of mTORC1 by using the Drosophila GAL4/UAS system.
We did this by knocking down both positive (Raptor) and negative (Tsc1) regulators of dTORC1 function in both
cardiac and skeletal muscles. We observed that genetic inhibition of dTORC1 in skeletal but not cardiac muscle
leads to reduced viability using the skeletal muscle GAL4 drivers (c179-GAL4 and 24B-GAL4). Using crawling
assays, we have also examined the effects of these manipulations on muscle function and have observed
reduced fly motility with both Raptor and Tsc1 inhibition in muscle. Furthermore, we found that activation of
dTORC1 in fly skeletal muscle tissue also leads to reductions in lifespan. Both the reduced muscle function and
shortened lifespan are consistent with results obtained in a mouse model of muscle Tsc1 deletion. Expression of
both positive and negative regulators of dTORC1 specifically in cardiac muscle using the Hand-GAL4 driver had
no dramatic effects on either viability or longevity. These data provide insights into the role of muscle dTORC1
activity in development, muscle function and longevity.

339C
The Effect of Bacteria on Oviposition Preference of Drosophila melanogaster. Geon Ho Kim, Peter Newell,
Angela Douglas. Entomology, Cornell University, Ithaca, NY.
For many insects, finding a suitable egg-laying site is crucial for the fitness of their offspring. One of the most
important aspects of the site should be its closeness to an appropriate food source. Recent reports have
indicated the importance of certain bacteria to larval growth and development in Drosophila melanogaster. This
study investigated whether the presence of bacteria on food affects Drosophila melanogaster oviposition site
preference, and identified a possible cause behind the preference. Four genera of bacteria were tested:
Acetobacter, Lactobacillus, Gluconoacetobacter, and Gluconobacter, all of which are gut microbes found in D.
melanogaster. Some foods covered with certain types of bacteria were preferred egg-laying sites, but others
elicited no significant response. We next tested if certain compounds that are typical products of bacterial
metabolism might have the same effect. In the oviposition assay, flies showed preference to food with some
organic acids. When tested with varying concentrations ranging from 0.05 M to 0.5 M, attraction to acids in
general increased as the concentrations increased. We hypothesized that organic acids that flies liked have
positive effects on their larval growth. Interestingly, when axenic flies were raised in the acids, their pupation and
eclosion was retarded significantly. The effects were more drastic as the concentration increased. As retardation
in development can be a great disadvantage to flies that lowers their fitness, such results show that D.
melanogaster may be misled by organic acids, associating them with symbiotic gut microbes and laying eggs on
inappropriate food.

340A
The Modified Effects of Bisphenol A (BPA) in Response to Dietary Composition. Ashley L. Parker, Trisha
M. Zintel, Amber K. Weiner, AnnJosette Ramirez, Sheryl T. Smith. Biology, Arcadia University, Glenside, PA.
Our previous work has shown that Bisphenol A (BPA) exposure in the larval stage causes an increase in larval
body size that is associated with an earlier onset of pupariation in Drosophila melanogaster. Larval body size is
regulated in part by two nutrient-sensitive endocrine pathways in Drosophila, the Insulin/ Insulin-like growth
factor (IIS) pathway and the Target of rapamycin (TOR) pathway. In order to gain insight into BPA-induced
growth defects observed in our studies, we examined the effects of a 0.1 mg/L dose of BPA, the concentration
at which we saw the greatest effect in our previous study, in larvae fed a standard yeast diet supplemented with
1%, 5% or 10% sucrose. Interestingly, larvae that were fed a standard diet supplemented with 1% or 10%
sucrose and 0.1 mg/L BPA were found to be significantly smaller in larval body size than larvae fed the sucrose
diet alone. The 5% sucrose treatment with BPA, however, produced larvae that were significantly larger than the
sucrose diet alone. Collectively, these data suggest a non-monotonic response of BPA to dietary composition.
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Identification of Neurosensory Mechanism for Dietary Protein by Drosophila melanogaster. Jennifer Ro ,
2
3
Gloria Pak , Scott D. Pletcher . 1) Cellular and Molecular Biology, University of Michigan, Ann Arbor, MI; 2)

College of Literature, Science and the Arts, University of Michigan, Ann Arbor, MI; 3) Molecular and Integrative
Physiology, University of Michigan, Ann Arbor, MI.
Life-extension by dietary restriction (DR) is mediated by changes in the consumption of specific nutrients rather
than by a reduction in caloric intake per se. The long held belief that a reduction in caloric intake correlates with
increase in organismal lifespan has been challenged by studies on worms, flies, and rodents that have showed
that isocaloric diets with different nutritional composition can increase longevity. Indeed in the fruit fly,
Drosophila melanogaster, supplementation of essential amino acids, but not other calorically-equivalent
nutrients, was sufficient to abolish lifespan-extension under DR. These findings imply that sensing individual
amino acids in the diet may be sufficient to modulate organism health and aging. How organisms sense amino
acids and how such sensory signals are represented in the central nervous system, however, (CNS) remain
largely unknown. To begin to dissect the nature of nutrient sensing and its roll in modulating lifespan and
physiology, we hypothesized that the internal physiological state of an organism would be reflected in its
behavioral response to a given dietary protein concentration. A food choice is a complex behavior that can
reflect physiological demand for a certain nutrient. We invented a high-throughput system called the Fly Liquidfood Interaction Counter (FLIC) to continuously monitor time-dependent tasting and feeding behavior of
individual flies. Based on a food choice assay using the FLIC, we have evidence that Drosophila can sense
dietary protein and that they alter feeding preference depending upon their nutrient and reproductive status. A
reverse genetic screen identified a key neuromodulator that is involved in protein sensation and feeding
preference. In the future we plan to assess the role of protein sensing on regulation of diet-dependent longevity.
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Rapamycin reduces Drosophila longevity under low nutrition. Eugenia Villa-Cuesta , Rand David . 1)
BIOLOGY, DEPARTMENT OF, Adelphi University, Garden City, NY; 2) Department of Ecology and Evolutionary
Biology, Brown University, Providence, RI , USA.
Rapamycin treatment is considered a pharmacological intervention with the potential to mimic the longevity
benefits of dietary manipulations. However, how rapamycin interacts with nutrition is not fully understood. Here
we studied the effect of rapamycin on the longevity of Drosophila under a range of dietary conditions. In diets
low in nutrients, rapamycin reduced longevity in a dosage-dependent manner. This dosage effect requires some
nutrients as rapamycin has no impact on survival under starvation conditions. Under a balanced diet of yeast
and sugar, rapamycin had no repeatable beneficial effect on organismal longevity. However, rapamycin is able
to extend longevity in a high yeast diet. These results show that the effect of rapamycin on longevity is sensitive
to the nutritional environment and it can reduce lifespan when nutrients are limited.

343A
Influence of gene duplication on a critical hormone signaling pathway in Drosophila. Aaron Baumann,
Raechel Warner, Michael Texada, Hui-Min Chen, James Truman, Lynn Riddiford. Janelia Farm Research
Campus, Howard Hughes Medical Institute, Ashburn, VA.
Third instar (L3) Drosophila larvae encounter several hormonally regulated developmental checkpoints. One
hormone, juvenile hormone (JH), prevents early metamorphosis. JH signaling in flies is poorly understood, in
part due to redundancy between the bHLH-PAS JH receptor Met and its ancestral paralog gce. We probed
developmental Met/gce expression to understand the influence of receptor gene duplication on this pathway.
We generated transgenic lines carrying BAC constructs with GAL4 or LexA driver insertions in the Met or gce
coding sequence, flanked by 40 kb of genomic context on each side, and used these to drive fluorescent
reporters in the endogenous pattern of Met or gce. Using confocal microscopy of staged animals, we performed
imaging studies to analyze the spatio-temporal expression of each paralog. During L3, we saw dynamic Met and
gce expression across ring gland (RG) structures, including discrete, partitioned expression in JH-producing
cells, and stage-specific co-expression in ecdysone-producing cells. Met/gce expression in a subset of neurons
in the RG suggests involvement in timing hormone synthesis and catabolism. Met/gce expression in the CNS
indicates shared and unique functions in CNS development, supporting results showing Met but not Gce is
necessary for optic lobe development (Riddiford et al., 2010; Riddiford, 2012). Paralog expression was
redundant in some JH target tissues, but in others only one receptor was seen at a particular time with changing
expression through development. There was no expression in tissues showing JH insensitivity, including the
wing, eye, and leg imaginal discs, supporting these proteins as bona fide JH receptors in flies. These tools
provide the first comprehensive analysis of developmental JH receptor expression in Drosophila and offer an
entry point to understand how duplicate receptors differentially transduce a common signal to mediate hormone
crosstalk. This work was supported by HHMI.
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The Drosophila Neuropeptide F Circuit Integrates Sleep and Feeding Behavior to Regulate Aging. Brian
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Y. Chung , Jenny Ro , Kylie Miller , Scott D. Pletcher . 1) Molecular and Integrative Physiology, University of
Michigan Medical School, Ann Arbor, MI; 2) Cellular and Molecular Biology Graduate Program, University of

Michigan Medical School, Ann Arbor, MI; 3) College of Literature, Science, and the Arts, University of Michigan,
Ann Arbor, MI.
Both sensory recognition processes and nutrient sensing pathways enable animals to make informative
decisions that produce profound effects on health, aging, and ultimately their survival. Animals rely upon
sensory cues and circuits to anticipate, adjust, and acclimate to the ever-changing environment. Nutrient status
and intake, which is largely influenced by food availability, determines energy need in order to maintain optimal
function of physiological mechanisms. Since integrative processing of sensory cues and nutrient levels is
primarily mediated by the central nervous system (CNS), the brain has emerged as an attractive frontier to
understand how sensory and nutrient inputs influence aging. However, it remains unclear which neural circuits
and substrates within the CNS coordinate these inputs with physiological processes to regulate longevity and
healthspan. Reverse-genetic screening tactics identified Neuropeptide F (NPF) as an important modulator of fly
aging. Activation of npf-expressing cells caused a sex-specific, significant decrease in fly lifespan. Interestingly,
these lifespan effects were accompanied by significant changes to adult feeding levels, metabolic signatures,
and sleep-wake behavior. We also determined that a subset of npf-expressing cells, specifically those
expressing the circadian photoreceptor cryptochrome, is largely responsible for the changes to sleep behavior
caused by neuron activation. Lastly, activation of cells expressing the NPF receptor NPFR produced behavioral
and physiological phenotypes similar to those observed in NPF activation genotypes. Given these observations
and recent published findings, we reason that the NPF network controls and integrates nutrient intake and
sleep-wake behavior to optimize fly physiology, function, and healthspan.

345C

1

The steroid deficiency protein Ecdysoneless is a pre-mRNA splicing factor. Ann-Katrin Claudius , Patrizia
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Romani , Tobias Lamkemeyer , Marek Jindra , Mirka Uhlirova . 1) Institute for Genetics, CECAD Cologne,
University of Cologne, Cologne, Germany; 2) Dipartimento di Biologia Evoluzionistica Sperimentale, Università
di Bologna, Bologna, Italy; 3) Proteomics Facility, CECAD, University of Cologne, Cologne, Germany; 4) Biology
Center, Academy of Sciences of the Czech Republic, Ceske Budejovice, Czech Republic.
Steroid hormones function as precisely timed cues that orchestrate physiological and developmental changes
throughout the body of multicellular organisms. In insects, pulses of the steroid hormone ecdysone govern the
major developmental transitions, such as larval molting and metamorphosis. A conditional, steroid-deficient
1
ecdysoneless (ecd ) Drosophila mutant has been used to study ecdysone-regulated processes for more than
1
three decades. However, the molecular foundation of ecdysone scarcity in the ecd mutants has remained a
mystery. We show here that Ecd interacts with the core components of the spliceosome, such as the Prp8 and
Aar2 proteins. Removal of Ecd from the larval steroidogenic prothoracic gland compromises pre-mRNA
processing of a critical ecdysone-biosynthetic gene, Cyp307A2/spookier (spok), resulting in loss of its protein
1
product. Although this explains the hormone deficiency of ecd mutants, Ecd is not a specialized regulator of
ecdysone biosynthesis. Independently of ecdysone, Ecd is required for survival of proliferating imaginal disc
cells. Strikingly, supplementing the Ecd-deficient prothoracic gland with the human Ecd ortholog (hEcd)
reinstates spok pre-mRNA splicing and protein expression, restoring ecdysone levels and normal development.
Furthermore, hEcd averts death of ecd-null mutant imaginal cells. Our work thus identifies Ecd as a novel premRNA splicing factor whose function has been conserved from flies to humans.
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Met/Gce is a bona fide juvenile hormone receptor. Marek Jindra , Jean-Philippe Charles , Vlastimil
1
4
2
Smykal , Mirka Uhlirova , Ron Hill . 1) Dept Gen, Biol Ctr ASCR, Ceske Budejovice, Czech Republic; 2) Animal,
Food and Health Sciences, CSIRO, North Ryde NSW, Australia; 3) Université de Bourgogne, Dijon, France; 4)
Institute for Genetics, CECAD Cologne, University of Cologne, Cologne, Germany.
The sesquiterpenoid juvenile hormone (JH) plays vital roles in insect development, growth, and reproduction; JH
signaling interacts with the ecdysone and insulin pathways. Although many questions as to how JH achieves its
effects remain, central features of the mode of JH action are emerging. After decades of effort, an intracellular
receptor for JH has been characterized as a bHLH-PAS domain protein, Methoprene-tolerant (Met). Like
deficiency of JH itself, loss of Met causes precocious metamorphosis in Tribolium beetles and in true bugs
(Jindra et al. 2013, Annu. Rev. Entomol. 2013, 58:181-); Met is also required for oogenesis. In Drosophila, the
Met gene has duplicated and its paralog is called germ cell-expressed (gce). While mutants lacking both Met
and gce die at pupation, Met single-mutant flies are viable but resistant to lethal doses of JH or its synthetic
mimic, methoprene. We have shown that Met and Gce proteins from Drosophila and Met proteins from distant
insects bind JH or methoprene. Mutations of specific amino acids within the ligand-binding pocket of Met abolish
JH binding and prevent Met from JH-dependent interaction with its partner Taiman. Here, we employ Drosophila
to provide the critical missing evidence that the JH-binding capacity of Met/Gce is necessary for function of the
protein in vivo. Ubiquitous expression of a transgenic Gce protein alone rescues the Met gce double-mutant flies
to adulthood, and restores the normal methoprene-induced lethality of Met mutants. In contrast, several Gce
variants with the point mutations that disable binding of JH fail to rescue either phenotype. These results for the

first time demonstrate that the biological function of Met/Gce depends on its hormone-binding activity, thus
validating Met/Gce as the bona fide juvenile hormone receptor.
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Drosophila neurotrophin Spätzle5 is required for ecdysone synthesis. Qiuxiang Ou, Brian Phelps, Kirst
King-Jones. Biological Sciences, University of Alberta, Edmonton, Alberta, Canada.
Ecdysone is converted from cholesterol through a series of enzymatic steps in the prothoracic gland. However,
signaling pathways controlling this process remain poorly characterized. To identify novel components required
for ecdysone production in the prothoracic gland, we initially performed whole-genome microarray analysis of
hand-dissected ring glands (which harbor the prothoracic gland) and compared the signal to microarrays of
whole larvae samples, which allowed us to identify genes with specific expression in the ring gland. The 100
highest-scoring genes were then subjected to prothoracic gland-specific RNA interference (RNAi), which
resulted in 25 genes that have likely novel roles in ecdysone synthesis. One of these hits, a gene called
spätzle5, has homology to vertebrate neurotrophins, which are signaling molecules that have neuroprotective
functions during brain development. RNAi knockdown of spätzle5 caused arrest of larval development, which
can be rescued by ecdysone feeding, indicating that this neurotrophin is necessary for ecdysone synthesis. We
also demonstrate that spätzle5 is required for the production of nitric oxide (NO) possibly through controlling the
activity of nitric oxide synthase (NOS). Prothoracic gland-specific RNAi knockdown of NOS also results in L3
arrest, consistent with the idea that this neurotrophin recruits NO signaling to govern ecdysone synthesis. These
data provide evidence that neurotrophins are involved in the regulation of steroid hormone synthesis.

348C
The effects of Bisphenol A (BPA) and Bisphenol S (BPS) on growth and development in Drosophila: A
comparative study. Amber K. Weiner, Trisha M. Zintel, Ashley L. Parker, AnnJosette Ramirez, Sheryl T. Smith.
Biology, Arcadia University, Glenside, PA.
Bisphenol A (BPA) is a high production volume chemical used in the manufacture of polycarbonate plastics,
epoxy resins, food packaging, dental composites and other products. A 2003-2004 study conducted by the CDC
found that 98% of humans had BPA in their urine, indicating widespread human exposure. A growing number of
studies in vertebrate model systems suggest that BPA, acting as a xenoestrogen, can disrupt endocrine
signaling. The mechanism of BPA-induced toxicity in invertebrates is not as well understood. In our previous
studies, we exposed larvae of Drosophila melanogaster to three concentrations of BPA (0.1 mg/L, 1 mg/L, 10
mg/L) and found an increase in growth in treated larvae that was associated with an earlier onset of pupariation.
We found that the greatest effect on growth was in response to the low (0.1 mg/L), not high (10 mg/L) dose of
BPA. In the present study, we examined the effects of two additional concentrations of BPA (0.001mg/L and
0.01mg/L ) on larval growth and development. Our collective data indicate a non-monotonic dose response to
BPA exposure that is consistent with a dose response profile for endocrine disrupting chemicals in numerous
vertebrate studies. Further, we tested the effects of Bisphenol S (BPS), a compound with structural similarity to
BPA that is used in a growing number of products. A recent study found BPS in 81% in the urine of human
subjects from eight countries. Similar to the effects of BPA, we observed a non-monotonic dose response to
BPS exposure, suggesting that BPS may be involved in dysregulation of one or more endocrine pathways. The
BPA/BPS-induced growth defects we observe in larvae are consistent with phenotypes observed with increased
insulin signaling. We are currently investigating possible mechanisms of BPA/BPS disruption of this highly
conserved pathway in flies and humans.

349A
Nocturnin (curled) is involved in the regulation of ecdysone production via interaction with Drosophila
Hormone Receptor 4. Jie Zeng, Qiuxiang Ou, Kirst King-Jones. Biological Sciences, University of Alberta,
Edmonton, Alberta, Canada.
In Drosophila melanogaster, pulses of the steroid hormone ecdysone trigger major developmental transitions,
including larval molts and the onset of metamorphosis. Ecdysone is synthesized in the prothoracic gland (PG) of
Drosophila larvae, which is part of a larger structure called the ring gland. In an effort to find novel regulators of
ecdysone production, our lab carried out ring gland-specific microarrays, which identified ~120 genes that are
specifically expressed in this tissue. We found that Nocturnin (noc; Flybase name: curled), which encodes a
putative mRNA deadenylase, is one of these ring gland-enriched transcripts. Knocking down noc in the PG
causes developmental acceleration, which manifests itself in larvae that pupariate prematurely with a small body
size due to a shortened larval feeding period. Interestingly, these phenotypes are very similar to what has been
observed in Drosophila Hormone Receptor 4 (DHR4) mutants. DHR4 is a nuclear receptor that rhythmically
represses ecdysone biosynthesis at defined developmental times to ensure low ecdysone titers between two
pulses. Since mouse Noc has been shown to facilitate another nuclear receptor, PPARγ, to translocate to the
nucleus, we hypothesized that Drosophila Noc may assist DHR4 to transfer into the nucleus. We show here that
noc and DHR4 genetically interact: overexpressing DHR4 in the ring gland caused animals to arrest in larval

stages due to the repression of ecdysone signal, and this could be partially rescued when we repeated this
experiment in a noc null mutant background. This suggested that the function of DHR4 in blocking ecdysone
biosynthesis is dependent on noc. We are currently testing whether Noc physically associates with DHR4 via
immunostaining and co-immunoprecipitation. In summary, our study strongly suggests that noc is a novel player
in the regulation of the ecdysone pulses during larval development.

350B
Exposure of D. melanogaster larvae to BDE-47 is associated with altered larval growth and delayed
pupal development. Trisha M. Zintel, Ashley L. Parker, Amber K. Weiner, AnnJosette Ramirez, Shane A.
Harris, Sheryl T. Smith. Biology Dept, Arcadia University, Glenside, PA.
Polybrominated diphenyl ethers (PBDEs) are widely used in flame retardant materials and other products, such
as textiles, electronics, electrical equipment, furniture, and upholstery. The effects of PBDEs have been studied
in a number of vertebrate and invertebrate model systems and suggest that PBDEs function in endocrine
disruption, although the mechanism of action is poorly understood. Studies have shown adverse effects on
human health due to the exposure of PBDEs, including a correlation between PBDE exposure and
neuropsychological effects on older adult humans, reduction of thyroid hormones, and lower birth weight in
human infants. In order to gain better insight into the effects of PBDEs on growth and development, we exposed
Drosophila larvae to three different concentrations (100 μg/L, 10 μg/L, and 1 μg/L) of 2,2',4,4'tetrabromodiphenyl ether (BDE-47), a PBDE found in many products and ubiquitously in the environment. We
found that BDE-47 treatment resulted in a non-monotonic response consistent with those reported for a growing
number of endocrine-disrupting chemicals. Further, we found that BDE-47 treatment did not affect the rate of
pupariation, but did delay the onset of ecolsion for animals treated with the highest concentrations (10 μg/L and
100 μg/L). BDE-47 treatment was not found to affect sex ratio of eclosed adults. Our studies suggest that BDE47 affects endocrine signaling in Drosophila that results in altered growth and development. We are currently
investigating possible mechanisms of BDE-47-induced growth defects and delayed development observed in
our studies.

351C
Does Rapamycin improve lifespan and healthspan? A test with multiple mitonuclear genotpyes and
dietary treatments. James A. Mossman, Julia Donner, Denise Croote, Russyan Mark Mabeza, Matthew Min,
Michele Koh, Neha Mehta, Emma Blake, Eugenia Villa Cuesta, David Rand. Ecology and Evolutionary Biology,
Brown University, Providence, RI.
Rapamycin has been implicated as a pharmacological agent that can extend longevity. We tested this
hypothesis in a panel of mitonuclear genotypes of Drosophila on two different diets. We quantifies lifespan
climbing, flight, fecundity and mitochondrial enzyme activity. Rapamycin reduced longevity for as many
conciditions as it extended longevity. It had beneficial effects on some enzyme activities, but had mild
detrimental effects on performance traits related to locomotion. The genetic background of the strains tested
had significant variation on the results of the tests, suggesting that rapamycin has variable effects on different
genotypes and is not a consistent beneficial treatment for extending lifespan and health span in Drosophila.

352A
The Role of miR-310s in ovarian soma in response to dietary conditions. Omer Cicek, Halyna Shcherbata.
MPRG of Gene Expression and Signaling, Max Planck Institute, Goettingen, Germany.
miRNAs are short noncoding RNA molecules that regulate gene expression and have been shown to act on
diverse cellular and physiological processes such as cell survival, death, and fate determination. Among many
fine-tuned homeostases throughout the body, continuous generation of adult tissues from their respective adult
stem cells is tightly regulated. Stem cell divides asymmetrically into another stem cell and a daughter that
undergoes differentiation. An open question of great importance is how stem cell progeny determines
appropriate cell fate. We use the Drosophila ovary as a model system to study the specificity of cell
differentiation, since ovarian soma bears different types of cells; for example, terminal filament and cap cells are
mitotically inactive, while follicular epithelium and stalk cells are constantly replenished by follicle stem cell
(FSC) division. The recently evolved miR-310s complex is expressed in terminally differentiated stalk cells. The
deletion of miR-310s results in multilayered epithelia and fused egg chamber phenotypes that are enhanced due
to nutritional stress conditions. We found that Rab23, a negative regulator of highly evolutionary conserved
Hedgehog (Hh) pathway, is a miR-310s target in somatic cells. It is well known that Hh signaling regulates the
generation of the follicular epithelium and cooperates with TGF-β, Wg, and JAK/STAT signaling to control FSC
proliferation that also is extremely sensitive to growth factors. Our data imply that the strength of Hh signaling is
adjusted by miR-310s in response to diet.
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A proteomic screen towards identifying fat body factors transmitting nutritional status to stem cell
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lineages in the Drosophila ovary. Shinya Matsuoka , Alissa Armstrong , Leesa Sampson , Kaitlin Laws ,
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Robert Cole , Daniela Drummond-Barbosa . 1) Biochemistry and Molecular Biology, JHU Bloomberg School of
Public Health, Baltimore, MD; 2) Mass Spectrometry and Proteomics Facility, JHU School of Medicine,
Baltimore, MD; 3) These authors contributed equally.
Adult tissue stem cells have the dual ability to self-renew and generate differentiated cells, supporting tissue
turnover and repair throughout life. In addition to intrinsic and local factors, the organismal physiology governs
these stem cell activities. Several lines of evidence suggest that the function of tissue stem cells are tightly
linked to nutrients, metabolites and hormones. Fat cells play a major endocrine role in both mammals and
Drosophila; however, how the nutritional status of fat cells is transmitted to stem cells in other tissues is largely
unknown. Our past work showed that germline stem cell (GSC) lineage in the Drosophila ovary is regulated by
multiple nutrient-sensing pathways acting within ovary, including insulin, TOR and ecdysone. More recent,
unpublished data show that disrupting amino acid transporters, TOR or insulin signaling within adipocytes leads
to specific ovarian phenotypes in each case, including GSC loss, block in vitellogenesis and/or ovulation. To
identify nutrient-dependent fat body factors with potential roles in oogenesis, we conducted a proteomic screen
using isobaric tags for relative and absolute quantification (iTRAQ) of fat bodies from females fed rich or poor
diets. We discovered 197 and 283 proteins that are down- or up-regulated on a poor diet, respectively. Among
those candidates, about 50 are putative secreted proteins and about 200 proteins are metabolism-related
proteins such as catalytic enzymes for lipids which may act as signaling molecules. RfaBP, a secreted protein
important for lipid transport, was down-regulated on a poor diet and its knock down in adipocytes reduced egg
production of females fed a rich diet. We are currently conducting functional assays against additional
candidates. This work will delineate how multi-organ communication regulates tissue stem cell lineages.
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The regulation of muscle function by Mio in Drosophila. Grzegorz Polak, Justin R. DiAngelo. Department of
Biology, Hofstra Univ, Hempstead, NY.
All cells require energy to perform their specialized functions. Muscle is particularly sensitive to the availability of
nutrients due to the high energy requirement for muscle contraction. Therefore the ability of muscle cells to
obtain and store nutrients for energy is essential for the function of these cells. Our lab has recently identified
Mio, the Drosophila homolog of carbohydrate response element binding protein (ChREBP), as a nutrient
responsive transcription factor important for triglyceride storage in the fat body. However, the function of Mio in
muscle is unknown. In this study, we characterized the role of Mio in controlling muscle function in adult flies.
Lowering Mio levels using RNAi specifically in muscle leads to a flight defect and altered myofibril structure in
the indirect flight muscles as shown by electron microscopy. Mio RNAi flies also have increased glycogen
storage in their thoraxes as well as altered glycolytic gene expression, providing a potential mechanism leading
to alteration of the indirect flight muscle ultrastructure. Together, these data indicate a novel role for Mio to
control muscle structure and may provide a molecular link between nutrient availability and muscle function.
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Analysis of βν integrin mutant showing a premature aging phenotype in Drosophila adult midgut.
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Takashi Okumura , Koji Takeda , Kiichiro Taniguchi , Takashi Adachi-Yamada . 1) Department of Life Science,
Gakushuin University; 2) Department of Physics, Faculty of Science and Engineering, Waseda University.
Homeostasis of adult tissue comprising various types of cells including stem cells appears to be a complex
process involving multiple signaling factors. One of such organs, the Drosophila adult midgut containing the
intestinal stem cells (ISCs) provides us a useful system in research of disruption of homeostasis, such as aging.
Here, we found that a viable mutant of βν integrin (βint-ν), encoding one of two Drosophila integrin β subunits,
showed typical premature aging phenotypes in its midgut, such as short midgut and abnormal multilayered
epithelia accompanied by an increase in ISC proliferation and misdifferentiation defects. The increase in ISC
proliferation and misdifferentiation was due to frequent ISC duplication expanding a pool of ISCs, which was
caused by depression of the Notch signaling, and up-regulation of unpaired (upd), a gene encoding an
extracellular ligand in the JAK/STAT signaling pathway. In addition, we found that abnormally high accumulation
of filamentous actin (F-actin) was caused in the βint-ν mutant enterocytes. Furthermore, we observed that all of
these premature aging phenotypes were governed by abnormal activation of c-Jun N-terminal kinase (JNK) as
seen in the aged midgut in wild type. Our results suggested that βint-ν has a novel function for the Drosophila
adult midgut homeostasis under normal conditions and provided a new insight into possible age-related
diseases caused by latent abnormality of an integrin function.
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Salivary gland subcellular organization and regulatory conservation in Anopheles mosquitoes. Michael B
Wells, Deborah J Andrew. Cell Biology, Johns Hopkins University School of Medicine, Baltimore, MD.
Disease transmission from mosquito vectors to humans is one of the most deadly threats to human health.
Mosquito-borne disease accounts for 1-2 million deaths per year, primarily in the Tropics, and hundreds of

millions of disease incidences. Among these, malaria transmission is the major contributor plaguing humans.
Malaria is spread to humans by Anopheles mosquitoes, in a manner that requires travel through mosquito
salivary glands (SGs). In order to develop novel strategies for the prevention of human malaria transmission, we
are applying our lab’s previously gained knowledge of Drosophila salivary gland development and homeostatic
regulation to two mosquito species, Anopheles gambiae and Anopheles stephensi. Anopheles and Drosophila
are both genera within the order Diptera, but since the evolutionary divergence time between them is significant,
we conducted homology searches to identify mosquito SG structural proteins and transcriptional regulators and
assess the extent of conservation. We were able to find many conserved structural proteins, organelle markers,
and our fly SG transcription factors of interest, most of which displayed a very high degree of homology. Using
available antibodies against Drosophila proteins, we have optimized immunofluorescence microscopy in
mosquitoes and begun to characterize adult SG organization. Our work confirms and expands upon previous
electron microscopy and histological studies. This work will also support our subsequent studies of TF function
in mosquito SGs. Finally, we are developing a TALEN-based approach to create mosquitoes mutant for the
homolog of a Drosophila SG-specific and SG-required factor, sage, to better assay SG function during
development and as a potential tool for targeted SG destruction to prevent the transmission of malaria.
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Insulin signaling related function of Tribbles during Drosophila development. Rahul Das, Zach Sebo,
Leonard Dobens. Cell & Molecular Biology, University of Missouri-Kansas City, Kansas City, MO 64110.
Insulin/Insulin like growth factor signaling is an evolutionarily conserved pathway that regulates vital aspects of
metabolism and growth in metazoans. Drosophila Tribbles (Trbl) is the founding member of the Trib family of
kinase-like proteins that controls diverse cellular processes such as mitosis, cell adhesion and protein
degradation. Mounting evidence indicates that mammalian Trib2 and Trib3 homologs act as endogenous
antagonists of Akt kinase activation during insulin signaling, and recently human Trib3 sequence variants have
been associated with insulin resistance. We tested whether the function of Trib family members in Insulin
signaling pathway is conserved by focusing on larval tissue growth, which is exquisitely sensitive to insulin
signaling. Misexpression of Trbl in the larval fat body reduced larval body size and delayed pupation by
approximately 24 hrs. Fat body cells misexpressing Trbl are slightly but significantly smaller that WT cells and
exhibit reduced activating phosphorylation of Akt (at Ser505), but no change on total Akt levels. Misexpression
of a mutant version of Trbl bearing point mutation in the kinase domain (D/NLK) failed to prevent Akt
phosphorylation. Complementarily, trbl RNAi knockdown in larval fat body increased both fat body cell size and
levels of pSer505-Akt. In larval skeletal muscle, Trbl misexpression both rescued embryonic lethality associated
with Akt misexpression at high temperatures, while at permissive temperatures Trbl misexpression effectively
suppressed larval muscle overgrowth caused by Akt. Trbl physically interacts with Akt via its kinase-like domain
in a yeast two-hybrid assay. Consistent with a position between Akt and downstream targets, Trbl
misexpression suppressed Akt-mediated increase of wing cell size but did not suppress the overgrowth caused
by S6 kinase. Taken together, these data show that Trbl has a conserved role as an endogenous negative
regulator of insulin signaling pathway and acts to co-ordinate nutrient availability with cell growth and
developmental timing.

358A
Effect of insulin signaling on sexual attractiveness and performance. Tatyana Y. Fedina, Scott D. Pletcher.
Molecular & Integrative Physiology, University of Michigan, Ann Arbor, MI.
We had previously shown that ubiquitous upregulation of insulin signaling (IS) increases sexual attractiveness of
female pheromones (cuticular hydrocarbons), while IS downregulation produces the opposite effect, possibly
relaying information about female nutritional status and fecundity to males. In this series of experiments, we
investigate which specific tissues are responsible for the IS effect on attractiveness in females, and whether the
activity of this nutrient sensing pathway affects male reproductive performance. IS upregulation exclusively in
oenocytes using the geneswitch Gal4 driver to overexpress the insulin receptor (UAS-InR) increased female
attractiveness, while IS downregulation (with UAS-Pten) decreased female attractiveness, implicating oencytes
in transmitting information about female nutritional status. Interestingly, driving the same UAS constructs in the
fat body (gsS1106-Gal4) did not change female attractiveness, while driving both with pan-neuronal geneswitch
driver gsElav-Gal4 resulted in a decreased female attractiveness. IS pathway activity can be perceived at
multiple levels, therefore, we speculate that ectopic manipulation of individual IS pathway members in single
tissues distorts a normally coordinated perception. This, in turn, can produce a stress response and decrease
attractiveness. Ubiquitous manipulations of insulin signaling (gsTub5>InR or Pten) in adult males did not affect
their reproductive performance measured as courtship vigor towards a stationary decapitated female. Moreover,
neither of these manipulations had an effect on female choice between control and insulin-manipulated
transgenic males in two-male mating trials. Such contrast to the IS effect on females is not surprising since a
number of factors affecting insulin signaling act in a sexually dimorphic manner. The effects of these factors and
their interactions with IS are currently under investigation.
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Quantitative Analysis of the Effects of Insulin and Tor Signalling on Ageing in Drosophla. Corinna
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Hopfen , Nicole Philippi , Linda Partridge . 1) Max-Planck Institut for Biology of Ageing, Joseph-StelzmannStraβe 9b, 50931, Cologne, NRW, Germany; 2) Institute of Healthy Ageing, and G.E.E., UCL, Gower Street,
London, WC1E 6BT, UK.
Ageing is the major risk factor for developing diseases such as cancer and neurodegenerative disorders for
instance. In recent years, it has been well documented that the rate of ageing seems to be subject to universal
regulation across species, through the interplay of classical signalling pathways such as TOR and Insulin/IGF
(IIS). Thus far, the interplay between the TOR and IIS pathway has been described at the levels of transcription,
translation and post-translational mechanisms, and seems to be an important driver in the regulation of ageing.
Recently, awakening interest can be observed in understanding the dynamics within such signalling networks, to
unravel the complexity of ageing. Up to date, many key components within these pathways were described to
positively or negatively affect lifespan and stress resistance in diverse model organisms. However, no studies
are available to estimate the dynamics between these key candidates and their effects on ageing. As a
consequence, it remains uncertain how small changes in gene activities operate in concert to alter cell
metabolism and growth rates in vivo. Hence, to decipher the mechanisms underlying healthy ageing we are
aiming to make use of modelling, by means of gradually modifying gene activity in a complex signalling network
and to test these predictions in vivo using Drosophila.

360C
Regulatory mechanism of the nutrient-dependent expression of Drosophila insulin-like peptide gene.
Naoki Okamoto, Takashi Nishimura. Center for Developmental Biology (CDB), RIKEN, Kobe, Hyogo, Japan.
Members of the insulin-like peptides have conserved roles in the regulation of growth and metabolism in a wide
variety of metazoans. The Drosophila genome encodes eight insulin-like peptide genes, dilp1-8, and the most
prominent dilps (dilp2, dilp3 and dilp5) are expressed in brain medial neurosecretory cells known as insulinproducing cells (IPCs). Although these dilps are expressed in the same cells, the expression of each dilp is
regulated independently. Furthermore, the expression of one of the three genes, dilp5 is tightly regulated by
nutrient availability. However, the molecular mechanisms that regulate the expression of individual dilps in the
IPCs remain largely unknown. In the previous study, we showed that Dachshund (Dac), which is a highly
conserved nuclear protein, is a critical transcription factor that specifically regulates dilp5 expression. Dac
interacted physically with the Drosophila Pax6 homolog Eyeless (Ey), and these proteins synergistically
promoted dilp5 expression in the IPCs (Okamoto et al., PNAS 2012). Although we revealed the molecular
mechanism of dilp5 expression by two transcription factors Dac and Ey, we still do not know how these proteins
involve in the nutrient-dependent regulation. Here we identify the additional transcriptional factor which activity
was tightly regulated in the nutrient-dependent manner in the IPCs. We are now studying the molecular
mechanisms how this transcriptional factor regulates Dac and Ey activities to control nutrient-dependent
expression of dilp5.

361A
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The nutritional geometry of insulin shapes the landscape of aging. Stephanie Post , Marc Tatar . 1)
Molecular Biology, Cell Biology and Biochemistry, Brown University, Providence, RI; 2) Ecology and
Evolutionary Biology, Brown University, Providence, RI.
One of the major contributors to aging in eukaryotes from C. elegans to mice is insulin/IGF signaling (IIS). In the
fruit fly Drosophila melanogaster, IIS is propagated by the eight Drosophila insulin-like peptides or Dilps. It is
well-established that nutrient sensing regulates the trade-off between growth and lifespan extension but the
precise mechanisms involved have yet to be elucidated. Previous studies altering yeast concentrations to
manipulate the nutrients consumed by Drosophila have not illustrated the relative contribution of protein and
sugar to caloric intake. The Geometric Framework diets are comprised of seven protein to carbohydrate ratios
and four total protein and carbohydrate concentrations, and can be used to determine if a particular protein to
carbohydrate ratio or caloric amount is required for a given phenotype. In order to determine how IIS plays a
role in lifespan extension by nutrient sensing, we used the Geometric Framework diets, assayed the relative
expression levels of the eight Dilps by qPCR, and compared the geometric plots to those for lifespan and
fecundity. We found that there is a strong positive correlation between Dilp2 expression and lifespan extension
and a strong negative correlation between Dilp5 expression and lifespan extension. Moreover, there was a slight
positive correlation between Dilps 1, 3, 4 and 6 expression and lifespan extension. Surprisingly, the newlydiscovered Dilp8 was strikingly opposed to fecundity. Dilp7 expression produced a complex surface that did not
align with optimum lifespan or fecundity. Thus, Dilp5 functions to promote aging, Dilp2 and the less-expressed
peptides promote longevity, and Dilp8 functions to repress reproductive activity. Altogether, our results display
that nutrient sensing is controlled by insulin signaling to differentiate between growth and longevity processes.

362B
Exploring the interface of endoplasmic reticulum stress and insulin signal transduction. Zachary Sebo,
Rahul Das, Leonard Dobens. Division of Molecular Biology and Biochemistry, UMKC, Kansas City, MO.
Multiple interwoven signaling pathways are required to maintain metabolic homeostasis. Distortions in metabolic
network topology are characteristic of the obesity condition and include chronic endoplasmic reticulum (ER)
stress, which has a causative role in insulin resistance in mammals. Here we explore the effects of ER stress on
insulin resistance in the Drosophila model system. Our focus is primarily on the Tribbles protein family, which
includes several members known to inhibit insulin signaling by blocking phosphorylation of Akt downstream of
the insulin receptor. Recent findings in mice demonstrate TRB3 as a key effector of ER stress that contributes to
peripheral insulin resistance. We are therefore using chemically modified food and genetic techniques to identify
if an evolutionarily conserved role for Drosophila Tribbles in the ER stress response exists. This work is ongoing
and will provide mechanistic insights into obesity-related metabolic disorders.

363C
Genetic regulation of regeneration. Robin Harris, Joshua Saul, Iswar Hariharan. MCB, University of
California, Berkeley, Berkeley, CA.
WNT family proteins, such as Drosophila Wg, are expressed early during regeneration in multiple organisms.
Understanding how these developmental signaling pathways are regulated specifically during regeneration is
key to understanding the genetic mechanisms underlying regenerative capacity. We have identified a damagespecific enhancer in a genomic region within the WNT gene cluster, which is necessary for an effective
regenerative response in larval imaginal tissues. Importantly, we have elucidated a minimal region that regulates
regenerative WNT expression, and identified crucial inputs that are required for activation of WNT ligand
expression following damage, and repression of this response with age. Our current research aims to build on
these data, using this "regulatory signature" to identify other genes that are similarly expressed during
regeneration, and thus together may comprise a regeneration program.

364A
Interaction proteomics identify a novel translational repressor complex involved in p38MAPK-mediated
1
2
1
1
control of myoproteostasis. Vladimir Belozerov , Helen McNeill , Arthur Hilliker , John McDermott . 1)
Biology, York University, Toronto, ON, Canada; 2) Samuel Lunenfeld Research Institute, Mount Sinai Hospital,
Toronto, ON, Canada.
Studies of aging in model metazoans suggest that the systemic functional decline characteristic of aging may be
a consequence of local degenerative changes in specific tissues. Skeletal muscle, with its large metabolic and
endocrine potential, emerged as an important regulator of systemic longevity. In Drosophila longevity is tightly
linked to the regulation of myoproteostasis, and the formation of misfolded protein aggregates has been shown
to be a hallmark of senescence in ageing muscle. In humans aggregation causes several age-related
degenerative muscle diseases, e.g. inclusion body myositis. p38 MAP kinase plays a central role in a conserved
signaling pathway activated by a variety of stressful stimuli. In ageing Drosophila muscle p38 MAPK exhibits a
multi-level control of myoproteostasis. (1) Previous studies showed that it modulates the damaging effects of
ROS through the p38b/Mef2/MnSOD pathway. (2) We found that p38b controls de novo protein synthesis rates
in aging and stressed muscle by direct phosphorylation of Rack1 that leads to the formation of a novel
translational repressor complex. These findings are supported by the measurements of translation rates in
muscle using the in vivo SUnSET technique. p38 mutant muscle displays elevated translation rates compared to
age-matched wild-type controls, and concomitant accumulation of detergent-insoluble protein aggregates
leading to loco-motor defects. Using affinity purification coupled to mass-spectrometry we determined that the
translational repressor complex comprises the KH-domain RNA-binding protein Scp160/vigilin, Asc1/Rack1,
Smy2/GIGYF2, and ZNF598, and shares a similarity to the yeast SESA complex. We analyzed the molecular
mechanism of the p38-mediated assembly of the complex and its repressive activity in cultured cells, and tested
our model in fly muscle. Our results suggest a conserved p38 pathway that senses intracellular aggregates and
halts translation to restore myoproteostasis.

365B
Genetic and Morphological Characterization of Male Reproductive Senescence. Michelle Giedt, Douglas
Harrison. Biology Department, University of Kentucky, Lexington, KY.
Aging results from a progressive deterioration in cellular, tissue, and biological processes, ultimately leading to a
decline in fitness and, eventually, death. Because of its high rate of activity and nonessential function, the gonad
is an ideal system in which to examine aging. While the relationship between lifespan and fertility has been
much investigated, little is known about the genetic architecture of age-related fertility loss in males. Using the
Drosophila melanogaster Genetic Reference Panel (DGRP), we are addressing two aims: 1) to genetically
dissect reproductive senescence in males by using a genome-wide association study (GWAS) to uncover loci
important in maintenance of fertility and 2) by examining changes in testis morphology with age, determine

whether reproductive aging occurs in a predictable fashion or if it takes distinct forms between individuals. We
conducted fertility assays on a subset of the DGRP lines to determine the amount of variability in reproductive
lifespan in the panel, and thus determine the suitability of the DGRP for this study. Results indicate that
significant differences in mean age at sterility exist for DGRP lines, suggesting that there is a genetic
contribution that can be uncovered. After determining reproductive lifespan for the full DGRP panel, associations
will be examined using GenABEL and DGRP website tools. Identified candidate genes will be verified by testing
for roles in maintaining fertility using the multitude of genetic tools, such as RNAi lines, available for Drosophila.
Morphological characterization of reproductive senescence was performed using fertility assay data to select
several DGRP lines at extremes of reproductive lifespan. Using markers for cell proliferation and differentiation
to characterize differences in the progression of reproductive senescence, we observe different patterns of
reproductive decline that vary by line. These results support the idea that age-related fertility loss is predictable
and that fertility is controlled by the contribution of many genes.

366C
Hypoxia effects on survival, fecundity and media of Drosophila. Jon F. Harrison, Saundra Schlessinger,
Taylor Biddulph, Stephanie Heinrich, Nicole Holden, Katrina Ramsey. School of Life Sciences, Arizona State
University, Tempe, AZ.
Moderate hypoxia (10%) slows growth, lengthens development time, decreases body size and increases basal
ecdysone levels in Drosophila. Similar effects of moderate hypoxia on growth occur in mammals, and remain
poorly understood. The effects on growth in Drosophila occur without decreases in metabolic rate, suggesting
past selection has influenced oxygen-signaling pathways to respond to such hypoxia. As predicted by this
hypothesis, we found that moderate hypoxia strongly reduced survival of Drosophila at both the larval and pupal
stage. Surprisingly, moderate hypoxia increased egg-laying rate without affecting egg size. We showed that
oviposition rate was increased when flies were presented with media maintained in hypoxia, suggesting that
hypoxia promotes formation of attractive volatiles from the microbial community in the media. Using micro-PO2
electrodes, we showed that, even with normal densities, media becomes hypoxic toward the end of the third
instar, and that this hypoxia can explain the depressive effects of density on body size. Together these results
show that hypoxia is a normal feature of Drosophila development in the lab, and that variation in degree of
hypoxia is likely a strong selective force shaping the evolution of Drosophila growth regulatory systems. This
research was partially supported by NSF 0938047 and 1256745 to JFH.

367A
A DGRP screen to identify host response factors to growth promotion effect mediated by Lactobacillus
plantarum. Dali Ma, Claire-Emmanuelle Indelicato, François Leulier. Institut de Genomique Fonctionnelle de
Lyon, ENS de Lyon, Lyon, France.
The metazoan gut microbiota comprises a rich and diverse community of commensal bacteria species that play
a vital role to sustain optimal host health: they aid the host to efficiently assimilate nutrients, establish and
maintain metabolic homeostasis and mount proper immune responses during pathogen invasion. Consequently,
various aspects of host development and physiology, ranging from juvenile growth to adult lifespan, are altered
in germ-free animals. Specifically, we have previous shown that on a low yeast diet, germ-free Drosophila
exhibit retarded larval growth and delay in pupariation and adult emergence. Interestingly, mono-associating
WJL
axenic fly embryos with a single strain of commensal species, Lactobacillus plantarum (Lp ), can reaccelerate growth and partially restore developmental timing, and such developmental growth promotion by
WJL
is mediated through TOR signaling. We wish to further identify novel host genetic elements and networks
Lp
WJL
that respond and regulate the growth promotion effect via Lp . We thus screened the collection of the
Drosophila Genetic Reference Panel (DGRP). After rearing flies on a low-yeast diet, we compared larval length
WJL
WJL
, quantified the Lp
growth
in age-matched axenic DGRP lines and in DGRP lines mono-associated with Lp
promotion responses, and found that DGRP lines show a wide range of larvae growth difference in response to
WJL
mono-association . Using the results of the quantification, we are currently conducting a genome-wide
Lp
WJL
association study to uncover genetic variants associated with the growth promotion effect via Lp
monoassociation.

368B
Characterization of Bacterial factors underlying Drosophila - Lactobacilli mutualistic interactions. Gilles
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Storelli , Jumamurat Bayjan , Roland Siezen , Sacha Van Hijum , François Leulier . 1) Institute of Functional
Genomics Lyon (IGFL), CNRS UMR5242, Ecole Normale Supérieure de Lyon, Lyon, France; 2) Nijmegen
Centre for Molecular Life Sciences, CMBI, Nijmegen, The Netherlands.
It is now widely recognized that intestinal microbiota influences its host’s biology, with impacts on metabolic,
tissular and immune homeostasis. However, despite the increasing number of studies correlating shifts in
microbiota structure with various inflammatory and metabolic syndromes, the characterization of microbial
factors influencing host’s fitness is hampered by the great complexity found in mammalian intestinal

ecosystems. In this regard, we decided to take advantage of Drosophila tractability and use it as a host model to
characterize both host and microbes’ genetic networks shaping intestinal mutualism. The fruit fly is a powerful
model to study this topic: its microbiota is relatively simple (in terms of composition) and strongly impacts its
physiology: we indeed previously showed that Drosophila's microbiota could sustain larval growth upon nutrient
scarcity. Moreover, we demonstrated that mono-association of germ-free first instar larvae with Lactobacillus
plantarum, a major representative of its microbiota, can recapitulate this growth promoting effect in a straindependent fashion. The strain-specificity of this phenotype demonstrates the existence of specific microbial
capabilities, not equitably shared among isolates of the same bacterial species, which can modulate host
physiology. We are now using the natural genetic diversity found in L.plantarum to define the microbial factors
involved in this growth promoting effect, thanks to gene-trait matching approaches: we have sequenced the
genome of 42 isolates of L. plantarum which we have mono-associated in parallel to germ-free larvae, in order
to correlate their growth promoting capabilities with their genomic content, and characterize bacterial loci
involved in this processes.

369C
Transcription factors FTZ-F1 and Blimp-1 in fat body control the pupal development and eclosion timing
1,2
2
in Drosophila. Hitoshi Ueda , Abdel-Rahman Sultan . 1) Dept Biol, Okayama Univ, Okayama, Japan; 2) The
Grad. Sch. Nat. Sci. and Tech. Okayama Univ. Okayama, Japan.
Living organisms sometimes determine their specific developmental events at precise timing. However, little is
known about how these timing are decided at molecular level. During the development in Drosophila, five
morphologically distinct developmental events, hatching of embryo, larval molts, puparium formation, pupation
and eclosion occur at relatively precise time induced by ecdysteroids. FTZ-F1 is a member of the nuclear
hormone receptor, induced after ecdysone pulse and expressed transiently during the development. Blimp-1, an
ecdysone inducible transcriptional repressor, binds to the promoter region of the ftz-f1 gene and plays an
important role in determining the precise timing of ftz-f1 expression during prepupal period. We have shown that
FTZ-F1 is expressed with high levels during late pupal stage and disappeared slightly before eclosion. However,
the regulation mechanism and function of ftz-f1 during the pupal development remain unknown. We examined
effects of blimp-1 and ftz-f1 knockdown and over expression by using GAL4/UAS system. We found that blimp-1
knockdown in the whole body induces premature expression of FTZ-F1 and advancing of pupal development
and eclosion timing. Interestingly, we found that blimp-1 knockdown in fat body induces the same results.
Moreover, blimp-1 over expression in fat body induces delaying of pupal development and delaying or inhibition
of eclosion. On the other hand, ftz-f1 knockdown in fat body as in whole body induces delaying of pupal
development and advancing of eclosion timing. In contrast, ftz-f1 over expression in fat body induces advancing
of pupal development. Moreover, ftz-f1 over expression in whole body induces advancing of pupal development
and delaying of eclosion timing. In conclusion, these results reveal that the expression of ftz-f1 is controlled by
Blimp-1 and FTZ-F1 controls the pupal development and eclosion timing.

370A
Histone H1 Linker-Like and Transition Proteins involved in chromatin condensation in Drosophila. Zain
A. Alvi, Tin-Chun Chu, Angela V. Klaus. Department of Biological Sciences, Seton Hall University, South
Orange, NJ 07079.
The current study is aimed at identifying and analyzing the conserved domains that are found in histone H1
linker-like and transition proteins in the original 12 sequenced species of Drosophila. These proteins facilitate
the process of nuclear transformation during spermiogenesis. The transition proteins (TPL94D in Drosophila
melanogaster) aid in transitioning the histone bound sperm DNA to a protamine bound sperm DNA. The histone
H1 linker-like proteins (MST77F in D. melanogaster) are involved in chromatin condensation and sperm nuclear
shaping. We have putatively identified sequences for the histone H1 linker-like and transition proteins in D.
simulans, D. sechellia, D. yakuba, D. erecta, and D. pseudoobscura by using the reference sequences found in
D. melanogaster. Our current work indicates that MST77F and TPL94D are conserved among the Drosophila
species in the melanogaster subgroup and in D. pseudoobscura, but not in the subgenus Drosophila. All
MST77F and TPL94D matches have a putative conserved DNA binding domain. Furthermore, a protein-protein
interaction domain is conserved among the identified sequences for MST77F. RNA-Seq expression analysis on
the testes revealed that the identified sequences for TPL94D and MST77F are highly expressed in D.
melanogaster, D. simulans, D. yakuba, and D. pseudoobscura. Our hypothesis is that variation in histone H1
linker-like and transition proteins may affect the pattern of chromatin condensation, which in turn may affect the
species-specific shape of the sperm nucleus.

371B
Genetic analysis of the spermeye region. Stephen Anderson, Steven Hernandez, Ujwala Gosavi, Chris
Bazinet. Biological Sciences, St. John's University, Queens, NY.
A gene defining a hotspot for male-sterile mutations blocking the maturation of elongated syncytia, spermeye

(spy) maps to a region of about ~100 kb at cytological region 57B on chromosome 2R, between dpr and
insc/sktl. Coincidentally, the only unsized gap in the euchromatic assembly of this the chromosome arm lies in
the middle of this region. We have observed some instability of deficiencies crossing this region, and
inconsistencies in the behavior of these deficiencies with respect to their ability to complement spy mutations,
suggesting the presence within this region of some kind of chromosomally unstable site. Synteny analysis of the
region indicates that the region immediately around the gap is dynamic on the evolutionary time scale. In one of
D. melanogaster’s closest relatives, D. Sechelia, a break between contigs occurs at or very close to the D.
melanogaster spy region gap. This indicates a biological basis for the gap in the genome sequence, i.e, that the
gap is not an assembly artifact, but rather a true indicator of some structural or informational singularity at this
point in the genome. Using P{wHy} insertions that flank the region, we are constructing nested sets of deletions
into/through the spy/gap region in order to more precisely define the location of the spy gene and to determine
how close it lies to the gap. Preliminary analysis of P{wHy} deletions indicates that at least one sperm
maturation gene in addition to spy lies within the interval, corresponding to CG13442, a predicted membranebound E3 ubiquitin ligase.

372C
Nuclear and chromatin remodeling events during spermiogenesis are modulated by phosphoinositide
1
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levels. Lacramioara Fabian , Julie Brill . 1) Program in Cell Biology, Hospital for Sick Children, Toronto,
Canada; 2) Department of Molecular Genetics, University of Toronto, Toronto, M5S 1A8, Canada.
Phosphosinositides (or PIPs) play important roles in regulating various aspects of sperm development in
Drosophila. Here, we show that PIPs are also required during late stages of spermiogenesis to regulate the
shape and size of the sperm head, and the state of chromatin condensation. During spermiogenesis, the nuclei
elongate, becoming leaf-, canoe- and then needle-shaped. As they elongate, the perinuclear microtubules form
the dense body, a rigid structure which gives support to the long and thin nucleus, and which is disassembled in
mature nuclei. At the same time, the chromatin inside the nucleus is reorganized to fit into a much smaller
space. This reorganization involves replacing the histones with transition proteins and then with protamines.
Through immunofluorescence and immunoelectron microscopy experiments we show that phosphatidylinositol
4,5-bisphosphate (PIP2) localizes to the nuclei, in regions associated with dense body, nuclear membrane, and
chromatin. Spermatids in which levels of PIP2 have been reduced show profound defects in nuclear shaping;
the nuclei do not mature and the males are sterile. Posttranslational modification of histones is impaired and
their removal is delayed. Protamines get incorporated into nuclei despite histones not being completely
removed, whereas transition proteins are missing. Marker analysis revealed that these defects in chromatin
condensation occur early during nuclear elongation and that localization of inner nuclear membrane proteins,
sumoylation and repair of double-stranded DNA breaks are PIP2 dependent. Our data suggest that normal
levels of PIP2 are required to coordinate interactions between the nuclear membrane, chromatin and the
cytoskeleton to drive nuclear morphogenesis.

373A
Essential roles for Profilin in the soma of the fly testes. Michael Fairchild, Guy Tanentzapf. Cell and
Developmental Biology, University of British Columbia, Vancouver, British Columbia, Canada.
The process of gametogenesis requires intricate and sustained cooperation between the soma and germline. In
particular, there is an established, and extensively characterized, cascade of Cell-Cell signaling events that take
place between the soma and germline. However, less is known about the cell biological processes that establish
the close association of soma and germline. To better understand the morphogenetic events that facilitate
soma-germline association we undertook a soma specific RNAi knockdown screen targeting all known
cytoskeletal genes in the fly. This screen identified chickadee, the Drosophila homologue of the actin binding
and remodeling protein Profilin, as being essential for germline encapsulation. Though Profilin deficient somatic
cells were often found in contact with the germline we found that many germline cells were not encapsulated,
consequently forming large germline tumors with stem cell characteristics. We show that that this may be due in
part to Profilin deficient somatic cells having defects in MapK signaling which controls germline encapsulation.
Moreover, we show using positively marked chic clones in the soma that Profilin is required to maintain somatic
stem cells at the hub cell niche. Our work identifies intriguing links between the morphogenetic events that occur
during the early phases of spermatogenesis and subsequent cell signaling between the soma and germline.

374B
Probing glycine metabolism in Drosophila. Ujwala Ashok Gosavi, Christopher Bazinet. St Johns University,
Jamaica, Queens, NY.
The extensive glycylation of axonemal microtubules in Drosophila's extraordinarily long sperm implies a
significant requirement for glycine within the spermatogenic cyst. Serine hydroxymethyl transferase (SHMT) is a
key enzyme in glycine biosynthesis. Thus if we limit the glycine pool by mutating the gene encoding SHMT, this
might affect the polyglycylation of tubulin and hence the stability and motility of sperm leading to sterility. We

have made mutants by mobilizing a P element insertion at the 5’ end of CG3011, encoding SHMT. It has been
observed that hemizygous mutants are lethal. Removal of the hydroxymethyl group from serine by SHMT is the
primary or only means by which cells produce glycine. However, supplementation of Drosophila food with
glycine fails to rescue mutants. This indicates that although glycine is not an essential amino acid, neither can it
be provided to SHMT[-] cells in the diet. Instead, glycine synthesis appears to be cell autonomous. By using an
X-chromosome balancer marked with GFP, we were able to distinguish between the hemizygous and
heterozygous embryos. Tracking the development of these mutant embryos, it was seen that the hemizygous
embryos do not develop into larvae. Thus the mutants in the gene encoding SHMT seem to exhibit embryonic
lethal phenotype.

375C
Identification of genes involved in spermatid morphogenesis. Dorota B Grabowska, Arshag Mooradian,
Kaushik Roychoudhury, Kathryn G Miller. Department of Biology, Washington University, 1Brookings Drive
St.Louis, MO 63130.
During late stages of spermatogenesis in Drosophila round spermatids undergo dramatic morphological
changes, as the nuclei condense, and spermatids elongate and individualize. Despite a large amount of
information about some aspects of spermatogenesis, the understanding of molecular and genetic pathways
involved in other aspects is still very limited. We screened the existing collection of male sterile mutants
affecting post-meiotic stages from the Zuker collection to identify genes involved in morphogenesis of sperm.
We identified several mutants with interesting phenotypes, including Z2-4714. To identify the gene responsible
for the mutant phenotype, we used whole- genome sequencing to identify potential causative SNPs followed by
a complementation analysis using existing deficiencies that uncovered particular SNPs. The mutation in Z24714 is a novel allele of the ter94 gene, encoding the Drosophila homolog of VCP/CDC48, an AAA ATPase
protein. Homozygous male Z2-4714 mutants show individualization defects and abnormal nuclear morphology
of spermatids. Complementation analysis using existing lethal alleles of ter94 revealed significant nuclear
condensation defects. Additionally, we have characterized the expression pattern and subcellular localization of
Ter94 protein during spermatogenesis. We are in the process of determining the molecular identity of several
other mutants that affect morphogenesis. This collection of mutants will continue to be a rich source of novel
genes, molecules, and pathways involved in morphogenesis of sperm.

376A
Phosphatidylinositol 4,5-bisphosphate is required for axoneme assembly in Drosophila melanogaster
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spermatids. Alind Gupta , Lacramioara Fabian , Julie Brill . 1) Department of Molecular Genetics, University
of Toronto, Toronto, M5S 1A8, Canada; 2) Program in Cell Biology, The Hospital for Sick Children, Toronto,
M5G 0A4, Canada.
Cilia and flagella are microtubule-based cellular projections that are important for sensing the environment and
for motility in eukaryotes. In humans, disorders of cilia typically manifest as multi-organ syndromes collectively
termed ciliopathies. A subset of ciliopathies is caused by defects in the regulation of phosphatidylinositol 4,5bisphosphate (PIP2), a membrane phospholipid that is important for vesicular trafficking and cytoskeletal
assembly. To examine how PIP2 regulates cilium formation, I am using Drosophila melanogaster
spermatogenesis as a model system. Sperm flagella, like motile cilia, have a 9+2 arrangement of axonemal
microtubules. During spermatogenesis, the distal-most end of the flagellar axoneme is compartmentalized and
resembles a cilium, containing a distinct ciliary membrane. Depletion of PIP2 in male germ cells causes defects
in axoneme assembly and elongation, leading to male sterility. Our previous data suggest that PIP2 regulates its
own synthesis via recruitment of the PIP 5-kinase Skittles (Sktl) to the growing end of the sperm tail, where PIP2
and Sktl are required for proper axoneme formation. My experiments will address the mechanisms by which
PIP2 and Sktl regulate this critical and highly conserved process.

377B
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Tudor-SN interacts with Piwi in regulating spermatogenesis in Drosophila. Hsueh-Yen Ku , Vamsi
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Gangaraju , Na Liu , Haifan Lin . 1) Stem Cell Center and Department of Cell Biology, Yale University School
of Medicine, New Haven, CT; 2) Department of Biochemistry and Molecular Biology, Medical University of South
Carolina, Charleston, SC.
Piwi protein associates with piRNAs and functions in epigenetic programming, post-transcriptional regulation,
transposon silencing, and germline development. Using column chromatography and mass-spectrometry (MS)
analysis of Drosophila embryo extracts, we identified Tudor-SN (Tudor staphylococcal nuclease, TSN) as a
Piwi-interacting protein. Tudor-SN is known to participate in diverse cellular functions such as RNAi, degradation
of hyper-edited miRNAs, and spliceosome assembly. We show that Tudor-SN colocalizes with Piwi in primordial
germ cells (PGCs) and somatic cells of embryos. In adult ovaries and testes, Tudor-SN is ubiquitously
expressed and enriched in the cytoplasm of both germline and somatic cells. tsn mutant testes display a higher
proliferation index of spermatogonial cells, an increase of spermatocytes, defects in meiotic cytokinesis, and a

decrease of mature spermatid bundles. Additionally, we observe reduced fertility in the mutant males. Further
analysis demonstrates that piwi mutant rescues tsn mutant phenotype in a dosage-dependent manner, and that
Tudor-SN represses Piwi expression at both protein and mRNA levels. Finally, we show that Tudor-SN exhibits
no obvious effects on piRNA biogenesis and moderate impacts on transposon silencing, possibly by interacting
with Piwi protein. While both tsn and piwi mutants result in defects of tranposon silencing, the piwi mutant
reveals a much stronger effect. Our data suggest that Tudor-SN antagonizes Piwi in germ cell proliferation by
downregulating Piwi, yet collaborate with Piwi in transposon silencing by the protein-protein interaction. In
addition, our results imply that the functions of Piwi in spermatogenesis and transposon-silencing can be
independent.

378C
Ectopic expression of male germline-specific RpL22e-like in RpL22e-depleted flies rescues embryonic
lethality but causes reduced longevity and fertility. Catherine Mageeney, Michael Kearse, Jennifer
Colquhoun, Vassie Ware. Dept. of Biological Sciences, Lehigh University, Bethlehem, PA 18015.
Duplicated ribosomal protein (RP) genes in flies encode paralogues with redundant or novel functions. rpL22e
family members are differentially expressed: rpL22e is expressed ubiquitously while rpL22e-like is expressed
primarily in male germ cells and in eyes of both sexes. Fly L22e is essential; however, the developmental
necessity for L22e-like is unclear. Previously we reported that L22e, but not L22e-like, is SUMOylated and
localizes to the nucleoplasm of meiotic spermatocytes. SUMOylated L22e function is unknown. In S2 cells only
unmodified L22e, and not SUMOylated L22e, is associated with ribosomes. L22e-like is a testis RP. Therefore,
we propose that L22e paralogues have redundant ribosomal functions, but have also evolved divergent roles.
Here we have explored paralogue functional equivalence using the Gal4-UAS system for RNAi-mediated
depletion or overexpression. Testis-specific paralogue depletion does not produce remarkable fertility-related
phenotypes. However, molecular phenotypes reveal a regulatory mechanism that impacts expression.
Ubiquitous knockdown of L22e with an Act-Gal4 driver results in embryonic lethality whereas L22e-like
knockdown has no effect on viability, confirming a requirement for L22e, but not L22e-like in development. To
determine if L22e-like can replace functions lost upon L22e depletion, we knocked down L22e and
overexpressed L22e-like with an Act-Gal4 driver. Emergence of adults demonstrates that ubiquitous L22e-like
expression is sufficient to rescue embryonic lethality. Surprisingly, adults had both reduced longevity and
fertility. Although all spermatogenesis stages were present, immature germ cells were more abundant than in
controls. A reduction in mature sperm correlated with reduced numbers of progeny. Collectively, these results
reveal that L22e paralogues have retained common functions throughout evolution, but L22e may have acquired
a unique role(s) since L22e-like cannot substitute entirely for L22e function.

379A
Lipid signaling in spermatogenesis. Eli Miller, Geulah Ben-David, Josefa Steinhauer. Department of Biology,
Yeshiva University, New York, NY.
In many well-studied cell communication pathways, extracellular proteins act as messengers between cells, but
certain lipids also can act as communication mediators. Lipid signaling molecules such as lysophospholipids
and fatty acids are stored in latent form as membrane phospholipids and are released by phospholipase A2
(PLA2) mediated phospholipid catabolism. Lysophospholipid acyltransferases (LPLATs) catalyze the reverse
reaction, resynthesizing phospholipids from their single chain precursors, in a biochemical pathway known as
the Lands Cycle. Drosophila Lands Cycle LPLATs Oys and Nes are required for spermatid individualization.
Individualization, which occurs after terminal differentiation, invests each spermatid in its own plasma membrane
and removes the bulk of the cytoplasmic contents. We have developed a quantitative assay to measure
individualization defects using simple fluorescence microscopy. We discovered that individualization is sensitive
to both age and temperature but not to the dosage of oys and nes. We are currently determining the tissue
specificity of Oys and Nes activity by knocking down both genes selectively in the germline or the somatic cyst
cells. We also are rescuing the double mutant by expressing wild-type oys or nes cDNA transgenes in the
germline or soma. RT-PCR shows that five predicted PLA2 genes are expressed in the Drosophila testis, and we
are using RNAi and overexpression to investigate their functions. Finally, we are investigating the roles of other
phospholipid metabolism enzymes in spermatogenesis. Modulating phosphatidylcholine levels by
overexpression or deletion of the phosphatidylcholine lipase Swiss cheese (Sws) has no effect on
spermatogenesis. In contrast, pxt mutants display individualization defects. Pxt acts as a cyclooxygenase to
produce prostaglandin signals from fatty acids. Our results suggest that the activity of specific lipid signals,
whose abundance is regulated by the Lands Cycle, are important regulators of spermatogenesis.

380B
Analyzing the critical role of Pskl, a sperm protein, in Drosophila fertilization. Trung Phan, Barbara
Wakimoto. Biology, University of Washington, Seattle, WA.
The acrosome is a sperm-specific organelle which releases digestive enzymes to degrade the egg’s outer

membrane during fertilization. Interestingly, it is required for successful fertilization in Drosophila despite the
absence of gamete membrane fusion. Here, we show that sperm lacking a predicted membrane protein called
Pskl display irregularly small and round acrosomes and are unable to breakdown the sperm’s plasma
membrane after entry into the egg, preventing the completion of fertilization. To determine if Pskl is essential
only for fertilization, we generated null alleles. Internal pskl deletions of varying sizes were generated from
imprecise excisions of a transposable element insertion called MiMIC. We recovered three mutations and
characterized their structure by isolating and sequencing PCR products. Two mutations were large deletions
affecting an adjacent essential gene. Remarkably, our analysis of the third mutation showed that it resulted in
homozygous sterility due to a complex chromosomal rearrangement within the pskl gene. We conclude that this
null allele prevents the expression of a functional Pskl protein by introducing a premature stop codon, confirming
that Pskl is only involved in fertilization. Currently, we are constructing fluorescently tagged deletion derivatives
to map Pskl’s functional domains and its site of action in order to understand how Pskl acts during acrosome
biogenesis.

381C
The testis-enriched ATP synthase subunit d paralog Ms(2)1400 is required for Nebenkern organization
and elongation in Drosophila spermatogenesis. Eric M. Sawyer, Lindsay Regruto, Olivia Brown, Yihharn
Hwang, Lauren Ivey, Karen G. Hales. Department of Biology, Davidson College, Davidson, NC.
During spermatogenesis in Drosophila, mitochondria aggregate near the nucleus, where they fuse together to
form two large mitochondrial derivatives. The derivatives then wrap together into concentric layers to form a
spherical structure called the Nebenkern. During sperm elongation, the two derivatives unravel and dissociate,
with one derivative ultimately powering the sperm flagellum. In ms(2)1400 mutants, the mitochondrial
membranes in the Nebenkern are disorganized, causing clumping of the derivatives during elongation. Though
the mitochondria are respiring, the resulting sperm are immotile, causing male sterility. The annotated gene
associated with ms(2)1400 is CG7813, which encodes a testis-enriched paralog of ATP synthase subunit d. We
have confirmed that the subunit localizes to mitochondria in the testis and rescues the ms(2)1400 mutant.
Regulation of mitochondrial membrane curvature by dimers of ATP synthase has been identified broadly across
eukaryotes. The Ms(2)1400 subunit d is 5-fold longer than the broadly expressed subunit and is predicted to
bind near the dimer interface. We hypothesize that incorporation of the Ms(2)1400 subunit d into ATP synthase
inhibits dimerization. The relaxed membrane curvature associated with an abundance of monomers may be
required for correct organization of the mitochondrial derivatives, suggesting a role for ATP synthase in
Nebenkern shaping. Ectopic expression of ms(2)1400 in other tissues will allow further exploration of its effect
on mitochondrial morphology.

382A
Functional analysis of novel dual localization AAA proteins Nmd and CG4701 in mitochondrial,
microtubule, and contractile ring dynamics in Drosophila spermatogenesis. Bethany L. Wagner, Devon E.
Harris, Sarah C. Pyfrom, Jessica L. Gerard, Melissa E. Lorenzo, James J. Winkle, Karen G. Hales. Department
of Biology, Davidson College, Davidson, NC.
Mutations in broadly-expressed nmd and its paralog, testis-enriched CG4701, lead to defects in mitochondrial
shaping during Drosophila melanogaster spermatogenesis. Two hypomorphic, male sterile alleles of nmd have
different phenotypes. In male flies homozygous for one mutant nmd allele, the Nebenkern (mitochondrial
aggregate) does not form. In flies homozygous for the other nmd allele, cytokinesis failure results in an enlarged
Nebenkern with four nuclei. Vacuolated Nebenkerne and cytokinesis failure are phenotypes associated with
mutations in CG4701. Fluorescently labeled Nmd-GFP and CG4701-RFP show clear colocalization to
microtubule organizing centers and mitochondria. The nmd-GFP transgene fully rescues the nmd phenotype.
Rescue experiments with CG4701-RFP are currently underway. We hypothesize that, as members of the AAA
ATPase family of proteins, Nmd and CG4701 interact with microtubules due to their close relation to known
microtubule-severing proteins spastin and katanin. Microtubule dynamics in nmd and CG4701 mutants were
visualized using TubulinTracker, which revealed irregular spindle formation and multiple centrosomes.
Contractile rings, which separate cells during cytokinesis, were visualized in nmd and CG4701 mutants using a
GFP-Anillin transgene. Preliminary data show that contractile rings in nmd mutants are more diffuse than in wild
type cells. We hypothesize that, due to the putative microtubule-severing deficiencies, proper signals for
contractile ring formation are not sent to the cell cortex.

383B
Roles of individual subunits of the testis meiotic arrest complex in transcriptional control. Simona
Caporilli, Robert Pickering, Daphne Davies, Helen White-Cooper. Sch Biosci, Cardiff Univ, Cardiff, United
Kingdom.
Many genes are transcribed exclusively in testes, mostly by primary spermatocytes. This transcription relies on
tMAC (testis meiotic arrest complex), which include Aly, Comr, Tomb, Mip40 and Wuc (amongst other subunits).

The meiotic arrest genes, aly, comr and tomb are required for transcription of many genes, most of them testisspecific. aly, comr or tomb mutant testes fill with arrested primary spermatocytes. wucRNAi testes have a
morphologically similar meiotic arrest phenotype, however their gene expression defects are much less severe.
We previously described higher expression of target genes in wucRNAi;aly double mutants than in aly single
mutants, and proposed that wuc acts in part as a repressor of testis specific transcription; this repression being
removed by aly. We have now investigated gene expression in testes mutant for mip40. Loss of mip40 gives a
meiotic arrest phenotype, with gene expression defects intermediate between aly and wucRNAi. Like wuc, loss
of mip40 can partially rescue gene expression in aly mutants (ie there is higher expression of some genes in
mip40;aly testes than in aly testes), however the rescue is much less extensive than that seen with wuc. Fewer
genes are rescued, and the extent of rescue for individual genes is lower. Loss of mip40 can rescue expression
of a small set of genes in comr mutant testes, while we see no rescue in mip40 tomb testes. Thus, although
testes lacking aly, comr or tomb have identical gene expression defects, differences in the functions of these
proteins have been revealed via genetic interactions with other complex subunits. Taken together our data
indicate tMAC comprises both positive and negative transcriptional activities, whose co-ordinated action ensures
a robust testis-specific transcriptional programme.

384C
Nuclear hormone receptor Eip78C controls ovarian germline stem cell niche formation and follicle
1,2
2
1
2
growth and survival. Elizabeth T. Ables , Kelly E. Bois , Caroline A. Garcia , Daniela Drummond-Barbosa . 1)
Dept. of Biology, East Carolina University, Greenville, NC; 2) Dept. of Biochemistry and Molecular Biology,
Johns Hopkins University School of Public Health, Baltimore, MD.
Nuclear hormone receptor (NHRs) have emerged as important regulators of mammalian and Drosophila adult
physiology, affecting such seemingly diverse processes as adipogenesis, carbohydrate metabolism, circadian
rhythm, stem cell function, and gamete production. Indeed, the steroid hormone ecdysone, and its cognate
NHRs EcR and Usp, have multiple roles in Drosophila development and regulate key processes during
oogenesis, including germline stem cell function and follicle development. Other NHRs, including Hr39 and E75,
also have known roles in oogenesis; however, the adult function of the majority of NHRs remains largely
undescribed. Because of its similarity to mammalian PPARs and Rev-Erb, which are central to the control of
metabolism and circadian rhythm, the NHR Ecdysone-induced protein 78C (Eip78C) is a particularly attractive
candidate that may link oogenesis to the physiological status of the organism. We find that reporters of Eip78C
activity are weakly expressed in cap cells and germ cells, and enriched in border cells and late-stage follicle
Δ31
cells. We generated a strong hypomorphic allele, Eip78C , and find that despite previous reports that
Δ31
hypomorphic Eip78C mutants have no obvious fertility defects, homozygous viable Eip78C females are subΔ31
fertile, and maternal deposition of Eip78C is required for early embryogenesis. Eip78C mutants eclose with
decreased numbers of germline stem cells and niche cap cells; pre-vitellogenic follicle growth and survival are
also impaired. We are currently investigating the mechanisms by which Eip78C regulates oogenesis. Taken
together with the roles of EcR, Usp, E75, and Hr39, our results suggest that NHRs may be critical for the broad
transcriptional control of a wide variety of cellular processes during oogenesis.

385A
The roles of Cyclins A, B and B3 in Drosophila female meiosis. Mohammed R. Bourouh, Zhihao Guo,
Rajdeep Dhaliwal, Sucheta Sinha. Biological Sciences, University of Windsor, Windsor, Ontario, Canada.
As in mitosis, meiosis is regulated by Cyclin Dependent Kinases (Cdks). Cdks are activated when bound to their
cyclin partners. The type of cyclin bound confers the substrate specificity of the Cdk, but some redundancies
exist within cyclin families. In Drosophila, there are three major mitotic cyclins, Cyclin A, B, and B3. Previous
work has shown that cyclin A mutants are lethal, reflecting a possible role in G2 of mitosis. Cyclin B is redundant
with Cyclin A in entry to mitosis and nuclear envelope breakdown. Cyclin B and cyclin B3 single mutants are
viable, whereas cyclin B and cyclin B3 double mutants are lethal, reflecting redundancy between these two
cyclins in mitotic progression. While the individual and redundant roles of the Cyclin-Cdk complexes are known
in mitosis, their roles in meiosis are not clear. Cyclin B3 has being implicated in female meiosis; however, a role
for Cyclin B and Cyclin A in meiosis has not yet been determined. Cyclin B mutants are sterile due to a
requirement in germline maintenance, and thus any later requirements in meiosis are not known. As cyclin A
mutants are lethal, the role of Cyclin A in meiosis has also not been studied. This work focuses on
characterizing the roles and redundancies between the mitotic cyclins in meiosis. Using RNAi and mutant
analysis, we found that individual loss of all three cyclins results in specific meiotic defects. Furthermore,
pairwise double mutant analysis was used to examine the redundancy between the cyclins in meiosis. Our
results indicate that the cyclins appear to have more specialized roles in meiosis than in mitosis, as all three
cyclins are necessary for proper meiosis progression.

386B
Sea2, a conserved SEA/GATOR2 complex component, is required for oogenesis in Drosophila. Weili Cai,

Youheng Wei, John Reich, Mary Lilly. NICHD, National Institutes of Health, Besthesda, MD.
Meiosis is a variant cell cycle program for sexual reproduction in eukaryotes. We are interested in understanding
how the cell cycle events of meiosis are coordinated with the developmental events of oogenesis. Our current
studies focus on gaining a mechanistic understanding of how components of the SEA/GATOR complex, a newly
defined regulator of TORC1, control meiotic progression and growth during oogenesis. TORC1 contains the
nutrient sensitive kinase Target of Rapamycin (TOR) and functions as a master regulator of metabolism in
eukaryotes. Recently, our lab defined opposing functions for the SEA/GATOR complex members Npr2/Npr3 and
Mio/Seh1 in the regulation of TORC1 during Drosophila oogenesis. We have determined that Npr2/Npr3 inhibit
TORC1 activity in response to amino acid starvation and are critical to oocyte survival during times of protein
scarcity. In contrast, Mio/Seh1 positively regulate TORC1 and are required to oppose the activity of Npr2/Npr3
in developing oocytes. To further study the function of this complex in Drosophila, we identified CG7609 as the
homolog of Sea2/WDR24 in Drosophila. We found that Sea2 physically and genetically associates with other
SEA/GATOR components. sea2 null mutants are not lethal but females are sterile, suggesting an important
oogeneic function. Interestingly, Sea2 localizes to lysosomes, the site of TORC1 activation. Ovaries from sea2
null mutants exhibit multiple defects during oogenesis, including accumutaion of acidic structure, suggesting a
potential role of Sea2 in lysosome organization and/or metabolic regulation. However, surprisingly, ovaries from
sea2 null mutants do not show TORC1 activity changes or obvious growth defects. Taken together, our results
suggest that Sea2 has additional functions beyond TORC1 regulation during oogenesis.

387C

1

Purity of essence: a new E3 ubiquitin ligase family member in Drosophila oogenesis. Paromita Gupta ,
1
2
Christopher Bazinet , Janet Rollins . 1) Biological Sciences, St John's University, New York, NY; 2) College of
Mount Saint Vincent, New York, NY.
Pole plasm/germ plasm assembly and localization at the posterior pole is the key factor for establishing and
maintaining functional germline stem cells in Drosophila. Although the exact molecular mechanism via which the
pole cells are instructed by the germ plasm to become the germ cells is still unknown, mutations in genes
encoding one or more of the germ plasm components often abolish pole cell formation. Progeny developing
from this mutant egg has fertility defects, even if the zygote has functional (paternal) copies of the gene(s) in
question. A number of key members involved in the pole plasm assembly pathway have been identified over the
years using various molecular and genetic screens, but other genes with functions essential for viability are
likely to be involved. Recent reports of interactions observed in egg extracts, between vasa protein, a primary
component of germ plasm and purity of essence (poe), a gene previously known for its essential role in
spermatogenesis pathway motivated further analysis of a semi-fertile female poe mutant allele (poe5970). This
work reports the isolation and phenotypic characterization of female-sterile alleles of poe. We also provide
molecular and genetic evidence for the sex-specific germline regulation of the poe gene via alternative splicing,
and genetic and biochemical evidence for the involvement of poe in a germline regulatory network mediating
vasa protein levels and germplasm localization.

388A
Finding Novel “expressways” for gurken Translation. John W. Hasper, Austie F. Lawrence, Scott B.
Ferguson. Biology, SUNY Fredonia, Fredonia, NY.
We have taken advantage of a next-generation sequencing approach to identify candidate mutations in 10
independent lines from a forward genetic screen for regulators of dorsal ventral patterning during Drosophila
oogenesis. Oogenesis is dependent on precise translational control and localization of numerous morphogens
within the oocyte to achieve faithful patterning. Gurken, (Grk) is one such protein and is responsible for
specification of the dorsal/ ventral axis. Mutations in the spindle-B gene results in inefficient gurken translation
due to activation of a meiotic DNA damage checkpoint that inhibits the Vasa RNA helicase, an essential grk
translation factor. Thirty nine unique mutants were identified from an EMS mutagenesis of the third chromosome
BU
BU
in a spn-B mutant background. Lines were screened for their ability to suppress the ventralized spn-B
phenotype and therefore stimulate grk translation by novel signaling pathways (affectionately referred to as
“expressways”). Eggs laid by homozygotes from each of the isogenized lines were scored for their dorsal/ventral
BU
polarity and compared to those of the control group of spn-B homozygotes. Through a partnership with
Roswell Park Cancer Institute in Buffalo, NY, the best suppressor lines were subject to whole-genome resequencing using the Illumina HiSeq 2000 platform. We are currently evaluating the candidate mutations
identified in these lines to elucidate the mechanism by which grk translation has been restored.

389B
Direct regulation of broad by the Notch pathway affects timing of follicle cell development during
Drosophila oogenesis. Dongyu Jia, Wu-Min Deng. Department of Biological Science, Florida State University,
Tallahassee, FL.
During Drosophila oogenesis, follicle cells sequentially undergo three distinct cell-cycle programs: the mitotic

cycle, the endocycle, and gene amplification. Activation of Notch signaling in the follicular epithelium (FE)
around stage 6 of oogenesis is essential for the entry into the endocycle and a series of other changes such as
cell differentiation and migration of subsets of the follicle cells. Notch induces the expression of zinc finger
protein Hnt and suppresses homeodomain protein Cut to regulate the mitotic/endocycle (ME) switch. Here we
report that broad (br), with zinc finger domains, is a direct transcriptional target of Notch nuclear effector
Suppressor of Hairless (Su(H)). The early pattern of Br in the FE from stage 6 is established by Notch signaling
through the direct binding of Su(H) to the br early enhancer (brE) region. Mutation of the Su(H) binding site
leads to a significant reduction of brE reporter expression in follicle cells undergoing the endocycle. Chromatin
immunoprecipitation results further confirm direct Su(H) binding to the br early enhancer. The regulation of brE
by Notch signaling appears to be tissue-specific, as brE reporters are not expressed in several other groups of
cells where Notch is also active. Consistent with its expression in follicle cells during midoogenesis, loss of br
function results in a delayed entry into the endocycle. Furthermore, acting downstream of Notch signaling, NHnt-mediated regulation, instead of Br, downregulates Cut in follicle cells in the endocycle. However, ectopic Br
could independently suppress Cut in the mitotic cycle. We also found that Br is involved in border cell migration,
probably through negative regulation of Signal Transducer and Activator of Transcription (STAT). Our findings
suggest the important role of br in the timing and dynamics of follicle cell development and its direct
transcriptional regulation by Notch signaling.

390C

1

Investigating Function and Composition of Follicle Cell Ring Canals in Drosophila. Ronit Kaufman , Peter
1
1,2,3
McLean , Lynn Cooley . 1) Department of Genetics, Yale School of Medicine, 333 Cedar Street, New Haven,
CT 06520; 2) Department of Cell Biology, Yale School of Medicine, 333 Cedar Street, New Haven, CT 06520; 3)
Department of Molecular, Cellular, and Developmental Biology (MCDB), Yale University, 260 Whitney Avenue,
New Haven, CT 06510.
Ring canals are intercellular bridges connecting Drosophila germline cells, follicle cells, and imaginal disc cells.
These bridges are left behind after incomplete cytokinesis of two mitotic cells, leaving daughter cells connected
by a bridge of cytoplasm. We have previously shown using photoactivatable GFP (PA-GFP) that movement can
occur through ring canals connecting follicle cells and imaginal disc cells. In addition, we have used
Fluorescence Loss in Photobleaching (FLIP) to show diffusion of endogenous GFP-tagged proteins between
follicle cells. Defects leading to blockage in the germline ring canals have been shown to affect fertility but the
smaller, somatic cell ring canals have not yet been as well characterized and no mutants have been identified
that block them. We are testing whether the interconnected nature of somatic follicle cells is useful for cellular
communication and tissue homeostasis by occluding them using a GFP binding protein (GBP) to target a potent
F-actin nucleating protein to the ring canal. To optimize the expression of the GBP and its GFP target at ring
canals, we are using a drug inducible system. Blockage of the ring canals will allow us to determine whether
intercellular flow of proteins is important for follicle cell function. Furthermore, information on the molecular
nature of somatic ring canals and cleavage furrow arrest is far from complete. We found evidence of functional
ring canals in embryonic tissues and are establishing methods for isolating ring canals from embryo extracts for
mass spectrometry.

391A
asteroid is required for oocyte determination and DNA repair. Julie A. Merkle, Trudi Schüpbach.
HHMI/Molecular Biology, Princeton University, Princeton, NJ.
The epidermal growth factor (Egf) receptor (Egfr) pathway has critical roles in development and disease. We
have uncovered a novel role of the Egfr pathway in oocyte determination in Drosophila. By performing a mosaic
screen on Chromosome 2L in Drosophila, we identified mutations in the Egfr pathway components Star (S) and
asteroid (ast), which result in a failure of oocyte determination. In these mutants, clones produced 16 nurse cells
and no oocyte. While Star’s role in the Egfr signaling pathway has been studied, little has been reported on the
role of asteroid. Specifically intriguing are the potential roles for Star and asteroid during oocyte determination, a
process that is not well understood nor was it previously reported to be regulated by Egfr signaling. The protein
encoded by asteroid is conserved throughout metazoans and contains an XPG domain, suggesting a role for
Asteroid in DNA repair. Preliminarily, we observe persistence of double-strand breaks (DSBs) in asteroid mutant
clones, indicating that DSBs are not properly repaired during meiosis. This observation may account for the
delay in oocyte determination in asteroid mutant clones, as well as suggest a role for asteroid in the DNA
checkpoint. Furthermore, we observe a genetic interaction between spindle B (spn-B) and asteroid. Since spn-B
is required for the repair of DSBs generated during meiosis, this result also suggests a role for asteroid in the
DNA repair process. Future goals include further investigation into the roles of Asteroid and Star in oocyte
determination and Egfr signaling in general. In particular, we will focus on elucidating asteroid’s roles in oocyte
determination and DNA repair, as well as the roles of Egfr in these processes.

392B

The effects of mad2 deficiency on Drosophila female meiosis. David M Osiecki, William D Gilliland.
Department of Biological Sciences, DePaul University, Chicago, IL.
The spindle assembly checkpoint (SAC) plays a key role in maintaining genomic stability during cell division. In
the SAC, Mad2 interacts with the Anaphase Promoting Complex at the kinetochore, halting the progression to
anaphase in mitosis so that the checkpoint can protect cell stability. While Mad2 and the effects of its mutations
have been well characterized during mitosis, its effects during female meiosis have not been extensively
studied. A previous study found that a mad2 null genotype did not have elevated nondisjunction (NDJ) in
Drosophila female meiosis; however, prometaphase cytology in these cells showed precocious chromosome
separation. To understand this contradiction between the cytological and genetic data, we have confirmed both
the low NDJ rate for the X and 4 chromosomes, and the precocious anaphase separation in a mad2 null
background. Using an aging series, we show that metaphase arrest is reached more slowly in mad2 females,
but by chromosome-specific FISH we show that once arrest is achieved chromosome coorientation is correct.
As other SAC proteins are also involved in mediating the response to hypoxia, we will explore whether mad2 is
also required for this process, which may explain the precocious chromosome separation observed in mad2
mutant oocytes.

393C
Cbl regulates endoreplication by controlling cytoophidia. Li-Mei Pai, Pei-Yu Wang. Dept Biochem & Molec
Biol, Chang-Gung Univ, Tao-Yuan, Taiwan.
Cytidine triphosphate synthase (CTPsyn) is the rate-limiting enzyme for the synthesis of cytosine nucleotide
(CTP), the precursor of dCTP. Recently, CTPsyn from bacteria to flies to mammalian cells was found to form
novel cytoplasmic filamentous structures known as cytoophidia. However, the biological function of cytoophidia
providing nucleotides for DNA replication and the mechanisms regulating cytoophidium assembly are not
understood. We have used the Drosophila model to explore the function and regulation of cytoophidia, revealing
a role in endoreplication, a cell cycle encompassing genomic replication without cell division, allowing
developing cells to increase cell size and protein amounts during development. Our data suggest that the
function of cytoophidia is to promote CTP synthesis to maintain the nucleotide pool during endoreplication. Our
data also reveal a novel regulatory mechanism required for cytoophidia assembly. We found that the E3 ligase
encoded by the proto-oncogene Casitas B- lineage lymphoma (Cbl) controls endoreplication by regulating the
cytoophidium structure. Loss of Cbl function disrupted the CTPsyn-composed cytoophidia without affecting the
protein levels of CTPsyn. Disassembly of the cytoophidium structure resulted in a reduction of CTP content, and
a concomitant reduction in S-phase in endoreplicated-tissues. The E3 ligase activity of Cbl is essential for the
maintenance of the cytoophidia, but Cbl does affect this process via Cbl’s known target, EGFR signaling.
Together, our data reveal that the novel cell compartment, cytoophidia, is required for rapid endocycles during
Drosophila development, and that Cbl plays a new role in DNA replication by regulating cytoophidium assembly.

394A

1

1,2

Deciphering Thioredoxin function during Drosophila oogenesis. Boryana Petrova , Zachary Whitfield ,
1,2
Terry Orr-Weaver . 1) Whitehead Institute, Cambridge, MA 02142; 2) Dept. of Biology, Massachusetts Institute
of Technology, Cambridge, MA 02142.
Female fertility is compromised with age because mammalian oocytes are particularly susceptible to genetic
and environmental conditions. In this respect, investigating the response of the oocyte to oxidative stress is an
excellent entry point to work out the interplay between pathways that control oogenesis within the organism and
coordinate it with external clues. In Drosophila melanogaster the female-expressed Thioredoxin gene,
deadhead, is specifically required during oogenesis, and its absence leads to a block in early embryonic
development. Thioredoxin controls the redox state of the cell and is thus a global post-translational regulator. Is
has not been explored, however, if in the transcriptionally silent oocyte changes in the redox potential, and thus
redox proteome remodeling, could be a regulatory mechanism specifically required as the oocyte progresses
through meiosis. Therefore, the study of deadhead function during oogenesis has the potential to uncover novel
regulatory mechanisms linking the metabolic state of the oocyte to the execution of developmental transitions.
Our efforts are directed towards defining both the targets of deadhead in the oocyte and the mechanisms by
which Thioredoxin activity is regulated.

395B
Ectopic expression of caspase-resistant B-type lamin in the germline results in aberrant nuclear
architecture and morphology of mature oocytes. Alla Yalonetskaya, Elizabeth Tanner, Margaret Barkett,
Jeanne Peterson, Kimberly McCall. Department of Biology, Boston University, Boston, MA.
Subjacent to the inner nuclear membrane lies the nuclear lamina, composed largely of lamin proteins. There are
two types of lamin proteins: A-type lamins, which are developmentally regulated, and B-type lamins, which are
present in all cells. Lamins are generally recognized for providing structural support to the nucleus and tethering
heterochromatin, but other functions are becoming increasingly appreciated, particularly because of the diverse

diseases caused by mutations in lamins. During apoptosis, lamins are cleaved by caspases and disappear.
However, during the developmental death of the 15 germline-derived nurse cells (NCs) in Drosophila oogenesis,
we find that lamins remain at least partially associated with dying NC nuclei. While the lamin meshwork appears
round in early stages of oogenesis, it becomes increasingly crenellated and eventually forms deep involutions in
condensed NC nuclei. We have generated flies ectopically expressing the Drosophila B-type lamin, Dm0, with a
mutated caspase cleavage site as well as flies overexpressing wild-type B-type lamin as a control for the effects
of overexpressed lamin protein. Ectopic expression of caspase-resistant Dm0 in the germline results in aberrant
nuclear architecture and oocyte morphology.

396C
Investigation of the Roles of Proteins that Alter Phosphorylation State upon Egg Activation in
Drosophila melanogaster. Zijing Zhang, Amber Krauchunas, Carolyn Milano, Mariana Wolfner. Molecular
Biology and Genetics, Cornell University, Ithaca, NY.
Egg activation is essential for the successful transition from a mature oocyte to a developmentally competent
egg. It consists of a series of events including the resumption and completion of meiosis, initiation of translation
of some maternal mRNAs, and changes to the vitelline envelope. This drastic change of cell state is
accompanied by large scale alteration of phosphoproteome of the cell. We hypothesize that the phosphorylation
state changes manipulate the activities of proteins that are necessary for the transition from oocyte to early
embryo. Previous studies in our lab identified 311 proteins that whose phosphorylation states are altered during
egg activation. It's likely that they represent an enriched set of candidates whose activities regulate egg
activation (Krauchunas, Horner et al. 2012). This study aims to investigate the roles of these 311 proteins in egg
activation. We are using germline-specific RNAi to individually knock down these proteins in the germ cells of
female Drosophila melanogaster, and search for candidates that eliminate the hatchability of eggs without
severely reducing egg production. Of the candidates screened so far, 9 phospho-modulated proteins have been
revealed to impair hatchability when knocked down. Two of these proteins have been confirmed to cause early
cell cycle arrest in the first mitotic nuclei divisions when knocked down. The identification of these proteins
provides us with a more focused subset of candidates that are likely to play essential roles in egg activation.

397A
The functional and structural analysis of germline Tudor protein complex. Ming Gao, Patrick McCluskey,
Yanyan Lin, Alexey Arkov. Murray State University, Murray, KY.
Drosophila Tudor (Tud) protein, a member of Tud domain-containing proteins which are commonly found in a
variety of organisms, plays crucial roles in the formation of germ granules during oogenesis and the following
determination of germ cells during embryogenesis. Tud has been proposed to act as a scaffold protein that
helps to assemble germ granules by direct protein-protein interactions using its 11 Tud domains. In the
granules, Tud domains interact with methylated arginines of Piwi family proteins, therefore, contributing to the
silencing of transposable elements. In this study, we aim to analyze the functional and structural properties of
Tud molecule. We also attempt to find novel germ granule components by identifying interacting partners of Tud
in vivo. In particular, using an in vivo chemical crosslinking approach, large Tud protein complex has been
isolated from Drosophila early embryos. During this methodology, 0-1 hr embryos expressing HA-Tud were
collected and immediately crosslinked with 0.2% formaldehyde in vivo. Protein extracts were made from the
crosslinked embryos and immunoprecipitation was performed to isolate HA-Tud and its crosslinked interacting
partners. Analysis of Tud complex is in progress. In addition, biochemical and structural analysis of Tud protein
is being carried out with functional HA-Tud purified from ovaries or from cell culture using baculovirus
expression system.
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A genomic analysis of doublesex (dsx) targets and function in sex determination. E. Jimenez , E.
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Clough , C. Whitworth , Y. Kim , M. Goodwin , L. Hempel , H. Pavlou , Z Chen , D. Sturgill , R. Dale , H.
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Smith , T. Przytycka , S. Goodwin , M. Van Doren , B. Oliver . 1) JHU, Baltimore, MD; 2) Sect. Dev. Gen., Lab.
Cell. Dev. Bio., NIDDK, NIH, Bethesda, MD; 3) Comp. Biol. Branch, NCBI, NLM, NIH, Bethesda, MD; 4) Dep.
Phys., Anat. Gen., U Oxford, UK; 5) Lab. Cell. Dev. Bio., NIDDK, NIH, Bethesda, MD; 6) Gen. Core, NIH,
Bethesda, MD.
Although diverse mechanisms are used to establish sexual identity, homologs of Drosophila doublesex (dsx)
control sexual dimorphism in most animals. Surprisingly, little is known about how DSX regulates sex-specific
development. To understand this process, we undertook a comprehensive, whole-genome analysis to identify
DSX target genes. We utilized Chip, DamID, and comparative genomics to identify DSX binding sites in the
genome, RNA-seq to identify genes whose expression is DSX dependent, and genetics to identify genes that
modify dsx phenotypes. We find that DSX binds to similar sites in the genome regardless of the tissue analyzed.
This indicates that regulation of sex-specific genes in different tissues may be due to the combinatorial input of
DSX along with tissue-specific factors, as opposed to binding of DSX to different promoters in a tissue-specific

manner. Furthermore, when we use RNAi to knock down genes from our predicted dataset of DSX target genes,
we see tissue- and sex-specific phenotypes. We conclude that our whole-genome analysis has been successful
in identifying DSX target genes relevant for the regulation of sex-specific development. Among the genes
identified in our whole-genome analysis are genes involved in ecdysone signaling. In particular, our data
indicate that sex-specific response to ecdysone is important for the formation of female vs. the male germline
stem cell niches in the gonad. These data suggest the intriguing hypothesis that sex-specific steroid hormone
signaling is important for sexually dimorphic gonad development in Drosophila, as it is in mammals.

399C
The grappa gene is target of the Doublesex transcription factors and is required for sex differentiation
and gonad development. Satish Kumar, Emily Clough, Cale Whitworth, Brian Oliver, Doublesex Consortium.
Section of Developmental Genomics, Laboratory of Cellular and Developmental Biology, National Institute of
Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD.
The non-SET domain Dot1 protein is a H3K79 methyltransferase. Dot1 and associated proteins are broadly
localized across gene bodies and may modulate transcriptional elongation. The Drosophila Dot1 protein is
encoded by grappa (gpp). We identified gpp as Doublesex (DSX) target suggesting it has a role in somatic
sexual identity. To test this hypothesis, we knocked down gpp expression in dsx expressing cell. Males had
genitalia missing lateral lobes, claspers, and the penis apparatus and failed to undergo genital rotation.
Additionally males displayed decreased pigmentation of the first-leg tarsal segment and the sex combs. They
also had reduced numbers of thinner bristles suggesting partial feminization. The testis appeared to be bulbous
or widened with a narrow and thin ejaculatory duct. Females had genitalia with reduced numbers of vaginal
teeth. The ovaries contained excessive numbers of germ cells and had a pronounced defect in the terminal
filaments, which were either wider or collapsed into a dense region. The results indicate that gpp is required for
several different tissue- and sex-specific aspects of sexual dimorphic development.

400A
Investigating the role of Sex Lethal in the germline of Drosophila Melanogaster. Shekerah Primus, Mark
Van Doren. Department of Biology, Johns Hopkins University, Baltimore, MD.
Sex determination is an essential process for sexually reproducing organisms. The gonads of Drosophila
melanogaster are composed of germ cells and somatic cells, both of which need to “know” their sex, but they
make this decision in different ways. In Drosophila, the RNA binding protein Sex lethal (SXL) is the key regulator
of sex in both the soma and the germline. SXL is functional only in females, and in the soma it acts as a
regulator of both alternative splicing and translation to control a few well-defined targets. In contrast, how SXL
regulates germline sex determination is unknown, other that the fact that SXL’s targets in the soma are not
important in the germline. To investigate how SXL acts to control germline sex determination, I conducted an
RNA expression profiling (RNA-seq) analysis of female gonads that lack SXL function in the germline, compared
to female gonads with wild type SXL function. These gonads were also null for the bag of marbles (bam) gene,
which is vital for germ cell differentiation. The use of bam mutants enriches for genes that are involved in early
germ cell development rather than later aspects of gametogenesis. Since SXL is known to alter transcript
structure, our RNA libraries were sequenced using long (100bp) paired end reads to give the most information
about transcript structure. Two of the main ways that SXL has been shown to affect transcript structure of its
targets in the soma are alternative exon choice and intron retention. In addition, changes in transcript structure
or translation potential can affect RNA stability. Therefore, our analysis of this data will focus on answering three
main questions: which exons show SXL-dependent differential expression, which transcripts show SXLdependent intron retention, and which genes show SXL-dependent change in overall gene expression. We
expect this analysis to be able to identify genes that are alternatively spliced in a manner regulated by SXL, and
also genes that act downstream of SXL to promote male vs. female germline identity.

401B
Mechanism and targets of a seminal protein proteolysis cascade in Drosophila. Frank W. Avila, Brooke A.
LaFlamme, Kevin Michalski, Mariana F. Wolfner. Dept Mol Biol & Gen, Cornell Univ, Ithaca, NY.
In sexually reproducing animals, males and females must cooperate at the molecular and cellular level for
fertilization to be successful. A proteolytic cascade in Drosophila seminal fluid results in the processing of at
least two downstream seminal fluid proteins (Sfps), ovulin and Acp36DE. To investigate the activation
mechanism of the downstream protease in this cascade, the metalloprotease CG11864, we first isolated a
CG11864 null allele from a natural population. Using site-directed mutations in the null background, we
discovered that CG11864 requires cleavage for its activity. We showed that this cleavage is initiated by a serine
protease in the male (as the proteins move through the reproductive tract during mating). This initial cleavage
triggers an apparent autocleavage by CG11864, resulting in its full activity. Although CG11864 can undergo its
activational cleavage in male ejaculates without female contributions, its activity on its targets requires female
factors. Further, we examined the functional role of the single cleavage event on the sperm storage protein

Acp36DE by using mass spectrometry to identify Acp36DE’s putative cleavage site. Then, using males
ectopically expressing Acp36DE’s individual cleavage products, or the full-length protein (in the null
background), we assessed the role of Acp36DE cleavage in post-mating uterine conformation and sperm entry
into storage in the mated female.

402C
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Nup50 is a lineage-specific nucleoporin required for germ cell differentiation. Jonah Cool , Leanne
2
1
Jones , Martin Hetzer . 1) MCBL, Salk Institute, La Jolla, CA; 2) MCDB, UCLA, Los Angeles, CA.
The nuclear genome of eukaryotic cells is enclosed by a double membrane, the nuclear envelope (NE). The NE
is fenestrated by nuclear pore complexes (NPCs), large protein channels consisting of multiple copies of ~30
different nucleoporins (Nups). The typical function attributed to the NPC is to facilitate transport across the NE.
Recent evidence indicates that in different tissues, and perhaps within single cells, the composition of the NPC
varies. Variability could include the presence of tissue-specific Nups as well as changes in NPC stoichiometry.
Consistent with this, in vivo perturbation of individual Nups results in tissue-specific phenotypes. However, in
these cases, transport defects have not been reported, indicating transport-independent requirements during
development. Work from a number of labs found several Nups that regulate transcription independent of
transport. Nup-chromatin binding was enriched at genes active during development. The mechanisms and
physiological consequences of chromatin-related roles for Nups remain unclear. To clarify the role of individual
Nups during development and differentiation, we performed a candidate RNAi screen in the male germline. We
identified a spectrum of phenotypes resulting from the loss of individual Nups including those previously
implicated in developmental gene regulation. Further work clarified the role of Nup50, a member of the nuclear
facing NPC basket. Nup50 is enriched in the germline in flies and mammals, while showing differentiationdependent subnuclear localization. Changes in Nup50 localization correlate with changes in other NPC
components, providing an example of NPC remodeling during differentiation. Further results suggest that the
germline requirement for Nup50 is independent of transport and regulates nucleolar dynamics. Our results
establish the male germline as a viable in vivo system for studying lineage-specific requirements for individual
Nups. We also identify Nup50 as a potentially conserved regulator of germ cell development that responds to a
larger program of NPC remodeling during differentiation.

403A
Identification of novel Akirin-interacting factors during embryonic myogenesis. Austin Howard, Katharine
Majeski, Shelby Johnston, Aayushi Bhagwanji, Scott Nowak. Dept. of Biology and Physics, Kennesaw State
University, Kennesaw, GA.
The specification and differentiation of muscle precursor cells, or myoblasts, by the action of the Twist
mesodermal and muscle transcription regulator is a key event in the formation of the Drosophila larval
musculature. However, despite the primary importance of myoblast specification and differentiation for building
and patterning the musculature, the identities of many molecular players in this process remain unknown. We
have recently determined that Akirin, a highly conserved nuclear protein, appears to play a critical role in the
regulation of Twist-dependent gene expression during mesodermal specification and muscle development.
Using a genetic interaction screen, we have begun to identify Akirin interacting-proteins that have essential roles
during the process of muscle specification and patterning. Our screening method has identified a number of
proteins that genetically interact with Akirin during muscle patterning. Thus far we have uncovered several
known and predicted gene products that appear involved in general transcription initiation, as well as
components of chromatin remodeling complexes. By defining the molecular players that work with Akirin we will
obtain crucial insight into Akirin’s mechanism of molecular action during myoblast specification and muscle
patterning.

404B
Non-canonical roles for Yorkie, Drosophila Inhibitor of Apoptosis 1, and DrICE in epithelial tube size
control. Renee M. Robbins, Samantha C. Gbur, Greg J. Beitel. Molecular Biosciences, Northwestern Univ,
Evanston, IL.
Precise control of the size of epithelial tubes is critical for organ function, yet the molecular mechanisms
controlling tube size remain poorly understood. In the Drosophila trachea, our group and others have
demonstrated that apical extracellular matrix (aECM) and cell polarity proteins regulate tube size. We show that
the Salvador/Warts/Hippo (SWH) pathway also regulates tracheal tube size in a manner contrary to the
previously characterized role of the SWH pathway. The SWH pathway regulates cell growth and proliferation
through repression of the transcription factor Yorkie (Yki), the fly homolog of YAP. Yki activates genes that
promote cell cycle progression and cell growth, so yki mutations typically reduce growth in epithelial tissues by
decreasing cell number and volume and were expected to decrease tracheal length. Surprisingly, yki mutant
embryos have dramatically over-elongated trachea, while mutations in hippo, salvador and warts cause shorter
rather than longer trachea. These mutations do not strongly affect the aECM or SJs and tracheal cell number is

not affected in yki mutants. Yki appears to act in different pathways than septate junctions (SJs) or Src since Yki
activity (assessed by Yki reporter alleles) does not change in SJ mutants and double mutant combinations do
not show synergistic or completely epistatic interactions. Quantification of tracheal cell bodies shows that
although tracheal cell volume is highly regulated both spatially and temporally, the length increases in yki
mutants are not due to increases in cell volume. Rather, the critical tube size control function of Yki is mediated
through its downstream target DIAP (Drosophila inhibitor of apoptosis protein), which in turn antagonizes the
effector caspase DrICE without affecting cell viability. Since mutations in these genes do not alter tracheal cell
number or growth, we conclude that Yki controls tracheal tube size through a novel, non-apoptotic function of
DIAP1 and DrICE that regulates the amount of apical membrane surface and therefore tracheal tube size.

405C
Machine learning classification of cell-specific cardiac enhancers uncovers developmental subnetworks
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regulating progenitor cell division and cell fate specification. S. M. Ahmad , B. W. Busser , D. Huang ,
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E. J. Cozart , S. Michaud , X. Zhu , N. Jeffries , I. Ovcharenko , A. M. Michelson . 1) NHLBI, NIH, Bethesda,
MD; 2) NLM, NIH, Bethesda, MD; 3) Equally contributing authors.
Cardiogenesis involves multiple biological processes acting in concert during development—a coordination
achieved by the regulation of diverse cardiac genes by a finite set of transcription factors (TFs). Thus, certain
combinations of TF binding in vivo, as well as binding motifs for these TFs, constitute sequence features
expected to be enriched in heart enhancers. We compiled training sets of known enhancers expressed in two
different cardiac cell subtypes, the contractile cardial cells (CCs) and the surrounding pericardial cells (PCs),
and mapped known TF binding motifs from public databases and ChIP signals corresponding to in vivo TF
binding to these training sets and control sequences. These sequence features were then used by machine
learning classification algorithms to separate cardiac enhancer sequences from controls. Extensive testing of
predicted and independently reported enhancers revealed the added value of ChIP data for modeling cell typespecific activities. Furthermore, clustering the top-scoring classifier sequence features identified novel cardiac
and cell-type specific regulatory motifs. For example, we found that the Myb motif learned by the classifier is
critical for CC activity, and the Myb TF acts in concert with two forkhead domain TFs and Polo kinase to regulate
cardiac progenitor cell divisions. In addition, differential motif enrichment and cis-trans genetic studies revealed
that the Notch signaling pathway TF Suppressor of Hairless (Su(H)) discriminates PC from CC enhancer
activities. Collectively, these studies elucidate molecular pathways used in the regulatory decisions for
proliferation and differentiation of cardiac progenitor cells, implicate Su(H) in regulating cell fate decisions of
these progenitors, and document the utility of enhancer modeling in uncovering developmental regulatory
subnetworks.

406A
Characterization of the Role of BTB Family Proteins in Embryonic Gonad Formation. Jennifer C. Jemc,
Andrew Droste, Diane Silva, Christopher Lenkeit. Dept. of Biology, Loyola University Chicago, Chicago, IL.
In the embryo, the gonad is composed of two well-characterized cell types, the primordial germ cells (PGCs)
and the somatic gonadal precursor cells (SGPs). These two cell types are specified at different locations in the
embryo, and they must migrate, converge, and interact to form a functional gonad. While only the PGCs give
rise to gametes, they cannot do so without direct contact with SGPs. Two genes, ribbon (rib) and longitudinals
lacking (lola), have been identified to be required for the coalescence of SGPs and PGCs into a cohesive,
spherical gonad. RIB and LOLA are members of the BTB (Broad complex, Tramtrack, Bric-à-Brac) family of
proteins, which form homo- and heteromeric-complexes and frequently contain DNA binding domains by which
they regulate target gene transcription. Given the similar mutant phenotypes for rib and lola, we are exploring
the possibility that these proteins define a new regulatory pathway that regulates embryonic gonad formation.
Immunostaining reveals that RIB and LOLA are expressed in the SGPs, and to a lesser extent in the PGCs, and
genetic epistasis analysis suggests that they function in the same pathway. As BTB proteins have been
demonstrated to heterodimerize, the possibility that RIB and LOLA physically interact is currently being tested.
While downstream targets of RIB and LOLA have been identified in other developmental contexts, little is known
about their targets in the gonad. We have generated a list of potential targets in the gonad and are in the
process of examining expression of these genes by in situ hybridization and immunostaining. Previous work
demonstrating that RIB and LOLA may influence the actin cytoskeleton in other developmental contexts, along
with preliminary data demonstrating the similar mutant phenotypes and expression patterns of rib and lola in the
gonad, suggests that these genes may define a new regulatory pathway in the gonad that regulates the
cytoskeleton to promote changes in SGP cell morphology during gonad morphogenesis.

407B
Cadherin 99C regulates apical expansion and cell rearrangement during epithelial tube elongation. SeYeon Chung, Deborah Andrew. Dept Cell Biol, Johns Hopkins Univ, Baltimore, MD.
Apical and basolateral determinants specify and maintain membrane domains in epithelia. Many apical proteins,

including the apical determinant Crumbs (Crb), are enriched at the sub-apical region, a specific region
immediately apical to the adherens junctions. However, the functions of the membrane proteins that localize
along the entire apical surface are relatively unknown. Here, we identify new roles for an apical surface protein
Cadherin 99C (Cad99C) in conferring apical character in Drosophila tubular epithelia. Cad99C, the Drosophila
orthologue of human Usher protocadherin PCDH15 is expressed in several embryonic tubular epithelial
structures, where the apical membranes undergo dynamic changes during tube morphogenesis. Through lossof-function and overexpression studies, we show that Cad99C is required to regulate both cell rearrangement
and apical membrane expansion required for salivary tube elongation. Overexpression of Cad99C causes a
dramatic increase in apical membrane at the expense of other membrane domains, and Cad99C can do this
independently of mislocalization of the apical determinant Crb. We also show that the small juxtamembrane
domain of the Cad99C protein is required for apical accumulation, and the mislocalized Cad99C confers apical
character in the other membrane domains, affecting both the cell shape and the extracellular matrix architecture
surrounding the tissue. We also show that overexpression of Stranded at Second (SAS), another apical surface
protein, expands the apical membranes and converts other membrane domains to apical domain, independently
of Cad99C. These findings reveal that multiple avenues exist for establishing and/or maintaining overall
epithelial polarity, and provide new insight into the contributions of cell-matrix interaction toward specifying
polarized membrane domains and in cell rearrangements during tube elongation.

408C
The Role of tbc-1 in Drosophila Salivary Gland Development. Dorothy M. Johnson, Deborah J. Andrew. Cell
Biology, Johns Hopkins School Medicine, Baltimore, MD.
Rabs are small GTPases involved in vesicle targeting, tethering, and fusion. Rabs’ GTPase activity is
accelerated by Rab-GAPs (GTPase activating proteins). Recently, a highly conserved Drosophila Rab-GAP,
known as tbc-1, was discovered to be expressed in the embryonic salivary gland under control of the FoxA
transcription factor Fork head (Fkh). An analysis of tbc-1 knock-out lines revealed irregular apical membranes in
the embryonic salivary glands as well as defects in border cell migration. A full characterization of the null
salivary gland and border cell migration phenotypes is underway, as well as studies designed to learn which
Rab and which membrane fusion events are modulated by this GTPase. Finally, the requirement for key
residues within the conserved domains of Tbc-1 will be determined.

409A
Phantom and Shade, two enzymes essential for ecdysone biosynthesis, play a critical role in the control
of border cell migration in Drosophila. Lauren Anllo, Elena Domanitskaya, Trudi Schüpbach. HHMI/Dept. of
Molecular Biology, PRINCETON UNIVERSITY, PRINCETON, NJ.
The border cells of Drosophila are a model system for coordinated cell migration. Ecdysone signaling has been
shown to act as the timing signal to initiate the migration process. Here we use the FLP/FRT system to generate
mosaic egg chambers containing cells with homozygous mutations for enzymes involved in ecdysone synthesis.
We find that mutations in phantom (phm), encoding one enzyme in the ecdysone biosynthesis pathway, block
border cell migration when the entire follicular epithelium of an egg chamber is mutant, even when the
associated germline cells (nurse cells and oocyte) are wildtype. Conversely, mutant germline cells survive and
do not affect border cell migration, as long as the surrounding follicle cells are wildtype. Interestingly, even small
patches of wildtype follicle cells in a mosaic epithelium are sufficient to allow the production of above-threshold
levels of ecdysone to promote border cell migration. The same phenotype is observed with mutations in shade
(shd), encoding the last enzyme in the pathway that converts ecdysone to the active 20-hydroxyecdysone.
These results indicate that in normal oogenesis, the follicle cell epithelium of each individual egg chamber must
supply sufficient ecdysone precursors, leading ultimately to high enough levels of mature 20-hydroxyecdysone
to the border cells to initiate their migration. Neither the germline, nor the neighboring egg chambers, nor the
surrounding hemolymph appear to provide threshold amounts of 20-hydroxyecdysone to do so. This “egg
chamber autonomous” ecdysone synthesis constitutes a useful way to regulate the individual maturation of the
asynchronous egg chambers present in the Drosophila ovary.

410B
The role of Fd64a in salivary gland migration and muscle organization. Caitlin D. Hanlon. Cell Biol, Johns
Hopkins Med Inst, Baltimore, MD.
fd64a is one of the eighteen members of the forkhead box family of winged-helix transcription factors. Most
closely related to mammalian FoxL, fd64a is dynamically expressed in the Drosophila embryo in a variety of
tissues, including the hindgut, ventral longitudinal muscles, and two muscles in the thoracic segment, which we
have identified as ventral intersegmental muscle 5 (VIS5). Since the embryonic salivary gland migrates directly
next to these muscles, we asked if loss of fd64a influences salivary gland placement. A knockout allele of fd64a
was created via homologous recombination. Loss of fd64a was verified by PCR, in situ, and antibody analysis.
Loss of fd64a does not overtly alter salivary gland placement, but the structure of VIS5 is disrupted. Over-

expression of fd64a via twist-Gal4 causes the apical membrane of the salivary gland to curl and bend.
Additionally, the musculature is severely disrupted in these embryos. These data suggest that targets of Fd64a
influence muscle organization. We have identified the signaling molecule Sema2a as a target of Fd64a. Sema2a
expression in VIS5 is lost in fd64a knockout embryos. Over-expression of sema2a by twist-Gal4 also causes
irregularities in the salivary gland apical membrane and disorder in the somatic musculature. These data
suggest that fd64a and its target sema2a influence muscle organization and salivary gland migration.

411C
Live imaging of muscle development in akirin mutants. Katharine Majeski, Fatima Ali, Scott Nowak. Dept. of
Biology and Physics, Kennesaw State University, Kennesaw, GA.
Akirin is a highly conserved nuclear protein that functions as a transcription regulator in several developmental
pathways in a variety of organisms, including Drosophila melanogaster, mice, zebrafish, and ticks. We have
recently identified a role for Akirin during the process of embryonic muscle development. Specifically, Akirin is
required for the activation of genes critical for myogenesis. To accomplish this, Akirin interacts with the Twist
myogenic regulator, as well as components of the SWI/SNF-class Brahma chromatin remodeling complex to
regulate myogenic gene expression. These interactions are key for the proper development of the musculature
in Drosophila embryos. Correspondingly, akirin mutants display a variety of muscle patterning defects late in
embryonic development. To better understand at which stage of embryogenesis these patterning defects occur,
we have pursued a live imaging approach. We have acquired time-lapse imaging of embryogenesis in akirin
mutant embryos bearing a live muscle-specific GFP reporter construct. These studies will provide key
information regarding the temporal window that is key for proper Akirin function during muscle patterning.

412A
Traffic Jam controls the architecture of the ovarian germline stem cell niche. Xi Chen, Trupti Panchal,
Dorothea Godt. Dept. of Cell and System Biology, University of Toronto, Toronto, Canada.
The germline stem cell niche provides the proper micro-environment for the maintenance of germline stem cells
(GSCs). Cap cells, a major component of the GSC niche in the ovary, are oval-shaped cells that are organized
into a cap-like cluster at the tip of the germarium. This arrangement provides a large contact surface for GSCs
and allows the maintenance of three GSCs. On top of the cap cell cluster, several disc-shaped cells are
organized into a stalk, called the terminal filament (TF). Our data indicate that the large Maf transcription factor
Traffic Jam (Tj) regulates both the organization and specification of cap cells. Tj is expressed in cap cells but not
in TF cells. In the absence of Tj function, additional TF cells are formed at the expense of cap cells, resulting in
abnormally long TF stalks. Ectopic expression of Tj in TF cells results in cell rounding and expression of cap cell
markers. These findings suggest that Tj is required for cap cell fate and can partially suppress TF cell fate.
Interestingly, moderate reduction of Tj causes cap cells to arrange into a stalk without the loss of cap cell
specific markers, suggesting that cap cell morphogenesis and cap cell fate require different levels of Tj function.
Organization into a stalk reduces the number of cap cells that can make contact to GSCs. As a result, on
average only one GSC is present in a hypomorphic tj mutant. Moderate reduction of Tj allows us to study the
effects of Tj on the morphogenetic behaviour of cap cells separate from its effect on overall cap cell fate.
Currently, we analyze the effects of Tj on factors involved in cell-cell and cell-matrix adhesion in cap cells to
determine which factors might function downstream of Tj to regulate the organization of cap cells. In summary,
our data suggest that Tj is an important regulator of the specification and morphogenetic behaviour of the cells
that constitute the GSC niche in the Drosophila ovary.

413B
Snapshots of gene expression during pupal wing development lead to insights about cuticle and chitin
1,2
1
deposition. Lukasz F. Sobala , Paul N. Adler . 1) University of Virginia, Charlottesville, VA; 2) Lodz University
of Technology, Lodz, PL.
The wing of a fruit fly is a flat largely homogeneous structure that is decorated with arrays of distally pointing
hairs. During pupal development, the wing is comprised of two sheets of hexagonal cells with a small number of
sensory neurons which are clustered around wing veins. As an appendage, wings are easy to isolate without
contamination by other tissues. Our lab used polyA-selection and Illumina RNA-seq to capture gene expression
in pupal wings of Oregon R at four developmental stages: 42, 52, 62 and 72 h after white prepupae (awp)(at
25°C). The first stage coincides with the beginning of chitin deposition by the wing epidermis. Fruit flies possess
two chitin synthase genes: kkv and CS-2. From our data we conclude that only kkv is expressed in the wing,
confirming our previous observations from knockdown experiments that kkv is the only chitin synthase working
in the wing and data from other insects that CS-2 does not function in the formation of the cuticular exoskeleton.
A major portion of highly expressed transcripts belonged to Cpr (Cuticular protein) and Osi (Osiris) families,
implicated in epithelial structure formation. We have also identified potential candidate genes that may be
important in the morphogenesis of wing cuticle.

414C
Matrix metalloproteinase is required for ovulation and corpus luteum formation in Drosophila. Jianjun
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1
2
Sun , Lylah Deady , Sarah Mosure , Allan Spradling . 1) Department of Physiology & Neurobiology, University
of Connecticut, Storrs, CT; 2) Department of Embryology, Carnegie Institution for Science/ HHMI, Baltimore,
MD.
Ovulation is critical for successful reproduction and correlates with ovarian cancer risk, yet we know little about
how it is molecularly controlled. We recently found that like mammals, Drosophila ovulation requires
[1]
reproductive tract secretions . We now report that cellular aspects of ovulation also appear to be highly
conserved. At ovulation, mammalian oocytes burst through the surrounding epithelial cells, which differentiate
into a yellow mass termed the corpus luteum. During fly ovulation, we found that posterior follicle cells are
specifically lost (“trimmed”) to open up the epithelial layer. As the egg is pushed posteriorly into the oviduct, the
remaining follicle cells are squeezed toward the anterior. These follicle cells remain in the ovary and develop a
yellowish pigmentation; therefore, we named these residual follicle cells “corpus luteum-like (CL)” cells.
Furthermore, matrix metalloproteinase (Mmp), which is required for mammalian ovulation, is expressed in both
stage 14 follicle cells and CL cells. Mmp enzymatic activity is required for both trimming and ovulation. Our
studies show that ovulation is highly conserved between mammals and Drosophila at both the cellular and
molecular levels, and provide new insights into its regulation. [1] Sun, J. and Spradling, A.C. (2013). eLife
e00415.
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The Hippo pathway controls follicle stem cell maintenance in the Drosophila ovary. Ta-Hsing Hsu , Jenn1,2
Yah Yu . 1) Department of Life Sciences, Institute of Genomic Sciences, National Yang-Ming University,
Taipei, Taiwan; 2) Brain Research Center, National Yang-Ming University, Taipei, Taiwan.
The Hippo pathway is a conserved tumor suppressing pathway which plays important roles in regulating cell
proliferation and apoptosis. There are three core components of the Hippo pathway: Hippo (Hpo), Warts (Wts),
and Yorki (Yki). The serine/threonine kinase Hpo phosphorylates and activates another serine/threonine kinase
Wts, which in turn phosphorylates and inhibits the transcription co-activator Yki by preventing its nuclear
localization. Activated Yki enters the nucleus and induces downstream targets mostly involved in cell
proliferation and survival. Although the Hippo pathway has been suggested to regulate self-renewal and injuryinduced proliferation of stem cells, whether the Hippo pathway controls adult stem cell maintenance in vivo
remains elusive. Follicle stem cells (FSCs) in the Drosophila ovary are an excellent model of epithelial stem
cells. Many signaling pathways as well as cell adhesion have been suggested to control FSC maintenance
cooperatively. By generating mitotic clones, we show that yki mutant FSCs are rapidly lost from the niche.
Consistently, wts and hpo mutant FSCs are maintained and inclined to replace wild-type FSCs. These results
suggest that the Hippo pathway is both required and sufficient for FSC maintenance. Currently, we are
investigating how the Hippo pathway cross-talks with other known signaling pathways involved in FSC
maintenance.

416B
Function of Perlecan in the Drosophila Ovary. Alfonsa Diaz Torres, John Pearson, Acaimo Gonzalez Reyes.
Centro Andaluz de Biologia del Desarrollo, Sevilla, Spain.
The Drosophila female develops two ovaries, each composed of 16-20 egg-producing tubes called ovarioles.
Eggs chambers are generated in the germarium, formed at the anterior end of each ovariole and home to two or
three Germline Stem Cells (GSCs). Stem cells often reside in specialised cellular microenvironments or niches
that offer stem cells structural support. In addition, signalling between support cells and stem cells is essential to
regulate stem cell proliferation and to prevent their differentiation. The extracellular matrix plays a key role in
controlling the homeostasis of stem cell niches, as it provides physical support and conveys extracellular
signals. Perlecan, a heparan sulphate proteoglycan component of the extracellular matrix, has recently attracted
much interest as it has been shown to act as a modulator of intercellular signals in development and
morphogenesis. We will present our studies on the role of Perlecan in the maintenance of the Drosophila female
germline stem cell niche and ovariole architecture. In addition, we will report the presence of different splicing
isoforms of Perlecan in the basement membrane and in the interstitial matrix deposited in the GSC niche.

417C
Piwi is a key regulator of the testicular stem cell niche in Drosophila . Jacob M. Gonzalez, Haifan Lin. Yale
Stem Cell Center, Yale University, New Haven, CT.
The Piwi-piRNA pathway in Drosophila regulates a wide range of processes, which include transposon
silencing, epigenetic programming, and stem cell maintenance. Here we aim to explore the biological function of
Piwi in the Drosophila testicular stem cell niche. Piwi is expressed in both the germline and soma, which include
the hub cells and somatic cyst stem cell (CySC) lineage. We show that reducing activity of Piwi in the hub
causes an increase in the area and number of hub cells, suggesting that these cells are unable to maintain their

quiescent state. Using clonal analysis and cell-type specific rescue experiments, we uncovered a cellautonomous role of Piwi for both somatic and germline stem cell maintenance. Interestingly, reducing Piwi
activity in the CySC lineage causes a large expansion of stem cell-like cells. Our work reveals a cellautonomous function of Piwi in multiple cell types and may provide important insight for understanding how its
mammalian homologs function in normal and cancer stem cells.

418A
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Snail is required for maintenance of male germline stem cells. Gary R. Hime , Aviv Gafni , Arjun Chahal ,
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Agnes Gany , Franca Casagranda , Kate L Loveland , Helen E Abud . 1) Anatomy and Neuroscience,
University of Melbourne, Parkville, Victoria, Australia; 2) Anatomy and Developmental Biology, Monash
University, Clayton, Victoria, Australia.
The stem cell niche responsible for regeneration of male germline stem cells (GSCs) is located in the apical
region of the testis. 8-10 GSCs surround a group of somatic niche cells termed the hub. Mitotic division of a
GSC results in a daughter remaining attached to the hub that maintains GSC identity and a daughter displaced
from the hub that becomes a gonialblast, or primary spermatogonial cell. The gonialblast undergoes four more
rounds of mitosis characterised by incomplete cytokinesis to produce a cyst of 16 interconnected spermatogonia
which then proceed through pre-meiotic S-phase and differentiate as spermatocytes. We have used a dominant
negative transgene to demonstrate that Snail family proteins are required for maintenance of GSCs in the adult
Drosophila testis. Snail proteins are zinc-finger DNA-binding proteins that act as transcriptional repressors at Ebox sequences in target gene promoters. Three Snail members are present in Drosophila (Snail, Escargot &
Worniu) and mouse/human (Snai1/Snail, Snai2/Slug & Snai3/Smuc). Snail proteins play key, conserved roles in
triggering epithelial to mesenchymal transitions (EMT) in both physiological and pathological situations. Snail
proteins are also expressed in various stem cell populations in both Drosophila and vertebrates. Escargot is
highly expressed in undifferentiated spermatogonia and somatic stem cells in the Drosophila testis but loss of
Escargot function in the germline has no effect. In contrast, Snail is expressed at very low levels in the germline
but Snail mutant GSCs are lost from the niche. Loss of Snail family function is associated with germ cell
apoptosis. A germ cell requirement for Snail family function has been conserved in vertebrates as loss of Snai2
causes severe disruptions to spermatogenesis.

419B
A novel DnaJ domain protein activates integrin signaling to maintain stem cell niche in Drosophila. JooYeun Lee. University of Southern California.
Adult stem cells are characterized by the ability to divide asymmetrically to generate stem cells that self-renew
and differentiate into daughter cells. Adult stem cells are housed in specialized local microenvironment, or the
niche, which provides cues that are essential in maintaining tissue homeostasis. However, mechanisms
maintaining the stem cell niche are not well understood. At the apical tip of Drosophila testes, germline stem
cells (GSCs) and somatic stem cells which are adjacent to each other share the niche called the hub.
Establishment of proper architecture of the niche ensures dynamic stem cell behaviors and their functions.
Adhesion molecules, such as cadherin and integrin mediate anchoring of stem cells to their niche. Integrinmediated adhesion is crucial in proper localization of the niche in Drosophila. Here, we show that a conserved
DnaJ domain protein (Shriveled) is required for the maintenance of stem cell niche in Drosophila testes. A
decrease in protein level results in a loss of the hub and stem cells, and deterioration of hub cell architecture.
We find Shriveled is a secreted protein that can interact with the βPS integrin signaling pathways. Hypomorphic
mutants show depressed βPS integrin signaling as assayed by reduced phosphorylation of the Focal adhesion
kinase (FAK). Furthermore, we show that the loss of βPS integrin prevents effective DE-Cadherin expression.
Our data reveal that a novel secreted DnaJ domain protein promotes βPS integrin-mediated cell adhesion as a
mechanism for maintaining hub cell structure and anchoring stem cells to their niche.

420C
DNA damage disrupts stem cell-niche interaction and differentiation program in the Drosophila ovary.
1,2
1
1
1,2
Xing Ma , Xiaoqing Song , Trieu Do , Ting Xie . 1) Stowers Institute for Medical Research, Kansas city, MO;
2) University of Kansas Medical Center Kansas City, KS.
Adult stem cells are important for maintaining tissue homeostasis, and however, they have to constantly battle
against a variety of genomic assaults. To investigate how stem cells respond to DNA damage, we use the
Drosophila ovarian germline stem cell as a model due to the structural simplicity and the availability of a variety
of molecular markers. DNA damage is induced by overexpression of the I-CreI endonuclease, which can
recognize the rDNA clusters in the X and Y chromosomes of the Drosophila genome and generate DNA double
strand breaks. Interestingly, we found that DNA damage is sufficient to drive germiline stem cell premature
differentiation and also leads to the accumulation of undifferentiated germline progenitors. Mechanistically, DNA
damage decreases BMP signaling activity in the GSCs evidenced by the downregulation of BMP effector pMad
and the transcriptional upregulation of the differentiation factor bam. DNA damage induced germline progenitor

accumulation is attributed to both germline cyst dedifferentiation and GSC overproliferation. More interestingly,
inactivation of Chk2, a check point kinase induced by DNA damage, is able to rescue both the germline stem
cell premature differentiation and the accumulation of germline progenitor cells. Chk2 inactivation rescues the
GSC by restoring BMP signaling activity in the GSCs after DNA damage and rescues the differentiation defect
by restoring the level of Bam, the most important differentiation factor in the fly ovary. Furthermore, we also
show that DNA damage induced by Doxorubicin in the cultured GSCs interferes Bam dependent germ cell
differentiation. These data show that DNA damage activates Chk2, which can then drive damaged germline
stem cell differentiation to ensure the overall wellness of the stem cell pool. DNA damage also induces
dedifferentiation of the germline cyst, which might provide the possibility to replenish the stem cell pool.

421A
Aging-induced Notch signaling suppresses adhesiveness of germline stem cells to the niche via E1,2
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cadherin. Chen-Yuan Tseng , Shih-Han Kao , Chih-Ling Wan , Yueh Cho , Shu-Yun Tung , Hwei-Jan Hsu .
1) Institute of Cellular and Organismic Biology, Academia Sinica, Taipei 11529, Taiwan; 2) Graduate Institute of
Life Sciences, National Defense Medical Center, Taipei 11490, Taiwan; 3) Genomic Core Facility, Institute of
Molecular Biology, Academia Sinica, Taipei 11529, Taiwan.
A decline in niche occupancy by stem cells contributes to organ aging; however, the mechanisms involved are
unclear. Here, we report that Notch signaling underlies the effects of aging on the ability of female germline
stem cells (GSCs) to occupy the niche in Drosophila. GSCs with low levels of Notch signaling exhibit increased
adhesiveness to the niche, thereby outcompeting those with high levels. Disruption of Notch signaling in GSCs
suppresses age-dependent GSC loss, while increasing Notch signaling in GSCs hastens their loss. Notch
signaling, as mediated by Sex lethal, is increased in GSCs during aging. In contrast, Notch activation in the
niche (which maintains niche integrity and consequently GSCs) is reduced with age. Our results demonstrate
that Notch signaling regulates stem cell aging both intrinsically and extrinsically, and also indicate that stem cellniche coordination underlies tissue homeostasis in response to aging.

422B
Cellular and molecular regulation of stem cell niche quiescence. Leah J Greenspan, Phylis Hetie, Erika
Matunis. Cell Biology, Johns Hopkins School of Medicine, Baltimore, MD.
The Drosophila testis niche is a specialized microenvironment that consists of somatic hub cells that signal to
the attached germline and somatic stem cells. This tissue provides a good system to study the maintenance and
regulation of stem cells within their native environment. The hub consists of 10-15 closely packed cells that
coalesce during late embryogenesis and persist in a state of quiescence throughout the life of the fly.
Quiescence, or the reversible exit from the cell cycle, is a common state of most cells but how it is regulated and
its effect on stem cell behavior are not well understood. We are investigating the cellular and molecular
mechanisms that are required to maintain hub cell quiescence. Ablation of a subset of hub cells through the
induction of apoptotic genes reduces the number of hub cells but does not cause remaining hub cells to reenter
the cell cycle. However, the ablation of somatic stem cells induces hub cell divisions and leads to ectopic hub
formation in the tissue. This suggests that there are signals from within the niche that are important for the
maintenance of hub cell quiescence, and without them the tissue becomes aberrant. To ascertain whether or
not the presence of germ cells affects the loss of hub cell quiescence, we will ablate germline and somatic stem
cells alone and in combination and characterize the niche through immunolocalization and live imaging. By
understanding the cellular and molecular cues necessary to maintain niche quiescence as well as the
importance of this quiescence for stem cell and tissue maintenance, we can better uncover the requirements
needed to sustain a homeostatic state.

423C
The receptor tyrosine kinase Pvr in the Drosophila testis stem cell niche. Kenneth Hammer, Judith
Leatherman. Biological Sciences, University of Northern Colorado, Greeley, CO.
The Drosophila testis niche serves as a useful model for studying adult stem cell behavior. In this niche, two
populations of stem cells, germline stem cells (GSCs) and cyst stem cells (CySCs) surround a group of somatic
cells known as the hub. Extracellular signal-regulated kinase (ERK) signaling activated by epidermal growth
factor receptor (EGFR) promotes differentiation in cyst cells, which non-autonomously leads to differentiation of
neighboring germ cells. Interestingly, dpERK accumulates in both CySCs and cyst cells, and it is unclear how
differentiation is prohibited in CySCs with active ERK signaling. CySCs still accumulate dpERK upon inhibition
of the EGFR ligand Spitz (Schulz et al. 2002), suggesting another functional RTK may be responsible for ERK
activation in CySCs. We have identified Pvr (PDGF-VEGF receptor) as an RTK that is expressed in CySCs, and
its ligand, Pvf1, is expressed in the hub, suggesting Pvr may be active in CySCs. Constitutive activation of cyst
lineage Pvr promoted proliferation away from the hub, while dominant negative cyst lineage Pvr led to a
reduction in CySC number. Pvr mutant CySC clones were recovered at reduced rates compared to control
clones. These data suggest that Pvr activation promotes stem-like characteristics and has a distinct function

from EGFR. This difference may explain why CySCs still accumulate dpERK, but do not differentiate. We are
also investigating whether Zfh-1, a member of the ZEB protein family, influences ERK signaling. Zfh-1 was
identified as a modifier of RTK signaling in flies and vertebrates. Currently, we are using cultured S2 cells to
investigate Zfh-1’s effect on ERK signaling. In cells stimulated with Pvf ligands, a high level of dpERK signaling
was seen, and knockdown of Zfh-1 inhibited dpERK accumulation. Forthcoming work will determine if Zfh-1
differentially modifies the Pvr and EGFR pathways.

424A
Niche signaling regulates stem cell survival under stress-induced conditions in the Drosophila testis
niche. Salman Hasan, Phylis Hétié, Erika Matunis. Johns Hopkins Medical Institute, Baltimore, MD.
Stem cells in different tissues vary in their response to cellular stress. However, it is unclear how some stem
cells can resist stress-induced apoptosis while others cannot. We have used the Drosophila testis niche as a
model system to study the effect of stess-induced cell death on the germline and cyst stem cells (GSCs and
CySCs). Using assays we developed to quantify stress-induced apoptosis, it was found that the GSCs and the
CySCs resist cell death better than their differentiating progeny. To uncover what might be driving this difference
in susceptibility to cell death, we looked at the anti-apoptotic gene diap1. Work by Betz et al 2008 has shown
that the diap1 is a target of the JAK STAT pathway in the wing imaginal disc. This pathway is also important for
the maintenance of stem cells (GSCs and CySCs) within the testis niche. We found that Diap1 is enriched in the
GSCs and CySCs and that this expression is also partly regulated by STAT. In addition, null CySC and GSC
clones of diap1 were lost from the niche demonstrating how diap1 is critical for the maintenance of CySCs and
GSCs. Altogether, our results show that niche signals (including STAT) cause an enrichment of Diap1 in GSCs
and CySCs leading to an increased survival rate of these cell populations under stress-induced conditions.

425B
The Jak-STAT target Chinmo prevents sex transdifferentiation of adult stem cells in the Drosophila
1
2
1
testis. Qing Ma , Matthew Wawersik , Erika Matunis . 1) Cell Biology, Johns Hopkins Univ, Baltimore, MD; 2)
Biology Dept, The Col of William & Mary, Williamsburg, VA.
Adult stem cells divide asymmetrically to sustain tissue regeneration, but mechanisms controlling their sexual
identity have not been investigated. Recent work showed that differentiated somatic cells in the mouse gonad
can transdifferentiate into the opposite sex. However, it was not known if stem cells could undergo sexual
transdifferentiation. Here, we show that the Jak-STAT effector chronologically inappropriate morphogenesis
(chinmo), which encodes a transcription factor required for cyst stem cell (CySC) maintenance, also prevents
feminization of somatic cells in the adult Drosophila testis. Chinmo is required cell-autonomously in the CySC
lineage, where it acts through the male isoform of Dsx to promote male identity of CySCs. To our knowledge,
this is the first demonstration that adult somatic stem cells actively maintain their sexual identity. Since loss of
the Dsx homologue DMRT1 promotes male-to-female sex transdifferentiation of mouse Sertoli cells, both the
occurrence and regulation of sex maintenance may be broadly conserved.

426C
BMP signaling is required in the Drosophila testis cyst stem cells. James Major, Judith Leatherman.
School of Biological Sciences, University of Northern Colorado, Greeley, CO.
The Drosophila testis is a malleable system that we can use to study stem cell behavior. The tip of the testis
contains somatic non-dividing hub cells that emit stem cell maintaining signals, germline stem cells (GSCs) that
proliferate and produce gametes, and somatic cyst stem cells (CySCs) that surround and help guide the GSCs.
BMP pathway activation maintains the stem cell identity of GSCs in the Drosophila testis through repression of
the differentiation factor bam. BMP ligands are released from the hub cells and from the CySCs surrounding the
GSCs. Depletion of BMP pathway components in GSCs leads to derepression of bam and GSC loss. We are
interested in the CySCs, and how zfh-1 promotes self-renewal in these stem cells. Zfh-1 is a transcriptional
regulatory protein that is required for CySC maintenance, the lack of which leads to CySC loss. In vertebrates,
the homologous ZEB factors physically interact with receptor-activated Smads (BMP pathway transducers) to
affect TGF-beta signaling. We hypothesized that one role of Zfh-1 in CySCs might likewise be to interact with
receptor-activated Mad to modulate TGF-beta transcription. We generated mad and medea mutant CySC
clones through mitotic recombination and found that CySCs were not maintained as stem cells, compared to
control clones. Similarly, when we misexpressed the inhibitory Smad Dad in the cyst lineage, we saw a
reduction in the number CySCs. Thus, we have revealed a previously unappreciated requirement for BMP
signaling in the CySCs. Future experiments will test our hypothesis that one function of Zfh-1 is to regulate BMP
signaling in CySCs to control their maintenance.

427A
Apontic Functions as a Feedback Inhibitor of STAT to Maintain Niche Integrity and Limit Stem Cell
Populations. Amanda J. Monahan, Michelle Starz-Gaiano. Biological Sciences, University of Maryland,

Baltimore County, Baltimore, MD.
Stem cell populations are established and sustained by a niche - a microenvironment that controls stem cell
differentiation and maintenance. Tight regulation of factors involved in niche establishment and stem cell
maintenance is essential. The Drosophila testis, one of the best understood stem cell environments, is
comprised of a post-mitotic somatic hub surrounded by ten germ line stem cells (GSC) each encased by two
cyst stem cells (CySC). One key function of the hub is to secrete the protein Unpaired (UPD), which activates
the Janus Kinase/Signal Transducer and Activator of Transcription (JAK/STAT) pathway in GSCs to regulate ECadherin. JAK/STAT signaling also prevents differentiation and regulates adhesion of CySCs adjacent to the
hub. CySCs function with the hub to maintain GSC fate. Thus, the hub and CySCs comprise the testis niche.
Given the importance of JAK/STAT activity in the testis, elucidating its regulation is imperative to understand
how stem cell populations are properly maintained. We have determined that Apontic (APT) functions as an
important regulator of STAT activity in the testis niche. Niches deficient for apt significantly expand the CySC
population (as marked by Zfh-1 expression). While the majority of Zfh-1-positive CySCs in apt deficient niches
appear to out-compete GSCs and localize to the hub interface, some are also found distant from the hub. Distal
CySCs often encased GSCs, suggesting the loss of apt enables CySCs to function as an independent niche.
Interestingly, we found that loss of Socs36E, previously determined not to affect the number of Zfh-1-positive
cells, interacts with apt to limit the CySC population. Our results also imply that apt and Socs36E regulate hub
adhesion, as we observe a reduction of Fas3 in apt, Socs36E mutants. Previous work determined apt is a
downstream target of STAT in the testis; thus, our results indicate APT functions as a feedback inhibitor of
STAT in the testis niche and interacts with Socs36E to maintain hub integrity and limit the CySCs population.

428B
Role of Notch Signaling in Stem Cell Lineages of Testes. Chun Leung Ng, Cordula Schulz. Department of
Cellular Biology, University of Georgia, Athens, GA.
In Drosophila melanogaster testes, the interactions between the germline cells and their microenvironment cyst
cells regulate the generation of fertile sperm. Within a testis, germline stem cells (GSCs) and somatic cyst stem
cells (CySCs) are located at the apical tip of the testis. The stem cells divide asymmetrically to produce new
stem cells and daughter cells initiating differentiation, called gonialblasts and cyst cells respectively. Each
gonialblast becomes enclosed in cytoplasmic extensions from exactly two cyst cells. As in mammalian tissues
maintained by stem cells, the immediate germline stem cell daughter, the gonialblast, undergoes mitotic transit
amplifying divisions to produce a pool of precursor cells, called spermatogonia. After mitosis, these precursor
germline cells grow in size, undergo meiosis 1 and 2, and eventually develop into sperm. Throughout this
process, the surrounding cyst cells grow in size and co-differentiate with the enclosed germline cells. The cluster
of germline cells and surrounding cyst cells is commonly referred to as a cyst. Here, we show that Notch
signaling is required for early stages of spermatogenesis. Reduction of Notch signaling reduced the numbers of
cysts containing transit amplifying germline cells and, conversely, overstimulation of the pathway caused the
accumulation of cysts containing transit amplifying germline cells. Based on expression studies and phenotypic
analysis, the germline cells signal via the ligand Delta to the Notch receptor on the cyst cells to regulate this
early aspect of spermatogenesis.

429C
The Wnt signaling and cytoskeletal regulator APC2 controls stem cell niche size, architecture, and stem
cell number in the Drosophila ovary. Stacie L. Oliver, Brooke M. McCartney. Department of Biological
Sciences, Carnegie Mellon University, Pittsburgh, PA 15213.
Stem cell behavior is controlled by the cellular neighborhood, or niche, in which stem cells reside. Niche function
relies on specific tissue architecture and cell-cell signaling to maintain tissue homeostasis. Signaling within the
niche is well studied. However, regulation of niche architecture is not well understood. Here we report that the
Wnt signaling and cytoskeletal regulator, Adenomatous polyposis coli (APC2) is required for proper niche size
and architecture in the germarium. 5-7 Cap cells (Cpc), a central component of the female germline stem cell
niche, reside at the anterior tip of the germarium and are essential for maintaining stem cells in the niche. Loss
of APC2 results in an increased number of Cpc, and their displacement away from the anterior tip. Interestingly,
there does not appear to be a direct relationship between the increase in Cpc number and the defect in Cpc
position. In addition, APC2 null mutants exhibit an increased number of germline stem cells (GSCs) that may
result from increased Cpc number. Preliminary data using a separation of function allele of APC2 suggest that
Cpc number is regulated by Wnt signaling, while Cpc position requires the actin regulation function of APC2. In
the syncytial embryo, APC2 regulates cortical actin through a collaboration with the formin Diaphanous. We are
currently testing the hypothesis that this collaboration regulates Cpc position. Consistent with our hypothesis,
selective reduction of the actin organizers Spectrin and Kelch in Cpcs results in Cpc displacement, and Spectrin
is mislocalized in APC2 mutants. These results suggest that the assembly and organization of cortical actin is
required for proper Cpc position. Taken together, our data suggest that APC2 plays a dual role in the stem cell
niche. APC2 regulates niche size by restricting Cpc number through negative regulation of Wnt signaling, and

controls Cpc position within the germarium through the regulation of cortical actin.

430A
Ecdysone Regulation of Stem Cell Maintenance in the Drosophila Testis Niche. Yijie Li, Qing Ma, Erika
Matunis. Johns Hopkins Medical Inst, Baltimore, MD.
The Drosophila testis is a good model to study stem cell biology within an intact local microenvironment, or
niche. In this tissue, quiescent somatic cells called hub cells create a niche for two types of stem cells: germline
stem cells (GSCs) and cyst stem cells (CySCs). Although several local signals are known to regulate stem cells
in the testis, the roles of systemic signals in this tissue are less well understood. Ecdysone is critical for
development and for oogenesis, but was not thought to function in the testis niche. Here, we find that the
hormone ecdysone is required to maintain both GSCs and CySCs in the tesitis. Furthermore, Ecdysone receptor
(EcR) and Ultraspiracle (USP), the two components of the ecdysone receptor complex, are expressed and
activated in the Drosophila testis niche. Expression of EcR in the CySC lineage is both necessary and sufficient
to maintain stem cells. We also find that disruption of ecdysone downstream targets ftz-f1 and E75 in the CySC
lineage cause similar effect as knocking down EcR. Together, our work indicates that ecdysone signaling cellautonomously promotes stem cell maintenance in Drosophila testis niche.

431B
Stem cell division in the testis is affected by environmental rhythms and sleep duration. Natalia M
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Tulina , Jung Hsuan Chen , Wen-Feng Chen , Amita Sehgal . 1) Fox Chase Cancer Center, Philadelphia, PA;
2) HHMI, Unviversity of Pennsylvania, Philadelphia.
24 hour day-night cycles coordinate diverse biological processes optimizing the performance of the organism
under changing environmental conditions. Cellular homeostasis was shown to be affected by daily transitions in
several tissues but possible effects of environmental cycles on mitotic activity in stem cell populations in most
systems have not been specifically addressed. We explored the division dynamics of germline and somatic stem
cells in the Drosophila testis and found that their mitotic frequencies vary in concord over the course of a daily
cycle declining at dawn and accelerating at dusk. We also assessed a role of circadian sleep-wake cycles that
are themselves temporally coordinated by environmental rhythms in generating the observed changes in stem
cell division rates. We revealed that the reduction in total duration of daily sleep caused by abolishing the
function of the sleep promoting factor SLEEPLESS as well as by mechanical stimuli causes increased stem cell
activity in the fly testis. The question of whether cell cycle progression in the testis niche is directly affected by
sleep-wake cycles or is regulated by environmental rhythms in parallel with the behavioral transitions needs to
be further addressed.

432C
The Trithorax (Trx) histone methyl transferase complex maintains neural stem cell heterogeneity in
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1,2,3
Drosophila larval brain. Hideyuki Komori , Qi Xiao , Cheng-Yu Lee . 1) Center for Stem Cell Biology, Life
Sciences Institute,; 2) Depertment of Cell and Developmental Biology,; 3) Division of Molecular Medicine and
Genetics, Department of Internal Medicine, University of Michigan Medical School, Ann Arbor, MI.
Precise maintenance of their functional heterogeneity allows a relative small pool of tissue specific stem cells to
generate diverse cell types during organogenesis. However, the molecular mechanisms that maintain stem cell
heterogeneity within a tissue remain completely unknown. The fly larval brain contains two populations of stem
cells (neuroblasts) that are functionally distinct, and provides an excellent model system for investigating the
maintenance of tissue-specific stem cell heterogeneity in vivo. Through asymmetric stem cell division, a type I
neuroblast gives rise to a ganglion mother cell (GMC) while a type II neuroblast generates an intermediate
neural progenitor (INP) that undergoes limited proliferation to produce GMCs. Here, we report that the Trxcontaining chromatin modifier complex maintains the functional heterogeneity of larval brain neuroblasts by
regulating their competence to generate INPs. Removing the function of the Trx complex abolishes the
competence of a type II neuroblast to generate INPs, transforming it into a type I neuroblast. Importantly, the
catalytic activity of the COMPASS core components is essential for the maintenance of a type II neuroblast
functional identity. We identified that the Trx complex most likely maintains a type II neuroblast identity by
regulating the transcription factor Buttomhead (Btd). Consistently, a type II neuroblast mutant for btd adopts the
functional identity of a type I neuroblast whereas a type I neuroblast over-expressing btd displays the functional
characteristics of a type II neuroblast. Most importantly, over-expression of btd restores the functional properties
of a trx mutant type II neuroblast. Thus, the Trx complex maintains neuroblast heterogeneity by regulating the
competence to generate INPs via a Btd-dependent during larval brain neurogenesis.

433A
Role of p21-activated kinase Mbt in proliferation of central brain neuroblasts with special focus on the
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mushroom body neuroblasts. Juliane Melzer , Karoline F. Kraft , Rolf Urbach , Thomas Raabe . 1) Institute of
Genetics, University of Mainz, Mainz, Germany; 2) Institute for Medical Radiation and Cell Research, University

of Würzburg, Würzburg, Germany.
The Drosophila PAK protein Mushroom bodies tiny (Mbt) is expressed in embryonic and postembryonic central
brain progenitor cells (neuroblasts, NBs) where it becomes enriched to the apical cortex in a cell cycle- and
Cdc42-dependent manner. The correct apical localisation of Mbt is governed by the selective binding of the p21
binding domain of Mbt to the RhoGTPase Cdc42. In mbt loss of function mutants (mbtP1) the mushroom body
neuroblasts (MBNBs) are correctly specified and are able to generate different neuronal subclasses as in the
wild type, but are impaired in their proliferation activity throughout development. Mbt seems to be neither
involved in the establishment or maintanance of cell polarity, nor in the orientation of the mitotic spindel. In
addition, the absence of Mbt did not show any effect on the organization of the actin or tubulin cytosceleton in
central brain neuroblasts. However, in the absence of Mbt function NBs are significantly reduced in cell size,
correlating with reduced mitotic activity throughout development. This phenotype is most pronounced for
MBNBs. mbt-mutant postembryonic brain NBs undergo apoptosis during larval stages. Preventing apoptosis
could reconstitue the wildtyp number of NBs but did not rescue the loss of Kenyon cells seen in the adult MB of
mbt-mutants. From these results, we conclude that Mbt is part of a regulatory network that is required for NB
growth and thereby allows proper proliferation of NBs throughout development.

434B
Drosophila Phosphotyrosyl Phosphatase Activator (PTPA) Facilitates Miranda dephosphorylation in
1
Early Mitosis and Regulates its Asymmetric Localization in Dividing Neuroblasts. Fan Zhang , Zhenxing
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Huang , Hongcun Bao , Huashan Wang , Yu Cai , Xiaohang Yang . 1) College of Life Sciences, Zhejiang
University, Hang Zhou, China; 2) Yong Loo Lin School of Medicine, National University of Singapore; 3) National
Neuroscience Institute, Singapore; 4) Temasek Life Sciences Laboratory, Singapore; 5) Department of
Biological Sciences, National University of Singapore, Singapore.
Asymmetric localization of cell fate determinants is a characteristic of Drosophila neuroblast (NB) asymmetric
divisions. We have identified the evolutionarily conserved Phosphotyrosyl Phosphatase Activator (PTPA)
specifically acts as a novel mediator for effective basal localization of Miranda (Mira) and its associated cell fate
determinants in the larval brain NBs. The basal cortical localization of Mira that normally occurs by metaphase in
wild type NBs is delayed until anaphase in ptpa mutant NBs. Interestingly, this PTPA-mediated Mira localization
is independent of aPKC activity: Mira remains cytosolic in ptpa NBs expressing Lgl3A or Mira5A, two transgenes
disrupting aPKC-mediated localization, producing uniform/cortical Mira localization in wild type NBs. In addition
altered Mira phosphorylation status was detected in ptpa mutant brain extracts, as well as in ptpa knockdown S2
cell, suggesting PTPA regulates Mira phosphorylation. We also find that Protein Phosphatase 4 (PP4) levels are
increased in ptpa mutant and functions in same genetic pathway as PTPA. Together, our data suggest that
asymmetric/basal localization of Mira in mitotic neuroblasts is facilitated by an additional mechanism; aPKCindependent yet PTPA/PP4-mediated dephosphorylation pathway in early mitosis.

435C
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split-ends : a novel regulator of adult stem cells in Drosophila intestine. Maheva Andriatsilavo , Carolina
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N. Perdigoto , François Schweisguth , Allison Bardin . 1) Genetic and Developmental Biology unit, Institut
Curie, PARIS, France; 2) GDD unit, Institut Pasteur, Paris France.
Adult stem cells maintain tissue homeostasis by supplying differentiated cells while at the same time selfrenewing. Molecular mechanisms that regulate the switch between stem cell state and differentiated state are
poorly understood. The adult Drosophila intestine is a good model to investigate these mechanisms. Intestinal
stem cells are the only dividing cells in the tissue and give rive to a post-mitotic progenitor (enteroblast) that
terminally differentiates. Here we report the identification of the split-ends gene as a novel regulator of intestinal
stem cells that control this switch. split-ends family genes encode conserved RNA recognition motif-containing
proteins that are reported to have a role in RNA biogenesis and stem cell regulation. Its mosaic loss of function
results in an abnormal increase in the number of stem cell-like cells, which can terminally differentiate. Cell
specific depletion using RNAi approach associated to UAS/GAL4 system shows split-ends function is required in
intestinal stem cells, prior Notch pathway activation. These data suggest that Split-ends may acts as a stem cell
regulator important for the repression of self-renewal or for the enhancement of the stem cell commitment. Here,
we provide a new function of spit-ends in adult stem cell regulation in the Drosophila intestine, which may also
shed light on its mode of action in these other developmental contexts. We will present our characterization of
split-ends function in the intestine and our ongoing work to characterize molecular targets of Split-ends in
intestinal stem cells.

436A
Plasticity in Stem Cell Division Pattern and a Negative Feedback Slit-Robo2 Signaling Determine the
Secretory EE Cell Fate in the Adult Drosophila Posterior Midgut. Xiankun Zeng, Steven Hou. Stem Cell
Regulation and Animal Aging Section, NCI, NIH, Frederick National Laboratory, Frederick, MD.
The adult Drosophila posterior midgut contains multipotent intestinal stem cells (ISCs) that differentiate into an

absorptive enterocyte (EC) or a secretory enteroendocrine (EE) cell. It is reported that asymmetric Notch
signaling from an ISC to an immature daughter cell enteroblast (EB) regulates EC fate specification. However,
EE cell fate specification is not clear. We performed lineage-tracing experiments using a newly developed,
leakage-proof system and found that EE cells were generated directly from ISCs by an ISC directly becoming a
PreEE, an ISC becoming a new ISC and PreEE cell through asymmetric division, or an ISC becoming two
PreEE cells through symmetric division. We further found that Slit-Robo2 signaling from EE cells to ISCs
regulates EE cell numbers through a negative feedback mechanism. Our data demonstrated that plasticity in
stem cell division pattern determines the EE cell fate and negative feedback signaling regulates the EE cell
number. These results revealed an unanticipated flexibility of stem cell behavior and an inter-dependency
between stem cells and differentiated cells in maintaining tissue homeostasis.

437B
EGFR Signaling Mediates Intestinal Stem Cell Proliferation via Capicua Regulated Genes in Drosophila.
Yinhua Jin, Bruce Edgar. ZMBH-DKFZ, Heidelberg, Germany, Germany.
The Drosophila midgut is an outstanding model system to study the basis of homeostatic control in animals due
to its simplified set of cell types, which includes highly similar cell types to those in the mammalian intestine.
When damaged or aged cells are lost from the epithelium of the Drosophila midgut, intestinal stem cells (ISCs)
respond to this stress and maintain gut homeostasis by dividing to replenish the intestinal epithelium. During this
response, the epidermal growth factor (EGFR) signaling pathway is induced in ISCs, which promotes ISC
division and midgut epithelium regeneration. Here, we identified Capicua (Cic), an HMG-box transcriptional
repressor is required for ISCs proliferation control. Knocking down Cic can dramatically increase the ISCs
proliferation, while overexpression of Cic can inhibit ISCs proliferation and midgut regeneration. We also
showed that Cic act as the main downstream effector of EGFR/Ras signaling pathway to regulate ISCs
proliferation by epistasis test. Activated EGFR/Ras signaling change the Cic subcellular localization to release
the Cic target genes from its suppression and induce ISCs proliferation. Furthermore, in order to identify the Cic
target genes that contribute to ISC proliferation we carried out cell type specific RNA-seq by extract RNA from
FACS sorted ISCs in Drosophila midgut. The cell type specific ChIP-seq is going on now to explore underlying
mechanisms by which Cic controls ISC proliferation.

438C
dWDR40a regulates the mitosis-to-endoreplication transition in the intestinal stem cell lineage. Jihyun
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2
1,2
Kim , Dae-sung Hwangbo , Heinrich Jasper . 1) The Buck Institute for Research on Aging; 2) University of
Rochester.
The balance between proliferation and differentiation of somatic stem cells is critical to maintain homeostasis.
Aging stem cells lose their ability to control this balance, leading to tissue dysfunction, cancer, or degenerative
disease. As the intestine ages, slow-cycling stem cells become hyperactive and over-proliferate, disrupting
tissue homeostasis. The precise mechanisms by which the Drosophila intestinal stem cell (ISC) cell cycle is
controlled remain to be established. Our study suggests that dWdr40a regulates proliferation and differentiation
in the ISC lineage. dWdr40 is an evolutionary conserved member of the WD40-repeat family of proteins.
Genomic and proteomic studies suggest that the human homologue of dWdr40 interacts with DDB1 (Damaged
DNA-binding Protein1) and CRL4 (Cullin4-RING E3 ubiquitin ligase), but this function remains unclear.
CRL4/DDB1 functions in cell cycle regulation, suggesting that the CRL4/DDB1/dWdr40 complex controls ISC
proliferation by directly regulating the ISC cell cycle. To investigate the function of CRL4/DDB1/dWdr40 in ISCs,
we have used standard lineage tracing techniques and cell-specific drivers. Loss of dwdr40 promotes the growth
of ISC-derived clones, while overexpression of dWDR40 significantly impairs ISC proliferation. Similarly, loss of
cul4, ddb1, or cdt2 (a CRL4 component) also inhibits ISC proliferation and phenocopies dWDR40a gain of
function conditions, supporting a role for the CRL4/DDB1/dWdr40 complex in ISC proliferation. Interestingly, the
function of dWdr40a in ISC proliferation seems to be mediated primarily through non-autonomous mechanisms,
by promoting the entry of ISC daughter cells (enteroblasts) into endoreplication. We are currently analyzing this
function in detail using genetic and biochemical approaches to understand the control of proliferation and
differentiation in ISC lineages by CRL4/DDB1/Wdr40.
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Regulation of pH homeostasis in the Drosophila gastrointestinal tract. Hongjie Li , Yanyan Qi , Heinrich
1,2
Jasper . 1) Buck Institute for Research on Aging, Novato, CA, USA; 2) Department of Biology, University of
Rochester, Rochester, NY, USA.
The gastrointestinal tract is lined by a series of epithelia that share functional requirements, but also have
distinct, highly specialized roles. Distinct populations of somatic stem cells (SCs) regenerate these epithelia, yet
the mechanisms that maintain regional identities of these SCs are not well understood. In recently published
work, we have identified a role for the BMP-like Dpp signaling pathway in diversifying regenerative processes in
the adult gastrointestinal tract of Drosophila. Dpp secreted from enterocytes at the boundary between the

posterior midgut (PM) and the middle midgut (MM) sets up a morphogen gradient that selectively directs copper
cell (CC) regeneration from gastric SCs in the MM and thus determines the size of the CC region. In
vertebrates, deregulation of BMP signaling has been associated with Barrett’s metaplasia, where the squamous
esophageal epithelium is replaced by a columnar epithelium, suggesting that the maintenance of regional SC
identities by BMP is conserved. We are now exploring the physiological consequences of regional
transformation of ISC identities. We find that CC-less flies, in which the stem cells in the gastric region have lost
the ability to generate copper cells, show an age-related decline of the acidic region. These animals exhibit
commensal dysbiosis, suggesting that acid-producing CCs are critical to limit commensal growth. In wild-type
flies, CC numbers and the gastric region decline with age, a phenotype that correlates with age-related
dysbiosis. We are currently exploring the molecular mechanism that causes CC decline in aging flies.

440B
Regulation of intestinal stem cells by the Snail family transcriptional repressor Escargot. Mariano A
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Loza-Coll , Sharsti S Sandall , Tony Southall , Andrea Brand , D Leanne Jones . 1) Molecular, Cell and
Developmental Biology, University of California, Los Angeles, Los Angeles, CA; 2) The Salk Institute for
Biological Studies, La Jolla, CA; 3) The Gurdon Institue, Cambridge, UK; 4) The University of Cambridge,
Cambridge, UK.
Tissue stem cells divide asymmetrically to self-renew and generate differentiating progeny that replaces lost or
damaged cells, both during homeostasis and in response to injury. The genetic mechanisms coordinating the
decision between self-renewal and differentiation remain poorly understood. Furthermore, it is unclear whether
shared regulatory mechanisms are used in a context-dependent manner by stem cells across tissues. To begin
addressing this question, we characterized the regulation of Drosophila intestinal stem cells (ISCs) by escargot
(esg), a Snail family transcriptional repressor that is specifically expressed in multiple stem cell populations in
flies. We used RNAi-mediated Esg knockdown and MARCM analysis of esg mutant clones to show that the loss
of Esg function in ISCs causes a dual-phenotype: 1) an induction of ISC differentiation and 2) an alteration in the
fate choice made by the enteroblast (EB), the differentiating progeny of ISCs, which results in a significant
accumulation of enterocrine (EE) cells. The observed bias towards the EE cell fate following loss of Esg could
be explained by a reduction of Notch signalling within EBs, which was in turn due to the upregulation of Amun, a
gene previously found to inhibit the Notch pathway in other systems and that we have identified as a
transcriptional target of Esg . Our results indicate that Esg functions as a pivotal regulator of ISCs, both
controlling their ability to self-renew and maintain a healthy stem cell pool, as well as regulating the
differentiation of their progeny.

441C
Targeted control of mRNA stability reestablishes quiescence in Drosophila intestinal stem cells. Lindy
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McClelland , Heinrich Jasper , Benoît Biteau . 1) The Buck Institute for Research on Aging, Novato, CA; 2)
University of Rochester Medical Center, Rochester, NY.
Somatic stem cells (SSCs) are present in many adult tissues. When activated by tissue damage, SSCs increase
their proliferation rates as a means to replace the damaged cells. SSCs that fail to become activated have
deficiencies in regenerating damaged tissues. Conversely, SSC proliferation rates that exceed the needs of the
tissue will result in epithelial dysplasia. Therefore, the precise control of SSC proliferation is critical to ensure
tissue homeostasis. In Drosophila, damage to the intestinal epithelium activates intestinal stem cells (ISCs).
Once the intestine is repaired, proliferation rates return to basal levels. Here we show that Tis11 is required for
ISCs to reenter quiescence. Canonically, Tis11 is a posttranscriptional regulator that targets specific mRNAs for
degradation. Through in situ hybridization we show that Tis11 is specifically expressed in the undifferentiated
precursor cells of the intestinal epithelium. The expression of RNAi against Tis11 in ISCs does not affect their
basal proliferation rates. However, upon activation, Tis11 deficient ISC fail to reestablish quiescence. Lineage
tracing techniques support the role of Tis11 to reestablish basal proliferation rates. ISC clones over expressing
Tis11 are smaller than controls while ISC clones expressing RNAi against Tis11 are larger than controls. Our
findings establish a role for Tis11 in maintaining tissue homeostasis by inactivating ISCs. Currently, we are
working to: (i) identify the transcripts targeted by Tis11, (ii) understand how Tis11 is regulated and (iii) determine
whether modulating Tis11 activity in ISCs can ameliorate hyperproliferative or tissue wasting diseases.

442A
Expression and Function of Group B Sox gene function in adult intestinal stem cells. Joanna Taborda,
John Nambu. Biology, Florida Atlantic Univeristy, Jupiter, Fl.
We are interested in the conserved functions of Sox HMG box genes. This project focuses on analyzing the
potential function of fly Group B Sox genes within the adult intestine. Previous studies have confirmed the
presence of stem cells within the intestine of adult Drosophila, specifically within the posterior midgut and
anterior hindgut. However, little is known about the potential functions of Sox genes in the development of these
cells. Drosophila has four highly related Group B Sox genes - Sox21a, Sox21b, SoxNeuro (SoxN), and

Dichaete. Dichaete is homologous to the vertebrate Sox2 and the two proteins share 88% sequence identity
within the HMG domain. Significantly, Sox2 has been shown to have important roles in stem cell development
and is one of four conserved transcription factors (also including c-Myc, Oct3/4, and Klf4) that are sufficient to
revert differentiated somatic cells back to an undifferentiated pluripotent state. We therefore hypothesize that
Dichaete, and perhaps other fly Group B Sox genes, function in the development and physiology of adult
intestinal stem cells. Dichaete and SoxNeuro are expressed and/or function in embryonic and larval hindgut
cells, suggesting they may also function in adult intestinal tissues. Through the use of reverse-transcriptase
PCR (RT-PCR), immunostaining, and in situ hybridization, we have begun to analyze the expression of Group B
Sox genes within the adult digestive tract of Drosophila melanogaster. Preliminary RT/PCR data indicates that
all four of these genes are expressed in dissected adult intestinal tissue. We are currently defining the precise
sites of this expression and determining if these Sox-expressing cells include the stem cells. Ultimately, we will
utilize genetic approaches to define the functions of these genes in the development and maintenance of the
adult intestine.

443B
Regulation of String during Drosophila intestinal stem cell proliferation. Jinyi Xiang, Bruce Edgar. Cell
growth and proliferation, DKFZ-ZMBH Alliance, Heidelberg, Germany.
The adult Drosophila midgut is a highly regenerative organ that is maintained by intestinal stem cells (ISC). ISC
proliferation and division produces new ISCs and enteroblast (EB) daughters, which differentiate into the major
midgut cell types, enterocytes (EC) or enteroendocrine (EE) cells. The mono-layered epithelium of the midgut is
regularly replenished by stem cells once every two weeks under normal physiological circumstances. However
in response to epithelial damage and stress condition, such as bacteria infection, DNA damaging agents,
oxidative stress, induced apoptosis or JNK stress signaling activation, damaged ECs will produce ligands of
EGFR and JAK/STAT to activate these pathways in ISCs and EBs, thus promoting their proliferation and
differentiation to compensate for epithelium cell loss. During this feedback, we find that the String (Stg) gene,
the Drosophila homologue of Cdc25 phosphatase that is the ultimate regulator of mitosis in most eukaryotic
cells, is strongly increased in expression. Gain- and loss- of function studies show that Stg is necessary for
midgut stem cell proliferation in response to the extrinsic growth signals from epithelium. Moreover, we find that
one small fragment of the Stg enhancer is specific for its transcription in midgut stem cells. To elucidate the
mechanism of how extrinsic signals regulate this key cell cycle gene, we will use yeast 1 hybrid (Y1H) to screen
the candidate transcription factors that can directly bind this specific enhancer and regulate Stg expression in
stem cells. With this work, we expect to find the essential link between signal transduction factors and cell cycle
control in stem cells.
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Adaptation of Drosophila hematopoiesis through sensory neuron stimulation. Kalpana Makhijani , Brandy
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Alexander , Sophia Petraki , Stephanie Wachner , Michael O’Connor , Katja Brückner . 1) Dept. Cell &
Tissue Biol; 2) Broad Center of Regeneration Medicine and Stem Cell Research; 3) CVRI; University of
California San Francisco, CA; 4) University of Heidelberg, Germany; 5) Department of Genetics, Cell Biology
and Development, University of Minnesota, Minneapolis, MN.
One of the outstanding questions in animal development and tissue homeostasis is how environmental sensory
stimuli, through the local innervation of stem cell niches and tissue microenvironments, regulate signaling
cascades and biological responses that lead to adaptation. To address this question at the molecular and
cellular level, we study the role of the peripheral nervous system (PNS) as a microenvironment in the
Hematopoietic Pockets (HPs) of the Drosophila larva. In the HPs, hemocytes are induced to proliferate, and
GRASP provides evidence for an interface where sensory neurons and glia of the segmentally repeated PNS
clusters form direct contacts with hemocytes. Using cell ablation and other genetic manipulations, we
demonstrated functional dependence of hemocytes on the PNS regarding their localization and trophic survival
(Makhijani et al. 2011). Genetic loss- and gain-of-function analyses show that sensory neurons of the HPs
produce the TGF-β family ligand Activinβ (Act), which induces dSmad2 pathway dependent hemocyte adhesion,
localization and expansion. Asking whether hemocyte behaviors might be modulated by sensory stimuli, we find
that transient PNS silencing through inducible genetic systems results in the rapid dispersal of resident
hemocytes; conversely, PNS stimulants such as the irritant chemicals AITC (allylisothiocyanate, wasabi) or
menthol (mint) induce recruitment of hemocytes to HPs and cause a rise in hemocyte numbers over time.
Interestingly, we find rapid induction of Act expression in PNS sensory neurons when exposing larvae to these
stimuli, suggesting that Act is a key regulator in the sensory induction of blood cells. We propose a model in
which sensory stimuli, through neuronal Act expression and hemocyte recruitment and expansion, mediate
functional adaptation of the animal’s hematopoietic system.

445A
Cell competition leads to active selection of fitter stem cells and their progeny in adult homeostatic

tissues. Golnar Kolahgar, Saskia Suijkerbuijk, Enzo Poirier, Sarah Mansour, Benjamin Simons, Eugenia
Piddini. Gurdon Institute, University of Cambridge, Cambridge, United Kingdom.
Adult tissue homeostasis is thought to be the result of a plastic but somewhat passive process driven by cellular
turnover: as old cells die an equivalent number of new cells is generated by a progenitor pool. Our work has
investigated whether, in addition, adult homeostatic tissues monitor cellular fitness and how a tissue and its
individual cells respond when weaker cells are detected. Specifically, using the Drosophila posterior midgut as a
model of adult homeostatic tissue, we have investigated how competitive cell interactions impact on the survival,
proliferation, self-renewal and cell fate specification of stem cells, and on the survival/turnover of differentiated
cells. Using clonal analysis by lineage tracing, quantifications of cell proliferation and survival rates and
mathematical modelling, we show that both differentiated and stem cells are affected by cell competition, both in
the weaker cell population and in the fitter cell population, with important consequences on tissue colonisation.
Our findings demonstrate that competitive cell interactions shape adult tissue colonisation, revealing an
additional level of complexity in the mechanisms regulating tissue homeostasis. This may have important
implications, as selection of fitter cells during adult tissue maintenance could lead to improved tissue fitness and
play a role in slowing down tissue ageing.

446B
Novel genes involved in the maintenance of hematopoietic progenitors. Bama Charan Mondal, Cory
Evans, Utpal Banerjee. Molecular Cell and Developmental Biology, University of California, Los Angeles, Los
Angeles, CA.
The Drosophila lymph gland is a larval hematopoietic organ in which hematopoietic progenitor cells that reside
in the medial region called the Medullary Zone (MZ) are maintained by a Hedgehog dependent niche-derived
signal. These multipotent progenitors can differentiate into all mature blood cell types that are present at the
outermost layer, the Cortical Zone (CZ). Our earlier study has shown that maintenance of these hematopoietic
progenitors also requires a signal from differentiating blood cells mediated by Pvr, STAT and Adgf-A. This
feedback mechanism regulates extracellular levels of adenosine, as signaling by adenosine functions to oppose
Hedgehog signaling in the progenitor cells. To find modifiers of this retrograde signaling pathway involved in the
maintenance of hematopoietic progenitors, we conducted an RNAi based screen. With this approach, we
identified nucleoporin Nup98 and transcription factor bip1 as novel components of the feedback signal.
Knockdown of either Nup98 or bip1 in the differentiating blood cells leads to loss of blood progenitors, which is
reminiscent of defect in Pvr-mediated feedback signaling. Subsequent analysis revels that Nup98 and bip1
function in the differentiating blood cells to control the expression of Pvr at both transcriptional and translational
level. Furthermore, loss of progenitor cells phenotype by loss of Nup98 and bip1 is rescued by overexpressing
Pvr and its downstream genes (activated STAT and Adgf-A). In this study, we propose a model in which Nup98
and bip1 function upstream of Pvr controlling its expression and proper function thereby regulating the
retrograde signaling pathway necessary for blood progenitor maintenance.

447C
Investigating the role of cell competition in Wnt-induced tumorigenesis. Saskia JE Suijkerbuijk, Golnar
Kolahgar, Eugenia Piddini. The Wellcome Trust/Cancer Research UK Gurdon Institute, Cambridge, United
Kingdom.
In tissues, growth and survival of cells depends on the fitness of their surrounding cells. The strongest cells are
selected while the less fit cells are eliminated through a process know as cell competition. This is thought to act
as a quality control mechanism to improve tissue fitness. However, it has been suggested that cell competition
may additionally be used by cancer cells to boost their tissue colonisation properties. This is supported by the
finding that many pathways involved in cell competition encode oncogenes and tumour suppressors, such as
Myc, Hippo and p53. Our lab has shown that mutations in the tumour suppressor Adenomatous Polyposis Coli
(APC) turn fly imaginal disc cells into super competitors, which induce cell death in surrounding normal
neighbours. APC is a negative regulator of Wnt signalling mutated in about 70% of all colon cancers.
Importantly, like in mammals, APC mutations in the fly intestine lead to overproliferation of gut cells and tumour
formation. Using APC mutations to induce Wnt-driven intestinal adenomas we are investigating the contribution
of cell competition to tumour growth. Using a combination of genetics and lineage-tracing we show that cells
surrounding high Wnt-adenomas have reduced survival and tissue colonisation properties, indicating that
tumour cells compete with the surrounding tissue. We are now trying to understand how tumour cells affect the
behaviour of normal cells and whether this process benefits tumour growth.
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Flow cytometry in detecting blood cell populations during an immune challenge. Laura Vesala , Ines
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Anderl , Dan Hultmark . 1) Institute of Biomedical Technology,University of Tampere, Tampere, Finland; 2)
Department of Molecular Biology, University of Umeå, Umeå, Sweden.
The cellular immune response of Drosophila melanogaster larvae involves a blood cell-mediated encapsulation

of the eggs and larvae of endoparasitoid wasps and requires the formation of a specific blood cell type, the
lamellocyte. Recent studies have demonstrated that another blood cell type, the plasmatocyte, is able to
differentiate into a lamellocyte upon a wasp infection, but the mechanisms of this are not well understood. We
applied flow cytometry to follow changes in blood cell numbers and types after a wasp attack. We used a fly
strain expressing eater-GFP to mark plasmatocytes and msnF9mo-cherry to mark lamellocytes, exposed first
instar fly larvae to Leptopilina boulardi wasps, and recorded the cell populations at several time points after the
infection. In a healthy, non-infected larva most hemocytes fall into a single eater-GFP positive cell population at
all time points. Around ten hours after encountering wasps, we see a second GFP-positive population, which
later on also begins to express mCherry. Two ‘double-positive’ cell populations are formed, expressing GFP and
mCherry at different intensities. These double-positive cells are bigger and more irregularly shaped than the
GFP-only cells. We also observed mCherry-only expressing lamellocytes. The proportions of these five types of
blood cells are different, depending on the outcome of the immune response against the wasp. To further
corroborate our results, we also followed the process by fluorescence microscopy and antibody staining. We
conclude that flow cytometry can be successfully used to detect the different blood cell populations and to
further study their roles in the course of the cellular immune response.

449B
The Pallbearer-SCF complex degrades RpS6 and regulates actin to promote apoptotic cell clearance.
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Hui Xiao , James Thompson , John R. Yates Jr. III , Nathalie C Franc . 1) The Department of Immunology &
Microbial Science, The Scripps Research Institute, La Jolla, CA; 2) Department of Chemical Physiology, The
Scripps Research Institute, La Jolla, CA.
Removal of cells dying by apoptosis is achieved through phagocytosis by professional or amateur phagocytes.
This is critical for tissue homeostasis and remodeling in all animals. Failure to clear apoptotic cells can
contribute to the development of inflammatory autoimmune disorders and neurodegenerative diseases, as well
as cancer. Yet, little is known about the molecular mechanisms regulating phagocytosis of apoptotic cells. We
previously found a role for the Ubiquitin-Proteasome pathway in promoting apoptotic cell clearance via the
PALL-SCF E3-Ubiquitin ligase complex in Drosophila. Here, we show that PALL interacts with the Ribosomal
protein S6 (RpS6), and that this interaction depends on the phosphorylation of RpS6. RpS6 is a component of
the 40S ribosome subunit known to contribute to cell growth and differentiation, protein translation and glucose
metabolism. Here, we demonstrate that RpS6 acts as negative regulator of efferocytosis, and further show that
PALL promotes efficient efferocytosis by triggering poly-ubiquitylation and proteasomal degradation of RpS6,
and regulating actin in vivo.

450C
JAK/STAT signaling in Drosophila somatic muscles is involved in cellular immune response against
parasitoid wasp infection. Hairu Yang, Jesper Kronhamn, Dan Hultmark. Umeå University, Umeå, Sweden.
In Drosophila melanogaster several pathways, including JAK/STAT pathway, in hemocytes are involved in
defense against parasitoid wasp infection. However, we still do not know in which tissues or cells is JAK/STAT
pathway required for successful defense. Here we show that wasp infection not only induced JAK/STAT
pathway activation in hemocytes, but also in larval somatic muscles, which is mediated by Upd2 and Upd3
ligands secreted from circulating hemocytes but not Upd1. Deletion of these two ligands reduced cellular
immune response. In addition, suppression of JAK/STAT pathway in muscle cells reduced encapsulation rate
and circulating lamellocyte numbers. These data suggested that Upd2 and Upd3 are important messengers
responsible for tissue communication. Besides, JAK/STAT pathway in muscles is needed for successful defense
against wasp infection.

451A
Damage induced expression of antimicrobial peptides via the Imd pathway in Drosophila larvae.
1,2
1
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Takayuki Kuraishi , Aki Hori , Shoichiro Kurata . 1) Graduate School of Pharmaceutical Sciences, Tohoku
University, Sendai, Japan; 2) PRESTO, Japan Science and Technology (JST).
The fact that Drosophila melanogaster, a holometabolus insect, has a different mode of life between larval and
adult stages suggests that molecular mechanisms regulating defense responses against pathogens are different
as well. However, mainly because of technical difficulties, a little is known on the larval defense system to date.
In this research, we established a method by which septic injury can be consistently conducted in larvae, by
using a fine tungsten needle used for the examination with semiconductor devises. In Drosophila adults, Gramnegative bacterial infection activates the Imd pathway via peptidoglycan recognition protein (PGRP)-LC and
PGRP-LE to induce the expression of antimicrobial peptides (AMPs). Here we examined the role of the Imd
pathway and the PGRPs in larvae for the induction of AMPs upon systemic infection of Gram-negative bacteria.
We found that the mutant larvae of the Imd pathway were more susceptible to Gram-negative bacterial infection
and failed to induce AMPs. In contrast, the mutant larvae of the PGRPs are less sensitive to the infection than
the Imd mutants, and AMP induction was only partially suppressed in the PGRP mutant. These results imply

that the activation of innate immune response is not only triggered by bacterial recognition but also by tissue
damage in Drosophila larvae.
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Spatial and temporal variation in innate immunity. Emily Louise Behrman , Virgina Howick , Brian Lazzaro ,
1
Paul Schmidt . 1) University of Pennsylvania, Philadelphia, PA; 2) Cornell University, Ithaca, NY.
Drosophila is used widely as a genetic model in immunology and evolutionary biology, yet there is little
information regarding the innate immune response in wild populations and how the host-microbe interactions
influence the evolutionary trajectory. Living on fermenting substrates and consuming yeast and bacteria,
Drosophila interact with a diverse community of microorganisms that are potential pathogens. Although recent
metagenomic sequencing of wild D. melanogaster shows distinct microbiome based on geographic location and
the fruit on which flies inhabit, it is unknown how innate immune response of D. melanogaster varies over such
environmental gradients. Here, of D. melanogaster collected at two time points and three locations along the
east coast of the United States are infected with pathogens (Providencia rettgeri and Enterococcus faecalis)
isolated from the hemolymph of wild flies to measure survival and resistance. Additionally, the same lines were
assayed for stress resistance life history traits to examine the genetic correlations among these phenotypes.
The results show that the two pathogens elicit opposing directionality in clinal variation of innate immune
response and in the seasonal variation that occurs the northern populations. Whole genome resequencing of
these populations identified SNPs in immunity genes that correspond with the phenotypic changes. Overall, the
data demonstrate that the innate immune response in wild Drosophila varies with location, season, and
pathogen; the genetic correlations among innate immunity and other life history traits predict that the biotic
environment may be an important underlying selective force in wild populations.

453C
Innate Immune Memory Increases Drosophila melanogaster Resistance to the Lethal Insect Pathogen
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Xenorhabdus nematophila. Adler R. Dillman , Marta Andres-Terre , Brittney Nguyen , David S. Schneider . 1)
Department of Microbiology and Immunology, Stanford, Stanford, CA; 2) Department of Immunology, Stanford,
Stanford, CA.
Innate immune memory has been demonstrated in a variety of insects and has been shown to provide
protection against numerous pathogens, both fungal and bacterial. We wanted to delve into the underlying
mechanism that facilitates this protective memory as well as test the limits of the protection it can offer.
Xenorhabdus nematophila is a lethal insect pathogen capable of rapidly killing insects, usually within 48 hours,
even at extremely low doses (i.e. less than 10 CFUs). Drosophila melanogaster adults were infected with
different doses of wildtype X. nematophila and an attenuated mutant strain. To test the protective potential of
innate immune memory against this pathogen we primed flies by injecting them with heat-killed X. nematophila
and then challenged them 3 days later with different doses of X. nematophila (either wildtype or attenuated).
Bacterial growth was tracked by crushing infected flies at designated time points post-infection, plating the
homogenate, and counting bacterial CFUs. We show that primed flies have an increased median time to death
(MTD) whether infected with either wildtype or attenuated X. nematophila, and this is more pronounced in flies
infected with the attenuated strain. Our data suggest that this increased MTD is resistance-based; primed flies
reduce bacterial growth and have faster clearance of the pathogen. This protective resistance manifests within
30 minutes of the challenge dose, suggesting a rapid acting and non-transcriptional response to the second
infection. These results provide an example of innate immune memory, adding to the increasing evidence that
insect immune defense can adapt. We show that the mechanism of protection induced by prior exposure to the
pathogen results in rapid clearance upon secondary infection.

454A
Sting Governs An Evolutionarily Conserved Innate Immune Pathway. Alan G. Goodman, Brandon M. Kitay,
Keiko Konno, Hiroyasu Konno, R. Grace Zhai, Glen N. Barber. University of Miami School of Medicine, Miami,
FL.
The mammalian sensor STING is essential for protective innate immune responses to viral and bacterial
infection. In Drosophila, innate immunity is potentiated by the induction of antimicrobial peptides (AMPs),
mediated by the IMD or Toll signaling pathways. Here we describe the characterization of a Drosophila
homologue of mammalian STING, dSTING, which similar to its mammalian counterpart is activated by cytosolic
dsDNA, DNA microbes, and cyclic di-nucleotides (CDNs) to induce the production of AMPs. Yet in contrast to
mammalian STING, dSTING was also able to potently induce AMPs in response to cytosolic RNA as well as
following infection by RNA pathogens. dSTING predominantly regulated AMP production via the IMD signaling
pathway and was essential for protection against lethal infection. Our results demonstrate that the STING
pathway is evolutionarily conserved and along with the IMD and Toll pathways comprises a key component of
host defense against multiple pathogen types in Drosophila.

455B
Lifespan extension by promoting immune homeostasis and limiting commensal dysbiosis in the
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Drosophila intestine. Linlin Guo , Jason Karpac , Susan Tran , Heinrich Jasper . 1) Buck Institute for
Research on Aging, 8001 Redwood Boulevard, Novato, CA 94945- 1400, USA; 2) Department of Biomedical
Genetics, University of Rochester Medical Center, 601 Elmwood Avenue, Rochester, NY 14642, USA; 3)
Department of Biology, University of Rochester, River Campus Box 270211, Rochester, NY, 14627, USA.
Interactions between commensals and the host impact the metabolic and immune status of metazoans. Their
deregulation is associated with age-related pathologies like chronic inflammation and cancer, especially in
barrier epithelia. Maintaining a healthy commensal population by preserving innate immune homeostasis in such
epithelia thus promises to promote health and longevity. Here we show that in the aging intestine of Drosophila,
chronic activation of the transcription factor Foxo reduces expression of Peptidoglycan Recognition Protein SC2
(PGRP-SC2), a negative regulator of IMD/Relish innate immune signaling, and homologue of the antiinflammatory molecules PGLYRP1-4. This repression causes deregulation of Rel/NFkB activity, resulting in
commensal dysbiosis, stem cell hyperproliferation, and epithelial dysplasia. Restoring PGRP-SC2 expression in
enterocytes of the intestinal epithelium, in turn, prevents dysbiosis, promotes tissue homeostasis and extends
lifespan. Our results highlight the importance of commensal control for lifespan of metazoans, and identify SCclass PGRPs as longevity-promoting factors.

456C
Low Doses of Iron-Oxide Nanoparticles have a Detrimental Effect on Reproduction and Development.
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Benjamin W. Henderson , Hunter Dean , Rami R. Ajjuri , Yuping Bao , Janis M. O'Donnell . 1) Department of
Biological Sciences, Box 870344, University of Alabama, Tuscaloosa, AL 35487; 2) Department of Chemical
and Biological Engineering The University of Alabama Box 870203 Tuscaloosa, AL 35487-0203.
Biomedical applications of nanoparticle technology, such as targeted drug delivery and medical imaging, are
rapidly expanding. Generally, the safety of nanoparticles is assessed by toxicity analysis of cultured cells. Such
models, however, do not fully reflect potential interactions in living organisms. Therefore, detailed toxicological
assessment of nanoparticles in whole organisms is needed for comprehensive evaluation of potential
deleterious effects. We are utilizing Drosophila melanogaster to develop appropriate assays for immediate and
long-term consequences of nanoparticle exposure. In the current study, we evaluated the effects of transient
and low-dose treatment of negatively-charged, polyacrylic acid-coated and positively-charged, polyethyleniminecoated iron oxide nanoparticles. Drosophila larvae were fed a range of concentrations for 24 hours and
assessed for lethality, pupation success, and eclosion rate (the rate at which flies successfully made it to
adulthood). Surviving adults were then assayed for reproductive defects. Additionally, hemocyte levels of treated
larvae were quantified to determine whether or not nanoparticle exposure triggered activation of the innate
immune response. We find that a specific range of low-concentration treatment to nanoparticles results in
reproductive deficits as well as the induction of an immune response at higher concentrations. We anticipate
that this complex, whole-organism model will provide researchers the capability of assessing the adverse effects
of nanoparticle exposure.
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Gut immune response against Gram-positive bacteria. Aki Hori , Takayuki Kuraishi , Shoichiro Kurata . 1)
Tohoku University, Sendai, Japan; 2) PRESTO, Japan Science and Technology (JST).
Because the gut epithelium is frequently exposed to harmful pathogens and intestinal bacteria, it must have a
powerful and specific immune system. The underlying mechanisms, however, are poorly understood. In this
research, we used Drosophila melanogaster, a powerful model organism for studying innate immune responses.
We established a method for oral infection with Gram-positive bacteria, and analyzed the requirement of factors,
which are necessary to the gut defense responses against Gram-negative bacterial infection. We found that the
Imd pathway mutants were more susceptible to Gram-positive bacterial infection, and CFU (Colony Forming
Unit) assay revealed that the number of bacteria in the mutant flies was much higher than in wild-type flies after
2 days post-infection. However, upon the infection, quantitative RT-PCR analysis showed that the expression of
Diptericin, an antimicrobial peptide under the control of the Imd pathway, was not induced in wild-type flies.
These results suggest that Drosophila adults employ novel resistance mechanism(s), which is independent from
antimicrobial peptide induction, against Gram-positive bacterial infection. We are now performing DNA
microarray of the gut orally infected with Gram-positive bacteria to clarify defense response(s) in Drosophila
adults, and will discuss the results in the meeting.

458B

1
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A Drosophila immune response against RasV12-induced altered self. Robert Krautz , Thomas Hauling ,
1
3
1
Robert Markus , Anne Volkenhoff , Ulrich Theopold . 1) Department of Molecular Biosciences, The WennerGren Institute, Stockholm University, Stockholm, Sweden; 2) Karolinska Institute Science Park, SciLifeLab,
Solna, Sweden; 3) Institute of Neuro- and Behavioral Biology, University of Münster, Münster, Germany.

Our aim was to comprehensively study the immune response against altered somatic tissue by means of
genetic manipulation. This way, any external influence like mechanic wounding or microbial infection is
excluded. In a first approach, overexpression of a dominant-active RasV12 in salivary glands and wing discs
induced a comprehensive response, involving cellular and humoral immunity. Despite both tissues grew to a
significantly larger extent, only salivary glands displayed apoptotic markers and secreted matrix
metalloproteinases. Whereas the latter permits access to the tissue by degrading the extracellular matrix (ECM),
apoptotic markers allow recognition of the altered tissue by the immune system. Consequently, hemocytes enter
the glands at sites of ECM-degradation and begin to spread. Infiltration rate and lamellocyte maturation are
dependent on the extent of tissue alteration and increase if RasV12-overexpression is combined with RNAiknockdown for l(2)gl. Applying RNA-sequencing to analyze the entire reaction of the fat body reveals multiple
layers of its response. Apart from an extensive humoral immune response including the secretion of
antimicrobial peptides, the transcriptome also shows a strong influence on ECM-rearrangement and increased
proteolytic activity. We were able to demonstrate the functional importance of the upregulated scavenger
receptor Santa-maria on the modulation of the gland phenotype. As a next step, we will induce damage to selftissues using a combination of methods, and study the genes we have found to be induced in the fat body. This
allows us to compare specific and general responses in different settings of altered self and damage (i.e.
apoptosis). We hope that this will also pave the way for a better understanding of the underlying processes in
mammals, including the early steps of tumor formation.

459C
A novel dual role for Notch signaling in maintenance of lamellocyte progenitors and innate immunity to
1,2,3
2,3
2
2
parasitoid wasps in Drosophila. Chiyedza Small , Johnny Ramroop , Maria Otazo , Lawrence Huang ,
2,3
2,3
Shireen Saleque , Shubha Govind . 1) Dept. of Biology, Medgar Evers College, CUNY, 1638 Bedford Ave,
Brooklyn, NY, 11225; 2) Dept. of Biology, City College of New York, CUNY, 160 Convent Avenue, NY, NY
10031; 3) The Graduate Center, CUNY.
Notch signaling influences the diversification of cell fate in animal development. In Drosophila hematopoietic
development, Notch regulates differentiation of the crystal cell lineage. The primary function of lamellocytes,
specialized adhesive cells, is to encapsulate the eggs of parasitic wasps. Encapsulation ensures the survival of
the fly host. Lamellocyte precursors reside in the larval lymph glands; their differentiation is induced by wasp
attack. We address Notch’s role in this process. We show that Notch activity, although moderately high in all
cells of the lymph gland lobes, is highest in crystal cells. The expression of the Notch Intracellular Domain in the
niche promotes ectopic crystal cell development. Wasp infection reduces Notch activity, with fewer crystal cells.
RNA interference-knockdown of Notch, Serrate, or Neuralized results in ectopic lamellocyte differentiation.
“FLP-out” and “twin clone” analyses demonstrate that (unlike its cell-autonomous function in crystal cell
RNAi
development) Notch’s inhibitory influence on lamellocyte progenitors is not cell-autonomous. Interestingly, N
knockdown in the niche results in an increase in reactive oxygen species, only in the lobes but not in the niche.
We propose a novel dual role for Notch signaling in regulating progenitor quiescence and blood cell
differentiation; while crystal cell development is encouraged, lamellocytic fate remains repressed. These findings
underscore the complex and pleiotropic requirements of Notch in Drosophila hematopoiesis and innate
immunity.

460A
Impact of prolonged hypergravity on the immune response of Drosophila melanogaster. William D Wade,
Sharmila Bhattacharya. NASA Ames, Moffett Field, CA.
Gravity is one of the fundamental forces of the universe and understanding how it impacts life is critical to our
species’ ability to move beyond our planet. Drosophila melanogaster is a model organism that is easy to use
and has previously been used to study the impact of hypergravity exposure on growth, behavior and aging.
Similarly we have found that the microgravity environment of space flight results in a decrement to immune
function in Drosophila melanogaster. To explore the effect of hypergravity on immune function we examined
Drosophila antimicrobial gene expression under hypergravity (3g for 9 days) and how this influences survival of
the host when fed the bacterial pathogen, Serratia marcescens. Exposure to hypergravity negatively impacts
antimicrobial gene expression, specifically down regulating expression of attacin genes (AttA, AttD). Accordingly
Drosophila exposed to S. marcescens Db11 during hypergravity displayed increased lethality in comparison to
their 1g controls. Overall these results show that constant hypergravity exposure negatively impacts the immune
response of Drosophila melanogaster increasing susceptibility to the bacterial pathogen S. marcescens.

461B
Physiological trade-offs during chronic infection. Moria C. Chambers, Sarah Khalil, Brian P. Lazzaro.
Entomology, Cornell University, Ithaca, NY.
Studies in fruit fly immunity often focus on acute infections causing moderate to high mortality. We find that the
natural fruit fly pathogen Providencia rettgeri establishes chronic infection in Drosophila melanogaster,

characterized by minimal mortality and sustained lifetime bacterial loads. Chronically infected flies continue to
express anti-microbial peptides at high levels for the duration of their lives and are protected from secondary
infection. However, chronically infected flies are more susceptible to starvation and have lower triglyceride
levels, implying a physiological cost to the chronic infection. To better understand this potential trade-off, we are
taking a three pronged approach. First, we are testing the flies’ fortitude under a range of additional stresses
(e.g. cold shock, fungal infection). Second, we are establishing the state of the infecting bacteria during chronic
infection (e.g. replicative vs non-replicative, intracellular vs. extracellular). Third, we are determining whether
various metabolic and immune pathways are essential for controlling the chronic infection using RNAi
knockdown. These results will help develop a thorough mechanistic understanding of the effects of chronic
infection.

462C
Natural Variation Among Drosophila Melanogaster Populations in Response to Beauveria bassiana
Exposure. Jessica Y Chen, Jessica I Gabrielian, Vivian Lu, Ju-Yin Hsu, Mishan D. Rambukwella, Matthew
Salomon, Daniel Campo. Molecular and Computational Biology, University of Southern California, Los Angeles,
CA.
Due to the continuous use of pesticides, various insect populations have evolved resistance to a myriad of
chemical agents. As a result, there has been an emerging drive for discovering and implementing new methods
of pest control, especially for those that would be safer in an agricultural setting. Recently, an alternative
approach for targeting insects has been proposed, using the entomopathogenic fungus, Beauveria bassiana.
Previous research on B. bassiana suggests its pathogenic effect on insects operates on a separate
immunological pathway than that of chemical pesticide resistance. Additionally, previous studies have shown
that populations derived from tropical climates exhibit higher resistance levels when exposed to B. bassiana
than those derived from temperate climates. Although multiple research groups have carried out similar studies,
none of these prior researchers have carried out genetic analyses to decipher the molecular mechanisms
responsible for insect resistance to fungal pathogens. We used Drosophila melanogaster as the model organism
for our study. We obtained various temperate and tropical population genotypes, and exposed them to the B.
bassiana, after which we collected data for genotype-specific mortality rates over a 28-day period. Our
preliminary data agree with previous studies and indicate statistically significant differences in resistance levels
between temperate and tropical populations. Full genome sequences are available for all of the D. melanogaster
lines used in this experiment, allowing us to identify, and potentially couple, genotypic differences with
phenotypic resistance differences. We are currently analyzing our data to detect genes that might be associated
with D. melanogaster resistance to B. bassiana, which will allow us to then elucidate the genetic underpinnings,
and eventually molecular mechanisms, necessary for widespread implementation of biologic-based pest control.

463A
Effects of Metabolism and Stress on Immune Defense: Investigating the Molecular Crosstalk between
1
2
2
Metabolism, Stress, and the Immune System. Katia Sotelo-Troha , Nicolas Buchon , Brian Lazzaro . 1)
Department of Biological & Biomedical Sciences, Cornell University, Ithaca, NY; 2) Department of Entomology,
Cornell University, Ithaca, NY.
To fully understand how an organism survives infection, we must recognize that the immune response is highly
interconnected to other physiological processes that power and shape the response against pathogens.
Growing evidence points to a close interplay between immunity, metabolism, and cellular stress. Defining how
immune, metabolic, and stress pathways are linked at the molecular level will allow us to understand how host
physiology affects the immune response and host survival during infection. We have two specific objectives 1.
Identify specific molecular mechanisms through which immunity, metabolism, and cellular stress interact. 2.
Determine the effect of these specific crosstalks on immune response and host survival during infection.

464B
Factors that influence Wolbachia titer in Drosophila simulans and Drosophila melanogaster. Marissa
Cloutier, Jack Manquen, Roger Albertson. Biology Dept, Albion College, Albion, MI.
Wolbachia is a causative agent of filarial-based diseases, including elephantiasis and river blindness, that affect
millions of people worldwide. When released by nematodes, Wolbachia can cause an inflammatory response in
infected individuals that gives rise to disease symptoms. This work examines the effect of microbe and host
genomes on controlling Wolbachia titer in D. simulans and D.melanogaster ovaries, embryos and larvae. A
naturally-occurring Wolbachia variant (W.Y36) isolated near Davis, California shows an over-proliferation
phenotype in adult host brains and was utilized for subsequent experiments. Genetic crosses were used to
transfer two different strains of Wolbachia (W. Y36 and W. Melanogaster) into two different Drosophila lines
(Y36 D. Simulans and a reference D. Simulans line). This work also tested five known anti-filarial drugs for
potential anti-Wolbachia effects in Drosophila simulans. This study compliments several recent screens
conducted to identify novel drugs to combat Wolbachia infection. These experiments included cinnamaldehyde,

teniposide, mercury dibromofluorescin disodium salt, (4bs)-trans-8,8-trimethyl-4b,5,6,7,8,8a,9,10-octohydro-1isopropylphenanthren-2-ol, and carbonyl cyanide 3-chlorophenyl-hydrazone . Each drug was administered to
Y36 Wolbachia-infected flies through media. DAPI and antibody immunofluorescent staining were utilized to
determine whether Wolbachia titer is disrupted in embryos, larval brain and adult ovary tissues of each test
group.

465C
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The impact of nutrients on intracellular Wolbachia titer. Laura R. Serbus , Pamela White , Roger
3
2
2
Albertson , Amanda Rabe , William Sullivan . 1) Biological Sciences, OE210, Florida International University,
Miami, FL; 2) MCD Biology, Sinsheimer 319, University of California, Santa Cruz, CA; 3) Biology Department,
Putnam 262, Albion College, Albion, MI.
While a number of studies have identified host factor that influence endosymbiont titer, little is known concerning
environmental influences on endosymbiont titer. To address this, we examined nutrient impact on maternally
transmitted Wolbachia endosymbionts in Drosophila. We show that feeding either laboratory-reared or wildcaught Drosophila a yeast-enriched diet dramatically suppressed Wolbachia titer carried within germline-derived
oocytes. This yeast-induced titer reduction is mediated in large part by somatic Tor and insulin signaling
pathways. Disrupting Tor with the small molecule Rapamycin dramatically increases oocyte Wolbachia titer,
whereas hyper-activating somatic Tor suppresses oocyte titer. Furthermore, ablation of insulin producing cells
located in the Drosophila brain eliminated yeast impact on oocyte titer. By contrast, dietary yeast had no impact
on Wolbachia titer in the somatically derived central nervous system. These findings highlight the interactions
between Wolbachia and germline cells as distinctive in sensitivity to insulin and Tor-mediated nutrient
responses.

466A

1

Genome-wide RNAi screen for host factors that regulate Wolbachia titer. Pamela M. White , Laura R.
2
1
Serbus , William Sullivan . 1) Molecular, Cell, and Developmental Biology University of California, Santa Cruz
1156 High Street Santa Cruz, CA 95064; 2) Department of Biological Sciences, OE210 Florida International
University 11200 SW 8th St Miami, FL 33199.
The mechanisms that regulate titer of intracellular endosymbiont bacteria remain largely unexplored. Here we
address this issue for Wolbachia, a natural endosymbiont of many insect species including Drosophila. Taking
advantage of a stable Wolbachia infected cell line, we performed an RNAi-based screen to identify host proteins
that either up or down regulate Wolbachia titer. Of 15,699 genes screened, 45 resulted in an increase and 39
resulted in a decrease in Wolbachia titer when knocked down with RNAi. Interestingly, genes that resulted in
increase in titer were primarily classified as previously uncharacterized with unknown function. Some of the
interesting characterized genes that resulted in an increased titer are Slc45 ortholog 1 and mangetout. Genes
that resulted in decreased titer when knocked down had diverse functions. Among these were: phospholipase
D, NADH dehydrogenase, Septin 5, Asap1, and Spn43Aa. We have begun knocking down gene function in
Drosophila and testing the in vivo effects on Wolbachia titer. The results of this analysis will be presented.

467B
An RNAi screen identifies a new determinant of R7 photoreceptor axon targeting. Jessica Douthit, Sergio
Astigarraga, Jessica Treisman. Department of Cell Biology and Kimmel Center for Biology and Medicine at the
Skirball Institute, New York University School of Medicine, New York, NY.
The Drosophila visual system is often used as a model to study axon guidance. The terminals of R7 and R8
photoreceptors, responsible for color vision, are segregated into distinct target layers of the medulla, a central
region of visual processing in the brain. We have used a set of three GAL4 drivers expressed in the medulla to
carry out an RNAi screen for secreted and cell-surface proteins that are required in the brain for normal
targeting of color photoreceptors. We found that knocking down a gene that codes for a transmembrane protein
in the eye and brain resulted in R7 photoreceptors that prematurely terminate in the medulla and fail to expand
their axon terminals. As this protein is expressed close to the R7 target layer, we believe it may act as an
attractive signal for R7 axons. We are investigating whether it interacts with the receptor protein tyrosine
phosphatases (RPTPs) LAR and PTP69D, as the loss of these has a similar effect on R7 targeting. We plan to
generate and characterize mutations in this gene to further examine how it influences photoreceptor axon
guidance.

468C
Slit/Robo-mediated axon guidance in Tribolium and Drosophila. Tim Evans. Biological Sciences, University
of Arkansas, Fayetteville, AR.
The Roundabout (Robo) family of axon guidance receptors regulate a number of fundamental axon guidance
decisions in bilaterian animals, including midline crossing of axons and the formation of longitudinal axon
pathways. The Robo family has expanded by gene duplication in insect and vertebrate genomes, and in

Drosophila, mouse, and zebrafish each of the Robo receptors displays a unique set of axon guidance activities.
In Drosophila, Robo and Robo2 mediate midline repulsion in response to Slit, while Robo2 and Robo3 specify
the lateral position of longitudinal axon pathways. Alone among the fly Robos, Robo2 can also promote midline
crossing, and it appears to do so by antagonizing canonical Slit repulsion through Robo. Notably, Drosophila
robo2 and robo3 are products of a recent gene duplication, suggesting that Robo2’s role in promoting midline
crossing may be a recent evolutionary development. To gain insight into the evolution of axon guidance receptor
functions in insects, we have characterized Slit/Robo-mediated axon guidance in the flour beetle Tribolium
castaneum, which unlike Drosophila has only two Robo receptors: Robo (TcRobo) and the ancestor of Robo2
and Robo3 (TcRobo2/3). In gain-of-function experiments, transgenically-expressed TcRobo2/3 is unable to
promote midline crossing of Drosophila axons, suggesting that the pro-crossing role of fly Robo2 is not
conserved in Tribolium, and may have been acquired by Robo2 after its divergence from Robo3. We use BACbased rescue experiments to examine whether TcRobo2/3 is able to substitute for robo2 to support normal
midline crossing of axons in the Drosophila embryo. Our results suggest that the genetic mechanisms regulating
midline crossing of axons have changed during insect evolution, and reveal that modern insects deploy
divergent genetic programs to control equivalent axon guidance decisions during development.

469A
The Drosophila formin dDAAM is required for axon growth in the developing mushroom body. Rita
Gombos, József Mihály. Biological Research Centre, Hungarian Academy of Sciences, Szeged, Csondrad,
Hungary.
In order to form functional neuronal circuits, neurons send out axons and dendrites to defined target sites where
they make synaptic connections. Axons are guided to their targets by growth cones, highly motile structures at
the distal tips of developing axons. Directed growth cone motility in response to extracellular cues is produced
by the coordinated regulation of peripheral F-actin and central microtubule networks of the growth cone.
Formins promote actin assembly by associating with the fast-growing barbed end of actin filaments, and
facilitate the formation of unbranched filaments. We have previously shown that the Drosophila formin dDAAM is
required for embryonic axonal morphogenesis. Recently we found that dDAAM plays a pivotal role during axonal
growth and guidance of the mushroom body (MB) neurons of the developing brain. To determine proteins that
may act together with dDAAM in the regulation of axonal growth, we carried out a genetic interaction analysis.
We demonstrated that dDAAM shows a dominant genetic interaction with core PCP (Planar cell polarity) genes,
which are also important for correct navigation of the mushroom body axons. We used a combination of genetic
interaction and biochemical assays to demonstrate that the core PCP proteins act in concert with dDAAM during
proper targeting of the MB axons. We found that dDAAM acts downstream of Dishevelled, and the actin
assembly activity of dDAAM is essential for axonal growth regulation, suggesting that dDAAM acts as a
molecular effector by linking the PCP system to direct changes in the growth cone actin cytoskeleton.

470B
An RNAi screen to identify extracellular signals required in axonal targeting in the visual system. Justine
Oyallon, Sergio Astigarraga, Gina Lee, Brie Wamsley, Felix Simon, Vincent Parillaud, Jessica Treisman. New
York University School of Medicine, Skirball Institute of Biomolecular Medicine, New York, NY.
The fly retina is composed of about 800 ommatidia, each containing 8 photoreceptors (or R-cells) that project
into the optic lobe. In the optic lobe, different ganglia integrate the visual inputs, leading to image formation and
motion perception as well as color vision. The outer R1 to R6 photoreceptors express Rhodopsin 1 and project
to the first optic ganglion, the lamina. The R7 photoreceptors express one of two rhodopsins that detect UV light
(Rh3 and Rh4) while R8 cells express either Rh5 (green light detection) or Rh6 (blue light detection). They
project deeper in the brain to the second optic ganglion, the medulla, and terminate in two different layers.
Neuronal growth cones are guided to select the correct paths, target layers and synaptic partners by repulsive
and attractive signals produced by guidepost or target cells. Although several molecules that act in the R7 and
R8 photoreceptors to promote layer selection have been identified, less is known about the cells and molecules
in the target area that provide them with guidance cues. Our objective is to understand how these
photoreceptors establish synapses with the correct partners, by identifying the molecular cues provided by
target cells. An RNAi based approach is being pursued to identify transmembrane or secreted molecules
expressed in the medulla that contribute to axonal targeting in the visual system. We will present preliminary
results suggesting that several members of a family of IgSF proteins contribute to accurate formation of the
color vision circuit.

471C
Nejire/CBP regulates dendritic complexity by modulating the localization of Dar1. Sarah G Clark,
Myurajan Rubaharan, M. Jennifer Van, Srividya C. Iyer, Daniel N. Cox. Krasnow Institute, School of Systems
Biology, George Mason University, Fairfax, VA.
Dar1, a Krüppel-like transcription factor, is known to regulate dendrite development via microtubule modulation.

Interestingly, while Dar1 exhibits uniform expression in all da neurons at the embryonic stage, analyses at the
larval stage reveal differential localization in da neuron subclasses. Class I neurons exhibit primarily nuclear
localization in the whereas Class IV neuron display primarily cytoplasmic localization of Dar1. We have
previously used an RNAi-based approach to identify nejire (nej) as a novel regulator of dendritic development
that modulates Dar1 localization. We have conducted detailed structure-function studies using domain-specific
deletions of nej that have provided further insights into the specific role of different protein domains in mediating
distinct aspects of dendritic growth. Furthermore, we have used these domain-specific deletion constructs to
elucidate the mechanism of the interaction between Dar1 and Nejire. Collectively, these analyses contribute to
our understanding of molecular mechanisms of combinatorial transcription factor activity at a class-specific level
and how this regulation contributes to specification of distinct neuronal morphologies that underlie the
establishment of complex neural networks.

472A
Dissecting the role of autophagy in mediating sensory neuron dendrite homeostasis. Lacey Graybeal,
Srividya C. Iyer, Eswar P.R. Iyer, Caroline Thomas, Myurajan Rubaharan, Daniel N. Cox. Krasnow Institute,
School of Systems Biology, George Mason University, Fairfax, VA.
Postmitotic neurons are known to require high basal autophagy in terms of clearing misfolded proteins and
damaged organelles and defects in basal autophagy have been directly linked to neurodegeneration, including
neuronal cell death, axon degeneration and aberrant synapse development suggesting that autophagy has a
neuroprotective function. Moreover, disruption of Atg genes and autophagic function have been shown to lead to
the accumulation of ubiquitin-positive and other abnormal protein aggregates that contribute to a variety of
neurodegenerative disease states including Parkinson’s and Huntington’s. Despite a well documented role for
autophagy in neuronal survival and axonal development/function, little is known regarding the role of basal
autophagy in mediating class specific dendritic arborization or the mechanisms by which the autophagy pathway
may be transcriptionally regulated to mediate differential dendritic homeostasis. Our analyses indicate that the
homeodomain transcription factor Cut regulates expression of autophagy related genes (Atg) in sensory
neurons. To investigate the role of these Atg genes in mediating dendrite morphogenesis we utilized live
confocal microscopy and IHC to investigate the effects of overexpression and loss-of-function via mutants and
RNAi knockdown. Our analyses reveal that these molecules function as downstream effectors of Cut-mediated
dendritic complexity, and that the knockdown of various Atg genes causes differential changes in dendrite
morphology across CI, CIII, and CIV da neurons. Further, gain-of-function and loss-of-function studies in CIV da
neurons for Atg1, a serine-threonine kinase vital for induction of the autophagic cycle, both reveal significant
reductions in arbor complexity. These results reveal proper regulation of autophagy is required for mediating
class-specific dendritic homeostasis.

473B
Silencing of the Drosophila ortholog of SOX5 in neurons leads to impaired dendrite differentiation and
olfactory perception. Airong Li, Adele Bubnys, Rebecca Tate, Rudolph Tanzi. Genetics and Aging Research
Unit, MassGeneral Institute for Neurodegenerative Diseases, Massachusetts General Hospital and Harvard
Medical School, Charlestown, MA.
SRY-related HMG-box 5 (SOX5) gene is localized on chromosome 12p12 (OMIN 604975) and encodes a
transcription factor of the SOX family. SOX5 is expressed in multiple human tissues, including heart, liver, lung,
kidney, spleen, brain and testis. Genome-wide association studies (GWAS) have implicated SOX5 as a
candidate gene for susceptibility to multiple human diseases, including four cardiac-related endophenotypes:
higher resting heart rate (RHR), the electrocardiographic PR interval, atrial fibrillation (AF) and left ventricular
mass (LVM). We have shown that silencing of the Drosophila ortholog of SOX5, Sox102F, in heart resulted in
cardiac dysfunction in adult flies, which supports an important functional role of SOX5 in heart (Li et al. Hum Mol
Genet 2013). Mutations in SOX5 have been found in patients with amyotrophic lateral sclerosis (ALS) and
developmental delay or intellectual disability, suggesting that mutations in SOX5 may contribute to the
pathogenesis of neurological disorders. To characterize the functional role of SOX5 in neuron development and
brain function, we have silenced Sox102F by RNAi in the dendritic arborization (DA) sensory neurons and
mushroom bodies (MBs) and have examined the effects of silencing of Sox102F on the third instar DA neuron
length, branching and complexity as well as olfactory learning behavior in Drosophila. Compared with control
flies, silencing of Sox102F in the DA neurons significantly affects dendrite branching morphology and results in
shorter DA neurons with lower complexity. Moreover, silencing of Sox102F in MBs significantly affects olfactory
perception by fructose preference assay. Collectively, these findings indicate an important function role of SOX5
in neurogenesis and behavior, which supports the contention that mutations in SOX5 contribute to pathogenesis
of ALS and other neurological disorders.

474C
FoxO regulates dendritic morphology and MT organization. James Sears, Heather Broihier. Neurosciences,

Case Western Reserve University, Cleveland, OH.
The identification of molecules that establish and maintain neuronal morphology during development is
essential. One transcription factor, FoxO, which has been implicated in longevity, stress response, and neuronal
polarity, has been recently identified by our lab as a regulator of presynaptic morphology and microtubule (MT)
organization at the Drosophila neuromuscular junction. We sought to test if FoxO also regulates dendritic
morphology. To this end, we utilized larval dendritic arborization (da) neurons as a model system. We find that
loss of FoxO results in an increase in overall length and branching in Class IV da neurons, particularly in higher
order (i.e. terminal and near-terminal) branches. Given that FoxO regulates MT organization in motor neurons,
we hypothesized that FoxO may control dendrite morphology by modulating MT dynamics. Consistent with this
hypothesis, loss of FoxO leads to an increase in stable dendritic MTs. Moreover, FoxO overexpression drives a
reduction in overall length and branching, as well as a decrease in stable MTs. Interestingly, we observe
comparable dendritic hypertrophy in Class IV neurons lacking PTEN function. Given that PTEN activates FoxO
in many cell types, we are conducting genetic and molecular epistasis experiments to determine whether PTEN
and FoxO act in a common genetic pathway to regulate dendrite morphology and MT dynamics. FoxO is likely
to cooperate with additional transcription factors to control dendritic morphology. We find that overexpression of
FoxO in Class I da cells leads to a gain of numerous, short, “spiky” processes devoid of Futsch staining. This
phenotype is very similar to the phenotype observed when Cut is ectopically expressed in this cell type.
Therefore, we are currently exploring whether or not FoxO and Cut interact genetically to control dendrite
morphology.

475A
Balancing dendrite-epidermis and dendrite-ECM interactions for dendrite morphogenesis. Conrad M
Tenenbaum, Mala Misra, Elizabeth Gavis. Molecular Biology, Princeton University, Princeton, NJ.
Understanding mechanisms by which dendrites are generated and maintained is key to understanding how
neurons receive and process information accurately and efficiently. Aberrant dendrite morphology is associated
with severe neurological and neurodevelopmental disorders. Thus, understanding how dendrite morphology is
regulated is critical to understanding neuronal function and dysfunction. Drosophila larval class IV dendritic
arborization (da) neurons have provided a valuable model for studying dendrite morphogenesis and have
facilitated identification of many factors involved in dendrite branching, growth, and remodeling. Dendritesubstrate interactions are known to be important for patterning sensory neuron dendrite arbors. Class IV da
neuron dendrites require integrin-mediated interaction with the extracellular matrix (ECM) for branching and
dendrite self-avoidance. Intriguingly, regions of dendrites that do not contact the ECM are ensheathed by
epidermal cells but the physiological significance of dendrite ensheathment by epidermal cells and how this
occurs remains unclear. Preliminary results suggest that adhesion between dendrites and epidermal cells plays
an important role in regulating the extent of dendrite branching, possibly by mediating dendrite ensheathment. I
have found that a functionally interdependent complex of cell-cell adhesion molecules, which includes Coracle
(Cora), Yurt (Yrt), and NeurexinIV (NrxIV), is required in both the dendrites and the epidermis to restrict dendrite
overbranching. I propose that this complex confers epithelial-like properties on dendrites, promoting dendriteepidermal cell interactions that foster dendrite ensheathment while limiting interaction between dendrites and
the ECM. I will present data supporting a model whereby a balance between dendrite ensheathment and
dendrite contact with the ECM is important for dendrite branching. Lastly, I have identified an RNA-binding
protein, Found in neurons (Fne) that regulates the distribution of Cora in dendrites, possibly by regulating
localization of cora mRNA, and promotes branching.

476B
Sexual identity affects the development and mature function of a defined neural circuit in Drosophila
melanogaster. Parag Bhatt, Harsha Swamy, Selma Avdagic, Wendi Neckameyer. Pharmcological and
Physiological Science, Saint Louis University School of Medicine, St Louis, MO.
Neurite outgrowth is dependent upon the actions of several trophic factors which provide critical functions since
impaired neurogenesis and synaptogenesis contribute to the global neural defects in numerous pathological
conditions. Neurotransmitters can adopt trophic roles during the development of neural circuits before
functioning at synaptic junctions. Two such trophic factors, dopamine (DA) and serotonin (5-HT), are essential
for central nervous system (CNS) development separate from their roles as neurotransmitters. Elucidation of
these mechanisms is of extreme importance to better understand neuronal homeostasis, neurogenesis, and
pervasive neurological disorders. In the fruit fly, Drosophila melanogaster, serotonin (5-HT) functions both as a
neurotransmitter to regulate larval feeding, and as a trophic factor in the development of the stomatogastric
feeding circuit. We have shown an inverse relationship between developmental 5-HT levels and the complexity
of the 5-HT axonal fibers projecting from the brain to the foregut, which correlates with perturbations in feeding,
the functional output of the circuit (Neckameyer, 2010). These effects are distinct from the actions of 5-HT as a
neurotransmitter. Although dopamine (DA) neurotransmission does not modulate feeding, perturbed levels of
neuronal DA during development affect 5-HT innervation of the gut as well as larval feeding behavior

(Neckameyer and Bhatt, 2012). We have also demonstrated that gender influences the trophic actions of DA
and 5-HT, since feeding behavior of male larvae is more sensitive to reduced neuronal 5-HT levels during
development, but female feeding behavior is more sensitive to perturbations in developmental neuronal DA
levels. These changes in feeding behavior correlate with alterations in the development of the axonal
architecture, facilitating use of this model in identifying sex-specific differences in neural circuit development.

477C
Collapsin response mediator protein (CRMP) is required for presynaptic development in R7
photoreceptor neurons. Sarah Casper, Tory Herman. Institute of Molecular Biology, University of Oregon,
Eugene, OR.
CRMP, a cytosolic phosphoprotein that regulates assembly of microtubules, is required for axon specification,
polarity, and outgrowth in both C. elegans and vertebrates. Remarkably, Drosophila CRMP mutants are viable
and have grossly normal nervous systems [1]. However, we have found that CRMP is required for presynaptic
development. Wild-type R7 photoreceptors in the fly eye extend axons to the brain and assemble synapses
within terminal boutons in the M6 layer. In CRMP mutants, R7s extend their axons normally and form terminal
boutons in M6, but later these boutons sprout thin projections that extend deeper into the brain. Because these
projections contain presynaptic markers, we speculate that they may represent ectopic synapse assembly. Loss
of voltage-dependent calcium channels (VDCCs) has been shown to cause ectopic synapse development at fly
neuromuscular junction [2] and in mammalian photoreceptors, causing the human disease congenital stationary
night blindness [3]. We performed RNAi against the VDCC subunit Cacophony in R7s and found that this
phenocopied the loss of CRMP, suggesting that CRMP may act either upstream or downstream of calcium influx
to prevent ectopic sprouting during presynaptic maturation. The ability of CRMP to promote axon polarity and
outgrowth in other organisms is positively regulated by the kinase Cdk5 and the cytoskeleton regulator Ank2.
We tested whether these relationships are conserved during R7 presynaptic development and found, indeed,
that loss of Cdk5 or Ank2 from R7s phenocopies loss of CRMP. Finally, loss of Liprin-β, an adaptor molecule,
was previously reported to cause R7 axons to project beyond M6 [4]. We have found that these projections, like
those in CRMP mutants, occur after the initial phase of presynaptic assembly, suggesting that Liprin-β may act
together with CRMP in this process. In support of this hypothesis, overexpressing Liprin-β in R7s partially
rescues the sprouting caused by loss of CRMP. 1. Genetics 191: 1227-1238. 2. Neuron 68: 32-44. 3. PlosOne
8: e63853. 4. J Neuroscience 30: 15358-15368.

478A
The transmembrane domain of Neto engages the glutamate receptors and enables their clustering at the
Drosophila NMJ. Qi Wang, Young-Jun Kim, Oghomwen Igiesuorobo, Mihaela Serpe.
NICHD/NIH,Bethesda,MD.
Synaptogenesis requires the recruitment of neurotransmitter receptors, which comprises of their assembly,
trafficking and stabilization at specific membrane locations. The Drosophila NMJ is a glutamatergic synapse
similar in composition and physiology to mammalian central synapses. Our lab has recently discovered Neto is
required for the clustering and stability of glutamate receptors at the Drosophila NMJ. Drosophila neto gene
encodes for two different isoforms with the extracellular (CUBs, LDLa) and transmembrane (TM) domains and
different intracellular parts. Both isoforms could rescue the viability and NMJ development in neto mutants
suggesting that the extracellular and TM domains of Neto mediate clustering and stability of glutamate recetors.
Indeed, we found that a neto truncation transgene lacking any intracellular domain (Neto-di) could rescue the
null
neto viability and NMJ phenotypes. In contrast, a Neto-di truncation lacking also the TM domain cannot rescue
null
the neto mutants. The importance of Neto’s TM domain was examined by replacing the endogenous TM with
null
st
exogenous mouse CD8: this chimera could not rescue the neto mutants beyond the 1 larval stages. We have
77
isolated a new allele, neto , with two amino acid mutations within the TM domain. This mutant is 100% lethal
77
and has small NMJ synapses with morphological and physiological defects. neto larvae have decreased minis
EJP, but normal evoked potential due to robust homeostatic compensation. The intensity of synaptic iGluRs
77
signals and the cluster numbers were dramatically decreased at neto NMJs; also, more GluRIIC signals can
be detected at extrajunctional sites. Consistent with physiology and histology findings, EM analysis indicated
77
that the neto boutons have reduced PSD length, and increased vesicle numbers. Together our data show that
the TM of Neto is critical for Neto functioning in synapse assembly and development. The TM appears to
engage the glutamate receptors and/or enable their trafficking and stabilization at synapses. Current
experiments are aimed at sorting through these possibilities.

479B
Expression profiling of R7 & R8 photoreceptors during development of the D. melanogaster eye. Stefan
A Koestler, Arzu Celik-Fuss. Department of Molecular Biology and Genetics, Bogazici University, Istanbul,
Turkey.
Vision is enabled by photoreceptor (PR) cells. They contain the photoactive molecule Rhodopsin (Rh), which

upon absorption of photons leads to a signaling cascade and ultimately to a change of the membrane potential
of PRs. These signals are then transmitted to the brain for further processing. In the drosophila eye five different
Rhs are expressed, each sensitive for a different spectrum of wavelengths. In order to achieve a high degree of
discrimination between signals each photoreceptor generally expresses only one Rh. The outer PRs of an
ommatidium detect motion and express Rh1, while the inner PRs use the other four Rhs, mostly for color
discrimination, but also for orientation detection of polarized light. Here we attempt to contribute to deciphering
the mechanisms that lead to the selection of Rh expression, by performing expression profiling on the two inner
(color discriminating) PRs and their subtypes. Specific PR populations will be obtained by the binding to
antibody-coated magnetic beads, after dissection of pupal retinas. Expression profiles will be generated by high
throughput cDNA sequencing (RNA-seq), thus obtaining information about transcribed genes including splice
variants as well as expression levels. This will be followed by an extensive bioinformatics analysis including
recognition of cis-regulating motifs and construction of a regulatory network of gene interactions. Key players
will be selected and further characterized by state of the art genetic, molecular biology and imaging techniques.
Finally, selected genes will be analysed in complementary model organisms like mouse and zebrafish to specify
their relevance in human disease.
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Studying the eye differentiation in the Drosophila transcriptome. Manon Quiquand , Nicholas E Baker ,
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2
2
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Dachuan Zhang , Jackie Han , Shengbao Suo , Nan Qiao , Matthew Slattery , Kevin White . 1) Albert Einstein
College of Medicine, Bronx, NY; 2) Institute for Computational Biology, Shanghai; 3) Institute for Genomics and
System Biology, Chicago, IL.
In order to discover co-expressed genes involved in proliferation and differentiation as well as regulators
underlying the switch between these two states, we performed RNA-sequencing analysis on the eye-antenna
primordium where transition between proliferation and differentiation progresses over time. Photoreceptors
differentiate posterior to the proneural region, which sweeps from posterior to anterior across the eye disc.
Starting from ~72h after egg laying, the region where genes associated with differentiation are activated
expands whereas the progenitor area reduces, predicting that expression of proliferation genes should
decrease. RNAs were extracted at four time-points of the eye disc differentiation process, at some of which it
was also possible to analyze the eye and antenna discs separately. The new adaptative clustering method
organized the RNA-seq data in an optimized number of 16 distinct clusters suggesting that the Drosophila eye
morphogenesis begins with 16 different transcriptional regulatory programs. Several sets of genes sharing
similar expression pattern were associated with proliferation or differentiation, respectively. These gene sets are
consistent with predictions from other existing expression datasets and they are currently validated using in situ
hybridization in the eye-antenna disc. In order to highlight regulators involved in both processes we focused on
transcription factors and we sought regulators of the transition from proliferation to differentiation by looking at
enriched motifs in the regulatory regions of the genes included in the respective clusters. Some transcription
factors not previously known to play roles in eye differentiation will be tested in clonal analysis to assess their
actual roles. Our study provides an image of the Drosophila transcriptome in an organized differentiating tissue
that constitutes a useful tool to address subsequent developmental questions involving evolutionary conserved
genes.

481A
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Combinatorial rules of precursor specification underlying olfactory neuron diversity. Pelin C. Volkan
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Qingyun Li , Tal Soo HA , Sumie Okuwa , Yiping Wang , Qian Wang , S. Sean Millard . 1) Department of
Biology, Duke University, Durham, NC; 2) Department of Neurobiology, Duke University, Durham, NC; 3) Duke
Institute of Brain Sciences; 4) Department of Biomedical Science, College of Natural Science, Daegu University,
15 Naeri, Jillyang, Gyeongsan, Gyeongbuk 712-714, South Korea; 5) The Pratt School of Engineering, Duke
University, Durham, NC; 6) School of Biomedical Sciences, The University of Queensland, BNE,
QUEENSLAND.
Sensory neuron diversity ensures optimal detection of the external world and is a hallmark of sensory systems.
An extreme example is the olfactory system, as individual olfactory receptor neurons (ORNs) adopt unique
sensory identities by typically expressing a single receptor gene from a large genomic repertoire. In Drosophila,
about 50 different ORN classes are generated from a field of precursor cells, giving rise to spatially-restricted
and distinct clusters of ORNs on the olfactory appendages. Developmental strategies spawning ORN diversity
from an initially homogeneous population of precursors are largely unknown. Here we unravel the nested and
binary logic of the combinatorial code that patterns the decision landscape of precursor states underlying ORN
diversity in the Drosophila olfactory system. Transcription factor Rotund (Rn) is a critical component of this code
that is expressed in a subset of ORN precursors. Addition of Rn to pre-existing transcription factors that assign
zonal identities to precursors on the antenna, sub-divides each zone and almost exponentially increases ORN
diversity by branching off novel precursor fates from default ones within each zone. In rn mutants, rn-positive
ORN classes are converted to rn-negative ones in a zone-specific manner. We provide a model describing how

nested and binary changes in combinations of transcription factors could coordinate and pattern a large amount
of distinct precursor identities within a population to modulate the level of ORN diversity during development and
evolution.

482B
Genetic interaction of alan shepard (shep) in neuronal remodeling during metamorphosis. Dahong Chen,
Randall Hewes. Department of Biology, University of Oklahoma, Norman, OK.
We have found that alan shepard (shep) plays an important role in remodeling of peptidergic neurons. shep
encodes RNA binding proteins that are primarily expressed in the central nervous system. shep mutants
displayed normal cellular morphology in the larval stages, but smaller somata as well as fewer branches and
boutons on axonal projections of bursicon neuron in pharate adult mutants which led to wing expansion defects
(WED). Expression of a wild-type shep cDNA rescued all of the bursicon cellular phenotypes. Interestingly, we
found several other behaviors that appear unrelated to the bursicon neurons (e.g., general locomotion), were
largely normal in larvae but severely impacted in adults. Therefore, shep may play a general role in promoting
growth of diverse neurons during metamorphic remodeling. In order to identify downstream targets for shep, we
initiated a deficiency-based screen for modifiers of the WED. Out of 777 deficiencies (Dfs), 19 have been
isolated as suppressor Dfs and 10 of them showed larger soma size of the bursicon neurons. We employed 59
RNAi strains to test genes in these 10 Dfs for wing expansion performance and morphology of bursicon neurons
in both the abdominal ganglions (burAG cells) and the subesophageal ganglions (burSEG cells). Two RNAi strains,
targeting two transcription factors, strongly rescued WED and neurite morphology of burSEG cells. However, they
had no effect on the morphology of burAG cells. Another two RNAi strains, targeting an AMP-dependent
synthetase/ligase and a cytochrome respectively, strongly rescued the soma size of burAG cells, but not
restoring the WED. Since people knew that burSEG cells promote the release of bursicon peptides from burAG
cells to start wing expansion behaviors, our findings suggested that the rescue on burSEG cells could be critical
for rescuing the wing expansion defects. How shep interacts with those genes to accomplish cell/circuit specific
development and regulation in a stage-dependent way is an interesting topic to study in future.
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Lineage-related neuronal wiring properties of the Drosophila brain. Volker Hartenstein , Jennifer Lovick ,
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Stephan Saalfeld , Pavel Tomancak , Albert Cardona . 1) MCDB, UCLA, Los Angeles, CA; 2) Max Planck
Institute of Molecular Cell Biology and Genetics, Dresden, Germany; 3) Janelia Farm Research Campus,
Howard Hughes Medical Institute, Ashburn, Virginia, USA.
The brain of the early Drosophila larva is formed by approximately 100 paired neuronal lineages. Neurons of a
given lineage, derived from a single stem cell (neuroblast), share a number of morphological properties,
including projection along a common tract, and major terminal arborizations in spatially related neuropile
compartments. Communalities extend to the ultrastructural and wiring properties of neurons belonging to one
lineage. This is well established for a few lineages, such as the four MB lineages (presynaptic terminal
arborizations concentrated in the lobes, postsynaptic arborization concentrated in the calyx; sparse pre- and
postsynaptic contacts along the peduncle), but needs to be investigated systematically for the brain as a whole.
It is to be expected that a shared genetic program, initiated in the neuroblast, plays a dominant role in shaping
the wiring properties of its lineage. We are investigating lineage-associated wiring properties of lineages
connected to the mushroom body and surrounding compartments (the inferior protocerebrum and lateral
accessory lobe), including DALv2/3, DALcm1/2, DALcl1/2, BAmd1, BAmas1, CP2/3), with the further goal to
correlate differential wiring properties of a lineage with its characteristic genetic program. Based on the serial
TEM stack generated at JFRC and curated by Cardona and collaborators, we reconstruct neurons of these
lineages and map the spatial distribution of their pre- and postsynaptic contacts. The results will contribute to
our understanding of the molecular pathways that link gene expression in neurons to their structural and
functional phenotype.

484A
Linking cell surface receptor to microtubule: Tubulin folding cofactor D mediates Dscam functions
1
1
1,2
during neuronal morphogenesis. Misako Okumura , Chisako Sakuma , Masayuki Miura , Takahiro
1,2
Chihara . 1) Department of Genetics, Graduate School of Pharmaceutical Sciences, University of Tokyo; 2)
Core Research for Evolutional Science and Technology, Japan Science and Technology Agency.
The formation of functional neural network requires the coordination of many cell surface receptors and
downstream signaling cascades, which eventually remodel the cytoskeletal dynamics. Although many guidance
receptors have been identified that are involved in remodeling of the actin cytoskeleton, it is relatively unknown
how microtubule dynamics are regulated by guidance receptors and downstream signaling pathway. To study
the molecular mechanism of neuronal morphogenesis, we utilized Drosophila olfactory projection neurons. Each
projection neuron dendrites target a single glomerulus out of about 50 glomeruli in the antennal lobe and axons
UAO71
), we
have a stereotyped terminal arborization. In the course of genetic analysis of dachsous mutant (ds

identified a mutation in Tubulin folding cofactor D (TBCD) as a background mutation. TBCD is one of five tubulin
folding cofactors required for the formation of α- and β-tubulin heterodimers. Projection neuron single-cell clones
homozygous for TBCD mutation showed ectopic arborization of dendrites, axon degeneration and disruption of
microtubules. Overexpression of TBCD also resulted in ectopic dendrite arborization. By yeast two-hybrid
screen and co-immunoprecipitation, we found that TBCD physically interacts with the intracellular domain of
Down syndrome cell adhesion molecule (Dscam), which is important for neural development and has been
implicated in Down syndrome. Genetic analyses revealed that TBCD is required for Dscam functions in
mushroom body neurons. Our study on TBCD and Dscam may offer new insights into the molecular mechanism
underlying altered neural network in cognitive disabilities of Down syndrome.

485B
Analysis of Retinal Basal Glial cell Drivers from Janelia Gal4 Lines in Drosophila Melanogaster. Yen1,2
1,2
Ching Chang , Y. Henry Sun . 1) Instituition of Moleuclar biology, Sinica, Taipei, Taipei, Taiwan; 2)
Department of Life sciences and Institute of Genome sciences, National Yang-Ming University, Taipei, Taiwan,
Republic of China.
Retianl basal glial cells (RBG) are a special group of glia lying on the eye disc and coordinate with
photoreceptor cells to maintain intact functions of visual system. It has been known three major types of glia,
surface, wrapping and carpet glial cells . C527-Gal4, Mz97Gal4 and C135-Gal4 are used to represent surface,
wrapping and carpet glial cell respectively. Important molecular mechanisms are defined through these powerful
Gal4s. The Gal4 lines are generated by using enhancer trap insertion that Gal4 sequence is inserted in the
chromosome and can respond to transcriptional enhancer lying nearby. In 2008, research group lead by Gerald
Rubin et. al generated another Gal4 lines which Gal4 were under control of known sequence fragments of
transcriptional enhancers and can be targeted to specific position by site specific recombination. The difference
between standard Gal4 lines and Janelia Gal4 lines is expression of Janelia Gal4 lines are more restricted than
standard ones. Here, we select Gal4 lines which expressed in some subtypes of RBG or extensively in RBG.
The Gal4 lines are tested by membrane tethered GFP, known differentiation markers to define the differentiation
process of glial cells. The goal is to discover temporal and special meaning of each Gal4 line. Since Gal4 lines
have corresponding genes, fast RNAi screening is performed to test the gene functions. Results show two
genes, tincar and unc5, having effects on glial cell number and morphology.
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RNAi screening for investigation of retinal basal glia development. Tsao Chia-Kang , Sun Y. Henry . 1)
Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan, Republic of China; 2) Department of Life
Sciences and Institute of Genome Sciences, National Yang-Ming University, Taipei, Taiwan, Republic of China.
The retinal basal glia (RBG) play important roles in neuronal development in the eye disc of Drosophila. In 2nd
instar larvae, there are about 6 to 20 RBGs in the optic stalk. RBG cells then migrate into the eye disc at the 3rd
instar larval stage while the photoreceptor cells (R cells) begin to differentiate. Three special classes of RBG,
surface glia (SG), wrapping glia (WG) and carpet glia (CG), have been identified. In the previous study of
“sequential differentiation model” proposed by Silies et al., SGs migrate along the CGs. As they contact
photoreceptor cell, the migratory glia cells start to differentiate into wrapping glia cells for wrapping axon of R
cell. Here, we tested several microRNAs and RNAi that might affect mechanisms of RBG migration, proliferation
and differentiation of glia. In the preliminary data has shown knock down these genes may affect the RBG
migration and proliferation in Drosophila eye disc but it needs to be investigated further of how these genes
regulate function of glia.

487A
Remodeling of peripheral glial ensheathment during metamorphosis - a role for the EGF signaling
pathway. Matthew Siefert, Soumya Banerjee, Hayley Gibson, Tara Fallah, Joyce Fernandes. Department of
Zoology, Miami University, Oxford, OH.
During metamorphosis, five pairs of larval abdominal nerves (A4-A8) fuse together to form the terminal nerve
trunk (TNT) which exits the ventral ganglion, and subsequently defasciculates to innervate the body wall
musculature. We have been studying the remodeling of glial ensheathment to understand its contribution to this
reorganization of peripheral nerves. Peri-neurial glia comprise the most external glial layer that ensheathes each
larval peripheral nerve (Stork et al., J. Neurosci, 2008). Using c527-Gal4 to drive a GFP reporter, we identified
12-15 perineirial glia along A3-A5 which account for approximately 75% of the total number of glial cells (the rest
are accounted for by sub-perineurial and wrapping glia). By 12h APF (hours after pupariation), the number of
perineurial glial cells doubles, and by 24h APF, the number is three times as many as the larva (n=10 at each
stage; p<0.05). Using BrdU labeling, we have determined that the increase is initiated as early as 6-8h APF
(n=15). The increase in glial cells is presumably necessary for wrapping the TNT which comprises of 5 pairs of
fused nerves. To investigate signaling mechanisms that influence glial remodeling, a dominant negative form of
the EGF receptor (DNDER) was targeted to perineurial glia (c527-Gal4::UAS-DNDER). When the transgene

was expressed throughout metamorphosis, a 40% reduction is observed in the number of glial nuclei at the
adult stage. Additionally, partial fusion of the segmental nerves was observed in 50% of experimental animals.
These results indicate that the EGF signaling pathway influences remodeling of the glial ensheathment of
peripheral nerves.

488B
A Comparison of Midline and Tracheal Gene Regulation during Drosophila Development. Patricia A.
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Estes , Sarah K.R. Long , Eric Fulkerson , Rebecca Breese , Giovanna Hernandez , Cara Davis , Mark A.
2
3
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3
Melton , Rachana R. Chandran , Napoleon Butler , Lan Jiang . 1) Dept of Biological Sciences, North Carolina
State Univ, Raleigh, NC; 2) Dept of Biological and Physical Sciences, Saint Augustine's Univ, Raleigh, NC; 3)
Dept of Biological Sciences, Oakland University, Rochester, MI.
Within the Drosophila embryo, two related bHLH-PAS proteins, Single-minded and Trachealess, control
development of the central nervous system midline and the trachea, respectively. These two proteins are bHLHPAS transcription factors and independently form heterodimers with another bHLH-PAS protein, Tango. During
early embryogenesis, expression of Single-minded is restricted to the midline and Trachealess to the trachea
and salivary glands, whereas Tango is ubiquitously expressed. Both Single-minded/Tango and
Trachealess/Tango heterodimers bind to the same DNA sequence, called the CNS midline element (CME)
within cis-regulatory sequences of downstream target genes. While Single-minded/Tango and
Trachealess/Tango activate some of the same genes during embryogenesis, they also activate a number of
different genes restricted to only certain tissues. Our goal is to understand how these two related heterodimers
bind different enhancers to activate different genes, thereby regulating the development of functionally diverse
tissues. Existing data indicates that Single-minded and Trachealess may bind to different co-factors restricted to
various tissues, causing them to interact with the CME only within certain sequence contexts. To understand
how the context surrounding the CME is recognized by different bHLH-PAS heterodimers and their co-factors,
we identified and analyzed novel enhancers that drive midline and/or tracheal expression and compared them to
previously characterized enhancers. In addition, we tested expression of synthetic reporter genes containing the
CME flanked by different sequences. Taken together, these experiments identify elements overrepresented
within midline and tracheal enhancers and suggest that sequences immediately surrounding a CME help dictate
whether a gene is expressed in the midline or trachea.

489C
Investigating the effect of Odd-skipped (Odd) loss-of-function on neuronal specification in Drosophila
melanogaster. Mena Farag, Camilla Larsen, Peter Levy. MRC Centre for Developmental Neurobiology, King's
College London, London, United Kingdom.
BACKGROUND: Known for its role in establishing the segmental body pattern in the fruit fly, the pair-rule gene
Odd-skipped (Odd) has been previously implicated in retinogenesis, leg segmentation and patterning the
hindgut. Recently, the expression of Odd has been found to persevere in two discrete neuroblast clusters within
the Drosophila brain. The role of Odd in neural specification, however, has not been addressed. METHODS:
Previous Odd misexpression experiments have demonstrated that Odd may be acting as a timer gene to control
the timing of cell fate switching and that Odd may in fact be responsible for regulating cell proliferation and
apoptosis. In this study, a series of loss-of-function experiments were conducted to knockdown and completely
knockout Odd during neural development. RESULTS: Analyses of third instar larval RNAi knockdowns of Odd
revealed reduced branching to the mushroom body and defasciculated midline projections, compared to
controls. In adult Odd knockdown brains, there was an evident increase in the number of crossings spanning the
dorsal midline. Statistical analyses of cell counts also showed a significant reduction of Odd cells in larval and
adult knockdown brains, relative to the average number of Odd cells observed in controls. CONCLUSIONS:
Reporting a higher mean cell count in adult knockdown brains compared to larval knockdown brains was
indicative that the neuroblast did not change fate and had continued to produce Odd cells beyond the end of
larval life. Since Odd-expressing cells maintained stereotypical patterns of projection following knockdown, it
seems unlikely that Odd functions as a timer gene. Rather, the overall reduction in Odd cell counts may be
attributed to increased apoptosis or slower proliferation rates within the Odd-expressing lineage. Yielding
phenotypes showing midline fasciculation defects alludes to a novel role of Odd in potentially regulating the
expression of cadherins for fasciculation.

490A
Investigating the molecular mechanism of Crimpy-mediated presynaptic Gbb signaling at the NMJ.
Kendall Hoover, Rebecca James, Heather Broihier. Department of Neurosciences, Case Western Reserve
University School of Medicine, Cleveland, OH 44106.
Distinct pools of the BMP Glass bottom boat (Gbb) control structure and function of the Drosophila
neuromuscular junction (NMJ). Specifically, motoneuron-derived Gbb regulates baseline neurotransmitter
release, whereas muscle-derived Gbb regulates NMJ growth. Yet how cells differentiate between these pools of

Gbb is not known. We have found that the neuronal Gbb-binding protein Crimpy (Cmpy) serves sequential
functions in neuronal Gbb signaling. Cmpy first delivers Gbb to dense core vesicles (DCVs) for activitydependent release from presynaptic terminals. In the absence of Cmpy, Gbb is no longer associated with DCVs
and is not released following activity. Moreover, Cmpy promotes the function of Gbb in baseline
neurotransmission and is itself secreted upon DCV exocytosis, arguing that it serves a second function in BMP
signaling. In addition to segregating Gbb to DCVs, we propose that co-release of Gbb and Cmpy from
presynaptic terminals defines a neuronal pro-transmission signal. We are currently expanding these studies to
test the role of Crimpy ectodomain shedding in Gbb release. Furthermore, we are investigating the molecular
mechanism by which presynaptic Gbb release promotes active zone organization and neurotransmitter release.

491B
Characterizing a novel FoxO-dependent neurotrophic pathway. Colleen McLaughlin, Heather Broihier.
Neurosciences, Case Western Reserve University , Cleveland , OH.
Drosophila FoxO encodes a transcription factor that regulates expression of genes involved in a multitude of
cellular processes including apoptosis, proliferation, and longevity. FoxO family members are also conserved
regulators of neuronal development. We have shown that FoxO is highly expressed in the Drosophila central
nervous system, specifically in a subset of embryonic and larval motor neurons. Previous data also indicate that
loss of FoxO results in dysreglation of microtubule dynamics and synapse morphology at the larval
neuromuscular junction (NMJ). In this study we further characterize the role of FoxO in the nervous system by
demonstrating that FoxO promotes neuronal survival, and is required for modulation of active zone number and
activity-dependent structural plasticity at the NMJ.
FoxO nuclear localization and, therefore, transcriptional regulatory activity is controlled by upstream receptoractivated signaling pathways. However, the upstream receptors at the NMJ have yet to be elucidated. Through
an over-expression screen for mutations promoting motor neuron survival, we identified Toll-6 as a possible
upstream effector of FoxO. Toll receptors are established regulators of innate immunity. Interestingly, Toll-6 is
highly expressed in motor neurons and has neurotrophic activity. Here we demonstrate that Toll-6 promotes
nuclear localization of FoxO. Furthermore, FoxO and Toll-6 serve similar neuronal functions at the NMJ. For
example, Toll-6 null mutants display defects in microtubule organization, active zone number, and activitydependent plasticity essentially identical to FoxO loss. Extending the phenotypic similarity, over-expression of
either Toll-6 or FoxO drives substantial NMJ overgrowth. We are currently conducting genetic experiments to
investigate the regulatory relationship between FoxO and Toll-6. Together these data argue that FoxO and Toll6 may act in a novel neurotrophic pathway to regulate neuronal survival and plasticity.
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Connecting dCORL CNS expression and behavioral defects in dCORL mutants. Norma Takaesu , Agapi
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Dimitriadou , Janine Quijano , Estela Arciniega , Nancy Tran , Carsten Duch , Christos Consoulas , Stuart
1
Newfeld . 1) Sch Life Sci, Arizona State Univ, Tempe, AZ; 2) Lab Experimental Physiology, Univ. Athens
Medical School, Athens, Greece; 3) Inst. Neurobiology, Johannes Gutenberg Univ. Mainz, Germany.
CORL proteins (Fussel in humans) are related to Sno/Ski oncogenes but their developmental roles remain
largely unknown. We previously showed that dCORL embryonic and larval expression is restricted to subsets of
cells in the central nervous system (CNS). We generated a series of 12 reporter genes covering the dCORL
locus on chromosome 4. We will describe reporter expression in conjunction with a series of well-established
CNS markers. We also previously showed that dCORL mutant adults display mushroom body defects. We will
describe studies of climbing and phototaxis with dCORL mutant adults. Connecting the expression and
behavioral data leads to new hypotheses for dCORL function in the adult CNS. The conservation of neural
expression and amino acid sequence between dCORL and its two mCORL homologs suggests that these
functions may be conserved in mammals.

493A
Characterizing the Role of E-cadherin in Neuroblast Maintenance. Alexis A Reyes. Vanguard University,
Costa Mesa, CA.
E-cadherin is a cell adhesion transmembrane protein that is known to be downregulated in cells that have lost
their epithelial characteristics. This correlation between E-cadherin and mitotic capability can be used to
determine if overexpression of E-cadherin can prolong neuroblast maintenance. Using the Gal4 system, Ecadherin was overexpressed in the neuroblasts of pupal Drosophila melanogatser. The overexpression of Ecadherin was regulated by HSP70, and pupal brains were stained with bromodeoxyuridine to visualize
neuroblasts with maintained mitotic activity. Heat shocked pupal showed a significant increase in cells stained
with Brdu when compared to individuals with normal expression of E-cadherin. Further analysis is needed to
verify the Brdu stained cells as neuroblasts. Although quantification of the Brdu stained cells in heat shocked
pupae was not obtained, the results display a significant correlation between overexpression of E-cadherin and
prolonged mitotic activity of neural cells.

494B
Characterization of Group B Sox genes in Development of Adult Nervous System. Shweta Singh, John
Nambu. Biology, Florida Atlantic University, Jupiter, FL.
Sox (Sry box) proteins all contain a single ~70 amino acid High Mobility Group (HMG) DNA-binding domain with
strong homology to that of Sry, the mammalian testis-determining factor. Sox proteins can directly activate
transcription and/or function as architectural components of chromatin. They influence a range of important
developmental processes and are associated with several human disorders.Interestingly in both mammals and
flies, related Sox genes are often expressed in the same cells where they may exhibit overlapping or
competitive functions.In Drosophila melanogaster, there are 8 different Sox genes that are subdivided into
groups B, C, D, E and F. There are 4 closely related members in the B group, Dichaete (D), SoxNeuro (SoxN),
Sox21a, and Sox21b that each exhibit ~90% sequence identity within the HMG domain. Dichaete plays an
important role in elaboration of the adult olfactory system and is expressed in several clusters of neurons in the
brain, including one adjacent to the olfactory lobes. These clusters consist of intermingled olfactory local
interneurons and central complex neurons. Dichaete function is required for differentiation of nearby olfactory
projection neurons. However, little is known about the potential expression or functions of the other group B Sox
genes in the adult brain.In particular, it is unclear if these genes may function along with Dichaete in controlling
the development or physiology of the adult olfactory system.In order to address this issue, we areutilizing a
combination of genetic and cellular approaches, including the UAS/Gal4 system, RNAi,and
immunocytochemistry. Our data suggest SoxN is expressed in neurons and glia of the adult central brain.
Interestingly, there does not appear to be significant overlap with the Dichaete-expressing cells and we are
currently determining the precise identities of the SoxN-expressing brain cells.

495C
Multi-potent Intermediate Progenitor Cells Are Present Throughout All Pupa Stage In Drosophila
melanogaster. Elizabeth R Swezey. Vanguard University, Costa Mesa, CA.
Drosophila melanogaster, the fruit fly, is a model organism used mainly for genetics studies. Neuroblasts are
multipotent, and asymmetrically divide into a new neuroblast and a neural cell, forming the nervous system. Ecadherin is a transmembrane protein that functions in adhesion of one cell to another, as well as making sure
that neurons branch correctly. In order to understand why there is a reduction in the number of neuroblasts in
the fruit fly’s brain during the pupa stage, we used immunohistochemistry with primary and secondary antibodies
to identify the neuroblasts. We used prospero to stain the cells. We discovered that while there was a decrease
in the number of neuroblasts, intermediate progenitor cells, also multipotent, were present during all time points
of the pupa stage, showing that the brain still has plasticity at 96 hours, and is still capable of repairing itself,
even though the neuroblasts have stopped dividing. Future research could be done to discover when there are
no more intermediate progenitor cells, and then to discover which genes control the intermediate progenitor
cells, and attempt to make the intermediate progenitor cells express in adult flies using those genes.

496A
Dopamine homeostasis is essential for daily activity and movement behavior in Drosophila
1
melanogaster - a model system to study neurological disorders. Anathbandhu Chaudhuri , Courtney
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Cunningham , Mary Jane Krotzer , Janis O'Donnell , Natraj Krishnan . 1) Department of Natural Sciences,
Stillman College, Tuscaloosa, AL; 2) Biological Sciences, University of Alabama, Tuscaloosa, 35487, AL; 3)
Department of Biochemistry, Mississippi State University, MS 39762.
The neurotransmitter, dopamine (DA) performs a crucial role in signaling and movement behavior and any
alterations in DA homeostasis could lead to neurological disorders. We used Drosophila melanogaster as a
model to understand the mechanism of DA pathways in movement behavior, aging, and stress response.
Mutations in two key regulatory genes in catecholamine synthesis (DA) pathway: Catecholamines up (Catsup)
resulting in dominant hyper activation of both tyrosine hydroxylase (TH) and GTP Cyclohydrolase (GTPCH)
causing an elevation in DA, and Pale which decreases TH activity resulting in low DA titers were used in this
study. We also used flies having mutations in vesicular monoamine transporter (VMAT), which transports
monoamines from the cytosol into high concentration storage vesicles to understand the role of this transporter
in drug response. We recorded the daily activity pattern of the DA mutant flies using the Trikinetics system in
young adults. It reveals that Catsup mutant flies are more active compared to wild type flies (w1118) while the
pale and VMAT mutant flies are less active compared to the controls. Also we record that stress tolerances
decline with age in general but, the flies having high DA (Catsup) are more tolerant to starvation stress even in
older age while the flies defective in TH functions are very susceptible to stress. Use of reserpine (a drug used
for hypertension) blocks the VMAT functions where Catsup mutants perform better to withstand the drug effect
compared to wild type flies. Our ongoing works test the daily activity pattern with age and the response to the
psychiatric drug using Drosophila mutant flies to confirm the DA functions on aging and drug response. We
hypothesized that DA homeostasis is crucial for daily activity and movement and VMAT is a potent target for

drugs.

497B
Changes in Acetylcholine Release Alter Locomotion and Touch Response Timing in Drosophila. Gabriel
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Gutierrez , David Krantz , Natalie Kendall , Toshi Kitamoto , Hakeem Lawal . 1) Department of Psychiatry,
David Geffen School of Medicine at UCLA, Los Angeles CA; 2) Neuroscience Program, Department of Biology,
Delaware State University, Dover, DE; 3) Department of Anesthesia, Carver College of Medicine, University of
Iowa, Iowa City, IA.
Dysregulation of cholinergic neurotransmission plays a role in addiction to nicotine, and neurological diseases
such as Alzheimer’s disease, as well as the decline in cognitive function seen in normal aging. Most of the
molecular elements required for presynaptic acetylcholine (ACh) release and post-synaptic signaling are known.
However, the relationship between alterations in their function and downstream changes in behavior in the
nervous system remain poorly understood. One critical element of cholinergic signaling is the vesicular
acetylcholine transporter (VAChT) which is required for the transport of ACh from the cytoplasm into synaptic
vesicles for exocytotic release. A complete loss of vacht is lethal in flies, worms and mammals. Here we
hypothesize that subtle changes in will uncover important roles of ACh release in behavior. Indeed, we report for
the first time the effect of three vacht point mutations on baseline and touch response locomotion paradigms. In
particular, we note that vacht mutants have a deficit in timing of response to touch stimulus and based on this
phenotype, we categorized the mutants into three classes, mild, moderate and severe. This result suggests a
differential deficit in acetylcholine release in these mutants. Further, we report a pharmacological rescue of the
touch response timing deficit using the dopamine agonist pergolide. These data suggest an interaction between
the aminergic and the cholinergic systems in mediating locomotion timing response. Together, this report
demonstrates a key role for acetylcholine signaling in both baseline locomotion and the timing of the response to
a mechanical stimulus and underscores the utility of point mutations that compromise VAChT activity in vivo as
a tool to elucidate the complex relationship between altered ACh release and subtle behavioral deficits.

498C
The endosomal Hook protein is required for histamine recycling in the Drosophila visual system.
Mokhlasur Rahman, Helmut Kramer. Department of Neuroscience, UT Southwestern Medical Center at Dallas,
Dallas, TX.
The hook gene encodes an endosomal protein whose loss causes a number of behavioral phenotypes,
including reduced phototaxis. To explore Hook’s role in the visual system we recorded electroretinograms
(ERGs) in response to a light stimulus. Flies mutant for the hook11 null allele displayed two discreet defects.
First, On- and Off-transients were reduced, indicative of defects in synaptic transmission in the visual system.
Second, the sustained photoreceptor depolarization displayed an oscillation with frequencies from 60 to 70 Hz.
Such a “ringing” phenotype was previously observed in flies mutant for inebriated which may encode a
transporter for carcinine, an intermediate in the recycling of the histamine neurotransmitter via glia cells (1). The
ERG abnormalities of hook were rescued by a genomic transgene or ubiquitous expression of a Hook cDNA.
Furthermore, Repo-Gal4-driven expression of Hook in glia, but not GMR-Gal4-driven expression in
photoreceptors, rescued the hook ringing phenotype. Immunostaining indicated strong expression of Hook in
Repo-positive epithelial glia, which participate in histamine recycling. Mutations in the histamine decarboxylase
gene Hdc and the β-alanyl biogenic amine synthetase gene Ebony were epistatic to hook as they suppressed its
“ringing” phenotype, further supporting a role of Hook in recycling of the neurotransmitter histamine perhaps by
modifying the distribution of the Inebriated transporter. 1. Gavin, B., Arruda, S. and Dolph, P. (2007). The role of
carcinine in signaling at the Drosophila photoreceptor synapse. PLoS Genetics 3, 2358-2367.
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Control of Body Size by TGF-Beta Signaling. Lindsay Moss-Taylor , Michael O'Connor . 1) Molecular,
Cellular, Developmental Biology and Genetics Program, University of Minnesota, Minneapolis, MN; 2)
Department of Genetics, Cell Biology and Development, University of Minnesota, Minneapolis, MN.
Body size is tightly regulated during development to maximize adult fitness. In Drosophila, final body size is
mainly determined by the growth rate and the duration of growth during juvenile stages; once maturation occurs,
body size is set. The rate of growth is determined by insulin-like peptide (dilp) signaling, while the duration of
growth is regulated by prothoraciotropic hormone (PTTH). Manipulation of these pathways alters final body size
by either accelerating or delaying the onset of metamorphosis. Under normal growth conditions, termination of
Drosophila juvenile development is triggered when third instar larvae achieve “critical weight,” a size after which
starvation no longer delays the time to metamorphosis. How larvae sense critical weight and the relationship of
critical weight to dilp and PTTH signaling remains largely unknown. We are investigating the newly identified
role that the TGF-β ligand Activinβ plays in regulating Drosophila body size and timing of metamorphosis. We
have found that mutations in dActivinβ (dActβ) cause accelerated pupariation and reduced final body and organ
size. Growth rate and critical weight are being examined in Actβ mutants. To determine how Actβ affects size

and timing, we first looked at which cells express Actβ and found Actβ expression in the Insulin Producing Cells
(IPCs), neuroendocrine cells and motorneurons. Overexpression of Activinβ in either neuroendocrine cells or
motorneurons increases body size. Knockdown of the TGF-β signaling transducer dSmad2 reduces body size,
indicating muscle is a target tissue of the Activinβ signal. Rescue of the size and timing phenotypes will be
tested by tissue-specific overexpression of Activinβ in Activinβ mutants. Since increased insulin signaling
also advances metamorphosis and reduces body size, we will test the hypothesis that this TGF-β ligand
affects body size and developmental timing by regulating insulin production and/or release. .

500B

1

Determination of the location of action of isoflurane in the Drosophila brain. Christina M. Colosimo , Anna
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James , Krista Pearman , Michelle Peters , Michael J. Murray , Gerald B. Call . 1) Arizona College of
Osteopathic Medicine, Midwestern University, Glendale, AZ; 2) Glendale Community College, Glendale, AZ; 3)
Dept of Anesthesiology, Scottsdale, AZ.
The molecular mechanism of action for inhaled anesthetics (IA) is unknown despite widespread use for over 160
years. Previous studies from our laboratory utilizing pan-neuronal (ELAV-GAL4) RNA interference (RNAi) to
knockdown most ion channel genes in Drosophila, identified 63 ion channel genes that cause resistance to both
isoflurane and halothane anesthesia. Five of these 63 genes confer strong resistance to both halothane and
isoflurane and 1 gene causes sensitivity to these IAs. These 6 genes could potentially be a common mechanism
of action for IAs. This study was performed to ascertain the Drosophila brain location where these ion channels
display this effect. Utilizing 15 different Janelia GAL4 stocks that express with high intensity and distribution in
different adult brain regions, we expressed these 6 ion channel RNAi constructs with each of these GAL4 lines
and tested the progeny for their responsiveness to isoflurane. Since each of the GAL4 lines have some
expression outside of the primary brain region it was selected for, expression patterns for lines that shared
isoflurane resistance for a given ion channel were overlaid and analyzed in order to refine which
neuropils/neurons might be involved. The data suggest that each of these ion channels appear to be causing
their effects in one or more regions of the brain including the antennal lobe, antennal mechanosensory and
motor center, bulb, prow, and saddle. It might be that these regions are all involved in a common neural
pathway involved in the response to IAs. Interestingly, the one ion channel gene that conferred sensitivity to IAs
did not produce sensitivity with any of the 15 GAL4 lines used, indicating that it is likely involved in neurons not
in this collection. These data indicate that not only are there multiple targets for anesthetic action, but that
different ion channels appear to play an important role in response to IAs within localized regions of the
Drosophila brain.

501C
Photoreceptor neuron function requires a conserved Ncc69-activating kinase cascade specifically in
1
2
2
1
glia. Drew Stenesen , Jeffrey Schellinger , Aylin Rodan , Helmut Krämer . 1) Department of Neuroscience, UT
Southwestern Medical Center, Dallas, Texas; 2) Department of Internal Medicine, UT Southwestern Medical
Center, Dallas, Texas.
Both human and Drosophila nervous systems function under precise ionic and osmotic control. Loss of this
homeostatic regulation has direct clinical implications related to seizure, coma, and brain injury. Despite this
importance, the molecular mechanisms that maintain ion environments within the brain remain unclear. Here,
+
+
we examine the role and regulation of the Na -K -2Cl cotransporter Ncc69 using the Drosophila visual system
as a model of neuronal function. A large deletion within the Ncc69 genomic locus blocks phototransduction as
indicated by the absence of electroretinogram “ON”- and “OFF” transient components. Cell specific loss of
Ncc69 function in glia, but not neurons, recapitulates this mutant phenotype, and wild-type Ncc69 expression
within glia is sufficient to rescue phototransduction defects in an Ncc69 mutant background. In mammals, Ncc69
transport activity is known to be activated by direct binding and phosphorylation from the serine/threonine
kinases SPAK and OSR1, which are activated by phosphorylation from WNK (with no Lysine=K) kinases. Glialspecific loss of either Drosophila WNK or the Drosophila SPAK/OSR1 ortholog, Fray, phenocopies the
phototransduction defects of Ncc69 mutants. Genetic rescue experiments with mammalian orthologs of WNK
suggest a conserved physiological mechanism and may provide insight into the specific functions or regulation
of individual WNK family members. Taken together, the experimental system we have established provides an
ideal setting to examine the ability of intracellular ionic homeostasis within glial cells to regulate neuronal
function.

502A
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Minibrain kinase promotes efficient synaptic vesicle recycling. Chun-Kan Chen , Catherine Bregere ,
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3
1,4
Jeremy Paluch , Dion Dickman , Karen Chang . 1) Zilkha Neurogenetic Institute, University of Southern
California, Los Angeles, CA; 2) Dept. Biochemistry & Molecular Biology, University of Southern California, Los
Angeles, CA; 3) Dept. of Neurobiology, University of Southern California, Los Angeles, CA; 4) Dept. Cell &
Neurobiology, University of Southern California, Los Angeles, CA.

Coordinated phosphorylation and dephosphorylation of endocytic proteins dynamically regulate the timing and
efficacy of synaptic vesicle recycling during synaptic activity. Minibrain kinase (Mnb), also known as the Dual
Specificity tyrosine kinase (DYRK1A), is a highly conserved serine/threonine kinase. Mnb/DYRK1A has been
shown to phosphorylate endocytic proteins such as synaptojanin and dynamin in vitro, but whether
Mnb/DYRK1A works as a synaptic kinase that modulates synaptic function in vivo is not known. Here we
describe the characterization of Mnb in the Drosophila neuromuscular junction. We find Mnb is essential for
normal synaptic growth and vesicle endocytosis. We show Mnb is located in the presynaptic terminals and can
phosphorylate synaptojanin in vivo. Phosphorylation of synaptojanin by Mnb regulates proper endocytic protein
interactions and uniquely enhances Synj activity to promote efficient synaptic vesicle recycling. Since Mnb is
known to be mutated in autism spectrum disorder and upregulated in Down syndrome, understanding how Mnbdependent phosphorylation of Synj regulates endocytosis activity will provide valuable insights into mechanisms
underlying some clinical features of these diseases.

503B
An EP Overexpression Screen for Genetic Modifiers of rab7-Dependent Neurodegeneration in
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2
Drosophila Nervous System. Wei-Hung Jung , Smita Cherry , Jennifer Jin , Robin Hiesinger , Chih-Chiang
1
Chan . 1) Department of Physiology, National Taiwan University, Taipei, Taiwan; 2) Department of Physiology,
University of Texas Southwestern Medical Center, Dallas, TX, USA.
The small GTPase Rab7 is a key functional regulator of endolysosomal trafficking in all eukaryotic cells. Our
recent profiling of all rab GTPases in Drosophila suggested an increased neuronal demand for rab7 function
based on the elevated rab7 expression in neurons prior to other cell types. To investigate an increased or
specialized role of rab7 in the nervous system, we generated a null mutant by replacing the rab7 open reading
frame with a Gal4 knock-in cassette. Loss of rab7 leads to lethality at late pupal stage with no gross
morphological abnormalities. Wholemount brain preparations of the rab7 null mutant in early pupal stages reveal
substantial accumulations of the endosomal marker Hrs, indicating a defect in endolysosomal trafficking. Loss of
rab7 does not cause early developmental defects, as labeling of photoreceptor axons indicates that cell type
specification and initial axon pathfinding are normal. To functionally characterize the effect of loss of rab7, we
generated genetic mosaics with mutant photoreceptor neurons in otherwise heterozygous flies. Photoreceptors
of newly hatched rab7 mutant initially function without obvious defects, as indicated in electroretinogram (ERG)
recordings. In contrast, 5 day-old null mutant or 14 day-old heterozygous mutant, both raised under constant
light stimulation, exhibit significant loss of synaptic function. To determine the genetic requirement for rab7dependent synaptic degeneration, we set to isolate modifier genes in an enhancer screen. The rab7 null allele
provides not only a sensitized background with reduced synaptic response, but also the Gal4 activity that allows
expression of any gene of interest under the regulatory elements of rab7. The identification, validation and in
vivo evidence from the F1 suppressor/enhancer screen for rab7 modifiers will be presented.

504C
The domain of synaptotagmin implicated in autoimmunity is not required for synaptic function. Michael
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1
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D Getzy , Carin A Loewen , Laurie M Biela , Noreen E Reist . 1) Biomedical Sciences, Colorado State
University, Fort Collins, CO; 2) Genetics, University of Wisconsin, Madison, WI.
Efficient communication between nerve and muscle requires the synchronous release of neurotransmitter from
multiple synaptic vesicles within active nerve terminals. Antibodies directed against nerve terminal proteins can
disrupt neurotransmitter release. At the neuromuscular junction, this can result in the muscle weakness seen in
Lambert-Eaton syndrome. A subset of Lambert-Eaton patients have antibodies directed against the
intravesicular (IV) domain of synaptotagmin. The IV domain in mammals also serves as a receptor for some
botulinum neurotoxins. Synaptotagmin is an essential protein as it is the principle calcium sensor required for
triggering fast, synchronous neurotransmitter release. While the cytosolic domain is highly conserved across
species and between isoforms, the IV domain is not. To assess whether this antigenic domain is significant for
synaptotagmin function, we generated a synaptotagmin mutant that lacks the IV domain and measured synaptic
transmission at Drosophila neuromuscular junctions. Our results demonstrate that this domain is not required for
efficient synaptic transmission. Both calcium-evoked and spontaneous neurotransmitter release were unaltered
by its removal. Thus, gene-replacement therapy could potentially alleviate autoimmune attack while still
providing the critical synaptic functions of synaptotagmin.

505A
Functional Role of Mushroom Body Neurons in Courtship Conditioning. Shelby A. Montague, Yoshinori
Aso, Gerald M. Rubin, Bruce S. Baker. HHMI Janelia Farm Research Campus, Ashburn, VA.
In Drosophila courtship conditioning, a male fly is trained by pairing him with a mated female fly, who rejects
him. The male learns not to court the mated female, and he retains this memory for a short time, leading to
reduced courtship vigor towards a second female. The Drosophila mushroom body (MB) is required for proper
memory of courtship conditioning. While previous studies have identified a role for all or part of the MB and/or its

extrinsic neurons, a broader examination of the role of specific subsets of MB neurons has not been reported. In
this study, we conducted a behavioral screen of courtship conditioning using a set of sparsely-expressing splitts
GAL4 lines to examine the functional role of subsets of MB intrinsic and extrinsic neurons. Using shibire as an
effector, we found several lines that play a role in the retention of courtship conditioning memory, but none have
effects on courtship conditioning learning. Out of 21 types of output neurons and 20 types of dopaminergic
neurons screened, we found two types of output neurons and three types of dopaminergic neurons are
important for memory; these neurons overlap in the mushroom body. We identify potential circuits necessary for
courtship conditioning memory based on behavioral phenotypes.
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A novel role for Notch signaling in alcohol reward memory. Arjun Ray , Reza Azanchi , Yoshi Aso , Gerry
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Rubin , Ulrike Heberlein , Karla Kaun . 1) Molecular Biology, Cell Biology and Biochemistry, Brown University,
Providence, RI; 2) Neuroscience , Brown University, Providence, RI; 3) HHMI Janelia Farm Research Campus,
Ashburn, VA.
PURPOSE: Although the problem of alcohol dependence is widespread, biologically informed treatment is
limited. Specifically, the persistence of rewarding memories from alcohol experiences is long lasting, making it
difficult to escape addictive behavior. In Drosophila melanogaster, alcohol behavior responses are remarkably
similar to humans and certain underlying neural and molecular pathways are conserved (Kaun 2012), thus novel
pathway substrates of alcohol memory can be investigated in Drosophila using sophisticated genetic tools. In
our model of alcohol reward behavior, flies exposed to an ethanol-paired odor and an unpaired odor develop a
memory-dependent preference to move towards the paired odor (conditioned preference). Recent work studying
alcohol reward has implicated several members of the Notch (N) signaling pathway including scabrous (sca), a
regulator of the N signaling pathway. Preliminary data suggests that sca is expressed strongly in the mushroom
body (MB), an area of the Drosophila brain that has been implicated in odor learning and memory, and sca is
only required in the adult for proper formation of alcohol conditioned preference. Furthermore, sca does not
appear to be required for other aspects of alcohol behavior implicating a relatively specific role for sca in alcohol
reward memory (LaFerriere 2008). METHODS: We tested the requirement of subsets of MB neurons recently
characterized by Y. Aso (Rubin lab, JFRC) in memory for alcohol reward. To further dissect the localization of
sca required in the MB for conditioned preference, we reduced RNA expression of sca using RNAi in these
subsets of adult MB neurons and tested memory for alcohol reward. RESULTS: Detailed mapping of the
neuronal requirement of subsections of the MB has allowed for better understand of the circuits involved in
Notch-dependent alcohol reward circuitry.
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Localization of aversive gustatory memory. Kurtresha Worden , Yoshi Aso , Gerald Rubin , Alex Keene ,
1
Pavel Masek . 1) University of Nevada, Reno, Sparks, NV; 2) HHMI JFRC, Ashburn, VA.
The mushroom bodies (MBs) of insects are involved in formation of olfactory and visual memories. Kenyon
cells, the intrinsic MB neurons, receive a dopamine signal that mediates the reinforcement of aversive memory
formation. Approximately 130 dopamine neurons, composed of 20 neuronal cell types are associated with MBs,
and specific subpopulations were identified to be involved in different types of memories. We have developed a
single fly gustatory learning assay for establishing aversive taste memory in Drosophila. Flies respond to
appetitive stimulus applied to tarsi with extension of their proboscis. Associating the appetitive stimulus with the
application of bitter quinine on their proboscis leads to suppression of the response that persists for greater than
30 minutes. We have previously shown that associative gustatory learning is dependent on MBs. We are
currently investigating the MB-associated neurons required for this memory formation. To precisely map the
neural circuitry underlying gustatory learning, we have generated 450 split-GAL4 constructs and have tested 80
selected lines with specific expression in the Kenyon cells, dopaminergic, or output neurons associated with
MBs. We silenced individual neural populations during memory formation by blocking synaptic transmission
TS1
through expression of temperature sensitive shibire . We have identified two sub-populations of dopamine
neurons, MBs subsets in αβ or γ subsystems, and output neurons involved in aversive taste learning.

508A
Male-Specific Fruitless Isoforms Target Neurodevelopmental Genes to Specify a Sexually Dimorphic
1
1
1
2
3
Nervous System. Megan C Neville , Tetsuya Nojima , Elizabeth Ashley , Darren Parker , Tony Southall ,
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Andrea Brand , Steven Russell , Michael Ritchie , Stein Aerts , Stephen Goodwin . 1) Physiology, Anatomy and
Genetics, University of Oxford, Oxford, United Kingdom; 2) Centre for Biological Diversity, University of St
Andrews, St Andrews; 3) The Gurdon Institute and Department of Physiology, Development and Neuroscience,
University of Cambridge; 4) Department of Genetics, University of Cambridge, Downing Street, Cambridge; 5)
Laboratory of Computational Biology, Department of Human Genetics, University of Leuven.
In Drosophila, male courtship behavior is in large part regulated by the gene fruitless (fru). fru encodes a set of
putative transcription factors that promote male sexual behavior by controlling the development of sexually-

dimorphic neuronal circuitry. Little is known about how Fru proteins function at the level of transcriptional
regulation and the role that isoform diversity plays in the formation of a male-specific nervous system. To
characterize the roles of Fru sex-specific isoforms in specifying male behavior, we generated novel isoformspecific mutants, and used a genomic approach to identify direct Fru isoform targets during development. We
demonstrate that all Fru isoforms directly target genes involved in the development of the nervous system, with
individual isoforms exhibiting unique binding specificities. We observe that fru behavioral phenotypes are
specified by either a single, or combination, of isoforms. Finally, we illustrate the utility of these data for the
identification of novel sexually dimorphic genomic enhancers, and novel downstream regulators of male-sexual
behavior. These findings suggest that Fru isoform diversity facilitates both redundancy and specificity in gene
expression, and that the regulation of neuronal developmental genes may be the most ancient and conserved
role of fru in the specification of a male-specific nervous system.
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Investigation into the molecular-genetic basis of Drosophila melanogaster female post-mating
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behaviors. Nicole R. Newell , Joyce L. Kao , Kjong-Van Lehmann , Karrie D. Dudek , Christopher L. Souders ,
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Peter Poon , Daniel Campo , Matthew Salomon , Peter L. Chang , Tevfik Hamdi Kitapci , Justin M. Fear , Justin
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E. Dalton , Alison M. Morse , Simon Tavaré , Lauren McIntyre , Sergey Nuzhdin , Michelle N. Arbeitman . 1)
Department of Biomedical Sciences, Florida State University, Tallahassee, FL; 2) Molecular and Computational
Biology, University of Southern California, Los Angeles, CA; 3) Department of Molecular Genetics and
Microbiology, University of Florida, Gainesville, FL.
Animals display a variety of innate behaviors such as aggression, nesting, and courtship. However, the
molecular-genetic basis of these behaviors is unknown. Drosophila melanogaster females, once mated,
undergo a stereotypical post-mating response lasting about a week, which includes increased egg laying,
changes in metabolic activity and immunity, and decreased receptivity to courtship. Male accessory gland
proteins (Acps) that are transferred to the female during copulation induce the post-mating response with one of
the Acps, Sex Peptide being the primary trigger. It has been shown that re-mating rates increase when females
have access to food with a higher nutritional content. The Insulin-like signaling pathway (IIS), a nutrient sensing
pathway, has been implicated in regulating re-mating rates. Specifically, females expressing a dominantnegative Insulin receptor or those mutant for the insulin-like peptides have decreased re-mating rates. We have
used three separate approaches to gain understanding into the molecular-mechanisms underlying female postmating behaviors. We have examined natural variation in re-mating rates and performed a genome-wide
association study to identify single nucleotide polymorphisms that are associated with differences in re-mating.
We have also analyzed the effect of nutritional availability in conjunction with a reduction in IIS signaling on
female re-mating. Finally, we assayed individual contributions of the male and female germline to re-mating and
gene expression in female adult head tissues.

510C
Modeling the circadian oscillator protein network in Drosophila melanogaster. Vu Lam, Ying Li, Jonathan
Diehl, Joanna Chiu. Entomology and Nematology, UC Davis, Davis, CA.
Organisms, from bacteria to mammals, rely on the circadian clock for timekeeping and orchestrating daily
rhythms of physiology and behavior to coordinate with the environment and maximize survival. Central oscillator
function relies on dynamic and temporal changes in the circadian interactome centered around a number of core
transcriptional regulators. In Drosophila melanogaster, these core proteins are PERIOD (PER), TIMELESS
(TIM), CLOCK (CLK), and CYCLE (CYC). Temporal changes in protein-protein interactions (PPIs) between
PER, TIM, CLK, and CYC and other cellular complexes, such as those responsible for light entrainment, protein
posttranslational modifications, proteasome degradation, localization, and chromatin remodeling, directly
regulate the cycling of clock protein abundance and function, and determine the timing for which they are active
as regulators of the circadian transcriptome. To better understand the interface between the oscillator and
cellular protein complexes, we modeled the complex design of the Drosophila circadian PPI networks by
establishing cellular interactomes of PER, TIM, CLK, and CYC using affinity purification (AP) and label-free
quantitative mass spectrometry (MS) and generated protein networks centering around these core circadian
proteins in Drosophila S2 cell nucleus and cytoplasm. Furthermore, we developed a data analysis pipeline to
model AP-MS protein network data and annotate the resulting protein networks by incorporating published PPIs,
knowledge about CRAPome, i.e. common AP-MS contaminants, as well as coexpression data in circadian clock
neurons.
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A novel Bayesian approach to social structure uncovers cryptic regulation of group dynamics. Brad R
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Foley , Julia B Salz , Sergey V Nuzhdin , Paul Marjoram . 1) Molecular and Computational Biology, University
of Southern California, Los Angeles, CA; 2) Keck School of Preventative Medicine, University of Southern
California, Los Angeles, CA.

Understanding the behavioral mechanisms that give rise to social structure is central to predicting the
evolutionary and ecological outcomes of social interactions. Modelling this process is challenging, because all
individuals simultaneously behave in ways that shape their social environments—a process called Social Niche
Construction (SNC). In previous work we demonstrated that aggression acts as an SNC trait in fruit flies but the
mechanisms of that process remained cryptic using conventional analysis. Here, we use a simulation approach
with Approximate Bayesian Computation (ABC) to analyze how individual social group preferences generate
overall social structure. The method adopted here allows analysis of complex models, fitting all parameters
simultaneously and allowing full characterization of uncertainty in resulting parameter estimates. It can be
adopted even in situations where data are insufficient to fit each parameter independently. Using this approach,
we recover a strong genetic effect of aggression in the male-male group preference parameter. Female
“decamping” may play an under-appreciated and pervasive role in structuring social groups. This dynamic may
structure the population in ways that make it difficult for either sex to achieve their preferred social group. ABC
promises to be a powerful tool for analysis of complex systems, including social group behavior and SNC.
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The blood-brain barrier regulates ecdysone signalling in the CNS, affecting neurophysiology and
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behaviour. Samantha Hindle , Souvinh Orng , Michael DeSalvo , Elena Dolgikh , Hiroshi Ishimoto , Fahima
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Mayer , Toshihiro Kitamoto , Matt Jacobson , Roland Bainton . 1) Department of Anesthesia, University of
California San Francisco, CA; 2) Department of Pharmaceutical Chemistry, University of California San
Francisco, CA; 3) Department of Anesthesia, University of Iowa, IA.
Maintenance of homeostasis in the central nervous system (CNS) requires tight regulation over the metabolites
and toxins entering the brain; this function is performed by the blood-brain barrier (BBB). The BBB orchestrates
complex metabolic and chemoprotective processes that participate broadly in CNS pathogenesis and determine
efficient targeting of therapeutics into the brain. We have pioneered the use of Drosophila BBB surface glia
layers for this purpose. A major chemoprotective pathway at the BBB utilizes ATP-Binding Cassette (ABC) efflux
transporters (e.g. ABC B1 or P-glycoprotein [Pgp]). Pgp is a highly expressed and discretely localized BBB
protein with a remarkably broad-substrate specificity for small molecule xenobiotics. It significantly reduces the
delivery of hundreds of drugs into the brain, but how its function affects chemically similar endobiotics like
hormones, vitamins and antioxidants is unknown. To this end, we knocked out Mdr65 (the Drosophila homolog
of Pgp) and assessed its effects on BBB function and whole organism physiology. Using both computational and
histological approaches, we revealed that the steroid hormone ecdysone is a likely substrate of Mdr65;
perturbations of Mdr65 function alter ecdysone partitioning between the humoral and brain space. Manipulations
of Mdr65 function also impacted upon ecdysone-regulated behaviors, including sleep and longevity. Our findings
reveal that Mdr65 controls both endogenous and xenobiotic molecule partitioning at the BBB and suggests that
ecdysone/nuclear hormone receptor signaling may be a mechanism by which the BBB senses and responds to
xenobiotic exposure.

513C
Screening for a receptor for the Drosophila seminal fluid protein, ovulin. Jennifer Apger McGlaughon,
Brooke A. LaFlamme, Mariana F. Wolfner. Cornell University, Ithaca, NY.
The actions of seminal fluid proteins (SFPs), which are part of the ejaculate that males transfer to females upon
mating, are important for reproductive success in both sexes in a wide range of taxa. Interactions between the
sexes continue at the molecular level in the female beyond the conclusion of mating. Thus, SFPs need to
interact with female proteins. Although the suite of Drosophila SFPs are known, a female receptor for only one
Drosophila SFP has been identified (the Sex Peptide receptor; Yapici et al. 2007). We are studying the
Drosophila SFP, ovulin, which induces ovulation in females during the first 24 hours post-mating. Ovulin has
recently been shown to stimulate octopaminergic signaling, leading to ovulation (Rubinstein & Wolfner, 2013).
We would like to identify ovulin’s receptor in females. Since many peptide hormones, including Drosophila Sex
Peptide, function through a G-protein coupled receptor (GPCR), we have initiated biochemical and genetic
screens of GPCRs for the ovulin receptor. Identification of the ovulin receptor will be an important step in
understanding the critical male-female interactions that occur at the molecular level after mating.

514A
Steroid signaling modulates nociception in Drosophila melanogaster. Aidan L. McParland, Mona Roesler,
Geoffrey K. Ganter. Biology, University of New England, Biddeford, ME.
The modulation of pain by steroid signaling has been the subject of some interest in mammals, but has not yet
been described in insects. Differential perception of painful stimuli by male and female humans, for example,
indicates a connection to gonadal steroids. Corticosteroids and the HPA axis have also been implicated in
human pain perception. In Drosophila, the major if not only steroid hormone, ecdysteroid, regulates many
aspects of development as well as neural processes such as learning, memory, and sexual behavior. To test the
hypothesis that ecdysteroid modulates nociception, we measured avoidance responses of mutant larval and

adult flies to noxious chemical, mechanical and thermal stimuli. Using mutations affecting the expression of the
nuclear ecdysone receptor (EcR) we found significant changes in sensitivity to stimuli including chemical (AITC),
thermal (45°C probe) and mechanical (46mN von Frey) modalities. These results indicate that the genetically
tractable Drosophila system can serve as a model for the investigation of the basis of steroid modulation of pain.

515B
Ecdysis Triggering Hormone acts on neurons to both positively and negatively regulate wing expansion.
Rebecca Vaadia, Feici Diao, Benjamin H. White. Laboratory of Molecular Biology, NIMH, Bethesda, MD.
After adult ecdysis flies expand their wings, a process that can be induced by stimulation of bursicon-expressing
neurons. These neurons are targets of Ecdysis Triggering Hormone (ETH), which initiates the entire adult
ecdysis sequence, including wing expansion. To investigate the role of ETH in wing expansion, we activated
neurons that express the ETH receptor (ETHR) using ETHR-Gal4 lines and UAS-dTrpA1. Surprisingly,
continuous stimulation of ETHR-expressing neurons after eclosion did not cause wing expansion. Rather, flies
became immobile, though their bodies tanned robustly, an effect of bursicon released from neurons in the
abdominal ganglia (i.e. the “BAG”). Gal80 expressed in bursicon-expressing neurons eliminated the tanning
phenotype, indicating that it relies on direct activation of the BAG. A second set of bursicon-expressing neurons
(i.e. the “BSEG”) governs the wing expansion motor program, so the absence of wing expansion during activation
suggests that this program is blocked by the activity of other ETHR-expressing neurons. Supporting this
conclusion, wing expansion rapidly follows a 5-minute activation of ETHR-expressing neurons, but not if
activation of bursicon-expressing neurons is prevented using Gal80. Bursicon thus appears to be released from
the BSEG during activation, but its behavioral effects are inhibited by other ETHR-expressing neurons. Further
ts
supporting this idea, UAS-Shi -mediated suppression of ETHR-expressing neurons that do not express
bursicon induces rapid wing expansion. Using Gal4 lines specific to the A- and B-isoforms of ETHR, we
observed suppression-induced wing expansion only with the ETHRB line. Our results suggest that a subset of
ETHRB-expressing neurons negatively regulates wing expansion, while another subset (i.e. bursiconexpressing neurons) positively regulates this process. These results are consistent with current models for
ecdysis, in which the release of ETH stimulates both excitatory and inhibitory neurons in order to generate the
ecdysis behaviors in the proper order.

516C
Ecdysteroid plays a role in Drosophila nociception. Gwendolyn Davis Vesenka, Geoffrey K Ganter. Biology
Department, University of New England, Biddeford, ME.
As the major steroid hormone in Drosophila, ecdysteroid is known to regulate many key organizational and
activational pathways throughout the embryonic, larval and adult stages. Some of these pathways are neuronal
in nature, and flies with reduced levels of the hormone demonstrate behavioral changes during courtship as well
as learning and memory. Our lab is interested in using Drosophila as a model to understand the role of steroid
hormones in the modulation of pain perception. There is precedence for this in human pain studies. Males and
females show differential behavior towards pain, suggesting involvement of gonadal steroids. Furthermore,
corticosteroids are medically important in the treatment of pain. We believe that Drosophila is uniquely suitable
to test our hypothesis that ecdysteroid is involved in pain modulation, given the many manipulative tools
available. We have measured behavioral responses to noxious stimuli during the larval stage, comparing
animals raised on standard yeast to those on delta ERG2 mutant yeast. These larvae are deficient in ergosterol,
the sterol involved in ecdysteroid synthesis, thus preventing them from undergoing pupariation. In support of our
hypothesis, we have measured significant differences in response to noxious mechanical and thermal
modalities.

517A
Behavioral Analysis of the Pruritus Response in Drosophila melanogaster. Ciny John, Edward Kempf,
John Nambu. Department of Biological Sciences, Charles E. Schmidt College of Science, Florida Atlantic
University, Jupiter, FL.
Pruritis is defined as an unpleasant sensation that arouses a scratching response. In mammals, pruritogens
stimulate unmyelinated nerve endings in the skin and mucosa and pruritus signals travel through the dorsal horn
or brainstem to the spinal lateral grey column and induces the itch response via the spinothalamic tract.
Pruritogens include histamine, which is released during mast cell degranulation, compound 48/80, which
induces histamine release, cowhage spicules, and chloroquine. Other itch regulators include interleukins,
protease activated receptors (PAR), transient receptor potential (TRP) receptors and opioids. Itch is a primary
symptom in acute reactions resulting from stings/bites and in chronic reactions as in many skin diseases.
However, in some patients, it is a symptom of systemic diseases including metabolic disorders, cancer, and
HIV/AIDS; it can also result from pharmacotherapy. Pruritus is also associated with neuropsychiatric disorders
like anxiety, depression, schizophrenia and delusions of parasitosis. Therefore, cost-efficient investigation of
pruritus in an established genetic model is of importance. We are developing Drosophila melanogaster as a

model organism for studying pruritus. To analyze the effects of established pruritogens on Drosophila behavior,
we are using two approaches of pruritogen exposure: the feeding method, in which the flies are starved and
subsequently fed a pruritogen solution, and the vacuum injection method, where the flies take in the pruritogen
through the cuticle and spiracles. Our results indicate that histamine induces a significant response in flies
resulting in extended time spent grooming/scratching, compared to control flies. Compound 48/80 also evokes a
similar response; however, chloroquine does not appear to significantly affect the flies’ grooming/scratching
behavior. Based on these results, we conclude that Drosophila can be used as a model organism for pruritus
and that both vertebrates and invertebrates experience pruritus.

518B
Roles for jim lovell in larval feeding behavior and embryonic development. Kathleen M. Beckingham, Fanli
Zhou, Cheng Wang. Dept Biochem & Cell Biol, Rice Univ, Houston, TX.
The gene jim lovell (lov) encodes a putative transcription factor of the BTB-POZ domain class. Previous studies
have established that lov has two distinct expression patterns during embryonic development. In late stages, lov
is expressed in subsets of neurons within the central and peripheral nervous systems, suggesting roles in the
differentiation of various classes of neurons. However, in earlier embryos, Lov protein is expressed strongly in
the amnioserosa and in folds of the ectoderm during germ band extension. To address lov’s role in neural
functions, we are using Gal4-UAS directed lov RNAi to suppress lov in subsets of its cognate neurons. We have
thus identified an early larval lethal effect when lov is down-regulated in the developing tracheal and spiracle
neurons of the larval abdomen. This lethality is associated with an unwillingness of the larvae to burrow into
their food. When fed on mounds of yeast paste on agar plates the larvae survive well but never burrow into the
yeast mound or the agar and can be seen pecking at the periphery of the yeast blob. Related behaviors in
mutants for other genes have been associated with altered oxygen sensing. Experiments are in progress to
address oxygen responses in these larvae. Our recent identification of a null mutation at lov is providing
information on its earlier functions in embryogenesis. The terminal null phenotype is late embryonic death with
persistence of the amnioserosa, failed dorsal closure, and incomplete germ band retraction. These findings
suggest roles for lov in amnioserosa function and germ band movement.
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Quantitative Genetics of Food Intake in Drosophila melanogaster. Megan Garlapow , David Threadgill ,
1
Trudy Mackay . 1) Program in Genetics, Department of Biological Sciences, College of Science, North Carolina
State University, Raleigh, NC; 2) Department of Veterinary Pathobiology, Texas A&M University, College
Station, TX.
Intake of excessive calories correlates with increased risk of type 2 diabetes, obesity, and other diseases in
humans. A subtype of obesity with distinct neurological underpinnings from general obesity with little known
about its genetic architecture is binge-eating disorder (BED). To identify factors associated with food intake and
its variation in a model system, we performed genome wide association studies (GWAS) in the Drosophila
melanogaster Genetic Reference Panel (DGRP). The DGRP population is 205 wild-derived, inbred, fully
sequenced D. melanogaster lines, enabling GWAS where all variants are known. We assessed food intake in
184 DGRP lines, finding highly significant genetic variation among the lines, sexual dimorphism in feeding
behavior, and genetic variation in sexual dimorphism. The top hits from a GWAS for food intake were
significantly enriched for components of the Epidermal Growth Factor signaling (EGFs) pathway. The role of
EGFs in invertebrate food intake remains unexplored. Validation experiments will improve understanding of the
components of the EGFs cascade that affect food intake. Next we computed the coefficient of environmental
variation (CVE) of food intake within each DGRP line. CVE quantifies the variability of food intake between
individuals in genetically uniform lines. We performed a GWAS of CVE and found significant genetic variation
and a distinct genetic basis from average food intake, indicating genetic control of variance in food intake.
Individuals within some DGRP lines consistently consume similar amounts of food, while other lines’ individuals
consume wildly varying volumes of food, so CVE of food intake provides an invertebrate model for BED.
Validation experiments on the CVE GWAS-predicted genes will further elucidate its genetic underpinnings. The
DGRP allows us to explore the fundamental genetic bases of two traits related to metabolism and obesity—food
intake and its CVE—in a genetically tractable population.

520A
The Anatomy and Function of Enteric Neurons. Marion Hartl, Dafni Hadjieconomou, Irene Miguel-Aliaga. Gut
Signalling and Metabolism, MRC Hammersmith Campus, London, United Kingdom.
In order to make appropriate feeding decisions, an organism has to integrate sensory information on food
availability with the body’s requirement of nutrients. Although much research has focused on characterizing
sensory systems and central brain centers involved in feeding, the role of the enteric nervous system remains to
be investigated. Previous work in the lab has shown that changes in the activity of gut-innervating neurons can
affect food intake (Cognigni et al (2011) Cell Metab and unpublished). However, comprehensive description of

the anatomy, the neuropeptidergic profile and homeostatic functions of these neurons is currently lacking. We
are using the newest generation of Gal4 lines in combination with photoactivatable GFP and Flybow-based
technologies to achieve a more detailed view on the neurons of the brain-gut circuit. Moreover, with new tools in
hands to specifically target the enteric neurons, the study aims to decipher their function in feeding and intestinal
homeostasis. The unmatched availability of genetic tools in the model organism Drosophila allows us to
specifically target single cells in order to assess their role in various aspects of feeding behaviour. Hence, it is
anticipated that this study will enhance our understanding of the brain-gut axis and its regulation of food intake.

521B
Selection for starvation resistance promotes sleep and inhibits foraging behaviors in Drosophila. Pavel
1
2
1
1
1
2
1
Masek , Lauren Reynolds , Wesley Bollinger , Catriona Moody , Aradhana Mehta , Allen Gibbs , Alex Keene .
1) Dept of Biology, University of Nevada, Reno, NV; 2) School of Life Sciences, University of Nevada, Las
Vegas, NV, 89154.
Animals respond to changes in food availability by adjusting sleep and foraging strategies. Wild populations of
tDrosophila melanogaster display highly variable levels of starvation resistance. Drosophila regulate sleep and
foraging in accordance with food availability, but the relationship between these traits and starvation resistance
is unclear. We have generated starvation resistant flies through experimental evolution to investigate the
relationship between foraging behaviors and starvation resistance. Outbred populations of D. melanogaster
were selected for starvation resistance over 60 generations. This selection process resulted in flies with a twofold increase in total lipids, which allows these flies to survive up to 18 days without food. We tested starvationselected (S) flies for sleep and feeding behaviors to determine the effect that selection for starvation resistance
has had on foraging behavior. Flies from three replicated starvation-selected populations displayed a dramatic
reduction in feeding and prolonged sleep duration compared to fed control (F) populations, suggesting that
modified sleep and feeding may contribute to starvation resistance. Allowing starvation-selected larvae to feed
only as long as non-selected larvae restored normal energy stores in starvation-selected flies. However,
rescuing the elevated energy stores phenotype observed in starvation-selected flies fails to restore normal sleep
and feeding behavior. Testing of starvation-selected/control hybrid individuals for both feeding and sleep
revealed a lack of correlation between food consumption and sleep duration, indicating that independent genetic
architecture underlies the sleep and feeding changes observed in starvation-selected flies. Taken together,
these findings provide evidence that starvation-selection results in prolonged sleep and reduced feeding through
a mechanism that is independent of elevated energy stores.
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Neural translin Regulates Metabolic Control of Sleep. Maria E Yurgel , Kaz Murakami , Aradhna Mehta ,
2
1
1
Justin DiAngelo , Pavel Masek , Alex C Keene . 1) University of Nevada, Reno, 1664 N. Virginia Street, Reno,
NV 89557; 2) Hofstra University, 900 Fulton Avenue, Hempstead, NY, 11549.
Neural regulation of sleep, appetite and energy homeostasis is essential for the survival of many organisms.
Dysregulation of sleep has a severe impact on health and it underlies a diverse number of disorders. Obesity,
metabolic syndrome, diabetes type II, and cardiovascular diseases are more likely developed in short sleeping
individuals. The metabolic state of an organism also modulates sleep but little is known about the genetic
architecture underlying these processes. We performed a neuron-specific RNA interference screen of over 1100
genes revealing numerous targets required for metabolic regulation of sleep. In particular, this screen isolated
translin (trsn), an mRNA/DNA binding protein that is highly conserved from flies to humans. Neuron specific
knock-down or mutations in the trsn locus results in flies that fail to suppress sleep during starvation. Flies
lacking trsn have normal energy stores and feeding behavior raising the possibility that trsn is selectively
required for the integration of sleep and metabolic state. trsn is selectively upregulated in the heads, but not
bodies of fasted flies, suggesting that neuronal regulation of trsn modulates sleep. Current studies are seeking
to determine the temporal and spatial localization of trsn function in the regulation of sleep.

523A
Acute hypergravity alters locomotor behavior and causes physiological stress in Drosophila
1
2
1
1
melanogaster. Ravikumar Hosamani , Jarret Weinrich , Curran Reddy , Sharmila Bhattacharya . 1) NASA
Ames Research Center, Mountain View, CA; 2) Weill Medical College of Cornell University, NY.
Microgravity or the lack of gravity can affect astronaut health and create serious challenges to human space
exploration. Hypergravity models are used to anticipate and complement physiological and behavioral changes
in microgravity. We tested the hypothesis that hypergravity can induce physiological stress and cause
associated locomotor changes in Drosophila. Pan-neuronal (Gal4>Elav) and mushroom body (Gal4>Tab2)
specific RNAi mutant flies exposed to acute hypergravity (3G for 60min) exhibited a significant decrease in
locomotor function, especially in DJ-1α, DJ-1β and Parkin RNAi mutants compared to controls. This altered
behavior is influenced by the Parkinson’s disease-associated genes, and a significant part of this behavior
seems to be processed in the mushroom body. DJ-1α, DJ-1β and Parkin RNAi mutants also showed an

increase in ROS generation in the brain after hypergravity exposure. To further explore the role of oxidative
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of exposure. However, this effect was much reduced in the Indy mutant. This differential gene expression
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data indicates that acute hypergravity causes considerable physiological stress, and Indy flies are more
resistant to this stress. These behavioral, biochemical, and molecular biological data suggest a close link
between physiological stress and altered locomotor behavior after hypergravity exposure in Drosophila.

524B
Intracellular calcium signaling specifies dopaminergic neurons required for wing coordination during
Drosophila flight. Sufia Sadaf, Sanjay Sane, Gaiti Hasan. National Centre for Biological Sciences, TIFR,
Bangalore-560065, India.
To understand neuromodulatory mechanisms underlying behavior, we study how changes in intracellular
calcium signaling affect Drosophila flight. Previous work has shown that viable Drosophila mutants for the IP3R
and flies with pan-neuronal knockdown of the IP3R are flightless (1, 2). We have now investigated the temporal
and spatial specificity for intracellular calcium signaling in Drosophila flight, by a multidisciplinary approach of
genetics, electrophysiology, immunohistochemistry and high speed flight videography. Briefly, from stagespecific knockdowns of the IP3R we show a significant requirement for intracellular calcium signaling during
early pupal development coincident with the temporal phase of flight circuit maturation (3). The spatial specificity
has been investigated in peptidergic, glutamatergic, serotonergic and dopaminergic neurons. Interestingly, the
loss of intracellular calcium signaling in a set of dopaminergic neurons affects wing co-ordination during flight.
Although, synaptic activity and intracellular calcium signaling occur at different time scales, they can partially
complement each other during flight circuit development. Our experiments show that IP3R signaling and storeoperated calcium entry, initiated by activation of the muscarinic acetylcholine receptor, is important for
maintenance of the neurotransmitter identity of a set of dopaminergic flight interneurons during pupal
development. The connectivity of these dopaminergic neurons is under investigation. These findings are
relevant for understanding the maintenance of neurotransmitter identity and could have important implications
for neurodegenerative diseases such as Spinocerebral Ataxia in humans, in which reduced intracellular calcium
signaling is a causative feature (4). References: 1. Banerjee S et al., (2004) J Neurosci 24, 7869-7878. 2.
Agrawal N et al., (2010) J Neurosci 30, 1301-1313. 3. Agrawal T et al., (2013) PLoS Genet 9, e1003849. 4.
Schorge S et al., (2010) Trends Neurosci 33, 211-219.
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stallone and balboa are DEG/ENaC genes required for mechanical nociception in Drosophila larvae.
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1,2,3
Stephanie Mauthner , Richard Hwang , Qi Xiao , W. Daniel Tracey . 1) Univ Prog Genetics and Genomics,
Duke University, Durham, NC; 2) Department of Neurobiology, Duke University, Durham, NC; 3) Department of
Anesthesiology, Duke University Medical Center, Durham, NC.
Drosophila larvae respond to potentially tissue-damaging stimuli with nocifensive escape locomotion (NEL). NEL
is a stereotyped withdrawal behavior in which the larva rotates along its long-body axis in a “corkscrew” pattern
distinct from normal locomotion and is triggered by noxious heat (>39oC) or noxious mechanical (>30mN)
stimuli. The class IV multidendritic (md) neurons are the polymodal nociceptors responsible for triggering NEL.
Recent evidence shows that the pickpocket (ppk) gene, a degenerin/epithelial sodium channel (Deg/ENaC)
subunit, is involved in the mechanotransduction of these neurons. While removal of this ion channel reduces the
larval response rate to noxious mechanical force, it does not completely abolish it leading us to hypothesize that
additional mechano-nociceptive ion channels have yet to be identified. To identify these channels, we carried
out a tissue specific RNAi screen and knocked down all known and predicted ion channels in the larval class IV
md nociceptors. Knockdown animals for each channel subunit were tested for behavioral responses to noxious
mechanical force or noxious heat. Taking this approach, two novel channel genes were specifically required for
mechanical responses and not thermal responses. We named these genes stallone and balboa. Remarkably,
both genes are predicted to encode Deg/ENaC subunits. To extend our RNAi results, we generated genetic null
alleles of stallone and balboa which exhibited pronounced mechanical nociception defects. Neither Stallone nor
Balboa is required for optogenetic NEL responses, suggesting that both genes are required near the
transduction step, perhaps forming a multimeric channel with Ppk. As a further test of this hypothesis, ppk and
stallone double mutants display wild-type mechanical nociception responses showing a genetic interaction of
these two loci. Further genetic analysis characterizing the mechanistic role of these newly identified DEG/ENaC
genes are underway.
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Dopaminergic pathways innervating Mushroom Bodies are involved in olfactory responses in
Drosophila melanogaster. Nicolás Fuenzalida-Uribe, Jorge M. Campusano. Departamento de Biología Celular
y Molecular, Universidad Católica de Chile, Santiago, Chile.
Introduction: Biogenic Amines modulate the activity of different neuronal populations in several fly brain regions.
For instance, it has been shown that dopaminergic neurons innervate and modulate the activity of MB neurons.
Here we evaluated the contribution of different dopaminergic neuronal populations innervating the MB on
olfactory discrimination. Material and Methods: We generated a new assay to evaluate odor responses: single
male flies (3-5 days old) were placed in a circular white arena (39 mm diameter, 2 mm high), where two cottons
soaked with Bz (100mM) or water are placed in opposite sides. We recorded the behavior of flies in this
arrangement. Videos are analyzed using a video tracking analysis (Buridan-tracker; Colomb et al., 2012). We
directed the expression of tetanus toxin to several subsets of Dopaminergic neurons innervating different MB
areas using the UAS-Gal4 system, and evaluated the effect of this genetic manipulation on olfactory responses
to Bz. Data is presented as Preference Index (PI). PI in control animals is considered as 100%. Results: Our
data show that animals expressing tetanus toxin under the control of TH-Gal4, NP1528-Gal4, NP5272-Gal4,
NP7323-Gal4, R58E02-Gal4 and C061;MBGal80-Gal4 show impaired olfactory responses to Bz (PI, % of
genetic controls = 214,7±29,9; 43,4±13,5; 44,4±13,2; 55,0±16,1; 14,4±20,0; 176,7±14,1,respectively). These
results not correlate with defects in locomotory activity showed after dopaminergic signaling manipulations
(Activity time (seconds), % of genetic controls = 57,8±10,8; 63,8±9,8; 58,2±8,3; 40,4±13,2; 14,4±20,0;
49,5±10,1; 82,4±9,5, respectively). Discussion: Our results show that differents Dopaminergic clusters
innervating MB, have a differential role in the locomotory function or regulating the aversive response of flies to
Bz. Acknowledgments to NEDA (MSI 10/063-F).
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Genome-wide Association Mapping of Natural Variation in Odor-guided Behavior in Drosophila.
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Elizabeth B. Brown , John E. Layne , Cheng Zhu , Anil G. Jegga , Stephanie M. Rollmann . 1) Department of
Biological Sciences, University of Cincinnati, Cincinnati, OH; 2) Department of Computer Science, University of
Cincinnati, OH; 3) Division of Biomedical Informatics, Cincinnati Children's Hospital Medical Center, Cincinnati,
OH; 4) Department of Pediatrics, University of Cincinnati, Cincinnati, OH.
A defining goal in the field of behavioral genetics is to identify the key genes or genetic networks that shape
behavior. A corollary to this goal is the goal of identifying genetic variants that are responsible for variation in the
behavior. These goals are achieved by measuring behavioral responses to controlled stimuli, in the present
case the responses of Drosophila melanogaster to olfactory stimuli. We used a high-throughput behavioral
assay system to test a panel of 157 Drosophila inbred lines derived from a natural population for both temporal
and spatial dynamics of odor-guided behavior. We observed significant variation in response to 2,3butanedione, a volatile compound present in fermenting fruit. The whole-genome sequencing of these inbred
lines allowed us to then perform genome-wide association analyses in order to identify molecular
polymorphisms underlying variation in responses. These analyses revealed numerous single nucleotide
polymorphisms associated with variation in behavioral responses. Gene network analyses suggest that genes
influencing variation in odor-guided behavior are enriched for functions involving neural processing and that
these genes form a pleiotropic interaction network. Confirmation of a small subset of polymorphisms as
contributors to variation in odor-guided behavior identified a haplotype that spans multiple genes. Further
dissection of this region identified a gene, CG6767, in which significant differences in odor-guided behavioral
responses were observed. Our results show that subtle changes influencing nervous system function can result
in marked differences in behavior and suggest that CG6767 is causally related to differences in odor-guided
behavior.

528C
Molecular and Physiological Characterization of Drosophila melanogaster 4th Order Olfactory Neurons.
1,2
2,3
1,2
Amanda J. Crocker , Coleen Murphy , Mala Murthy . 1) Princeton Neuroscience Institute, Princeton
University, Princeton, NJ; 2) Molecular Biology, Princeton University, Princeton, NJ; 3) Lewis Sigler Institute,
Princeton University, Princeton, NJ.
Insight into how olfactory information is processed within the fly brain is critical towards understanding how
olfactory associative memories are formed and maintained. Specifically, long-term olfactory memories are
stored at the synapse between KCs (Kenyon Cells -mushroom body (MB) intrinsic neurons) and oMBEs (output
neurons extrinsic to the MB). Studying this synapse from the KC-side is cumbersome, as KCs are numerous.
However, the small number oMBEs provides an accessible read out of this synapse. As currently very little is
known about the molecular and physiological characteristics of oMBEs, we characterized 5 different classes of
oMBEs and identify unique transcriptome profiles (assayed via next-gen sequencing methods on individual
neurons harvested via patch clamp electrodes) for each class as well as their physiological responses to a panel
of odors. We find that in contrast to the sparse odor tuning of KCs, oMBEs are broadly tuned for odors and
exhibit both excitatory or inhibitory odor responses. Each class of oMBEs can be uniquely identified based on its

transcriptome, - i.e. the repertoire of receptors and neurotransmitters produced. Further, we observe parallels
between RNAseq results and functional properties (e.g., excitatory versus inhibitory) of individual neurons.
Finally, all oMBEs express receptors for neuromodulators, suggesting that they can alter their odor responses
via neuromodulation. We are currently following up no these results by examining differential changes in gene
expression within these same neurons, following memory formation.

529A
Variation in epistatic interactions that modify olfactory behavior in the Drosophila melanogaster Genetic
1,2
1
1
1
Reference Panel. Xiaofang He , Shanshan Zhou , Genevieve E. Evans , Trudy F. C. Mackay , Robert R. H.
1
Anholt . 1) Biological Sciences, North Carolina State University, Raleigh, NC; 2) Department of Entomology,
South China Agricultural University, Guangzhou 510642, China.
Epistasis is a hallmark of the genetic architecture of complex traits. Previous studies on transheterozygous
progeny from crosses of co-isogenic P-element insertion mutants revealed extensive epistasis for olfactory
avoidance behavior to the odorant benzaldehyde. Here, we have used the Drosophila melanogaster Genetic
Reference Panel, a collection of 205 inbred wild-derived lines with fully sequenced genomes, to assess variation
in naturally segregating epistatic modifiers that enhance or suppress the effects of P-element insertion mutants
at the Sema-5c and neuralized loci. Both homozygous mutants significantly reduce olfactory responsiveness to
benzaldehyde. We generated F1 offspring from crosses between the DGRP lines and each mutant or the coisogenic control and measured olfactory responses to 1% (v/v) benzaldehyde using a high throughput assay in
which response indices are computed after flies have been allowed to distribute between two interconnected
tubes, either near or away from the odorant source. All assays were performed in triplicate on single sex groups
of 50 flies. We observed significant variation in olfactory responses for DGRP x Sema-5c and DGRP x neur
crosses. To assess the extent of variation in epistatic modification at each locus, we subtracted responses of
mutant crosses from responses of the co-isogenic control. Analysis of variance revealed extensive variation in
epistasis ranging from enhancer to suppresser effects across the DGRP x mutant progenies for both loci. These
experiments set the stage for mapping and identifying naturally segregating epistatic modifiers of the Sema-5c
and neur genes that contribute to olfactory behavior. Supported by China Scholarship Council grant
201208440319 and NIH grants GM059469 and GM045146.

530B
Inhibition and activation of key olfactory pathways promotes both attraction and avoidance. Dyan
MacWilliam, Anandasankar Ray. Dept. of Entomology, University of California, Riverside, CA.
Drosophila use a sophisticated olfactory system that contains a large number of receptors belonging to the Or,
Ir, and Gr gene families and it has proved difficult to understand how their combinatorial activity generates
behavior. We find highly conserved receptors that encode hedonic valence across multiple odorant classes.
More significantly, we demonstrate that these receptors utilize two distinct signalling modes, activation and
inhibition, to convey both negative and positive valence for odorants. In analyzing the chemical space of these
receptors, we also uncover coding principles for ecologically important odorants that are poorly studied, such as
polyamines and ethanol. We use an array of electrophysiological, genetic and behavioral approaches to explain
why these important classes of odorants are strong attractants and repellents.
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Conservation of innate olfactory avoidance pathways across Drosophila species. Christine K. Pham ,
2
Anandasankar Ray . 1) Interdepartmental Neuroscience Program, University of California, Riverside, Riverside,
CA; 2) Entomology Department, University of California, Riverside, Riverside, CA.
In Drosophila melanogaster, a few specific olfactory cues can elicit an innate avoidance behavior. Recent
research has identified a number of olfactory receptor neurons that may play a role in an innate avoidance
response by adult D. melanogaster. Receptors activated by carbon dioxide elicit avoidance behavior in
D.melanogaster, but by activating a structurally similar receptor in mosquitoes, attraction rather than avoidance
behavior is observed. Whether there is conservation of avoidance behavior in various Drosophila species has
not yet been tested. Here we rigorously examine behavior elicited by odorants known to activate the carbon
dioxide sensing receptor in D. melanogaster as well as three other known avoidance pathways to determine the
degree to which these behaviors are conserved in D. yakuba, D. pseudoobscura and D. virilis, species at
different evolutionary distances from D. melanogaster. We demonstrate that some avoidance pathways such as
DEET and citronellal are highly conserved across species, whereas others such as CO2 show more limited
conservation of avoidance. We then examine the avoidance pathways in a related pest Drosophila species,
Drosophila suzukii that is causing hundreds of millions of dollars in agricultural damage. We test the behavior of
these flies to recently discovered Ir40a DEET receptor agonists, and demonstrate strong repellency. The
identification of the conserved avoidance pathways provide a foundation for development of strategies useful in
discouraging pest drosophilids from interacting with host species.

532A
Acids modulate bitter and sweet taste in Drosophila. Yan Chen, Hubert Amrein. Molecular and Cellular
Medicine, Texas A&M Health Science Center, College Station, TX.
Natural foods have complex taste. How to evaluate such food sources and to decide whether or not to ingest
them are essential behavioral processes that have direct impact on an animal’s health. Drosophila can taste
sugar and bitter compounds through activation of different gustatory receptors that are expressed in either
sweet or bitter taste neurons, respectively. Sugars are abundant in most fruit, the fly’s main food source, while
bitter chemicals, many of which are toxic, are often found in plants, as well as microorganism that colonize
decomposing fruit. A third group of chemicals, organic acids, are also found in decaying fruit; however, how
acids are sensed, and how such chemicals affect the fly’s taste response to sugars and bitter compounds, are
poorly understood. Here, we investigate the influence of acids on behavioral and cellular taste responses
mediated by tarsal gustatory neurons. We show that suppression of the Proboscis Extension Response (PER)
by bitter compounds is reduced by acids. We also find that acids do not affect the PER to sugars. These
observations are consistent with Ca2+ imaging studies, which show that i) the cellular response to sugars in
sweet neurons is suppressed by bitter compounds, ii) this suppression is reduced by acids, and iii) acids do not
affect the sweet neuron response to sugars. Furthermore, we find that activation of bitter neurons by bitter
compounds is suppressed by acids. These observations suggest that the bitter neuron inhibits the sugar neuron
in the tarsal taste sensilla, and that this inhibition is reduced by acids. However, both PER and cellular recording
experiments in flies with silenced bitter neurons did not confirm this hypothesis, as this manipulation did not
affect PER to either bitter-sugar mixtures, or bitter-sugar-acid mixtures. Likewise, the repression of the sugar
response in sweet neurons was still observed with bitter compounds, and is reduced by acids. Our observation,
together with previous studies on labial taste neurons, suggests that labial and tarsal taste sensilla have distinct
roles in acid sensing.
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Molecular Basis of Sugar Sensing in Drosophila. Ahmet E Yavuz , Shinsuke Fujii , Christopher Jagge ,
2
3
1
Jesse Slone , Xiangyu Song , Hubert Amrein . 1) Molecular & Cellular Medicine, Texas A&M HSC, College
Station, TX; 2) Department of Biology, Vanderbilt University, Nashville, TN; 3) P&G BJTC, Beijing, China.
Detection and discrimination of palatable food compounds (sugars, proteins) and non-edible chemicals is
dependent on expression of members of large taste receptor gene families in appropriate taste cells. In insects,
these chemicals are recognized by multimeric receptors encoded by members of the gustatory receptor (Gr)
gene family. However, natural ligands for and composition of sugar taste receptors are largely unknown. To gain
a better understanding of taste discrimination in general and sugar-sensing in particular, we performed a
detailed analysis of expression and function of all eight putative sugar receptor (psGr) genes in Drosophila. We
Gal4
LexA
and psGr
knock-in alleles and found that most psGr genes are expressed in
constructed numerous psGr
different, but overlapping subsets of sugar-sensing neurons. Surprisingly, we observe expression of several
psGr genes in distinct sub-populations of olfactory neurons and the brain, respectively, suggesting that some of
these receptors have additional roles. To delineate the function of individual psGr genes, flies homozygous
mutant for specific psGr alleles, as well as flies mutant for all eight psGr genes, were tested with sugars using a
behavioral assay, the proboscis extension reflex (PER) assay. We find that most mutations affect the behavioral
response to a few, but not all sugars, while flies lacking all psGr genes showed no responses to most sugars.
The major conclusions from our studies are that i) the psGr genes are expressed in overlapping but not identical
subsets of taste neurons, ii) the psGr proteins mediate recognition of most sugars, including fructose, glucose,
trehalose, maltose and arabinose, iii) most but not all sugars are detected by receptors composed of at least two
psGr proteins, and iv) some psGr proteins are likely to have roles in olfaction and internal nutrient sensing. The
expression of Gr64a in the brain suggests its role as an internal nutrient sensor.
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Distinct neuronal circuits regulate sleep and wake within Drosophila mushroom body. Nan Chen , Divya
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1
1
1,2
1
Sitaraman , Yoshinori Aso , Wyatt Korff , Michael Nitabach , Gerald Rubin . 1) Howard Hughes Medical
Institute Janelia Farm Research Campus, Ashburn, VA; 2) Yale University School of Medicine, Dept. of Cellular
and Molecular Physiology, New Haven, CT 06511.
Sleep and arousal defines the internal states of an organism that regulate fundamental biological processes. A
key feature of sleep-wake regulation is the ability to rapidly transition from one state to the other upon receipt of
the relevant stimuli. We are interested in the neuronal mechanisms underlying these sleep-wake transitions. The
Drosophila mushroom body is a complex structure known to play a critical role in sleep regulation and memory
formation, and thus provides an excellent model for sleep transition studies. By using the split-Gal4 strategy
combined with a high throughput behavioral screen, we have identified distinct populations of neurons within the
mushroom body that either suppress or promote sleep upon activation with dTrpA1, a temperature-sensitive
cation channel. Based on the behavioral screen results, we hypothesize that, as proposed in mammals, sleep in
flies also employs bistable “flip-flop” circuits built around mutually inhibitory feedback connections between

wake-promoting and sleep-promoting neuron populations. We are currently using behavioral neurogenetic and
anatomical approaches to further understand how these identified neurons within the mushroom body regulate
sleep-wake transitions. In addition to the information flow within the mushroom body, we are also exploring how
the sleep/wake signals are transduced from the mushroom body to the central complex (the pre-motor center of
the fly brain).
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A Hard-wired Glutamatergic Circuit Pools and Relays UV Signals to Mediate Spectral Preference in
1
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Drosophila. Thangavel Karuppudurai , Tzu-Yang Lin , Benjamin White , Marco Gallio , Thomas Pohida , Chi1
Hon Lee . 1) NIH/NICHD, Bethesda, MD; 2) NIH/NIMH, Bethesda, MD; 3) Northwestern University, Evanston,
IL; 4) NIH/CIT, Bethesda, MD.
In Drosophila, several types of medulla projection (Tm) neurons process and relay spectral information from
photoreceptors to higher visual centers. Using a novel color-learning paradigm, we demonstrated that four Tm
types (Tm5a/b/c and Tm20) are functionally redundant for associating green or blue color with aversive stimuli.
In sharp contrast, innate spectral preference requires a dedicated neural circuit that contains a wide-field
amacrine neuron, Dm8, and their synaptic partner, Tm5c neurons. Using a modified GRASP method to probe
synaptic connections at the single-cell level, we found that each Dm8 neuron forms multiple synaptic contacts
with Tm5c in the center of Dm8’s dendritic field but sparse connections in the periphery. By single-cell transcript
profiling and RNAi-mediated knockdown, we determined that Tm5c uses the kainate receptor Clumsy to receive
excitatory glutamate input from Dm8. Together, we conclude that photoreceptor R7s->Dm8->Tm5c form a hardwired glutamatergic circuit that mediates innate spectral preference by pooling ~16 UV-sensing R7 signals for
transfer to the lobula, a higher visual center.
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CO2 Effects on Subsequent Anesthesia. Nathan R. Bartholomew , Gerald B. Call . 1) Biomedical Sciences,
Midwestern University, Glendale, AZ; 2) Dept of Pharmacology, Arizona College of Osteopathic Medicine,
Midwestern University, Glendale, AZ.
Drosophila laboratories use carbon dioxide (CO2) on a daily basis to anesthetize the flies for sorting and other
work. We have found that when Drosophila are exposed to CO2, changes occur that make them resistant to
subsequent exposure of another clinically-relevant inhaled anesthetic, isoflurane. The purpose of this study is to
identify the relationships between the initial CO2 exposure time, recovery period length and the amount of
subsequent anesthetic resistance that occurs. Our data indicates that the flies’ subsequent anesthetic
resistance occurs in a time/dose-dependent manner. With as little as 5 minutes of CO2 exposure, subsequent
resistance occurs for as long as 8 hours following the initial CO2 exposure. Elongation of the initial CO2
exposure time causes Drosophila to maintain this anesthetic resistance for a longer period. When exposed to
CO2 for 10 minutes the flies exhibit anesthetic resistance for 16 hours. With a 60 minute initial CO2 exposure the
flies remain resistant to subsequent anesthetic exposure for 32 hours. Also, a longer CO2 exposure of 45 and 60
minutes causes increased anesthetic resistance at 1 hour following the initial exposure, but this disappears
when the flies are allowed to recover for longer than 4 hours. We initially hypothesized that CO2 causes this
subsequent anesthetic resistance through a CO2-specific mechanism rather than because of anoxia or its
actions as an anesthetic. However, when the initial exposure of CO2 was changed to other gases that would
cause anoxia (nitrogen and helium), anesthesia (halothane) or both (nitrous oxide), the flies continue to maintain
resistance to subsequent anesthetic exposure, indicating that it is likely not a CO2-specific phenomenon and that
it might be occurring through both an anoxic and anesthetic effect in the flies. This research provides valuable
information regarding the long-term response to and impacts of various gases in Drosophila and will likely
impact the design of future experiments in the fly research community.

537C
Sucrose-only diets suppress seizure-like activity (SLA) and shorten recovery time following SLA in the
Bang-sensitive (BS) paralytic mutants easily-shocked and technical knockout. Kris Burner, Daniel
Kuebler. Biology, Franciscan University, Steubenville, OH.
There is increasing evidence that metabolic alterations play a role in the etiology of seizure disorders in humans.
Recently, we have shown that metabolic disturbances can affect seizure-like activity (SLA) in the Drosophila
Bang-sensitive (BS) paralytic mutants. The BS mutants easily-shocked (eas) and technical knockout (tko) both
displayed decreased SLA following alterations that raised metabolism. To further study metabolism in these
mutants, we fed eas and tko flies sucrose only diets and tested the effect this had on seizure susceptibility. In
both cases, a 10% sucrose diet decreased mechanically induced SLA and improved recovery time as compared
to a standard cornmeal-yeast-sugar diet. Given the known link between metabolism and lifespan, we examined
the effect this diet had on the lifespan of these BS flies. We found that 10%, 20% and 50% sucrose-only diets
caused no major lifespan differences in these mutants as compared to standard media. In conclusion, a
sucrose-only diet can reduce SLA in eas and tko flies while having no adverse effects on lifespan.

538A
Contrasting influences of Drosophila white/mini-white on ethanol sensitivity in two different behavioral
1,2
2,3
2
2
2
2
assays. Robin Chan , Jacquie Delohyt , Lara Lewellyn , Matt Hewitt , Kristyn Sennett , Scarlett Coffman , Jill
4,5
6
1,2,3,5
. 1) Molecular Biology and Genetics Program; 2) Human and
Bettinger , John Warrick , Mike Grotewiel
Molecular Genetics; 3) Neuroscience Program; 4) Pharmacology and Toxicology; 5) Virginia Commonwealth
University Alcohol Research Center, Virginia Commonwealth University, Richmond, VA; 6) Department of
Biology, University of Richmond, Richmond, VA.
Whether the mini-white transgenic marker or the endogenous white gene influence behavioral responses to
acute ethanol exposure in flies has not been systematically investigated. We therefore manipulated mini-white
and white expression via (i) transposons marked with mini-white, (ii) RNAi against white and (iii) a null allele of
white. We assessed ethanol sensitivity and tolerance using a previously described eRING assay (based on
climbing in the presence of ethanol) and an assay based on ethanol-induced loss of righting (LOR). In eRING
assays, ethanol sedation sensitivity correlated inversely with expression of the mini-white marker from a series
of transposon insertions. Additionally, flies harboring a null allele of white or flies with RNAi-mediated
knockdown of mini-white were significantly more sensitive to ethanol sedation in eRING assays than controls
expressing endogenous white or the mini-white marker. In contrast, ethanol sensitivity and rapid tolerance
measured in the LOR assay was not affected significantly by expression of mini-white or endogenous white in
flies with normal, increased or decreased sensitivity to ethanol sedation. We conclude that ethanol sensitivity
measured in the eRING assay is substantially influenced by white and mini-white, making it problematic for
studies on ethanol-related behavior in Drosophila using transgenes marked with mini-white. The LOR assay as
described here is a suitable behavioral paradigm for studies on ethanol sedation and rapid tolerance in
Drosophila including those that use widely available transgenes marked with mini-white.

539B
Directional Preference in Drosophila. Taylor A James, Eli D Zachary, Spicie M Davis, Michael J Baltzley,
Kristin L Latham. Western Oregon University, Monmouth, OR.
Drosophila melanogaster is an organism that is commonly analyzed and used to understand basic behavioral
and genetic mechanisms. We are examining whether there is a basis for directional preferences in flies and
whether this has genetic underpinnings via a directional choice maze set to north versus south. In order to
answer these questions we used a Y-maze where each fly makes 10 choices of whether to go north or south. Of
flies that exit the maze, we select the top 20% and bottom 20% to give rise to the next generation. Successive
generations are run through the maze for 15 generations. We then analyze the data and see if flies have a
selective preference over successive generations, showing a genetic basis for directional preference. Our
preliminary data show that wild-type Drosophila have no innate preference when it comes to north and south,
however it remains to be seen whether we can select for directional preference over several generations. Along
with this experiment we are using positive photo-taxis experiments in our Y-maze as a control. So far in our data
we are seeing positive photo-taxis and the ability to genetically select for light or dark preference. This could
lead to a better understanding of the potential genetics of magnetic orientation and directional preference in
flies, which has been documented in other organisms.

540C
Systematic Profiling and Functional Characterization of rab GTPases in Drosophila Brain and
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Malpighian Tubules. Cheng-Wen Hsieh , Chung-Chih Liu , Smita Cherry , Jennifer Jin , June-Tai Wu , Robin
3
1
Hiesinger , Chih-Chiang Chan . 1) Graduate Institute of Physiology, National Taiwan University, Taipei, Taiwan;
2) Graduate Institute of Molecular Medicine, National Taiwan University, Taipei, Taiwan; 3) Department of
Physiology, UT Southwestern Medical Center, Dallas, Texas, USA.
The malpighian tubule system of the fruit fly Drosophila is the functional equivalent of the vertebrate kidney that
regulates ionic balance and fluid osmolality. Malpighian tubules are long, thin tubes comprised of two major cell
types of distinct functions: the principal cells and the stellate cells. While the principal cells regulate transport of
electrolytes, the morphology and previous evidence suggest that the stellate cells are not transport-active cells.
Rab GTPase are master regulators of intracellular membrane trafficking. Previously we have generated a
collection of rab-gal4 lines for the systematic profiling of the rab GTPase gene family. Our recent findings
indicated tissue-specific expression of the rabs in distinct developmental stages. Here we set to reveal
differential expression of rab GTPases in distinct cell types of the Malpighian tubules. The gal4 activity is
controlled by the regulatory elements of each rab gene. The UAS lines of constitutively active, dominant
negative, and wild type rabs are utilized to modulate the GTPase cycle for functional characterization of the rabs
in the maintenance of fluid osmolality.

541A
The JAK-STAT signaling pathway mediates the effects of ethanol on development and adult behavior.

Kimberly D. McClure, Gina Trotto, Gabriella Ceresa, Maria Barajas, Joseph Skopek. Department of Biology,
Elmhurst College, Elmhurst, IL.
The fruit fly Drosophila melanogaster is an excellent animal model to examine the effects of ethanol on both
development and adult behavior. Ethanol exposure during fly development mimics certain aspects of Fetal
Alcohol Syndrome (FAS) in humans, such as an increase in lethality, developmental delays and changes in
adult behavior. Acute ethanol exposure in the adult fly triggers a series of behavioral changes, including an
increase in activity followed by loss of postural control and eventual sedation. The mechanism(s) by which
ethanol impacts the central nervous system leading to ethanol-induced sedation and the genes modulated by
ethanol during development remain largely unknown. Here we report that the JAK-STAT signaling pathway
mediates both the effects of ethanol on development and adult behavior. Using genetic and behavioral
analyses, we find that neuronal inhibition of the JAK-STAT pathway causes an increased sensitivity to ethanol
sedation, while activation of the pathway decreases ethanol sedation sensitivity. Similarly, neuronal inhibition of
the JAK-STAT pathway during developmental ethanol exposure increases ethanol-induced lethality, while
activation of the pathway decreases ethanol-induced lethality. Such results suggest that common mechanisms
exist to regulate both the adult fly’s behavioral sensitivity to ethanol and also the developing fly's sensitivity to
ethanol.

542B
Targeting the Spindle Assembly Checkpoint gene, Mad2, and small molecule inhibitors using synthetic
lethality. Shamim A Butt, Blake Riggs. San Francisco State University, 1600 Holloway Ave, San Francisco, CA.
The spindle assembly checkpoint (SAC) ensures proper chromosome segregation during cell division and is
integral for genomic stability. Mutations can weaken the SAC leading to high incidences of aneuploidy, a
hallmark of human cancers. The SAC checkpoint protein, Mad2 is responsible for activation of the checkpoint
and blocking mitotic exit. Several cancers including breast, lung, ovarian, and skin have been linked to
mutations within the Mad2 gene. Here we investigate synthetic lethal interactions between Mad2 and known
anti-mitotic agents as possible therapeutic approaches towards reduction of tumor growth. We have examined
whole organism lethality of Drosophila larvae and adults deficient for mad2 and the anti-mitotic agents,
paclitaxel and binucleine 2. Results showed that paclitaxel reduced mad2 survivability by 40% whereas
binucleine 2 showed no decrease in survival of mad2 mutants. We conclude that there is a expected synthetic
lethal interaction between paclitaxel and Mad2 while there is no synthetic lethal interaction between binucleine 2
and Mad2. Based on these results, we plan to examine other small molecule inhibitors for synthetic lethal
interaction with the SAC as a possible therapeutic approach, while placing emphasis on combinational therapy
on mad2 mutants by treatment with anti-mitotic agents and exposure to radiation. The findings from this
research may play a pivotal role in our understanding of anti-mitotic effects specifically on tumors within whole
organisms.

543C
Cachexia-like Wasting Induced by Malignant Tumors in Drosophila. Alejandra Figueroa-Clarevega, David
Bilder. Molecular and Cell Biology, UC Berkeley, Berkeley, CA.
Although the importance of local interactions between a tumor and its microenvironment are well-known, how
the tumor also interacts with more distant host tissues remains poorly understood. These long-range effects play
a large role in morbidity and mortality, particularly in cachexia, a wasting condition that debilitates many cancer
patients. Despite its prevalence in cancer pathophysiology, cachetogenic mechanisms have remained elusive;
deciphering them could lead to new thereapetuic inroads. Here we use a reductionist yet genetically
manipulable Drosophila tumor model to investigate these mechanisms. Transplantation of the malignant
scrib1/RasV12 genetic cooperation model into an adult female induces a dramatic cachexia-like wasting of the
ovaries, with phenotypes in fat and muscle tissue as well. Despite the similarity between these phenotypes and
those observed under starvation, tumor-bearing flies feed normally. Nonetheless, tumor-bearing females show
decreased insulin signaling in the affected peripheral tissues. We have exploited the observation that malignant
but not benign tumors can induce wasting to test malignant-specific secreted factors that drive the
cachectogenic response. Molecular mechanistic results will be presented, as will the impact of these
mechanisms on an understanding of cancer cachexia in humans.
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A Drosophila Brain Tumor Model to Study Interclonal Interactions. Austin Roebke , Indrayani Waghmare ,
1,2,3
Madhuri Kango-Singh . 1) Department of Biology, University of Dayton, Dayton, OH 45469; 2) Center for
Tissue Regeneration and Engineering at Dayton (TREND), University of Dayton, Dayton, OH 45469; 3)
Premedical Programs, University of Dayton, Dayton, OH 45469.
Glioblastoma (GBM) is a malignant primary brain tumor with poor prognosis. Genetic and transcriptomic
analyses of patient samples reveal differences in molecular signatures that may account for differences in
responses to therapy. Another reason is the therapy resistance of the Glioma stem cells (GSCs) - stem cells

with prominent self-renewing and tumorigenic ability that can interact with the non-GSCs to promote
tumorigenesis via interclonal-type interactions. We have developed a simple glioma model in Drosophila to
address the effects of different molecular changes on the growth and progression of tumors, and to study
interclonal interactions. Several studies in Drosophila have shown a tumor promoting role for signaling
pathways, e.g., the Jun-N-terminal kinase (Jnk) pathway and the Hippo pathway. In addition, mitogenic signals
(e.g., Wingless) are induced. Consistent with these findings from Drosophila models, mammalian studies show
activated Jnk, Yap and Wnt levels in aggressive tumors including GBM. Here we present our progress on
studying the role of JNK, Hippo and Wg signaling on tumor growth using our Drosophila glioma model, and our
studies on the interclonal interactions between stem and non-stem cells.

545B

1

2

Dm-Myb regulation of cell cycle genes is independent of NURF. Juan Santana , Mrutyunjaya Parida , Abby
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Long , Jonathan Birdsall , Kealie Rogers , Martin Aguilera , Kar Men Mah , Scott McDermott , J Robert
1,2,3,4
. 1) Interdisc Grad Program in Genetics, University of Iowa, Iowa City, IA; 2) Interdisc Grad Program
Manak
in Informatics; 3) Dept Biology; 4) Dept Pediatrics, Carver College of Medicine.
c-Myb is a proto-oncogene which when mutated causes leukemias and lymphomas in birds and mammals.
Drosophila melanogaster contains a single Myb gene (Dm-Myb), mutants of which die before reaching
adulthood. Dm-Myb protein is present in a complex which includes the nucleosome remodeling factor NURF.
Through yeast two-hybrid experiments and genetic screens, we have shown that Dm-Myb is directly interacting
with the major subunit of NURF (NURF301). In light of these results, we performed gene expression analyses in
wing discs of Dm-Myb and Nurf301 mutant animals and found that there is a strong overlap of the genes
regulated by the proteins encoded by these two genes. We show that in vivo, as previously reported in cell lines,
Dm-Myb is necessary for the activation of cell cycle genes, specifically those involved in the G2/M transition.
However, despite the strong overlap of genes co-regulated by Myb and NURF, the latter is not required for the
regulation of this class of genes, suggesting that Myb and NURF function together in some contexts but
independently in others. Consistent with these data, Dm-Myb, but not Nurf301, mutant wing discs have an
increased mitotic index, with only Dm-Myb mutant animals showing a significant developmental delay
presumably due to the increased time required for mitotic cells to progress through G2/M. On the other hand,
99% of the genes co-regulated by both Myb and NURF in wing discs never switch their expression status (e.g.,
from repressed to activated, or vice versa). These data are consistent with a model whereby co-regulation by
both Myb and NURF results in a permanent expression state (either “on” or “off”), whereas regulation by Myb
alone permits the switching of the gene expression state.
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Screening of medicinal plant extracts from Nepal, in cancer models of Drosophila. Bhupal G Shrestha ,
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2
Parthiv H Patel , Bruce Edgar . 1) Biotechnology, Kathmandu University, Dhulikhel, Kathmandu, Nepal; 2)
DKFZ-ZMBH Alliance, University of Heidelberg, Germany.
The traditional medicine involves the use of different plant extracts or their bioactive constituents. Medicinal
plants are an important source of phytochemicals that offer traditional medicinal treatment of various ailments .
But an effort to study the molecular mechanism of their action is limited. This type of study provides health
application at affordable cost. The common fruit fly, Drosophila Melanogaster, is a highly studied model
organism for understanding the molecular mechanism of human diseases, in vivo, because nearly 75% of
human diseases causing genes are believed to be conserved in and have functional homolog in the fly. Further,
since four hallmarks of cancer; self sufficiency in growth, proliferation signals, in sensitivity to anti proliferative
signals, evading apoptosis and invasion/metastasis are relevant to and conserved in Drosophila making it an
attractive model to study cancer. In this study, we used Notch RNAi induced tumor in drosophila midgut to see
whether the plant extracts can reduce tumor after oral feeding of the extracts in yeast paste. We find the some
of the medicinal plants show reduced tumor growth as evidenced by PH3 staining.

547A
Identification and characterization of cancer-relevant genes in a Drosophila tumor model. Janine
Toggweiler, Maria Willecke, Konrad Basler. Institute of Molecular Life Sciences, University of Zurich, Zurich,
Switzerland.
Multiple genetic changes and deregulated signalling pathways are key features of cancer cells. Extensive
research has shed light onto the molecular events that drive tumor development, such as self-sufficiency in
growth, evasion of apoptosis or insensitivity to anti-growth signals. However, it is less understood how tumor
cells interact with the neighboring tissue and how different mutations cooperate and influence each other. Here,
we use a Drosophila tumor model to identify new genes that regulate tumor growth and progression. We
performed transcriptional profiling using microarrays and identified over 500 genes misregulated in the tumors.
In a second step, we depleted a selection of the upregulated genes with RNAi and screened for modifications of
the tumor phenotype. Thereby, we narrowed down the subset of candidates to nine genes that strongly

suppressed tumor growth upon knockdown. Currently, we are evaluating these candidates in more detail and try
to elucidate how they affect tumor growth. Our data might help to better understand the regulatory networks that
underly the formation and progression of cancer cells. Moreover, the mechanistic insights we gain will also
enhance our knowledge of the basic biological processes controlling growth and development.

548B
Size and Growth Regulation in Development and Cancer. Tian Xu, Chiswili Chabu, Sangil Lee. Dept Gen,
HHMI, Yale Univ, New Haven, CT.
Tissue size is tightly monitored and regulated during development and maintained in most adult animals.
Deregulation of size and growth control leads to diseases including cancer and obesity. We have been utilizing
Drosophila to decipher mechanisms that regulate tissue growth and size and understanding their roles in cancer
biology. Our previous studies have led to the identification of the major conserved growth control pathways that
are important for tissue growth and cancer in both insects and mammals including TSC/Tor, Lats/Hippo, and
TNF/JNK>JAK/STAT, which contributed the development of cancer therapeutics. We have recently shown that
oncogenic mutations in different neighboring cells could cooperate to drive tumor development in flies. Indeed,
sequencing different parts of the same tumor has now shown that mutational tumor heterogeneity is common in
human tumors and the development of recurrent resistant tumors after targeted therapy are due to pre-existing
different mutations in a subpopulation of cells in the primary tumor. We now show that the TNF/JNK>JAK/STAT
signaling cascade is embedded in a tissue polarity integrity mechanism that is essential for maintaining tissue
size and for oncogenic Ras mediated tumor growth. In summary, our findings highlight the importance of cellcell communication within a tissue, the community, in regulation of tissue growth and size and argue the
significance of this area of research in understanding cancer biology and developing therapeutic strategy.
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Diverse transcriptional cardiac aging profiles lead to similar decline in heart function. Leah Cannon ,
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Anthony Cammarato , Sanford Bernstein , Alexander Zambon , Rolf Bodmer . 1) Development and Aging,
Sanford-Burnham Medical Research Institute, La Jolla, CA; 2) University of California, San Diego 9500 Gilman
Drive San Diego, CA 92093.
The risk of developing cardiac disease, which is the number one cause of morbidity and mortality worldwide,
significantly increases with age. The molecular causes of cardiac aging are still not well understood. Therefore,
it is imperative to further investigate the molecular changes associated with cardiac aging in order to develop
effective therapeutics. The Drosophila heart is remarkably conserved in its genetic determination during
development, and, like mammals, undergoes functional decline with age. Thus it is an ideal model for
investigating the molecular pathogenesis of cardiac aging. To better understand the global transcriptional
changes which occur in the aged fly heart, we performed a microarray study on isolated heart tissue from young
(1 week) and old (5 week) flies from two different genetic backgrounds. We found over 400 genes to be
differentially regulated with age in the fly heart. We then performed a comparative meta-analysis with published
rodent aging heart data. We found that at the pathway level, cardiac age-related extra-cellular remodeling and
alterations in mitochondrial metabolism, protein handling and contractile function are conserved between flies
and rodents. However very few genes themselves are similarly altered between or within species. These data
suggest that individuals may arrive at a similar aging phenotype through different transcriptional changes. By
exploring the possible involvement of regulatory molecules, we found the developmental control genes Odd
skipped and microRNA-1 to be altered in the aged fly heart. Functional analysis showed that changing
expression of these molecules leads to accelerated cardiac aging. These results suggest that developmental
regulators can also be integral to cardiac aging - although they may act through different targets. We will discuss
the implications of these findings.

550A
Tau-induced mitochondrial dysfunction mediates cardiomyopathy in Drosophila model. Sreehari
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Kalvakuri , Adriana Trujillo , Sanford I Bernstein , Rolf Bodmer , Girish C Melkani . 1) Aging and Development
Program, Sanford Burnham Medical Research Institute, San Diego, CA 92037; 2) Department of Biology,
Molecular Biology and SDSU Heart Institutes, San Diego State University San Diego, CA 92182.
Hyperphosphorylation and aggregation of the microtubule-associated protein tau occurs in several
neurodegenerative diseases. Recent studies show that accumulation of hyperphosphorylated tau in cardiac
biopsy samples suggesting a possible role of tau in cardiac pathology. However, it is unknown whether
abnormal tau leads to cardiomyopathies and moreover, there is no experimental model to understand tau
mediated cardiac dysfunction. The high degree of conservation of mechanisms regulating cardiac aging and
function makes Drosophila an excellent model to examine tau-induced cardiac dysfunction and also to screen
for genetic modifiers that ameliorate tau-induced cardiomyopathy. Here, we developed a Drosophila model that
expresses pathological tau specifically in the fly heart using the cardiac specific Gal4-UAS system. Cardiac
physiology from animals expressing wild-type or mutant tau was assessed using high-speed video recording of

heart tube contractile parameters from semi-intact heart preparations. Expression of mutant tau but not wild-type
tau in fly heart resulted in progressive cardiac dysfunction and ultrastructural abnormalities with-in
R406W
mutant exhibited severe cardiac dilation, reduced contractility, increased
cardiomyocytes. In particular, tau
arrhythmia, increased oxidative stress and cardiomyocyte defects, including myofibrillar degeneration and
mitochondrial elongation. A tau variant that mimics hyperphosphorylation of tau produces similar cardiac
R406W
highlighting the role of tau hyperphosphorylation in cardiac pathology. Surprisingly,
phenotype as tau
modulation of mitochondrial dynamics or mitochondrial protein folding completely suppressed tau-induced
cardiac dysfunction. Thus, our data demonstrates a novel molecular link between tau-induced cardiomyopathy
and mitochondrial dynamics and proteostasis-imbalance.

551B
Cardiac Remodeling Mechanisms. Karen Ocorr. Dept Neuroscience & Aging, Burnham Inst Medical
Research, La Jolla, CA.
Age-dependent decline in cardiac function has been demonstrated for both flies and humans. I have previously
shown that an age-dependent decline in expression of the KCNQ K+ channel causes increased cardiac
arrhythmia in the fly heart model. I now found that the seizure (sei) encoded K+ channel, the homolog of the
human Ether-a-gogo Related Gene (hERG), is also important to establish and maintain normal adult heart
function in Drosophila. Mutations in sei or cardiac-specific sei knockdown cause cardiac arrhythmias, in addition
to significant reductions in contractility. Significantly, mutations in sei, but not in KCNQ, exhibit significant agedependent morphological remodeling of the myofibrillar network structure. Furthermore, microarray analysis of
isolated hearts indicates that expression of components of the wingless (wnt) signaling pathway is significantly
down-regulated in hearts from seizure mutants (but again, not in KCNQ). Cardiac-specific KD of several wnt
pathway components have modest effects on heart function. However,, the nuclear adapter protein encoded by
pygopus (pygo) is strongly required for cardiac performance and myocardial integrity i.e. cardiac-specific
knockdown of pygo in the adult heart results in increased arrhythmias, reduced contractility and significant
myofibrillar disorganization. These effects appear to be largely independent of cannonical wnt signaling.
Although flies heterozygous for pygo or sei mutations do not exhibit an obvious heart phenotypes, double
heterozygotes (pygo/+;sei/+) show many of the same defects as the pygo or sei homozygous mutants,
suggesting a novel pygo/sei interaction that is critical in the control of cardiac structure and function.

552C
Drosophila heart model to study the genetic basis underlying Ischemia/Reperfusion-induced cardiac
injury: Combinatorial function of Hif1α and Hsp23. Sarah Piloto, Rolf Bodmer. Development and Aging,
Sanford-Burnham Medical Research Institute, La Jolla, CA.
Ischemic heart attack is one of the leading causes of cardiac dysfunction and subsequent mortality in the United
States. An ischemic heart attack occurs when insufficient oxygen is available for normal function leading to
cardiomyocyte death. Reperfusion or the return of oxygen to the tissue may further exacerbate cardiac
dysfunction. Although there is some understanding of the genetic mechanisms mediating ischemia-reperfusion
(I/R)-induced cardiac dysfunction, such as the cardioprotective effects of HIF1α and several small heat shock
proteins (HSPBs); much still needs to be learned. We use the fruit fly Drosophila, a genetically well tractable
model system, to elucidate novel genetic mechanisms involved in the cardiac response to I/R. Although the
Drosophila heart consists of a linear tube, its genetic specification during development as well as its adult
sarcomeric structure and ion channel complement are conserved across species. We find that heart function of
adult flies is remarkably well preserved after exposure to 1% oxygen for 18 hours and subsequent brief
reoxygenation. Thus, the fly heart is well-suited for elucidating genetic mechanisms conferring this tolerance to
I/R. In a first proof-of-principle approach, we have identified conserved roles for Hif1α (Sima in flies) and the
small heat shock protein, Hsp23, as mediators of the cardiac response to I/R in Drosophila. In this process,
Hsp23 functions as a transcriptional target of Hif1α/Sima. Moreover, cardiac-specific knockdown of Hsp23 in a
hif1α/sima mutant background exacerbates recovery after exposure to hypoxia, suggesting that they genetically
interact to protect the heart from I/R-induced dysfunction. We conclude that Hif1α/Sima and Hsp23 work
together to integrate stress response pathways in regulating the cardiac response to I/R. These data also
support the suitability of Drosophila as a model for studying genetic mechanisms of I/R-induced cardiac injury.

553A
Methylene blue as a therapeutic compound in Drosophila models of Huntington’s disease. Herve Tricoire,
Raheleh Heidari, Elodie Martin, Veronique Monnier, Amandine Palandri. Unité de Biologie Fonctionnelle et
Adaptative (BFA, Univ Paris Diderot, Sorbonne Paris Cité, PARIS, France.
Huntington’s disease (HD) is a devastating late onset neurodegenerative disease caused by CAG repeat
expansions in the first exon of the huntingtin gene. Although HD is best known as a neurodegenerative disorder,
cardiac failure is the second cause of death in HD patients. Since most of the investigations on HD has been
focused on neurons, the development of specific therapeutics strategies for the HD cardiovascular pathology

remains under investigated. In an attempt to address this issue, we first targeted, with a heart specific inducible
gene driver, either normal (18Q) or expanded (138Q) truncated Huntingtin (Htt171) inside Drosophila heart.
Then we used an in vivo imaging technology on living adult flies to measure the cardiac parameters of HD adult
flies. We observed that expression in heart myocytes of expanded mutant Htt, but not normal Htt, drastically
alters the systolic and diastolic diameters of Drosophila heart. Then we searched for compounds that could
suppress the hypertrophic heart phenotype in HD flies. Treatment with methylene blue (MB), a compound
already identified as protective in a Friedreich ataxia model, restores normal heart parameters in Htt171-138Q
flies. We shall report on the effect of MB in neuronal and glial HD models and discuss the relevance of our
findings in relationships to the putative mechanisms of toxicity of expanded Htt.

554B

1

2

1

Modeling Ceramide-Induced Lipotoxic Cardiomyopathy. Stanley M Walls , Greg L Harris , Rolf Bodmer . 1)
Development, Aging and Regeneration Program, Sanford-Burnham Med. Res. Institute, San Diego, CA; 2)
Department of Biology, San Diego State University, San Diego CA.
Obesity and Type II Diabetes have been shown to adversely affect cardiac function. A signature set of cardiac
defects arising from these conditions is generally referred to as lipotoxic cardiomyopathy (LCM). Common
functional defects of LCM generally include cardiac hypertrophy, diastolic dysfunction, arrhythmia and loss of
pumping power. Metabolic features of LCM include abnormal accumulation of various lipids in the heart
including triglycerides, fatty acids and the bioactive sphingolipid (SL) ceramide. Ceramide and sphingosine 1phosphate (S1P) have been shown to play opposing roles in promoting apoptosis versus cell survival. However,
their role in the induction or progression of lipotoxic cardiomyopathies is unknown. Here, we find that
Sphingosine kinase 2 mutant flies, which accumulate excess ceramide and overall fat stores, exhibit classic
hallmarks of lipotoxic cardiomyopathy. Interestingly, our data suggests that cardiac defects associated with
elevated ceramide levels are prevented by simultaneous accumulation of S1P, as is observed in S1P-lyase
mutant flies. Furthermore, our data show that heart-specific accumulation of ceramide is sufficient to induce
lipotoxic cardiomyopathy, independent of the systemic obesity effects. We propose that relative ceramide and
S1P levels function as a possible rheostat, which is deregulated in lipotoxic cardiomyopathy.

555C
Characterization of sialic acid synthase mutants rescued by a transgene expressed in the insulin
producing cells: loss of sialic acid in IPC cells is a model for Type II diabetes. Aiden Nguyen, Ilhan Akan,
John Nguyen, Karen Palter. Biology, Temple University, Philadelphia, PA.
Drosophila melanogaster lacking a functional sialic acid pathway display a range of metabolic defects. We
hypothesize that the metabolic defects are a result of excess insulin secretion from the insulin producing cells
(IPC) due to loss of sialic acid on a potassium channel. However, we have been unable to detect any RNA
encoding the sialic acid pathway enzymes by in situ hybridization in IPC cells in adult brains, and therefore,
cannot rule out the possibility that the metabolic defects could result from defects in other brain neurons
impacting the IPC cells. In order to establish whether the sialic acid pathway is functional in IPC cells, we have
generated transgenic flies carrying an ectopic copy of the sialic acid synthase gene (SAS) under a Dilp2 (insulin
2d/2d
promoter) that is active only in IPC cells. Fly strains were generated that have this transgene in a SAS
background (null for SAS) and therefore will express the sialic acid synthase only in IPC cells. Larval brain
dissections of SAS-GFP lines were performed to verify that transgenic flies only expressed SAS in the 14 mid
dorsal IPC cells and the intensity of fluorescence was used to estimate the expression levels. All transgenic flies
are male sterile and all exhibit defects in locomotor activity, as did the original SAS mutant strain. However, all
rescued strains no longer exhibit the metabolic defects characteristic of the SAS mutant strain, strongly
suggesting that such defects were due to loss of sialic acid directly in the IPC cells. Marban and Roth (1996)
have shown that transgenic mice that secrete excess insulin (hyperinsulinemic) become insulin resistant, the
hallmark of Type II diabetes. I propose to use SAS mutant flies as a model to investigate the mechanism of how
flies become insulin resistant and progress to diabetes. I am examining the levels of intermediates in the insulin
signaling pathway in normal and mutant flies using both Immunoblotting and quantitative PCR.

556A
Phytochemical Withanolide A (WL-A) : A potent suppressor of Huntington's disease in transgenic
Drosophila model. Namita Agrawal, Chongtham Anjalika. Dept of Zoology, University of Delhi, Delhi, India.
Huntington’s disease (HD) is a late-onset, progressive, autosomal dominant neurodegenerative disorder caused
by expansion of a homopolymeric polyQ tract within the Huntingtin (Htt) protein. HD is characterised by
neuropsychiatric symptoms, generalized motor dysfunction and cognitive decline. Till date there is no cure of
this devastating disease. A big challenge is to find out a treatment that can suppress the symptoms with least
side effect. Therefore, to circumvent the multiple side effects caused by currently available treatments for HD,
we have investigated the effects of a phytochemical Withanolide A (WL-A), a constituent of Withania somnifera
on transgenic Drosophila expressing mutant Htt protein. Our results interestingly display selective effect of WL-A

on HD pathogenesis. We found that WL-A can suppress the major symptoms of HD in a dose-dependent
manner. Our findings indicate that effective concentration of WL- A, when administered at the early
developmental stage at the time of onset of the disease, significantly ameliorates disease symptoms in
Drosophila but has no effect after the disease has progressed. Our data strongly supports that WL-A can be a
potential therapeutic agent for HD treatment with least side effects.

557B
Juvenile Exposure to the Herbicide Paraquat Result in Long-Term Consequences in Parkinson's
Disease. Rami R. Ajjuri, James Anderson, De'Anna Trunnell, Ryan Colaianni, Janis O'Donnell. Biological
Sciences, University of Alabama, Tuscaloosa, AL.
In recent decades, epidemiological studies have revealed potential non-genetic risk factors contributing the
onset of Parkinson’s disease (PD), the second most common neurodegenerative disorder in the world.
Concentrated in rural communities across the US, these reports suggest that chronic, low-dose exposure to
environmental agents, such as industrial pesticides and herbicides, may increase the probability of developing
PD later in life. However, as is the case with many epidemiological studies, there are several limitations present
in these findings, such as inadequate sample size, ambiguous history of exposure, a broad variability of life
experience post-exposure. Notably, as the onset of Parkinson’s is strongly influenced by aging, when symptoms
begin to appear, it is often the case that many decades have occurred between the suspected exposure and the
presentation of the disease. We have previously shown using the neurotoxic herbicide paraquat that Drosophila
melanogaster can be utilized as a valid model for inducing parkinsonian symptoms and pathology. This system
allows us to test early-life exposure in a controlled model with complex neurological structure and analogy to the
human brain. Using Drosophila, we are able to investigate the long-term consequences of juvenile exposure to
toxicants and evaluate how this transient treatment affects neuron and motor function in adult flies. Additionally,
treating flies containing common gene mutations associated with PD, we are able to assess how varying the
genetic background may alter disease susceptibility and immunity in response to the induction of PD.

558C

PI3K-induced Synaptogenesis Prevents β-Amyloid Neurotoxicity. Mercedes Arnés , Sergio Casas-Tintó ,
1,2
1
Ángel Acebes , Alberto Ferrús . 1) Cajal Institute, Madrid, Spain; 2) Centro de Investigaciones Biomédicas de
Canarias (CIBICAN) La Laguna, Tenerife, Spain.
Synaptic loss is one of the first steps in various neurodegenerative diseases such as Alzheimer’s disease (AD).
The accumulation of β-amyloid peptides from the APP protein has been related to the onset of the pathology,
but little is known about the underlying mechanisms of AD, and to date, no cure is available. Our group has
previously demonstrated that some elements of the PI3K/AKT pathway are able to control synapse number in
addition to their well-known roles on cell survival and proliferation. Human Aβ42 expressing flies show a
progressive decrease of active zones in the antennal lobe. This synapse loss is also evident in the
neuromuscular junctions in larvae and adult flies. These morphological features had a functional correlation as
we demonstrate in survival, locomotion and olfactory perception assays, where Aβ42 flies exhibited severe
defects. Further, we tested whether the overexpression of PI3K was able to restore this early synaptic loss, and
its behavioral consequences. In all the experiments, the coexpression of PI3K was able to partially or totally
rescue the defects caused by Aβ42. Hence, PI3K could act as a synaptogenic and neuroprotective agent in the
treatment of neurodegenerative diseases, AD in particular.
1

1

559A
Dexamethasone induces heat shock response and slows down disease progression in mouse and fly
1
1
1
models of Huntington’s disease. Megha Maheshwari , Supriya Bhutani , Aniruddha Das , Rajarshi
1
1
2
2
1
Mukherjee , Ankit Sharma , Yoshihiro Kino , Nobuyuki Nukina , Nihar Jana . 1) National Brain Research Centre,
Gurgaon, Haryana, India; 2) Structural Neuropathology Laboratory, Riken Brain Science Institute, Wako-shi,
Saitama-351-0198, Japan.
Introduction.Huntington’s disease (HD) is an inherited neurodegenerative disorder caused by abnormal
expansion of glutamine repeats in the protein huntingtin. In the HD brain, mutant htt undergoes proteolytic
processing and its N-terminal fragments containing poly-glutamine repeats accumulate as insoluble aggregates
leading to a defect in cellular protein quality control system and heat shock response (HSR). The mechanisms
behind such defects in HSR and other cellular quality control systems are currently subjects of investigation.
Methods. HD fly and R6/2 HD mouse were used to model the disease. Dexamethasone was administered to
flies by adding it to food and to mice subcutaneously for 20 days. After administration of either drug or vehicle,
tests were conducted to explore behavioural defects associated with HD. Tissue was harvested for biochemical
analysis using standard methods.
Results and discussion. Here we demonstrate that the defective HSR in the HD brain is due to the downregulation of HSF1, a transcription factor integral for eliciting HSR, in both mice and fly models of HD.
Interestingly, treatment of dex (a synthetic glucocorticoid) to HD mice and flies significantly increased the

expression and transactivation of HSF1 and subsequent induction of HSR. Dex treatment also significantly
decreased the aggregate load and caused transient recovery of HD-related behavioural phenotypes in both
disease models. It appears that these effects could be mediated through the down-regulation of HSP90. These
results suggest that dex could be a potential therapeutic molecule for treatment of HD and related poly-Q
disorders.

560B
Characterization of dnr1 in Drosophila: linking innate immune response to neurodegeneration. Yang
1
1
2
1
Cao , Stanislava Chtarbanova-Rudlof , Andrew Petersen , Barry Ganetzky . 1) Laboratory of Genetics,
University of Wisconsin-Madison, Madison, WI; 2) Molecular and Cellular Pharmacology Program, University of
Wisconsin-Madison, Madison, WI.
A growing body of evidence in humans implicates chronic activation of the innate immune response in the brain
as a major cause of neuropathology in various neurodegenerative conditions although the mechanisms remain
unclear. In an unbiased genetic screen for neurodegeneration mutants in Drosophila, we have recovered a
mutation of dnr1 (defense repressor 1), a negative regulator of the Imd (immune deficiency) innate immune
response pathway. Our studies using different approaches (genetic, histological, molecular and behavioral)
show that dnr1 mutants exhibit shortened lifespan and progressive, age-dependent neuropathology associated
with activation of the Imd pathway and elevated expression of AMP (antimicrobial peptide) genes. To test the
hypothesis that over-activation of innate immune response pathways in the brain is responsible for
neurodegeneration, we demonstrated that direct bacterial infection in the brain of wild-type flies also triggers
neurodegeneration. Blocking the activity of Relish, an NF-κB transcription factor, is sufficient to suppress
neurodegeneration caused either by loss of dnr1 or direct bacterial infection in the brain. Moreover, we found
that neural overexpression of individual AMP genes is sufficient to cause neurodegeneration. These results
provide a mechanistic link between innate immune responses and neurodegeneration. Drosophila is a good
model for neurodegenerative diseases and this work may have important implications for the role of
neuroinflammation in human neurodegenerative diseases as well.

561C
Role of Transcriptional Co-Activator CREB Binding Protein in Amyloid Beta 42 Mediated
1,2
3
3
3
Neurodegeneration. Timothy L Cutler , Oorvashi Roy Puli , Meghana Tare , Michael T Moran , Greg
3
1,3,4
1,3,4
Mancini , Madhuri Kango-Singh , Amit Singh . 1) Premedical Programs, University of Dayton, 300 College
Park Drive, Dayton, OH; 2) University Honors Program, University of Dayton, 300 College Park Drive, Dayton,
OH; 3) Department of Biology, University of Dayton, 300 College Park Drive, Dayton, OH; 4) Center for Tissue
Regeneration and Engineering at Dayton (TREND), University of Dayton, 300 College Park Drive, Dayton, OH.
Alzheimer’s Disease (AD), a common progressive neurodegenerative disorder in the aging population, has no
early detection tests or proper cure. Its symptoms include a slow decline in cognitive function resulting in
impaired functionality. The misexpression of Aβ42 in the Drosophila eye is an AD model that could result from
accumulation of extracellular amyloid plaques, intracellular taupathy, and genetic basis of apo-lipoprotein E.
Previous studies in Drosophila, mice, and humans show that the function of CBP is extremely diverse, showing
that it binds to many components of several transduction pathways. It has been shown that CREB-Binding
Protein (CBP), a transcriptional co-activator plays a role in tau pathology as reduced levels of CBP causes
impaired brain glucose uptake and metabolism, another symptom of AD. Our preliminary data suggests a
neuroprotective function of CBP in neurodegeneration caused by AD. A structure function analysis of CBP could
enable us to discern the function of the domain crucial in preventing neurodegeneration.

562A
Aneuploidy by Mitotic Spindle Defects Drives Tau-mediated Neurodegeneration in Drosophila. Bart
1
2
1
1
1
3
Dermaut , Marc Gistelinck , Nicolas Malmanche , Pierre Dourlen , Cloé Dupont , Dieder Moechars , Patrick
2
Callaerts . 1) Institut Pasteur de Lille, Inserm U744, University of Lille 2, Lille, France; 2) Laboratory of
Behavioral and Developmental Genetics, VIB Center for the Biology of Disease, University of Leuven, Leuven,
Belgium; 3) Neuroscience Department, Janssen Research and Development, a Division of Janssen
Pharmaceutica NV, Beerse, Belgium.
Recent evidence suggests a higher than expected amount of somatic genome instability, including aneuploidy,
in the human brain. Genome instability also plays an important role in neuronal survival and neurodegenerative
disorders. The cortex of Alzheimer’s disease (AD) brains is marked by amyloid plaques and Tau tangles and it
contains increased numbers of cell death-prone aneuploid neurons . In addition, frontotemporal dementia (FTD)
patients that carry Tau mutations have increased levels of somatic chromosomal aneuploidy. To date, the origin
and pathogenic relevance of aneuploidy in AD and FTD remain poorly understood. We here demonstrate that
aneuploidy, caused by mitotic defects during brain development, is linked to postmitotic neurodegeneration in
Drosophila. We identified numerous genes with established functions in cell cycle and mitotic spindle regulation
in an unbiased forward genetic screen for modifiers of Tau pathology. Accordingly, we show that panneuronal

expression of Tau throughout development, which results in late adult-onset neurodegeneration, induces highly
increased numbers of abnormal mitotic neuroblasts in the larval brain characterized by monopolar spindles,
circular metaphase figures, hypercondensed chromosomes and severe aneuploidies. We propose that Taumediated neurodegeneration is linked to mitotic spindle and chromosome segregation defects during neuronal
proliferation.

563B
A Drosophila model of neurometabolic disease yields insights into therapeutic treatments for
Adrenoleukodystropy. Hannah B. Gordon, Anthea Letsou. Department of Human Genetics, University of Utah,
Salt Lake City, UT.
Altered lipid metabolism has recently been recognized as a contributor to neurodegenerative disorders as
evidenced by both rare and common diseases, such as Adrenoleukodystrophy (ALD) and Alzheimer’s disease.
Mutations in fatty acid processing genes contribute to these disorders but remain incompletely understood. Two
Drosophila mutants which fail to activate long- and very long-chain fatty acids were used to probe the
relationship between lipid homeostasis and nervous system function. The mechanism by which deficient
activation leads to neurodegeneration could be due to a defect in clearance of precursor, a lack of product, or
both. A dietary therapy for ALD patients, called Lorenzo’s oil was hypothesized to clear the toxic buildup,
thereby halting or preventing neurodegenerative progression. Despite a significant amount of work, conclusive
evidence of clearance in affected tissues and rescue from neurodegeneration in humans has remained elusive
and calls for a systematic probing of this lipid metabolic pathway in a model organism. bubblegum (bgm) and
double bubble (dbb), share central nervous system degeneration and increased very long-chain fatty aicds, both
of which are distinguishing features of the human disease Adrenoleukodystrophy. We utilized the bgm dbb
Drosophila ALD model to assess therapeutic dietary interventions. Both long- and medium-chain fatty acid
supplementation protocols rescue retinal neurodegeneration in bgm and dbb mutants. These data support the
therapeutic value of dietary modulation as a means to ameliorate the symptoms of neurodegeneration in ALD.
More broadly, results from our studies demonstrate the necessity for proper lipid homeostasis in maintenance of
the nervous system. This understanding provides mechanistic insight into ALD and other lipid-mediated
neurodegenerative diseases.

564C
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Proteotoxicity in Drosophila: Relevance of the Drosophila Tau Protein. Marianna K. Gorsky , Sylvie
1
1
1
1,2
Burnouf , Sebastian Grönke , Jacqueline Dols , Linda Partridge . 1) Max Planck Institute for Biology of Ageing,
Cologne, NRW, Germany; 2) Cologne Excellence Cluster on Cellular Stress Responses in Aging Associated
Diseases (CECAD), University of Cologne, Cologne, Germany.
Alzheimer’s disease (AD) is a neurodegenerative disorder involving ageing as the main risk factor.
Understanding the mechanisms leading to AD is thus crucial in the context of our ageing society. Patients’ brain
display aggregates of Abeta peptides and Tau proteins, spatiotemporal distribution of the latter being strongly
correlated to cognitive deficits. We are using Drosophila melanogaster as a model to investigate protein toxicity
related to Tau dysfunctions. Drosophila bears a homolog for Tau protein that shares common characteristics
with human Tau in terms of posttranslational modifications, localization and function. Using 2D-gel
electrophoresis and immunostaining we aim to further characterize Drosophila Tau. Understanding Drosophila
Tau physiology and further elucidating its relationships with human Abeta in flies will give new insights into
mechanisms leading to neurotoxicity and subsequent neuronal death in AD.

565A
Investigating genetic interactions between proteins in the PI3K-AKT signaling pathway and molecular
motors. Timothy Hansen, Shermali Gunawardena. Biological Sciences, University at Buffalo, Buffalo, NY.
Within neurons, cellular components are synthesized in the cell body and transported to the synapse via the
axon. Due to the large number and variety of cargoes that must be transported along the axon, any breakdown
in axonal transport may be detrimental to the cell. Many studies have implicated axonal transport defects in the
initiation and progression of neurodegenerative diseases such as Alzheimer’s disease. Defects in axonal
transport can lead to the accumulation of proteins and vesicles within axons. In some cases cell death is seen to
accompany this breakdown in transport. However, the mechanism responsible for activating cell death is
unknown. Perhaps perturbations of normal axonal transport alter the signaling activity of the PI3K-AKT pathway,
leading to the activation of cell death pathways. The first prediction of this hypothesis is that proteins in the
PI3K-AKT pathway are transported along the axon. In order to test this prediction genetic analysis was done
using Drosophila. Proteins that utilize axons for transport, when over expressed, will cause blockages within the
axons of 3rd instar Drosophila larvae. This phenotype is expected to be exacerbated if the amount of either
kinesin or dynein; the molecular motors responsible for anterograde and retrograde axonal transport
respectively, are reduced by 50%. Our results show that selective over expression of proteins PI3K, AKT, or Tor
does not cause axonal blockages. When these proteins are over expressed in the presence of a 50% reduction

in either kinesin or dynein significant axonal blockages are observed. Taken together these data suggest that
these key components of the PI3K-AKT pathway are transported both anterogradely and retrogradely in axons,
thus satisfying the first prediction of our hypothesis. Future work will investigate how axonal transport defects
affect the activity of the PI3K-AKT pathway, and whether PI3K-AKT mediated transport defects instigate
neurodegeneration.

566B
Role of Calcium channels in fungal volatile organic compound-mediated neurotoxicity. Arati A. Inamdar,
Joan W. Bennett. Department of Plant Biology and Pathology, Rutgers, The State University of New Jersey,
New Brunswick, NJ.
Indoor air quality significantly influences human health. The growth of fungi and fungal contaminants pose
serious health risks especially in children and older populations. The epidemiological studies support an
association of fungal emitted volatile organic compounds (VOCs) and neurological symptoms reported by
occupants of damp and moldy buildings. We pioneered Drosophila model to study the neurotoxic effects of
fungal VOCs. Upon exposure to 1-octen-3-ol, the ubiquitously produced fungal VOC, adult flies showed
truncation of life span which was alleviated by feeding flies with calcium channel blockers. We further identified
the role of T type calcium channels in 1-octen-3-ol mediated toxicity. We used fluorescent transgenic reporter,
cameleon-2.1 to image the activity of calcium in regions of mushroom bodies and anterior lobe indicating that
exposure of 1-octen-3-ol caused alteration in the calcium activity. The flies with mutation in the calcium channel
genes were also resistant to 1-octen-3-ol suggesting the function of calcium channel in 1-octen-3-ol mediated
toxicity. Overall, our data provides mechanistic basis for the observed fungal exposure mediated neurotoxicity.

567C

Drosophila eye model to understand role of signaling pathways in Aβ42 mediated neurodegeneration.
1
1
1,2,3
1,2,3
Madison N Irwin , Kristine Garcia , Madhuri Kango-Singh , Amit Singh . 1) Department of Biology,
University of Dayton, 300 College Park Drive, Dayton, OH; 2) Premedical Program, University of Dayton, 300
College Park Drive, Dayton, OH; 3) Center for Tissue Regeneration and Engineering at Dayton (TREND),
University ofDayton, Dayton, OH.
Alzheimer’s Disease (AD), the 5th leading cause of death in the elderly, is a progressive neurodegenerative
disorder without a cure that affects more than five million Americans. It is characterized by accumulations of
Aβ42 peptides, which are toxic to neurons and lead to death of neurons. Earlier, we have shown that a highly
conserved signaling pathway, the c-Jun amino-terminal (NH2) kinase pathway (JNK), is involved in Aβ42
mediated neurodegeneration. Other highly conserved signaling pathways are also thought to be involved in
Aβ42 cell mediated neurodegeneration and may interact with JNK signaling. I have employed a Drosophila eye
model for AD where human Aβ42 is misexpressed in the differentiating eye to discern the role of other signaling
pathways in Aβ42 mediated cell death. Using our transgenic fly eye model, which exhibits progressive loss of
retinal neurons as seen in AD in humans, I will test if the Aβ42 neurodegenerative phenotype can be rescued by
modulating one of these pathways. Furthermore, I will test if modulating levels of JNK pathway members affects
the activity of this pathway. These studies will aid in understanding the genetic underpinnings of AD.

568A
MULAN E3 ligase interacts with PINK1 in regulating mitochondrial dynamics and mitophagy in a
1
2
3
3
Drosophila Parkinson’s disease model. Sreehari Kalvakuri , Ryo Yonashiro , Zhihao Wu , Bingwei Lu ,
2
1
Claudio Joazeiro , Rolf Bodmer . 1) Development and aging program, Sanford Burnham Medicalsearch
Institute, San Diego, CA; 2) Department of Cell Biology, The Scripps Research Institute, CB168, 10550 North
Torrey Pines Road, La Jolla, California 92037, USA; 3) Department of Pathology, Stanford University School of
Medicine, Stanford, California 94305, USA.
Parkinson’s disease (PD) is one of the two most common neurodegenerative disorders. Among the various
model organisms, the Drosophila has emerged as an efficient system to study PD genes and to screen for
genetic modifiers of PD pathology. Mutations in Drosophila homologues of PD genes result in phenotypes that
are deemed remarkably equivalent to those observed in PD patients, including motor dysfunction,
malfunctioning of dopaminergic (DA) neurons, reduced dopamine levels and mitochondrial dysfunction. Our
primary goal is to find novel molecular targets that would ameliorate PD pathology. Towards this, we have
identified MULAN in a genetic screen for novel genetic modifiers of mitochondrial dysfunction caused by PINK1
deficiency. Knockdown of MULAN significantly enhanced PINK1 dependent phenotypes, whereas
overexpression of MULAN completely suppressed mitochondrial phenotypes in indirect flight muscles and in the
DA neurons of PINK1 mutants. We also find that MULAN binds to mitofusin (MARF) and restores mitofusin
levels in PINK1 mutant, when overexpressed. MULAN dependent rescue of PINK1 requires ATG1 and p97,
which further supports the role of autophagy downstream of MULAN. Our data also indicate that MULAN
together with DRP1, involved in mitochondrial fission, induces mitophagy in PINK1 mutant. Interestingly, in
contrast to PINK1 overexpression, activation of MULAN also suppressed parkin dependent PD phenotypes in

indirect flight muscles and DA neurons, which suggests MULAN acts downstream of Parkin. Thus, our data
demonstrate a novel mitophagy pathway that works in downstream or in parallel to PINK1/Parkin, providing a
novel therapeutic target to potentially treat PD patients.

569B
A non-neural Drosophila model for NMDA receptor-mediated excitotoxic cell death. Michael Lehmann,
Brandy Ree. Dept Biological Sci, Univ Arkansas, Fayetteville, AR.
Excitotoxic cell death is responsible for cell loss in neurodegenerative diseases such as Alzheimer’s or after
insults to the brain caused by stroke or alcohol abuse. This type of cell death is triggered by overstimulation of
2+
the N-methyl-D-aspartate receptor (NMDAR), a glutamate-gated ion channel that transports Ca into the cell.
Under non-pathological conditions, NMDAR plays an important, well-understood role in memory formation in
both flies and vertebrates. However, little is known about mechanisms that activate the cell death function of
NMDAR or events downstream of receptor activation that lead to cell death. We present evidence that NMDAR
is required for normal developmental cell death in the larval salivary glands of Drosophila, establishing this
highly accessible system as a new, non-neural model to study basic mechanisms of NMDAR-mediated cell
2+
death. Both loss of NMDAR and sequestration of free Ca prevent programmed cell death in the larval salivary
2+
glands and lead to persistence of the tissue. Thus, Ca plays a critical, previously unrecognized role in the
control of normal developmental cell death in Drosophila. Loss of the protein tyrosine phosphatase Ptpmeg has
2+
the same effect as loss of NMDAR, and prevents an increase of free Ca that normally foreshadows cell death.
Our data show that Ptpmeg physically interacts with the dNR1 subunit of NMDAR in vitro and in vivo.
Furthermore, they reveal that in Ptpmeg mutants the phosphorylated form of dNR1 does not decline before cell
death, as it normally does. Together, these data suggest a model in which Ptpmeg activates the cell death
2+
function of NMDAR by dephosphorylating the dNR1 subunit and, thereby, permitting Ca influx into the salivary
glands. Salivary gland death provides an ideal system to further test this model and to identify events
2+
downstream of NMDAR activation and Ca influx that lead to cell death.

570C
Mitochondrial induced oxidative damage in neurons activates JNK and SREBP, induces lipid droplet
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2
accumulation in neuronal support cells, and promotes neurodegeneration. Lucy Liu , Ke Zhang , Hector
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Sandoval , Vafa Bayat , Zhihong Li , Shinya Yamamoto , Manish Jaiswal , Richard Palmiter , Albert
5,6
3
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Quintana , Brett Graham , Hugo Bellen . 1) Department of Neuroscience, Baylor College of Medicine,
Houston, TX; 2) Structural and Computational Biology & Molecular Biophysics Graduate Program, Baylor
College of Medicine, Houston, TX; 3) Department of Molecular and Human Genetics, Baylor College of
Medicine, Houston, TX; 4) Program in Developmental Biology, Baylor College of Medicine, Houston, TX; 5)
Department of Biochemistry, University of Washington, Seattle, WA; 6) Howard Hughes Medical Institute; 7) Jan
and Dan Duncan Neurological Research Institute, Baylor College of Medicine, Houston, TX.
Aberrant Lipid droplet (LD) accumulations have not been reported in neurons and glial cells in common
neurodegenerative disorders. Here, we show that various nuclear encoded genes that affect mitochondrial
function, including fusion, translation, and complex I function, lead to a transient and severe accumulation of LD
in glial (neuronal support cells) prior to or at the onset of neuronal degeneration. LD accumulation is caused by
an elevated level of reactive oxygen species (ROS), which promotes c-jun-N-terminal Kinase (JNK) and Sterol
Regulatory Element Binding Protein (SREBP) activity. The ROS/JNK/SREBP pathway is activated in neurons
and the neuronal defects alone are sufficient to cause glial LD accumulation. Reducing LD accumulation with
antioxidants, by reducing JNK or SREBP activity, or overexpression of lipases, can significantly delay
neurodegeneration. This study indicates that ROS leads to LD accumulation in neuronal support cells and
preventing this accumulation delays neurodegeneration.

571A
Locating E-cadherin and Glial Cells in the Brain of the Drosophila melanogaster During the Pupal Stage.
Michael J Lum. Vanguard University of Southern California, Costa Mesa, CA.
E-cadherin is an epithelial transmembrane protein with a multitude of cellular functions. In the larval brain, Ecadherin is expressed in the neuroblast, ganglion mother cells and the newly synthesize neurons. E-cahderin is
also expressed within the projection from the newly differentiated neurons. Mutated E-cadherin clones has
increased and changed trajectory of axons. E-cadherin expression continued on into the pupal stage. The
expression patterned in pupal stage changes from the larval-typed pattern to be mostly expressed in the pupal
glial cells at 48 hours after puparium formation. The expression of E-cadherin in different stages of pupal
development will be discussed during the Drosophila meeting.

572B

Insights into Alzheimer’s disease from NMR metabolomics of Aβ-expressing Drosophila. Anders
1
2
2
Malmendal , Stanislav Ott , Damian Crowther . 1) Department of Biomedical Science, University of

Copenhagen, Denmark; 2) Department of Genetics, University of Cambridge, United Kingdom.
The ability of our cells and tissues to retain proteins in their proper native conformation is impaired with age.
This results in neurodegenerative disorders, the most prevalent of which is Alzheimer's disease (AD). AD is
characterized microscopically by the accumulation of two distinct protein amyloid deposits, extracellular neuritic
plaques of the amyloid β peptide (Aβ), and the intracellular tangles composed of the tau protein.
NMR spectroscopy is a rapid, cheap and highly reproducible technique to simultaneously measure the
concentrations of the 50-100 most abundant metabolites in liquid or tissue samples. Here we use NMR
metabolomics of liquid extracts from D. melanogaster heads and bodies to follow the metabolite response to the
expression of different variants of Aβ in the brain.
While the consequences of Aβ toxicity usually do not appear until later in life, profound and distinct metabolite
changes associated with the presence and toxicity of Aβ were detected immediately after hatching, thus
identifying potential biomarkers for both of these states. Metabolite changes in samples from bodies show that
the altered homeostasis is not restricted to the tissues where Aβ is expressed.
Aβ toxicity in the body samples was associated with metabolite changes that are usually associated with aging.
The "older" metabolite profiles show a potential as a measure of physiological age.
To conclude, NMR metabolomics in combination with a Drosophila AD model has allowed us to detect a strong
metabolite response across ages, to provide a measure of physiological age, and to identify potential
biomarkers that are perturbed several days before symptoms are detected.

573C
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FoxO modulates neurotoxicity in a Drosophila model of ALS. Andrés A. Morera , Daniela Zarnescu . 1)
Department of Molecular and Cell Biology, University of Arizona, Tucson, AZ; 2) Department of Neuroscience,
University of Arizona, Tucson, AZ; 3) Department of Neurology, University of Arizona, Tucson, AZ.
ALS is a devastating adult-onset neurodegenerative disease that causes progressive muscle atrophy due to
degeneration of upper and lower motor neurons, leading to paralysis and death within 2 - 5 years of onset of
clinical symptoms. TDP-43, a ubiquitously expressed RNA binding protein, was found to be a common
component of cytoplasmic inclusions found in autopsy samples from ALS cases, as well as other
neurodegenerative diseases. We have developed a Drosophila model of ALS based on TDP-43, which
recapitulates many features of the human disease, including locomotor defects, neuromuscular junction defects,
motor neuron degeneration, and decreased survival. Using a combination of genetic and drug screening
approaches we found that TDP-43 overexpression in motor neurons impacts the insulin/Pi3K/Akt/TOR signaling
cassette. We used the Gal4-UAS system to manipulate expression of insulin pathway components in the
context of TDP-43 overexpression in photoreceptors and motor neurons and identified components of the
insulin/PI3K/Akt/TOR signaling cassette that modulate TDP-43 neurotoxicity. Recent experiments looking at
neuronal degeneration and locomotor function demonstrated a strong genetic interaction between TDP-43 and
FoxO, a critical regulator of stress response, neuronal survival and lifespan. These findings led us to
hypothesize that FoxO dysregulation underlies at least some aspects of TDP-43 toxicity in our model. Current
experiments are aimed at elucidating the relationship between FoxO and TDP-43 by studying the dynamics of
TDP-43 containing RNA stress granules, the architecture and function of the neuromuscular junction and
locomotor behavior. The results of these experiments will contribute towards our understanding of the
physiological role of TDP-43 and dissect the mechanisms by which TDP-43 and components of the insulin
pathway may lead to neurotoxicity in ALS and related neurodegenerative diseases.

574A
Structural and functional organization of a nucleus under stress in Drosophila melanogaster: the role of
1,2
1,3
2
1,3
the limk1 gene. Ekatherina Nikitina , Anna Medvedeva , Vladimir Pronikov , Elena Savvateeva-Popova . 1)
Pavlov Institute of Physiology, St Petersburg, Russian Federation; 2) Herzen State Pedagogical University, St
Petersburg, Russian Federation; 3) St Petersburg State University, St Petersburg, Russian Federation.
“Genomic disorders” (Williams (WBS), Smith-Magenis, DiGeorge and others) arise sporadically as a result of
contiguous deletions or duplications produced by unequal recombination in chromosomal regions having
specific architecture. Since the frequency of occurrence of “genomic disorders” significantly exceeds the
frequency of single gene mutations, they are in a focus of clinical medicine and special attention should be paid
to prerequisites of chromosomal behavior and contribution of heterochromatic and euchromatic regions to
unequal recombination. WBS arises due to a contiguous 1.5 Mb gene deletion at 7q11.2 and limk1 hemizigosity
causes a strong cognitive defect. We have developed a Drosophila model for WBS, using spontaneous and
mutant variants bearing CG1848 gene for LIM kinase 1 (LIMK1), the key enzyme of actin remodeling. The
agnostic alleles differently affect the structure of gene LIMK1; chromosome architecture; chromosome
packaging; rate of ectopic chromosome pairing implemented in different rates of unequal recombination;
activities of the components of cascade LIMK1-cofilin-actin; formation of cytoplasmic amyloid inclusions;
memory. Surprisingly, many of these manifestations are alleviated under stress conditions of heat shock. Here
we report the response of euchromatic chromosome regions to another type of stress, i.e. magnetic field

shielding (MFS). Imunofluorescent staining of the salivary gland nuclei with antibody to H3 histone acetylated at
Lys9/14 demonstrated a drastic increase in the agnts3 mutant with increased LIMK1 activity compared to wild
type. This might be indicative of an enlarged transcriptional activity in the mutant. However, MFS does not affect
the agnts3 mutant antibody staining of the nuclei. Therefore, contrary to heterochromatic chromosome regions,
euchromatic regions do not respond to stress.

575B
Mitochondrial abnormalities and nicotine treatment in a familial model of Parkinson's disease. Morolake
1
2
1
Odumosu , Gerald Call , Lori Buhlman . 1) Biomedical Science, Midwestern University, Glendale, AZ; 2)
Arizona College of Osteopathic Medicine, Glendale, AZ.
Parkinson’s disease (PD), a neurodegenerative disorder, is characterized by the death of dopaminergic neurons
in the substantia nigra pars compacta. Mutations in the PARK2 gene are a primary cause of familial PD and
have been shown to interfere with mitochondrial fission preceding mitophagy [Burman et al., 2012]. Patients with
PARK2 mutations therefore, have increased neuronal death, possibly due to a deficiency in the ability to dispose
of dysfunctional mitochondria that are major sources of oxidative stress [Lin et al., 2009; Keeney et al., 2006]. A
reduction in mitochondrial respiratory chain complex I function was also seen in patients with Parkin mutations
[Mortiboys et al., 2005]. This combination of decreased mitochondrial function and an inability to dispose of nonfunctioning mitochondria may contribute to cell death in PD patients. Several studies suggest nicotine may be
protective against PD [Reviewed in Quik et al., 2009]. Data from rat and mouse models indicate nicotine confers
a neuroprotective effect via the induction of neurotrophic factors that help recover dopamine neuron loss
25
[Maggio et al.,1997]. Previous studies in Drosophila park heterozygotes, a Parkin loss-of-function model, show
nicotine increases median lifespan, longevity and rescues climbing and flying deficits [Chambers et al., 2013].
25
The present study focuses on determining the effects of adult park heterozygous mutation and nicotine
25
pretreatment on Drosophila mitochondrial mass. Preliminarily findings indicate park mutants have decreased
25
mitochondrial mass. We will also determine effects of adult park heterozygous mutation and nicotine
pretreatment on Drosophila mitochondrial respiratory chain complex I function. Our results will determine
25
whether park mutants have impaired mitochondrial complex I function and/or mitochondrial turnover, and
perhaps aid in understanding the mechanism of nicotine- mediated protection against Parkin loss-of-function.

576C
Glial function of pak3 and draper show overlapping but distinct regulation of spastin neuronal synaptic
bouton formation. Emily F. Ozdowski, Nina T. Sherwood. Dept Biol, Duke Univ, Durham, NC.
Hereditary Spastic Paraplegia (HSP) is a progressive neurodegenerative disorder that affects lower limb control
and patient mobility, due to the loss of distal synaptic connections from upper motor neurons. Over half of HSP
cases correlate with a mutation in the human SPAST gene, which encodes an AAA ATPase responsible for
severing microtubules and associated with tubular endoplasmic reticulum. Similarly, loss of Drosophila spastin
affects the neuronal microtubule cytoskeleton, synaptic bouton morphology, and synaptic function at the larval
neuromuscular junction (NMJ). In our search for regulatory mechanisms of this process, we have shown that
loss of p21-activated kinase 3 (pak3) can suppress the increase in bouton number and branching caused by
loss of spastin. Pak3 is a regulator of the actin cytoskeleton, which causes extra filopodial projections when
overexpressed in cell culture or neurons. Although we observe Pak3 expression in a few larval peripheral
neurons, it is predominantly expressed in peripheral glia at the NMJ. This suggests that pak3 mutant
suppression of the spastin null phenotype is due to glial function. Consistent with this, we found that glialspecific pak3 RNAi suppresses spastin null morphology. Glial involvement in synaptic bouton formation has
been shown to occur through Draper-mediated phagocytosis of neuronal debris and Maverick-mediated
regulation of retrograde BMP signaling. To elucidate the mechanism of spastin null suppression, we have tested
mutations in members of the Draper pathway. Loss of draper by heterozygous genetic deletion or by glialspecific RNAi strongly suppresses spastin null phenotypes; however, the role of neuronal debris clearance is not
clear. Additionally, while driving RNAi in different glial subtypes, we found differences in the effects of pak3 and
draper. Currently, we are characterizing the overlap in the Pak3 and Draper pathways, examining mutants of the
BMP pathway for suppression of the spastin null morphology, and investigating the possibility that spastin plays
a role in glia as well.

577A
Using an Androgen Receptor-Humanized-Drosophila to Study the Molecular Pathology of Spinal Bulbar
2
3
3
1
1
Muscular Atrophy. Conor Barker , Stephanie Yee , Paul Lasko , Mark Trifiro , Miltiadis Paliouras . 1) Medicine,
Lady Davis Institute for Medical Research - Jewish General Hospital, Montreal, QC, Canada; 2) Department of
Cell Biology and Anatomy McGill University Montreal, QC, Canada; 3) Department of Biology McGill University
Montreal, QC, Canada.
The underlying genetic etiology of spinal bulbar muscular atrophy (SBMA, Kennedy’s disease), a late-onset
neurodegenerative disorder, is a result of an expansion (n>38) of a polymorphic CAG repeat in the androgen

receptor gene (AR). The translated androgen receptor (AR) protein thus contains an abnormally long
polyglutamine (polyQ) tract that alters its usual function(s) and physiological role. It has been proposed that a
gain of a novel harmful functions by the polyQ-AR leads to a selective loss of motor neurons of the brainstem
and spinal cord leading to SBMA. We have undertaken a proteomics study coupled to a comparative systems
biology analysis to characterize whole intact AR complexes in order to establish protein composition of wildtype-AR (WT-AR) vs. polyQ-AR complexes. The largest functional class of polyQ-AR interacting proteins are
represented by RNA binding proteins. Using a proven AR-humanized Drosophila disease model, we will assess
our proteomic data to characterize genetic modifiers (enhancers/suppressors) by ectopically co-expressing the
polyQ-AR and RNAi and overexpressing lines of homologous genes of polyQ-AR interactors, in the central and
peripheral nervous system of the developing fly embryo . During the course of our genetic screen we have
already identified a number of genetic suppressors of the polyQ-AR phenotype. Immunohistochemical
characterization of embryos from these crosses has revealed that a reduction of polyQ-AR expression, and a
possible explanation for the suppression of the observed phenotype. The role of the AR having a potential role
in RNA-splicing and RNA-binding is a novel discovery, by using a genetic interaction screen, will enable us be to
elucidate the pathways involved in SBMA and to establish candidate therapeutic targets.

578B
Implication of mutant Huntingtin protein (mHtt) in Huntington’s disease pathogenesis in transgenic
Drosophila. Nidhi Paliwal, Namita Agrawal. Department of Zoology, University of Delhi, Delhi, India.
Huntington’s disease (HD) is a devastating late-onset neurodegenerative disease characterized by motor
abnormalities, cognitive impairment, memory loss and arrhythmic behaviour. Till date, the underlying
mechanism behind HD pathogenesis is obscure which is crucial to elucidate for a better treatment of the
disease. Mutant huntingtin protein gets accumulated in the cells by undergoing several structural changes from
soluble to aggregated form or inclusion body due to compromised degradation pathways which is considered as
the “pathological hallmark” of the disease. The role of mHtt accumulation particularly, the aggregated form in
neurodegeneration is still controversial as some recent reports support for the neuroprotective role of inclusion
bodies. Therefore, for a comprehensive understanding of mHtt protein accumulation, particularly, the
aggregated form, we have focused on the circadian pacemaker neurons in Drosophila that have direct
correlation with the disease symptoms. We have targeted expression of mHtt in small ventral lateral neurons
(sLNv) and abdominal pigment dispersing factor (abPDF) neurons of Drosophila brain. Our results imply that
accumulation of mHtt protein is toxic to these neuronal populations and severity of the damage enhances with
the passage of time as mutant protein sequesters in the form of inclusion bodies. Hence, our preliminary results
indicate towards the neurotoxic role of mutant huntingtin protein accumulation which can be targeted for the
treatment and/or cure of the disease.

579C
The Effects of Genetic Manipulation of Synaptotagmin 1 in a Drosophila model of Machado-Joseph
Disease. Rachel Pearcy, John Warrick. University of Richmond, Richmond, VA.
Machado-Joseph’s Disease (MJD) is a neurodegenerative, polyglutamine disease that currently has no effective
treatment or therapy. The goal of this research is to determine how the disease pathology of MJD is affected by
up regulating and down regulating the expression of synaptotagmin 1 (syt1) in a Drosophila model to discover if
syt1 is directly involved in the disease pathology of MJD. In previous research, Syt1 levels were found to be
decreased in mice and Drosophila that were expressing the mutant form of the protein associated with MJD
(Ataxin-3). Because of this, it was hypothesized that up-regulation of Syt1 will slow the process of
neurodegeneration in diseased flies and down-regulation of Syt1 will cause an increase in the
neurodegeneration of diseased flies. The data were collected through the use of plastic sectioning and frozen
sectioning. So far, the data appear to support the hypothesis since some of the degeneration in diseased flies
was rescued by an upregulation of Syt1. If Syt1 were found to play an active role in the disease pathology, Syt1
and synaptic regulation would be a potential target for developing a therapy for this disease.

580A
A genetic screen for identifying novel genes involved in neurodegeneration. Amy Pribadi, Shizuka
Yamada, Megan Huynh, Michael Chen, Ashley Boehringer, Daniela Zarnescu. University of Arizona, Tucson,
AZ.
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease that affects motor neurons. ALS leads to
eventual paralysis. Patients die from complications of the disease, mainly respiratory failure as the diaphragm
muscles atrophy along with other skeletal muscles. About 10% of cases are familial and associated with
mutations in superoxide dismutase 1 (SOD1), Fused in Sarcoma (Fus), and TAR DNA-binding protein (TDP-43)
among others. TDP-43 normally localizes to the nucleus, but in nearly all non-SOD1 cases of ALS, TDP-43 has
been found in cytoplasmic aggregates. We developed a Drosophila model of ALS based on TDP-43, which
recapitulates several aspects of the human disease such as locomotor dysfunction, reduced survival and the

presence of cytoplasmic inclusions found in ALS patients. Our research uses this Drosophila model of ALS
through to identify other genes that function with TDP-43 in vivo. We have recently completed a deficiency
screen for enhancers and suppressors of TDP-43 toxicity. The screen was based on the progressive
neurodegeneration phenotype caused by overexpression of human wild-type TDP-43 in the retina. These flies
exhibiting TDP-43 dependent neurodegeneration were crossed with deficiency flies that harbor chromosome
deletions. The progeny were observed to find enhancers or suppressors of TDP-43 neurotoxicity. In the primary
screen we tested over 300 different deficiencies located on the second and third chromosomes. We are
currently investigating further nine strong regions of enhancement and eight strong regions of suppression to
narrow down the genomic regions of interest and identify individual candidate genes. In addition, we are testing
these deficiencies for interactions with disease specific variants of TDP-43 linked to familial ALS.

581B
The influence of mis-regulating dJNK in a Drosophila model of Machado-Joseph Disease. Catherine
Romberger, John Warrick. University of Richmond, Richmond, VA.
Machado-Joseph Disease/ Spinocerebellar Ataxia 3 (MJD/SCA3) is a dominantly inherited, neurodegenerative
disease caused by an expansion of a naturally occurring glutamine repeat in the coding region of the Ataxin-3
(ATX3) protein. The mutant expanded glutamine ATX3 forms aggregates within the nucleus of cells. These
aggregates are thought to impede cellular function and lead to toxicity. The basket (bsk) gene is the homologue
of the human c-Jun N-terminal kinase (JNK), which is involved in autophagy and, when stimulated by stress,
removes old proteins from the cell. Research suggests that JNK has a role in other neurodegenerative diseases
including Huntington’s disease, which is in the same family of diseases as MJD. We hypothesized that either the
up-regulation or down-regulation of the bsk pathway may increase the removal of these aggregates, decreasing
the severity of neurodegeneration. In order to test this hypothesis, UAS-ATX 3 alleles of mutant and normal
ATX3 as well as UAS-BSK were expressed in the fly eye using a Gal4 driver. In order to determine the level of
degeneration, fly heads were fixed and embedded in epon blocks and semi-thin sections of retinas were
evaluated using light microscopy. To determine the amount of aggregates present, flies were aged and frozen
sections were stained with antibodies to ATX3. The sections were viewed using confocal fluorescence
microscopy. Our results suggest that the co expression of additional bsk does not positively influences the
amount of degeneration of the photoreceptors and the number of aggregates, but the down-regulation of bsk
may lead to a decreased level of degeneration, perhaps by reducing autophagy related to cell death.

582C
Uncovering Prion Protein Stability. Jonatan Sanchez-Garcia, Diego Rincon-Limas, Pedro Fernandez-Funez.
Univ of Florida, Gainesville, FL.
Prion diseases are neurodegenerative disorders caused by misfolding of the normal prion protein (PrP) into a
pathogenic “scrapie” conformation. Although, the molecular mechanisms that regulate its conformational
changes are mostly unknown. Pathogenic mutations leading to autosomal dominant prion diseases and
structure/function studies can help elucidate the rules governing PrP stability and propensity to misfold.
However, we took a clue from a few mammals resistant to prion diseases: rabbits, horses, and dogs. We had
shown before that wild type PrP from rabbit (RaPrP) is structurally more stable than mouse and hamster PrP
and it is not toxic in flies. A parallel study suggested that an N to S substitution at 175 of RaPrP was responsible
for generating a helix-capping domain stabilizing RaPrP. To test this idea in vivo, we generated flies bearing the
S175N substitution. We also identified amino acid substitutions specific for horse (SE168,169) and dog (Y158
and D163) not present in human PrP. We generated transgenic flies expressing wild type and mutant Equus
(Eq) and Canis (Ca) PrP to examine the stability of the wild type proteins and the destabilizing effect of the
amino acid replacements mimicking human PrP. As expected, wild type Ra, Eq, and CaPrP were not toxic in
flies and displayed strong structural stability. However, EqPrP-SE168,169DQ, CaPrP-D163N, and CaPrPY158N,D163N induced progressive neurodegeneration of the axonal projections of the mushroom bodies, and
exhibited resistance to proteinase K, supporting their structural instability. In contrast, RaPrP-S175N induced no
neurotoxicity and demonstrated similar structural stability to wild type RaPrP. Our data identifies key
substitutions in EqPrP and CaPrP in the β2-α2 loop that provide increased PrP structural stability and prevents
its conversion into pathogenic conformations. The identification of two protective residues in the β2-α2 loop
supports its role in regulating the ability of the structured domains to explore other conformational states,
including pathogenic conformations.

583A

Role of Signaling Pathways in Aβ42 mediated neurodegeneration. Ankita Sarkar , Amit Singh . 1)
Department of Biology, University of Dayton, 300 College Park Drive,Dayton, OH; 2) Premedical Program,
University of Dayton, 300 College Park Drive, Dayton,OH; 3) Center for Tissue Regeneration and Engineering at
Dayton (TREND), University of Dayton, Dayton, OH.
Alzheimer’s disease is an age related neurodegenerative disorder. Accumulation of the Aβ42 plaques is one of
1

1,2,3

the vital reasons for AD mediated neurodegeneration. It has been suggested that Aβ42 plaques tiggers
oxidative stress due to impaired signaling, which result in neuronal cell death. However the exact mechanism
causing cell death is still not well understood. We employ a Drosophila eye model of AD by misexpressing high
levels of Aβ42 in the differentiating photoreceptors of the fly retina. Our aim is to discern the role of signaling
pathways involved in neurodegenaration. In a forward genetic screen, we have identified teashirt (tsh), crumbs
(crb) and other members of Wingless (Wg) signaling pathways as genetic modifiers of Aβ42 mediated
neurodegenaration. It is known that wg is a negative regulator of differentiation in the eye. Our preliminary data
suggests that by misexpression of Shaggy kinase (Sgg), a negative regulator of the Wg signaling pathway,
suppress the neurodegeneration caused by Aβ42 misexpression. We will test the role of Wg signaling in Aβ42
plaques mediated neurodegeneration. Furthermore, we will analyze, if these modifiers act independent and/or
parallel of each other or whether they have a linear relationship in triggering neurodegenerative response due to
accumulation of Aβ42.

584B
Aggregate formation in the central nervous system of drosophila after a brief reduction in proteasome
activity. Thomas Schmidt-Glenewinkel, Marlon Jansen, Chun-Hung Yeh, Annie Cheng, Jie Gao, Eugene
Lempert, Karina Perlaza. Dept Biological Sci, Hunter Col & Grad Ctr., City Univ New York, New York, NY.
Some of the major human neurodegenerative diseases, like Alzheimer disease or Parkinson disease, are
characterized by the formation of protein aggregates in the nervous system. A number of speculative causes for
the aggregate formation has been proposed but a clear defined causative disease pathway is still missing.
Protein turnover in neurons is governed by the proteasome and to a lesser extent by autophagy. We have used
the binary, inducible geneswitch system to allow for spatial and temporal control of a specific RNAi directed
against the dβ5 subunit of the 20S proteasome core. Induction of the RNAi results in a RU486 dependent
reduction in the expression of the dβ5 subunit with a concomitant reduction in the chymotrypsin-like activity of
the proteasome. Flies were treated for 5 days on RU486 containing medium and then transferred to normal food
for the remainder of the experiment. Exposure to RU486 resulted in a 20 - 30% reduction in proteasome activity
which recovered after transfer to normal drug-free medium. However, aggregate formation continued, resulting
in the death of the flies after approximately 35 days. Analysis of the central nervous system (CNS) of the flies
revealed the occurrence of protein aggregates which were apparently distributed in clusters in a random fashion
in the CNS. The significance of this observation will be discussed in the context of the origin of
neurodegenerative diseases. Supported by the following NIH grants - [NIGMS 1SC3GM086323 and CTSC
GRANT #UL1-RR024996 to T.S-G], and G12 RR003037 and 8 G12 MD0075998 G12 MD007599 to Hunter
College.
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Probing integrin signaling in neuronal maintenance in flies. Mumine Senturk , Shinya Yamamoto , Manish
3
1
1,2,3,4
. 1) Program in Developmental Biology, Baylor College of
Jaiswal , Nele Haelterman , Hugo Bellen
Medicine, Houston, TX; 2) Department of Molecular and Human Genetics, Baylor College of Medicine, Houston,
TX; 3) HHMI; 4) Department of Neuroscience; Neurological Research Institute at Baylor College of Medicine,
Houston, TX.
Integrins form strong adhesive junctions between tissue layers, a process that is required in the wing to keep the
dorsal and ventral cells attached to each other. A loss of adhesion between these two epithelial layers causes
wing blisters. We generated a collection of Drosophila X chromosome mutants to identify essential genes
involved in wing development. To identify new players in the integrin signaling pathway, we screened these
EMS induced mutations for wing blisters in mutant clones using a Ubx-FLP. We identified 30 new alleles of
known integrin pathway genes and 30 additional mutants that exhibit similar wing blistering phenotypes. Using
duplication/deficiency mapping and whole genome sequencing, we mapped many of these mutants and one
corresponds to ubiquilin (ubqn), the Drosophila homologue of UBQLN1. We confirmed the mapping with a
P[acman] genomic rescue. Ubqn functions in the unfolded protein response pathway and it has been associated
with various neurodegenerative diseases, including ALS. Moreover, several components of the integrin signaling
pathway have recently shown to be associated with Alzheimer disease through GWAS. However, the link
between Ubqn, integrin signaling, and neuronal maintenance remains to be established.

586A
Nebula/DSCR1 Ameliorates APP-Induced Learning and Memory Impairments. Jillian L. Shaw, Karen T.
Chang. Zilkha Neurogenetic Institute, University of Southern California, Neuroscience Graduate Program, 1501
San Pablo St, Los Angeles CA 90033.
Despite the inevitability of developing Alzheimer’s disease (AD) neuropathologies for most Down Syndrome
(DS) individuals in mid-life, there is a delay in the onset of dementia for these individuals suggesting the
activation of a neuroprotective pathway. AD is characterized by an age-dependent deterioration in learning and
memory. The most common early symptom of AD is a dysfunction in remembering newly learned information.

Post-mortem brains from DS and AD patients show an upregulation of the Down syndrome critical region 1
(DSCR1) gene but its contribution to AD is not well understood. Previous research demonstrates that
upregulation or loss-of function of Nebula, the Drosophila homolog of DSCR1, leads to severe learning
impairments indicating a role for this protein in regulating learning and memory. Intriguingly, we have recently
shown that co-upregulation of Nebula with APP protects against APP-induced axonal transport impairments and
neurodgeneration by inhibiting calcineurin and GSK-3β signaling. This led us to hypothesize that nebula/DSCR1
upregulation may delay learning and memory impairments in AD. By using the classical Pavlovian olfactory
conditioning test, we demonstrate that Drosophila with APP overexpression fails to avoid a shock-paired odor in
both a learning and memory task while APP and Nebula co-upregulation partially rescues performance in both
learning and memory. A greater understanding of the cell signaling pathways abnormally regulated in aging
Alzheimer’s and Down syndrome individuals has the potential to identify targets for therapeutic intervention in
delaying declines in learning and memory performance.

587B
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Investigating initiation of Cdk5-associated neurodegeneration. Joshua Spurrier , Kristina McLinden ,
1
Edward Giniger . 1) NINDS, National Institutes of Health, Bethesda, MD; 2) CMDB, Johns Hopkins University,
Baltimore, MD.
Cyclin dependent kinase 5 (Cdk5) gain and loss of function have both been found to be associated with
neurodegeneration (ND) in animal models. However, the molecular mechanisms involved in Cdk5-associated
ND remain unclear. To this end, our lab has developed a Drosophila model of Cdk5 inactivity in which the gene
encoding p35, the essential activating subunit of Cdk5, is mutated. Knockout of p35 yields flies that are viable
and fertile at eclosion with grossly normal brain structure, but exhibit a rapid age-dependent loss of motor
function and a lifespan roughly half that of wild type flies. Further analysis of brains from aged p35-/- mutants
reveal a selective loss of tissue from the mushroom bodies (MB), as well as other features typical of mammalian
ND, such as axonal fragmentation, swelling of the proximal axon, and disruption of normal autophagosomal
pathways. To identify the initiating events in Cdk5-associated ND, we are developing staining procedures for
quantifying degeneration at earlier stages of the process. Previously, our lab showed that p35-/- mutants
displayed an accumulation of autophagosomes; as such, it was hypothesized that they would also show an
increase in protein aggregations, which are known to contribute to certain models of ND and can lead to kinase
dysregulation. Staining with Thioflavin S (TS) has been shown to selectively label protein aggregates. However,
our results did not show any significant differences in the number or location of TS-positive puncta between p35/- and control flies. Additional staining procedures for assaying earlier stages of ND are under development, and
include staining active mitochondria, labeling nuclei for changes in morphology and numbers, and selectively
labeling degenerating neurons via silver staining. While these findings do not directly identify the molecular
pathways involved, these procedures can be used as quantitative assays to ascertain the effects of modulating
specific molecular components, such as those identified via an ongoing mass spectrometry screen to identify
relevant Cdk5 targets.

588C
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Role of Isocitrate Dehydrogenase in retinal degeneration in Drosophila melanogaster. Berrak A Ugur ,
2,3
2
1
2
1,2,3,4,5
. 1)
Manish Jaiswal , Shinya Yamamoto , Nele Haelterman , Hector Sandoval , Hugo Bellen
Developmental Biology, Baylor College of Medicine, Houston, TX; 2) Department of Molecular and Human
Genetics, Baylor College of Medicine, Houston, TX; 3) Howard Hughes Medical Institute; 4) Department of
Neuroscience, Baylor College of Medicine, Houston, TX; 5) Jan and Dan Duncan Neurological Institute at Baylor
College of Medicine, Houston, Texas.
To identify and characterize novel components in phototransduction and neurodegeneration, our lab has
performed a large scale, clonal, forward genetic screen on the X chromosome of D. melanogaster for essential
genes. The screen was based on the ey-FLP system to generate homozygous mutant eye clones in an
otherwise heterozygous mutant background. The ability of homozygous mutant photoreceptors to respond to
light was assessed in aging flies by recording ERGs (electroretinogram recordings). From this screen, we
isolated 4 different mutations in the fly homolog of isocitrate dehydrogenase 3 (CG12233). The protein that is
encoded by CG12233 contains a mitochondrial localization signal and belongs to the isocitrate and
isopropylmalate dehydrogenase family. It functions in the Krebs cycle to catalyze the oxidative decarboxylation
of isocitrate resulting in α-ketoglutarate and CO2. This irreversible reaction is under tight control through
elaborate feedback mechanisms, along with complex allosteric regulations. CG12233 mutant photoreceptors
show synaptic transmission defects, along with progressive, light-independent loss of ERG amplitudes, a
readout for neurodegeneration. Homozygous mutant animals are viable till the third instar larval stage. Mutant
larval muscles display enlarged and clustered mitochondria. It has previously been proposed that mitochondrial
dysfunction results in elevated levels of reactive oxygen species (ROS), which in turn would lead to
neurodegeneration. However, although we observe mitochondrial morphological defects in the mutant muscles,
we failed to detect a change in ROS levels. We are currently exploring the phenotypes in depth.

589A
FoxO Mediates APP-Induced AICD-Dependent Cell Death. Lei Xue, Xingjun Wang, Zhiqiang Wang. Tongji
University, Shanghai, China.
The amyloid precursor protein (APP) is a broadly expressed transmembrane protein that plays a significant role
in the pathogenesis of Alzheimer’s disease (AD). APP can be cleaved at multiple sites to generate a series of
fragments including the amyloid β (Aβ) peptides and APP intracellular domain (AICD). While Aβ peptides have
been proposed to be the main cause of AD pathogenesis, the role of AICD has been underappreciated. Here we
report that APP induces AICD-dependent cell death in Drosophila neuronal and non-neuronal tissues. Our
genetic screen identified the transcription factor FoxO as a crucial downstream mediator of APP-induced cell
death and locomotion defect. In mammalian cells, AICD physically interacts with FoxO in the cytoplasm,
translocates with FoxO into the nucleus upon oxidative stress, and promotes FoxO-induced transcription of proapoptotic gene Bim. These data demonstrate that APP modulates FoxO-mediated cell death through AICD,
which acts as a transcriptional co-activator of FoxO.

590B
Investigation of the Role of Endoplasmic Reticulum in Motor Neuron Axons. Belgin Yalcin, Niamh
O'Sullivan, Martin Stofanko, Cahir O'Kane. Department of Genetics, University of Cambridge, Cambridge,
United Kingdom.
Motor neurons possess long axons to maintain signal transmission over long distances. The length of these can
be up to 104 fold of the diameter of the cell body. Hence, motor neurons require complex machineries for their
maintenance and function over long axonal distances. Failure of these machineries can cause motor neuron
axonopathies, such as Hereditary Spastic Paraplegia (HSP), which is characterised by spasticity and weakness
of the lower limbs. To date over 25 causative Spastic Paraplegia Genes (SPGs) have been identified encoding a
variety of different proteins. However, many SPG mutations affect only four of these proteins, atlastin, spastin,
reticulon, and REEP, which are involved in shaping endoplasmic reticulum (ER) tubules. Two of these protein
families, reticulons and REEPs, share a partly redundant role in the formation of tubular ER in yeast. To
understand the role of the reticulon and REEP families, we have investigated ER organisation and function in
flies lacking more than one of these ER-shaping proteins, Rtnl1, ReepA and ReepB (Drosophila orthologues of
RTN2, REEPs1-4 and 5-6 respectively). We previously showed that knockdown of the reticulon Rtnl1 causes
disruptions in ER organisation and in the distal portions of longer motor axons(1); loss of ReepA and ReepB
also causes some disruption of ER organisation, although not obviously in axons. We are continuing to elucidate
the relative contribution of Rtnl1 and Reep proteins to axonal ER organisation in vivo. Additionally, we have
been investigating the role of SPG motor proteins, KIF1A and KIF5A, in the extension of ER tubules along the
axons by disrupting function of their Drosophila orthologues, unc104 and khc, respectively. This should help us
to understand the role of kinesins in ER organisation in axons. Reference: 1)O'Sullivan, N. C., Jahn, T. R., Reid,
E., O'Kane, C. J., 2012, Hum Mol Genet. PMID: 22543973.
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A screen for RNA Binding Proteins as Modulators of TDP-43 toxicity in a Drosophila Model of ALS.
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Shizuka B Yamada , Amy Pribadi , Megan Huynh , Michael Chen , Nakia Keita , Linh Pham , Ashley
1
1,2
Boehringer , Daniela C Zarnescu . 1) MCB, University of Arizona, Tucson, AZ; 2) Neuroscience, University of
Arizona, Tucson, AZ.
Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease of the upper and lower motor
neurons that leads to weakness and paralysis. Several proteins have been identified in patients from hallmark
cytoplasmic aggregations of proteins including TAR DNA Binding Protein (TDP-43). TDP-43 is an RNA binding
protein comprising two RRM domains and a prion-like C-terminal region. We have generated a model of ALS in
Drosophila based on TDP-43, which recapitulates motor neuron disease phenotypes such as progressive
neurodegeneration and locomotor dysfunction. An emerging hypothesis in the field is that RNA granules may
play a role in ALS pathology. We therefore conducted a RNA binding protein screen to test for genetic
interactions between TDP-43 and various RNA binding protein components involved in stress granules and Pbodies. Our data indicate that stress granules components such as PABP and EIF4E modulate TDP-43 toxicity
in vivo in the Drosophila eye, supporting our hypothesis. Current experiments are aimed at testing these
interactions in motor neurons and further understanding the mechanisms by which these RNA binding proteins
interact with TDP-43 in the context of our ALS model.
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Defining Spinal Muscular Atrophy Gene Networks in Drosophila. Takakazu Yokokura , Elizabeth McNeill ,
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Andreia Fonseca , Maureen Lynes , Seiko Yoshikawa , Tamar Chobanyan , Howard Chang , Douglas
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Dimlich , Anindua Sen , Spyros Artavanis-Tsakonas , Lee Rubin , Margarida Gama Carvalho , David Van
1,2
Vactor . 1) Okinawa Institute of Science and Technology, Okinawa, Japan; 2) Dept Cell Biology, Harvard

Medical School, Boston, MA; 3) Bio-FIG, Faculty of Science, University of Lisbon, Lisbon, Portugal; 4) Harvard
University, Dept Stem Cell and Regenerative Biology, Cambridge, MA.
Spinal Muscular Atrophy (SMA) is a devastating inherited disorder characterized by progressive loss of motor
activity due to death of motor neurons, failure of neuromuscular synapses and degeneration of muscles.
Although almost 20 years had been passed since the genetic cause of SMA, mutation of Survival Motor Neuron
1 (SMN1) gene, was identified, molecular mechanisms that underlie SMA are not well understood. Mutations in
Drosophila Smn, sole fly ortholog of human SMN1, results in loss of peripheral axons, degeneration of muscles
and defects in the formation and function of the neuromuscular junction (NMJ). Our previous genetic screens to
search for modifiers of the lethality caused by Smn mutation revealed that over 300 genes interact with this
conserved gene in flies. Further analysis focused on two canonical pathways, BMP signaling pathway and FGF
signaling pathway revealed that modulation of trans-synaptic signaling can significantly rescue the Smn defects.
In addition, we observed that the defect caused from the reduction of Smn activity modified by alternation of
BMP signaling pathway was different from the defect modified by alternation of FGF signaling pathway.
Because SMN-family proteins are core components of the Gemin complex and support biogenesis of RNA
splicing machinery, we have begun to examine the impact of Smn mutations on gene expression and splicing
patterns in Drosophila. To investigate the functional linkage between Smn and pathways such as BMP- and
FGF-signaling that regulate in neuromuscular connectivity or function, we are conducting the RNAseq analysis
to compare mRNA levels and splicing patterns between wildtype and Smn knockdown larvae.

593B

1,4

1,4

Proteomic Analysis of Huntingtin Interacting Network Using Drosophila. Zhen Xu , Dongsheng Chen ,
1,4
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1,3,4
1,2,3,4
. 1) Center for Metabolic & Degenerative
Zhihua Chen , Yanning Rui , Antonio Tito , Sheng Zhang
Diseases, The Brown Foundation Institute of Molecular Medicine; 2) Department of Neurobiology and Anatomy;
3) The Graduate School of Biomedical Sciences (GSBS); 4) The University of Texas Health Science Center at
Houston (UTHEALTH), 1825 Pressler Street, Houston, TX 77030.
Although Huntington’s disease (HD) gene Huntingtin has been proposed with many cellular roles, its
endogenous functions remain elusive. Previously we had established a null-mutant for Drosophila Huntingtin
(dhtt) and performed preliminary characterization of its phenotypes. To further employ the fly for studying
Huntingtin’s functions, we have generated a set of dhtt genome-tagging transgenic lines, with different epitope
tags fused in-frame with dhtt coding sequence and its expression under the control of dhtt’s native regulatory
elements, thus ensuing the normal expression pattern and level of the tagged dHtt protein. This new dhtt toolset
allows convenient tracking and isolation of endogenous dHtt protein and greatly facilitate functional analysis and
manipulation of this large protein in this model organism. Using the above toolset, we have further carried out
affinity-purification followed by mass spectrometry (AP-MS) to isolate and identify dHtt-interacting proteins from
the animals. From three rounds of AP-MS using different dhtt transgenic lines with different tags, we isolated
262 unique dHtt-interacting proteins. Importantly, the majority of the isolated interactors are conserved in
humans, with many of them being identified previously as Huntingtin-interacting partners in mammalian studies.
Functionally, these Huntingtin-interactors can be grouped into multiple categories, including metabolism,
cytoskeleton, trafficking and clearance, among others. Examination of the available dataset supports that
Huntingtin functions as a scaffold to integrate multiple signaling pathways and cellular processes. The
established diverse tools and proteomic dataset will help elucidate the normal functions of Huntingtin gene and
how its dysregulation by polyglutamine expansion contribute to HD pathogenesis.

594C
Transgenerational effect of diet on metabolic phenotypes. Kelly Dew-Budd, Laura Reed. Department of
Biological Sciences, University of Alabama, Tuscaloosa, AL.
Previous studies have shown that environment can cause changes in the phenotype of the affected individual’s
progeny. Transgenerational affects can also be seen in the second generation of offspring (grandchildren). This
study explores the transgenerational effects of diet on metabolic phenotypes (including: egg size, survival, pupa
weight, triglyceride concentration, and glucose concentration) across three generations in three distinct wildtype
genotypes. We were able to measure the genotype-by-diet interactions that contribute to or counteract the
transgenerational effect of diet. Using two diets, normal and high fat, we determined that there were parent-oforigin effects across three generations for several of the phenotypes. In addition, genotypes differed in their
responses, showing that inheritance of environmental effects is genetically variable.

595A
Modulation of lipid droplet accumulation in the larval midgut of Drosophila. Ron Dubreuil, Bianca
Diaconeasa. Dept Biological Sci, Univ Illinois at Chicago, Chicago, IL.
There is currently great interest in the mechanisms of normal lipid droplet biogenesis and the abnormal lipid
droplet accumulation seen in human diseases such as hepatic steatosis and obesity. The major lipid carrier of
dietary lipids from the midgut to the larval fat body in Drosophila is lipophorin (Lpp). Lpp apoprotein is related to

ApoB48 which plays a comparable role in mammals. But unlike ApoB48, which is produced in enterocytes, Lpp
is produced in larval fat body. Previous studies showed that loss of lipophorin pathway function leads to a
striking abnormal accumulation of lipid droplets in the midgut. Here we examined the relationships between lipid
droplet formation and lipophorin loading under a variety of conditions. By Oil Red O staining there was scant
lipid droplet accumulation in the midgut of control larvae. Feeding larvae a high-fat diet (yeast paste
supplemented with 10% oleic acid) led to massive lipid droplet formation in midgut cells, indicating that fatty acid
uptake is more efficient than Lpp loading and transport. These lipid droplets were cleared during a 24 hour
chase without oleic acid. In contrast, added food oils (olive oil, canola, peanut, fast food hamburgers, etc.) did
not produce the dramatic lipid droplet accumulation seen with oleic acid, unless it was also supplemented with
porcine gastric lipase. Thus, while the gut epithelium is capable of robust fatty acid uptake, the gut lumen (with
its endogenous lipase activity) is far less efficient at generating free fatty acids from dietary triglycerides. Finally,
the midguts of larvae over-expressing the perilipin Lsd-2 in intestinal cells (MexII-Gal4 X UAS-Lsd-2-GFP)
showed a dramatic increase in lipid droplets relative to controls. Thus, without changing the diet, it is possible to
drive a greater proportion of dietary lipid into the midgut lipid droplet pool by over-expressing Lsd-2. We suggest
that the Lsd-2 pool normally functions as a gatekeeper, protecting cells from fatty acid toxicity under conditions
where fatty acid uptake outpaces the transport capacity of the Lpp pathway.

596B
The Effects of Laminin A Mutation on Metabolic Syndrome in Drosophila melanogaster. Matthew B.
Kieffer, Joana Hubickey, Laura K. Reed. University of Alabama, Tuscaloosa, AL.
Within the past few decades, diabetes, along with obesity, has become significantly more prevalent in American
society. Diabetes is a complex metabolic disease with health consequences that range from kidney disease to
nerve damage. Previous research from our lab has indicated that a mutation in the Laminin A (LanA) gene in
Drosophila melanogaster has a protective effect against diabetes. To gain a better understanding of how this
mutation affects the flies, I examined several metabolic phenotypes: larval eating behavior, adult fly weights,
and metabolic rate. The results showed that LanA mutant larvae ate significantly less than their wildtype
counterparts. They also showed that at 1 day old, the mutants weighed significantly less than the control;
however, at 5 days old, the LanA flies weighed significantly more than the wildtype flies. Finally, the results
showed that when Drosophila are raised on various diets, their metabolic rate is not significantly affected by diet;
however, there is a significant effect caused by genotype. These results support our previous findings of the
protective nature of the LanA mutation in Drosophila.
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The influence of gene Cam on life span, moving activity and Ca concentration in dystrophy mutants of
Drosophila melanogaster.. Natalia Holub, Vasylyna Borutska, Chrystyna Dronska, Yaroslava Chernyk.
Departament of Genetics and Biotechnology, Ivan Franko National University, Lviv, Ukraine.
Duchenne muscular dystrophy is fatal X-linked myopathy characterized by muscular degeneration. Among
different therapeutic strategies one is aimed using genes-modifiers of dystrophin-dystroglycan complex function.
2+
It is know that Ca together with calmoduline regulate multiple pathways involved in skeletal muscle
2+
development. The aim of our work was to check the influence of gene Cam on Ca concentration in dystrophy
mutants of Drosophila melanogaster. Strains Oregon (wild type), DysDf//Tm6,Tb (with deletion of dystrophy
gene) and Cam//CyO (with loss of allele function) were used. First we have build survival curves and analyzed
the indexes of median (MedLS) and maximum (MaxLS) life span in experimental strains. In Oregon flies indexes
of MedLS were: S75 - 22 days, S50 - 29 days, S25 - 29 days; MaxLS arrived to 43 days. Dystrophy mutants
characterized by decreased vitality and reduced indexes of MedLS: S75 - 8 days, S50 - 12 days, S25 - 22 days;
MaxLS - 29 days. Increasing of MedLS and MaxLS comparing to dystrophy mutants observed in Cam//+
DysDf//+ hybrids: S75 to 12 days, S50 to 19 days, S25 to 29 days; MaxLS to 36 days. In next experiment indexes
of moving activity (IMA) were measured in 1-3, 4-6, 7-9 and 10-12-days imago. It was revealed that in hybrids
IMA were in 1,6-2 times higher comparing to dystrophy mutants but in 1,5-1,9 times lower than IMA of Oregon.
2+
In examine strains concentration of Ca and total protein level were researched on 1-3 and 10-12 days. It has
2+
been shown that Ca concentration in 1-3 days flies Oregon was 0,31, in DysDf//Tm6,Tb - 0,22, in Cam//CyO 2+
0,38 and in Cam//+ DysDf//+ hybrids - 0,27. In 10-12-days flies Ca concentration increased up to 0,63, 0,38,
0,66 and 0,43 respectively. Reliable difference in total protein level in Oregon, DysDf//Tm6,Tb, Cam//CyO and
2+
hybrids flies on 1-3 and 10-12 days was not shown. Ca concentration and total protein level were higher in
females comparing to males.
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A whole genome enhancer/suppressor screen for Dube3a interacting genes involved in autism. Addison
1
2
E. Jezek , Lawrence T. Reiter . 1) Rhodes College, Memphis, TN; 2) Department of Neurology, UTHSC,
Memphis, TN.
Autism spectrum disorder in humans is characterized by impaired social interaction, reduced speech capacity,

and repetitive behaviors. While the underlying genetic causes of autism are inherently complex, recent data
suggest that approximately 3-5 % of autism cases are the result of maternally derived duplications of
chromosome 15q resulting in increased dosage of the maternally expressed UBE3A gene in humans, known as
Dube3a in flies. Our lab recently completed an unbiased proteomic screen for proteins in the fly brain that are
directly affected by increased or decreased Dube3a levels (Jensen et. al (2013) PLoS One 8(4):e619522013).
Here we show preliminary results of a suppressor/enhancer screen designed to supplement our proteomic
screen and reveal Dube3a interacting pathways. Using the Bloomington DrosDel deficiency kit we began a
screen for genes that can suppress or enhance a rough eye phenotype generated by over-expression of fly
Dube3a using the eye specific GAL4 driver gmr-GAL4. We used two different UAS P-element insertion alleles of
Dube3a, one which causes a very rough eye and one with a mildly disrupted eye at 25 °C. Flies from each allele
(gmr-GAL4>UAS-Dube3a) were crossed to each of 346 DrosDel deficiency lines and the progeny of each cross
was scored based on the intensity of the eye phenotype. Flies which showed either suppression or
enhancement of the rough eye phenotype were confirmed and secondary crosses using smaller deletions or
individual gene disruptions are being used for the secondary screen. We have completed 156 out of 346 (45%)
of the primary crosses and have identified three deficiencies with phenotypes warranting secondary screen
crosses to smaller deficiencies.
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Modeling aberrant behavior of autism spectrum disorders in UBE3A mutations. Matthew Lollar , Rami
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Ajjuri , Larry Reiter , Janis O'Donnell . 1) Biological Sciences, University of Alabama, Tuscaloosa, AL; 2)
Department of Neurology, University of Tennessee Health Science Center, Memphis, TN.
Autism and Autism Spectrum Disorders (ASDs) are a cluster of neurological developmental syndromes
characterized by a wide range of symptoms including repetitive behavior, motor dysfunctions, and social
behavior and communication. Current research suggests strong genetic factors with many different loci
underlying phenotypic variability in ASD. Among these, defects in the gene UBE3A, which encodes the enzyme
ubiquitin-protein ligase E3A, have been heavily implicated in several of these dysfunctions. We have shown that
Dube3a, the Drosophila homolog, maintains the molecular basis of neuronal dysfunction (Ferdousy et al. 2011).
To investigate the consequences of these UBE3A mutations, we have employed three behavioral assays:
Grooming/repetitive behavior, social interaction/spatial distribution, and mating/communication. Multiple mutant
strains of the dUBE3A have been assayed to confirm the presence of aberrant behavior in all three behavioral
assays. We are currently using these behavioral strategies in the comparison of various Drosophila lines from
the Drosophila Genetic Reference Panel (DGRP). The goal of this research is to discover various
polymorphisms that give rise to behavioral variation in the attempt to create a network of loci underlying specific
behavioral abnormality.

600C
pointed and vap Mediate Ethanol-Related Mortality in a Drosophila melanogaster Model of Fetal Alcohol
Syndrome. Peter Luu. biology, San Jose State University, San Jose, CA.
Developmental ethanol exposure in both mammals and insects leads to many abnormalities, including behavior
disorders, growth deficiencies, and death. However, despite three decades of research, very few molecular
targets mediating these effects have been identified. Using our previously-validated fly model of Fetal Alcohol
Syndrome, we investigated the roles of pointed (pnt) and vacuolar peduncles (vap) in ethanol-related mortality
during development. Both pnt and vap participate in the extracellular signaling related kinase mitogen-activated
protein kinase (ERK/MAPK) signaling pathway. Pnt, an ETS-domain-containing transcription factor that is
required for the differentiation of glial cells, is a direct transcriptional target of ERK/MAPK, while vap encodes a
Ras GTPase activating protein (Ras-GAP), and is thus a negative regulator of the ERK/MAPK pathway.
Mutation of vap leads to neuronal death in the mushroom bodies of the brain, and defects in the acquisition of
ethanol tolerance. Our microarray analysis revealed reduced pnt transcription in ethanol-reared 3rd-instar
larvae, which we confirmed using quantitative RT-PCR (qPCR). Loss of pnt function leads to increased mortality
in ethanol-reared flies. In addition, ubiquitous RNAi-mediated inhibition of vap (using the da-GAL4 driver) leads
to significantly reduced viability, undoubtedly due to inappropriately increased ERK/MAPK signaling. This effect
can be rescued by rearing the animals in ethanol, indicating that the activity of the ERK/MAPK pathway is a
direct target of developmental ethanol. Our next steps include testing the pnt and vap mutants in behavioral
assays to determine whether inhibition of the ERK/MAPK pathway is responsible for developmental-ethanolinduced behavioral alterations.
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Defining the phenotypic specificity of Schimke immuno-osseous dysplasia. Marie Morimoto , Clara
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Yu , Kunho Choi , Yan Huang , Kyoung Sang Cho , Thomas Lücke , Cornelius Boerkoel . 1) Department of
Medical Genetics, UBC, Vancouver, BC, Canada; 2) Department of Pediatrics, UOHSC, Oklahoma City, OK; 3)

Warren Clinic, Tulsa, OK; 4) Department of Pathology, UW, Seattle, WA; 5) Department of Pathology, Children’s
Hospital Los Angeles and Keck School of Medicine, USC, Los Angeles, CA; 6) Department of Pathology,
UOHSC, Oklahoma City, OK; 7) Department of Biological Sciences, Konkuk University, Seoul, Republic of
Korea; 8) Department of Neuropediatrics, University Children's Hospital, Ruhr-University, Bochum, Germany.
Schimke immuno-osseous dysplasia (SIOD) is a rare multisystem disorder caused by mutations in SMARCAL1.
Although SMARCAL1 and its Drosophila homolog Marcal1 affect global transcription, SMARCAL1 deficiency
gives rise to a disease with specific phenotypic features. We hypothesized that SMARCAL1 deficiency gives rise
to these features by impairing the expression of some genes more than others. To test this, we focused on the
kidney disease of focal segmental glomerulosclerosis (FSGS) and whether it arose by SMARCAL1-dependent
alterations of Notch signaling. To assess expression of Notch pathway members in SIOD kidney, we used
quantitative PCR and immunofluorescence. To assess genetic interactions of Marcal1 and SMARCAL1 with the
Notch pathway, we used genetic screens with Marcal1 and SMARCAL1 overexpression and loss. In the SIOD
kidney, Notch pathway members had significantly increased expression, a known cause of FSGS. In the genetic
screen, we observed strong interactions with mutations of Delta, a gene that encodes a ligand of the Notch
receptor: Delta mutants strongly enhanced the ectopic wing vein phenotype of Marcal1 overexpression, and
Marcal1 overexpression reciprocally enhanced the Delta wing vein phenotype. We conclude that SMARCAL1
deficiency gives rise to the pathophysiology of SIOD by dysregulating the expression of specific genes. These
findings provide an explanation for the kidney disease in SIOD and a model for understanding the other disease
features.

602B
Exposure of larvae to Perfluorooctanoic acid (PFOA) causes dysregulation of the dTOR signaling
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pathway in Drosophila melanogaster. AnnJosette Ramirez , Edward Wolff , Trisha Zintel , Amber Weiner ,
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Ashley Parker , Kristin Johndreau , Kara Bennett , Caroline Rachfalski , Sheryl T. Smith . 1) Biology, Arcadia
University, Glenside, PA; 2) Math and Computer Science, Arcadia University, Glenside, PA.
Perfluorooctanoic Acid (PFOA) is a synthetic compound used in the manufacture of water- and grease-repellent
products. Previous studies suggest that PFOA may interfere with nutrient availability, as a high nutrient diet can
mitigate the effects of PFOA induced growth defects in Drosophila larvae. The primary nutrient sensing
pathways in Drosophila are the highly conserved Insulin/insulin growth factor signaling (IIS) pathway and the
Target of rapamycin (Tor) signaling pathway. In this study, we examined the effects of three concentrations of
ΔP
PFOA (0.05 mM, 0.5 mM and 5 mM) in a wild type (Oregon-R) and Tor mutant background to determine
potential gene-environment interactions. Mean larval area was assessed at 48, 72, 96 and 120 hours after egg
laying (AEL). A three-way ANOVA showed a significant interaction between strain, concentration and time. The
ΔP
highest concentration (5mM) induced significant growth defects at all time points for both Or-R and Tor .
Further, a simple effects interaction analysis, considering strain and time, revealed a statistical difference in
ΔP
larval area between Or-R and Tor at the 72-hour time point (p < 0.0001) for all concentrations. We also
ΔP
observed, for the 5mM treatment, a higher larval rate of mortality for Or-R compared to that of Tor , with 100%
mortality observed for Or-R by 96 hours AEL. We therefore conducted a more detailed analysis where
ΔP
survivorship for Or-R and Tor was assessed every 6 hours after initial treatment (48 hours AEL) with PFOA. A
ΔP
Kaplan-Meier analysis revealed that Tor treated with 5mM PFOA showed a statistically significant (p < 0.0001)
increase in survivorship over Or-R treated with 5mM PFOA. Collectively, these findings suggest that PFOA
modulates its effects through the Tor signaling pathway in Drosophila.

603C
Dube3a expression levels affect motor neuron axonal propagation and resting potential. Lawrence T.
1,2
1
2
Reiter , Colleen Valdez , Reese Scroggs . 1) Neurology, UTHSC, Memphis, TN; 2) Anatomy and
Neurobiology, UTHSC, Memphis, TN.
Changes in UBE3A expression levels in neurons can cause neurogenetic disorders ranging from Angelman
syndrome (AS) (decreased levels) to 15q duplication autism (increased levels). Here we investigated the effects
on neuronal function of varying UBE3A levels using the Drosophila neuromuscular junction as a model for both
of these neurogenetic disorders. Stimulations that evoked excitatory junction potentials (EJPs) at 1 Hz
intermittently failed to evoke EJPs at 15 Hz in a significantly higher proportion of Dube3a over-expressors using
the pan neuronal GAL4 driver C155-GAL4 (C155-GAL4>UAS-Dube3a) relative to controls (C155-GAL4 alone).
However, in the Dube3a over-expressing larval neurons with no failures, there was no difference in EJP
amplitude at the beginning of the train, or the rate of decrease in EJP amplitude over the course of the train
compared to controls. In the absence of tetrodotoxin (TTX), spontaneous EJPs were observed in significantly
more C155-GAL4>UAS-Dube3a larva compared to controls. In the presence of TTX, spontaneous and evoked
EJPs were completely blocked and mEJP amplitude and frequency did not differ among genotypes. These data
suggest that over-expression of wild type Dube3a, but not a ubiquitination defective Dube3a-C/A construct,
compromises the ability of motor neuron axons to support closely spaced trains of action potentials, while at the
15b
same time increasing excitability. EJPs evoked at 15 Hz in the absence of Dube3a (Dube3a homozygous

1118

mutant larvae) decayed more rapidly over the course of 30 stimulations compared to w
controls, and
15b
Dube3a larval muscles had significantly more negative resting membrane potentials (RMP). These data
suggest that reduced UBE3A expression levels may influence factors involved in maintenance of muscle and
nerve RMP and neurotransmitter release from motorneurons. Similar affects of under- and over-expression of
UBE3A on membrane potential and synaptic transmission may underlie the synaptic plasticity defects observed
in both AS and autism.
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Drosophila as a Simple Model to Test Dark Toxicity and Tolerance of Potential Photodynamic Therapy
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Agents. Joshua Yoho , Colette Stroh , Shawn Swavey , Madhuri Kango-Singh . 1) Biology, University of
Dayton, Dayton, OH; 2) Center for Tissue Regeneration and Engineering at Dayton (TREND); 3) Premedical
Programs, University of Dayton, Dayton; 4) Chemistry, University of Dayton, Dayton, OH.
Photodynamic therapy (PDT) utilizes light, a photosensitizer, and molecular oxygen as a treatment modality for
a variety of cancers. We have recently combined ruthenium(II) polypyridyl groups with a zinc(II) centered
porphyrin as a new photosensitizer for the treatment of melanoma. Further, we tested the optimal concentration
of the compounds H2TN-mPyPFP and ZnTN-mPyPFP. In-vitro studies have indicated that this photosensitizer
is toxic to melanoma cells when irradiated with low energy light; however, it is non-toxic to normal cells under
similar conditions. To determine the toxicity and cell viability of this compound in-vivo we present herein a study
using Drosophila melanogaster. In the absence of light the new photosensitizer shows no discernible effects to
fly larvae at various concentrations of compound and stages of larval development. When the larvae were fed
the photosensitizer it was observed, by fluorescence microscopy, that the compound passes through the cell
membrane and localizes in the cytosol at lower concentrations and the nucleus at slightly higher concentrations
indicating that the compound is not immediately metabolized.

605B
Role of miRNAs in Drosophila model for Muscular Dystrophy. Evgeniia V. Edeleva, April K. Marrone,
Halyna R. Shcherbata. Max Planck Insitute for Biophysical Chemistry, Goettingen, Germany.
The Dystrophin Glycoprotein Complex (DGC) is a transmembrane multi-protein complex that connects the
extracellular matrix (ECM) to the cytoskeleton of the cell. It is best known for its association with a group of fatal
diseases muscular dystrophies. Muscular dystrophies affect patients’ muscle and nervous systems and lead to
abnormal miRNA levels. Using Drosophila melanogaster as a model system, we previously found that stress
accelerates the onset of muscle degeneration and can even induce severe muscle degeneration in wild type
animals. miRNAs are good candidates to act as stress response factors as they allow a quick cellular response
with no transcriptional reorganization and synthesis of new cellular proteins. We analysed miRNA profiles in flies
mutant for dystrophin or dystroglycan (dystrophic animals) and in wild type animals under normal conditions and
high temperature stress. After careful analysis of microarray data, we grouped analysed miRNAs into those
linked to dystrophy and/or stress. Stress related miRNAs are of particular importance because they show that
the DGC has a general role in cellular homeostasis regulation compromised under stress. The DGC
transmembrane localization and its connection to the miRNA transcription under stress led us to the following
hypothesis: the DGC can sense stress via its connection to the ECM and can transmit this information inside the
nucleus to change expression of stress-response miRNAs and proteins. We performed transcriptome analysis
and identified candidate stress-response genes that respond to stress dependently on the functional DGCconnected signalling.

606C
Epigenetic regulation of lipase activity establishes a postnatal protection from high-fat diet induced
1
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1
obesity and heart dysfunction. Ryan Tyge Birse , Fabian Filipp , Rolf Bodmer . 1) Program of Development
and Aging, Sanford-Burnham Medical Research Institute, La Jolla, CA; 2) School of Natural Sciences, University
of California Merced, Merced, CA.
The early onset of the childhood obesity epidemic implies that the metabolic state of the pregnant mother may
contribute to the susceptibility of the offspring to obesity. Indeed, recent studies show that the uterine nutritional
environment is a critical determinant for their offspring to develop post-natal obesity, metabolic syndrome and
cardiovascular disease. However to date the underlying genetic mechanisms mediating such trans-generational
effects have yet to be elucidated. Due to the metabolic complexity in mammals, we chose to study the central
aspects of metabolism and obesity in parallel with the trans-generational control of heart dysfunction, using a
simplified model. To do this we have established a Drosophila model in which we find that the metabolic and
cardiac dysfunctions can be seen after acute adult exposure to a high-fat-diet (HFD) with similar phenotypes
persisting for several generations in the offspring from the HFD parents, even when reared on a normal food
(NF) diet. We also provide evidence that exposure to a HFD induces a metabolic shift which results in a
persistent reduction in the adipose triglyceride lipase (ATGL)-related Brummer lipase (Bmm). Interestingly, a
well-known epigenetic regulator of metabolism Sir2, which is the fly homolog of Sirt-1, also shows a decrease in

transcript level, which is sustained trans-generationally due to parental exposure to a HFD. Furthermore,
overexpressing Sir2 or Bmm in the adipose, myocardial cells or germline of the embryo protects the adult
progeny from the trans-generational accumulation of excess lipid and/or cardiac dysfunction associated with
parental HFD. Therefore, this study elucidates a potential epigenetic mechanism to modulates lipolytic activity
through transcription of Bmm to counteract the adverse effects of a parental diet on its progeny.
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A Drosophila Model of Wolfram Syndrome Disease. Chan Hsiao-Yen , Chen Yi-Chun , Kuo Tzer-Min , Lin
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Wan-Hsuan , Li Jian-Chiuan , Wang Horng-Dar , Chen Chun-Hong . 1) Institute of Biotechnology, Department
of Life Science, National Tsing Hua University, Hsinchu, Taiwan; 2) Institute of Molecular and Genomic
Medicine,National Health Research Institutes, Zhunan, Miaoli, Taiwan.
CISD2, the causative gene for Wolfram syndrome 2 (WFS2) and also evolutionarily conserved from worm to
human. It encodes a transmembrane protein associated with the mitochondrial outer membrane. Cisd2
deficiency in mice causes shorter life span and a persistent level of Cisd2 achieved by transgenic expression in
mice extends longer life span. In Drosophila, there is one CISD2 ortholog, it also revealed that dcisd2 is
localized on the mitochondria. Overexpression of dcisd2 in fly cause locomotion deficiency and shorter life span.
Silencing this gene by pan driver or P element insertion mutant of this gene show longer life span and better
locomotion performance . The biological and pathophysiological roles of dcisd2 in the Drosophila will be
discussed.

608B
Analysis of transgenerational effects of Bisphenol A (BPA) in Drosophila melanogaster. Ashley M.
Labdik, Amber K. Weiner, Trisha M. Zintel, AnnJosette Ramirez, Sheryl T. Smith. Arcadia University, Glenside,
PA.
Bisphenol A (BPA) is a high-production industrial monomer used world-wide in the manufacture of
polycarbonate plastics and epoxy resins. In a 2003-04 study by the Centers for Disease Control and Prevention,
Bisphenol A (BPA) was detected in the urine of 2,517 study participants, indicating widespread exposure to BPA
in the United States population. While human health effects to environmental exposures are unknown, exposure
to Bisphenol A (BPA) has been reported to dysregulate endocrine pathways in a wide array of vertebrate and
invertebrate species. We have previously shown that BPA treatment of Drosophila larvae results in an increase
in larval body size that is associated with an advanced onset of pupariation. In this study we investigated
possible transgenerational effects of BPA exposure during development. To this end, we exposed larvae,
beginning in the first instar, to 0.1 mg/L BPA and continued BPA treatment until larvae entered the pupal stage.
Eclosed adults were self-crossed and larval progeny were fed a BPA-free diet. We found that the effects of BPA
exhibited by treated larvae were recapitulated in the next generation indicating a transgenerational effect of the
compound. The observed phenotypes are consistent with increased insulin/insulin growth factor signaling (IIS)
previously reported in Drosophila. Our current studies are focused on possible mechanisms that can account for
the observed effects.

609C
Effects of the Mediterranean Diet on Metabolic Phenotypes. Jordyn Lee Merriam, Laura Reed. Department
of Biological Sciences, University of Alabama, Tuscaloosa, AL.
People in the Mediterranean region tend to experience increased life spans and reduced risk of cardiovascular
disease, diabetes, and other chronic diseases, and this may be due to a diet where nuts and olive oil are main
sources of fat. I am modeling Mediterranean diet in Drosophila melanogaster to evaluate if the phenotypes of
increased longevity and reduced risks of chronic diseases like diabetes are diet related. I will focus specifically
on the effect of unsaturated fat; therefore diets high in olive and walnut oil will be tested. The effects of saturated
fat will be measured with food made with coconut oil. For each of these diets, 3% oil will be added to the normal
food. Phenotypes resulting from these three diets (olive, walnut, and coconut oil) will be compared to a normal
laboratory diet. First instar larvae were collected and placed in groups of 50, for density control, into 10 mL of
each dietary treatment. The metabolic pools of 3rd instar larvae were tested for glucose, triglycerides,
cholesterol, corrected for protein content. Pupae were measured for survival, development time, and weight.
Lifespan for of adults raised on the dietary treatments was also recorded. We observed significant diet effects
on these phenotypes.
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Cytoplasmic Protein Aggregation as a Trigger For LMNA Associated Muscle Dystrophy. Jessica Ponce ,
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Dylan Thiemann , Grant Young , George Dialynas , Lori Wallrath . 1) Interdisciplinary Program in Genetics,
University of Iowa, Iowa City, IA; 2) Department of Biochemistry, University of Iowa, Iowa City, IA; 3) Stowers
Institute for Medical Research, Kansas City, MO.
Lamins are ubiquitously expressed intermediate filament proteins that line the inner membrane of the nuclear

envelope. They provide structural support for the nucleus and regulate gene expression. Mutations in the human
LMNA gene encoding A-type lamins cause laminopathies, a collection of diseases that include dilated
cardiomyopathy (DCM) and several types of muscular dystrophy (MD). Our laboratory has generated a
Drosophila model of laminopathies in which human disease mutations are modeled in Drosophila Lamin C for
functional analyses. Muscle-specific expression of mutant lamins cause: (1) locomotion defects, (2) nuclear size,
shape and spacing abnormalities, (3) cytoplasmic aggregation of nuclear envelope proteins (4) cytoskeletal
disorganization, and (5) semi-lethality at the pupal stage. Increased cytoplasmic protein aggregation correlates
with elevated levels of p62/SQSM1, a multifunctional adapter that plays a role in autophagy, and induces the
Nrf2/KEAP-1 signaling pathway. Consistent with the activation of this pathway, target genes involved in cellular
detoxification and redox homeostasis are transcriptionally up-regulated. An investigation of the redox status of
the muscles expressing mutant lamins revealed a condition known as ‘reductive stress’, characterized by
elevated levels of reduced glutathione and NADPH. Intriguingly, genetic models of reductive stress cause
cardiomyopathy, providing a potential explanation for the heart disease associated with these muscular
dystrophies. Collectively, these data suggest that LMNA associated muscular dystrophies are protein
aggregation disorders and that modulation of protein folding and metabolism might be a successful approach to
therapy.

611B
Genetic Basis of Genotype-by-Environment (GxE) Interactions for weight in Drosophila melanogaster. A.
Cigdem Tunckanat, Leah Leonard, Julie Jarnigan, Andrea Davidson, Laura Reed. Department of Biological
Sciences, University of Alabama, Tuscaloosa, AL.
Metabolic Syndrome (MetS) is a complex disease with several symptoms including insulin resistance and
obesity, and the prevalence of MetS has been increasing due to Westernized dietary habits and increased rates
of sedentary lifestyle. We used Drosophila to model the interaction effect between lifestyle and genetics to
contribute to MetS-like phenotypes. Quantitative Trait Loci (QTL) maps for body weight of ~600 recombinant
inbred lines reared in two different types of food (high fat food and normal food) were analyzed. Candidate
genes within these QTL were selected based on tissue specific expression profiles from the FlyAtlas for further
analyses. Expression in samples that varied in weight with an extreme GxE effect were analyzed by Q-PCR.
Gene transcript levels found to associate with the weight phenototype will be further analyzed by RNAi and
mutational analysis to confirm their relationship to weight.

612C
Drosophila Mitochondrial Pyruvate Carrier mutants display defects in carbohydrate homeostasis and
hallmarks of diabetes. Dona Roonalika Wisidagama, Daniel K. Bricker, Carl S. Thummel. Department of
Human Genetics, University of Utah, Salt Lake city, UT.
As the end product of glycolysis, pyruvate occupies a central role in cellular metabolism, providing a major
source of acetyl-CoA to drive oxidative phosphorylation and ATP production. Recently, our lab, in collaboration
with Jared Rutter’s lab at the University of Utah, discovered the Mitochondrial Pyruvate Carrier (MPC) that
transports cytosolic pyruvate into the mitochondrial matrix. This complex is composed of two proteins, MPC1
and MPC2, of which MPC1 appears to be the most critical component. MPC1 mutants in yeast and Drosophila
display impaired pyruvate metabolism, including an accumulation of upstream metabolites, reduced TCA cycle
intermediates, and reduced ATP. More recently, we have discovered that Drosophila MPC1 mutants display
defects in carbohydrate homeostasis and hallmarks of diabetes. dMPC1 mutants are sensitive to a high sugar
diet and have elevated glucose and sorbitol levels. The mutants also display fasting hyperglycemia, are glucose
intolerant, and have reduced insulin signaling in peripheral tissues. Our current studies are focused on
determining if these diabetic phenotypes arise from a defect in glucose-stimulated DILP secretion from the
insulin producing cells, DILP resistance, and/or defects in glucose clearance by the fat body.

613A
Oxidative stress as a consequence of ethanol exposure in developing Drosophila. Anthony J Bortolazzo,
Jodie Wu, Naomi Fieger, David Do, Theresa Logan-Garbisch, Audrey Ford, Hilal Jarrar, Rachael French.
Biological Sciences, San Jose State University , San Jose , CA.
We study the relationship between ethanol exposure and developmental defects such as developmental delay,
lowered survival, and behavioral changes including increased resistance to ethanol sedation and reduced
development of tolerance. Studies have linked oxidative stress (OS) to the onset of ethanol-induced
developmental abnormalities. All aerobes experience OS, caused by an imbalance in the cell’s redox state,
resulting in the production of reactive oxygen species (ROS). ROS induce free radical production, posing threat
to macromolecular function. In humans, the induction of OS has been implicated in neurodegenerative disorders
and the aging process. We have shown that developmental exposure to hydrogen peroxide phenocopies
ethanol-induced phenotypes; in addition, hydrogen peroxide and ethanol act synergistically to cause
developmental defects. We hypothesize that OS resulting from developmental ethanol exposure explains a

subset of the developmental defects we observe. To address this, we investigate the role of antioxidant genes,
catalase (cat), superoxide dismutase (sod), glutathione synthetase (gs), and rosy (ry), in conjunction with
ethanol exposure. We measure expression by qPCR, survival and developmental delay using the Gal4-UAS
system, and spatial/temporal expression by confocal microscopy. Here, we show that upregulation of cat can
rescue ethanol-induced developmental lethality, as can neuronal upregulation of sod. Conversely,
downregulation of cat reduces survival rate. Additionally, both gs and ry mutants enhanced ethanol’s deleterious
effects. We show that ethanol exposure increases expression of cat and gs. Furthermore, through a forward
genetic screen, we identified an OS-response mutant, withered, that demonstrates increased lethality and
developmental delay in response to ethanol exposure. Our results suggest OS is a result of ethanol exposure,
and is responsible for some of ethanol’s deleterious developmental effects.

614B
Rapamycin as a potential treatment for succinate dehydrogenase mutants in Drosophila melanogaster.
Frances Fan, Eugenia Villa-Cuesta. Biology Department, Adelphi University, Garden City, NY.
Mitochondria are cellular organelles responsible for the production of almost all energy used by animal cells.
Mutations in crucial proteins of the mitochondria cause pathology affecting multiple organ systems; many
different disorders can result, ranging from neurodegeneration to cardiomyopathy, and often leading to death.
Treatments for mitochondrial disorders are currently based on a combination of vitamins and diet supplements,
and are only partially effective.
Drosophila melanogaster is an ideal model system for the study of genetic mitochondrial disease since there are
multiple mutations in genes that codify for mitochondrial proteins, such as succinate dehydrogenase (SDH).
SDH is a tetrameric enzyme involved in both Krebs cycle and electron transport chain. In D. melanogaster
mutations affecting SDH contribute to degenerative disorders.
Preliminary data in our laboratory showed that the drug rapamycin increases mitochondrial physiology and SDH
activity in wild type flies. Here we test the hypothesis that rapamycin protects from SDH deficiency pathology in
D. melanogaster. We use three different mutant strains for subunit B of SDH of D. melanogaster (dSdhB). The
climbing abilities, SDH enzymatic activity, and ROS production are measured to determine the effect of
rapamycin on SdhB deficiency. Assessing the role of rapamycin as a potential drug in Drosophila SDH mutants
contributes to the current research seeking a treatment for genetic mitochondrial disease in humans.
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Determinants of Frailty in Drosophila. Mariann M. Gabrawy , Mehnaz A. Khan , Peter M. Abadir , Jeff
1
Leips . 1) Biological Sciences, UMBC, Baltimore, MD; 2) Division of Geriatric Medicine, Johns Hopkins Medical
Institute, Baltimore, MD.
Frailty, an indicator of age-related decline, is known to be a significant predictor of mortality in humans.
Geriatricians define frailty as a biological syndrome of decreased reserve and resistance to stressors resulting
from cumulative declines across physiological systems; this causes vulnerability to adverse outcomes. As such,
frailty is distinguished by measurable characteristics such as disability and age-related decline in walking speed
and endurance. Although a standardized procedure for creating a frailty index in humans has been described,
no “frail fly” model has been developed. The purpose of this study was to characterize age-related changes in
flies that are comparable with indicators of frailty in mammals in order to, for the first time, establish a “frail fly”
model and subsequently test indices of frailty comparable to those identified in humans. Determinants of frailty
in Drosophila may be established by assessing indicators such as climbing speed and endurance. To test
climbing speed, flies were treated chronically with a prescription medication, a potential inhibitor of angiotensinconverting enzyme, and exercised every-other-week. Climbing speed was measured as distance traveled per
unit time. Males and females were tested at ages 1, 3, and 5 weeks. Endurance was measured as distance
traveled per unit time to exhaustion. Fatigue behavior was scored by visual observation and “time to failure” was
recorded. Climbing speed significantly decreased with age in untreated male and female flies. In treated males
and females, there was a significant increase in climbing speed with respect to treatment by age. We
determined that endurance significantly decreased with age in untreated male flies while treatment significantly
increased endurance by age. In females, treatment and age had no significant effect on endurance. These
results, in combination with studies on additional traits, will contribute to development of a frailty model in flies.
Such a model would enable use of Drosophila to identify genetic targets to treat or delay frailty in humans.

616A
Mutations in von Hippel Lindau Enhances Susceptibility to Paraquat and Exarcebates
Neuroinflammatory and Hypoxia Responses. Marleshia Dorcell Hall, Anna Moyer, Erin Mcminn, Emily Peel,
Janis O'Donnell. Department of Biological Sciences, University of Alabama, Tuscaloosa, AL.
The tumor suppressor gene, von Hippel Lindau (VHL) is responsible for regulating many processes including
endocytosis and cell stability. Most notably, VHL regulates the hypoxia response via its regulation of hypoxia
inducible factor (HIF). In humans, mutations in VHL result in the development of highly vascularized tumors in

the central nervous system, retina, and kidney cells. In Drosophila embryos, loss of VHL results in tracheal
abnormalities that are the result of HIF-dependent and HIF-independent processes. Our current research shows
that the herbicide paraquat induces both neuroinflammatory and hypoxia responses in Drosophila brains in an
integrated fashion. No previous work has been done in adult Drosophila to determine VHL involvement in these
integrated responses. Our current research focuses on whether the loss of VHL results in susceptibility to the
herbicide paraquat, which we have found to promote tracheal branch extension in adult brains that is
coordinated with the induction of nitric oxide synthase. We show that the VHL mutation enhances sensitivity to
paraquat and further exacerbates tracheal branching in adult brains. Studies have been conducted to determine
whether loss of both HIF and VHL alters this response and whether the inflammatory response is modified in
these mutants.
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Nephrocyte as a model to identify and study renal disease genes. Fujian Zhang , Tiffany Chang , Ying
1
1
1,2
Zhao , Katherine Muir , Zhe Han . 1) Internal Med, Univ Michigan, Ann Arbor, MI; 2) Sanford Burnham Medical
Research Institute, La Jolla, CA.
Drosophila nephrocytes share remarkable similarities with mammalian glomerular podocytes and renal proximal
tubules, two key cell types associated with most renal diseases. We developed a functional genetic screen for
nephrocytes to identify genes required for filtration and protein reabsorption in Drosophila. The first group of
~100 identified renal genes are involved in slit diaphragm, membrane receptors, actin cytoskeleton, endocytic
cycling, small GTPases, autophage and metabolic genes. Many of these genes have human homologues that
have been associated with genetic renal diseases. Here we describe the identification of RhoGDI and a related
novel gene from our screen. Mutations of the human homologues for these two genes were identified from
exome sequencing of renal disease patient families by our collaborators. We found that these two genes
function in the same pathway. The RNAi knock-down of either gene in the nephrocytes led to abnormal
cytoskeleton and disrupted slit diaphragm filtration structures. These studies suggested an efficient way to use
Drosophila to help the identification of novel renal disease genes through exome sequencing of patients. It also
serves as an example of using the Drosophila genetics and nephrocyte ultra-structural analysis to help
understanding the molecular mechanism of novel renal disease genes.
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CYFIP1 functions in brain: insights into Autism and Intellectual Disabilities. Alexandros Kanellopoulos ,
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Lysimachos Zografos , Douglas Armstrong , Patrick Callaerts , Claudia Bagni . 1) Laboratory of Molecular
Neurobiology, K.U. Leuven/VIB Center for the Biology of Disease, Leuven, Belgium; 2) Brainwave Ltd,
University of Edinburgh, UK; 3) Laboratory of Behavioral and Developmental Genetics, K.U. Leuven/VIB Center
for the Biology of Disease, Leuven, Belgium.
State of the art. The Fragile X Syndrome (FXS) is the most frequent form of inherited intellectual disability and
genetic cause of Autism Spectrum Disorder (ASD). FXS, is due to the absence or mutation of a single gene,
FMR1, encoding for the RNA binding protein FMRP. FMRP, together with its cytoplasmic interactor CYFIP1,
regulates, in an activity-dependent manner, the synthesis of key synaptic proteins. In brain CYFIP1 has a dual
function: it is able to repress translation of FMRP-targeted mRNAs and regulate actin cytoskeleton. CYFIP1
gene maps on chromosome 15.q.11.2, a highly unstable chromosomal region (BP1-BP1) close to a region
critical for two ASD syndromes (Angelman and Prader-Willi). Microdeletions or microduplications encompassing
the CYFIP1 gene predispose to idiopathic generalized epilepsies and schizophrenia making the study of this
molecule extremely challenging and relevant for several human brain pathologies. Goals of the proposed
project. The aim of this project is to perform a thorough behavioral study using CYFIP loss-of function mutants in
flies and to ameliorate the behavioural and cellular phenotypes observed when CYFIP is reduced. Results: The
role of CYFIP was examined in different behavioural paradigms including associative and non-associative
learning, aggression and courtship. We found that cyfip mutants exhibit robust deficits in most of the behavioural
paradigms tested. Furthermore, CYFIP depletion from different neuronal populations allowed us to uncover the
brain areas requiring an appropriate CYFIP function for a specific behaviour. We are currently undertaking a
compound screening aiming at ameliorating CYFIP deficiency. These findings highlight the basis of the
neurodevelopmental disorders raised by the absence of CYFIP1.

619A
dPKD2 trafficking in Drosophila sperm. Weizhe Li, Stacey Bridges, Terry Watnick. Department of Medicine,
University of Maryland, Baltimore, MD.
The dysfunction of cilia can cause a variety of severe human diseases including Autosomal Dominant Polycystic
Kidney Disease (ADPKD), which is responsible for 4-5% of the End Stage Renal Disease in the US. Polycystin1 and Polycystin-2, the protein products of PKD genes, are localized on cilia and are thought to be involved in
mechanosensation. How these proteins traffic to cilia is largely unknown, yet this is critical for their function.
Drosophila sperm serve as an outstanding model for addressing this question. The homologue of polycystin-2 in

Drosophila (dPKD2) is localized at the tip of sperm tails, which can be regarded as specialized cilia. In order to
take advantage of Drosophila genetics, we used the Zuker collection of EMS mutant flies to screen for proteins
that might be required for dPKD2 to reach the tip of the sperm tail. We identified one line, Z2-5905, that showed
absent sperm staining for dPKD2, while the overall expression level in the testis was similar to the wild type. We
used a positional cloning approach and found that Z2-5905 harbors a truncating mutation in a gene that
contains a UBA (ubiquitin associated) domain. We named this gene, zuba. We were able to rescue dPKD2
sperm localization using a transgene expressing the wild type gene. We developed an antibody against Zuba
and found that the protein was highly and almost exclusively expressed in testis and mature sperm. Next, we
used homologous recombination to generate a knock out fly that lacks Zuba protein expression.
Characterization of this mutant line confirmed that this gene is critical for dPKD2 ciliary localization.

620B
Suppression of TOR pathway ameliorates skeletal muscle defects in a Drosophila model of Huttingtons
disease. Jennifer A. Suggs, Samvel Avagyan, Raul Ramos, Anju Melkani, Sanford I. Bernstein, Girish C.
Melkani. Department of Biology, Molecular Biology and Heart Institutes, San Diego State University San Diego,
CA 92182.
Muscle atrophy is common in patients with Huntington’s disease (HD) which is caused by an expanded
polyglutamine (Poly-Q) repeat in the Huntingtin (HTT) protein. To explore the mechanism of Poly-Q-induced
skeletal muscle defects associated with HD-causing amyloid protein, we expressed mutant HTT with short
(Httex1-PolyQ25) and expanded (Httex1-PolyQ72) Poly-Q exclusively in the Drosophila indirect flight muscle
(IFM). Expression of Httex1-PolyQ-72 in the IFM resulted in severe defects in skeletal muscle function and
structure. Progressive reduction in flight performance was observed in 3-day and 3-week old flies (a 20% and
90% decrease in flight index, respectively) compared to age matched Httex1-PolyQ-25 flies. Further, IFM of 3week old flies expressing Httex1-PolyQ-72 were profused with amyloid aggregates, whereas expression of
Httex1-PolyQ-25 was benign. At the ultrastructural level, the myofibrils of control IFM showed well-organized Zbands and M-lines, however, IFM of 3-week old flies expressing Httex1-PolyQ-72 showed severe ultrastructural
deterioration with broken Z-disks, M-lines and a loss of thick filaments. In addition to myofibril defects, abnormal
vacuole-like structures of various sizes and shapes containing mitochondrial remnants were present. Mutant
fibers also display rimmed vacuoles fused with additional membranes, suggesting the formation of type 2
autophagic vacuoles. To further explore the mechanism underlying the PolyQ-induced skeletal muscle defects,
we treated flies expressing Httex1-PolyQ-72 with rapamycin, a known suppressor of mTOR. Rapamycin-treated
flies expressing Httex1-PolyQ-72 showed significantly improved flight function and myofibril integrity compared
to flies expressing Httex1-PolyQ-72 without rapamycin treatment. Thus, we have developed a novel Drosophila
model to explore and suppress skeletal muscle defects linked with HD-causing amyloid by modulating the TOR
pathway.

621C
Modeling nerve injury in a long-lived Drosophila larval system. Daniel L. Miller, Barry Ganetzky.
Department of Genetics University of Wisconsin Madison 425 Henry Mall Madison, WI 53706.
Nerve injury induces the activation of surrounding glial cells, the degeneration of injured axonal segments, the
fragmentation and clearance of severed synapses, and, in the case of peripheral nerves, sprouting and
regenerative regrowth of proximal axon stumps. These processes occur over the span of days and weeks after
injury, and the pathways controlling them are not fully understood. Drosophila larvae provide a powerful tool to
dissect the early responses to acute nerve injury, however the onset of metamorphosis precludes experiments
aimed at understanding long-term glial and neuronal responses to nerve injury. We recently developed a novel
long-lived larval experimental model in which the third instar is extended by 6 days, without compromising the
structure and function of the larval nervous system. Here we use larvae with an extended third instar (ETI) to
survey the long-term glial, synaptic and axonal responses to nerve injury. We find that peripheral nerve injury in
ETI larvae leads to an ordered disassembly and clearance of the neuromuscular junctions (NMJs) of injured
motor-neurons and induces proliferation of peripheral glia (PG) at the injury site. The extended window of postinjury observation reveals extensive axonal outgrowth that traverses the injury site and spans up to 1000μm in
length. We utilize ETI larvae to test the role of the cell-corpse engulfment receptor Draper in these long-term
responses to nerve injury. We find that though draper function is critically required both for the clearance of
injured sensory synapses in the larval VNC as well and the elimination of fragmented NMJs from the body wall
muscle surface, loss of draper has no effect on injury-induced proliferation of PG. Interestingly, draper mutations
limit the efficiency of successful axonal sprouting but not the distance of axonal regrowth over the long-term.
These findings shed new light on the role of Draper in the long-term nerve injury response and underline the
utility of the ETI model in studying time-dependent nerve biology in the highly tractable larval context.

622A
Behavioral models analogous to rodent depressive-like behaviors. Wendi S. Neckameyer, Selma Avdagic,

Andres Nieto, Kelly Hainz, Anisa Tabtiang, Sarah Chan. Dept Pharmac & Physiol Sci, St Louis Univ School
Med, St Louis, MO.
We have developed behavioral paradigms analogous to mammalian anxiety and depression models to assess
whether different populations of Drosophila exposed to distinct stressors display enhanced resistance or
increased vulnerability to stress. We have already established that within the same genotype, immature males
and females and mature males and females respond differently to the same stressor (Neckameyer and Matsuo,
2008; Argue and Neckameyer, 2013a; 2013b). While we have assessed locomotor changes in these
populations, it is difficult to ascertain maladaptive versus adaptive responses, and multiple behaviors must be
tested, since animals may not display changes relative to control conditions for every paradigm. We exposed
immature males and females and mature males and females from the wild-type CantonS strain to control or to
four distinct stress conditions (starvation, oxidative stress, sleep deprivation and sensory deprivation), and
analyzed their behavior in four adapted assays. The Porsolt Forced Swim Test (Porsolt 1979) has been used as
a model of behavioral despair and has been used to evaluate depressive-like behavior and therapeutic efficacy.
Grooming behavior in rats is disinhibitory and corresponds to the animal’s motivational ambivalence, rather than
anxiety (Spruijt et al., 1992); it is associated with arousal after a stressful, social, or sexual encounter (Roth and
Katz, 1979). Similarly, grooming and preening in insects may also be a displacement behavior. The Light/Dark
box has been used with rodents to assay transitions between exploratory behavior of a novel environment and
the preference to remain in a dark area, and is considered a measure of anxiolytic activity (Crawley and
Goodwin; 1980; Bourin and Hascoet, 2003). Lastly, we have also assayed the response to, and recovery from,
the sedative effects of ethanol, since stress has been shown to alter sensitivity to the intoxicating effects of
ethanol (Boyce-Rustay et al, 2007). We have also assayed whether the antidepressant drugs imipramine and
fluoxetine can affect these behavioral outcomes after stress.
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Effects of ethanol exposure on developmental time and survival in Drosophila. Victoria A. Pray , Rachel
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A. Lyman , Raveena M. Chhabria , Lenovia J. McCoy , Tatiana V. Morozova , Robert R.H. Anholt , Trudy
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F.C. Mackay . 1) Biological Sciences, NCSU, Raleigh, NC; 2) W.M. Keck Center for Behavioral Biology,
NCSU, Raleigh, NC.
Alcohol consumption during pregnancy can result in birth defects that comprise fetal alcohol syndrome. We
used Drosophila melanogaster as a model to assess genetic risk factors that contribute to adverse effects
during early exposure to ethanol. We used a collection of 201 inbred wild-derived lines with sequenced
genomes, the Drosophila melanogaster Genetic Reference Panel (DGRP) to measure differences in
development time and viability between flies reared on ethanol-supplemented medium and controls. To
measure developmental time and viability, we placed 50 eggs from the same parental vials on standard fly food
and on food supplemented with 10% ethanol. Developmental time was measured as the number of days it takes
to develop from eggs to adult flies. We estimated survivorship as the percentage of eggs that developed to adult
stage. Interestingly, whereas adult flies emerged from most lines, a few lines did not generate any offspring
when grown on ethanol-containing medium. We found significant variation among the DGRP lines in survival on
ethanol food versus regular food. The percentage of eggs that survived was significantly lower on ethanol than
on regular food. We also found significant differences in developmental time. For most of the lines, growth on
ethanol-supplemented food caused an increase in developmental time. Surprisingly, however, some lines
developed faster on ethanol-supplemented medium compared to regular food. Heritability estimates indicate
that genetic variation accounts for a substantial fraction of phenotypic variation among the lines, presenting a
favorable scenario for subsequent genome-wide association analyses to identify genes, gene networks and
cellular pathways that contribute to variation in alcohol sensitivity during early development. Human orthologues
of such genes can be targeted for future studies as candidate risk factors for fetal alcohol syndrome. Work is
supported by grant AA016560 from the NIH.
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Functional Modeling of Human Muscle Tauopathies in Drosophila. Eric Ratliff , Jennifer A. Suggs , Kim D.
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Finley , Sanford I. Bernstein , Girish C. Melkani . 1) Department of Biology, Molecular Biology and Heart
Institutes, San Diego State University San Diego, CA 92182; 2) Donald P. Shiley BioScience Center, San Diego
State University, San Diego, CA 92182.
Hyperphosphorylation of Tau (Phos-Tau) and Tau mutations are directly correlated with the formation and
progression of aggregate-based diseases, including Alzheimer’s disease and other tauopathies. Tau expression
is not limited to neurons, but is also expressed in most tissues including the skeletal muscle and heart. Although
the role of Tau is becoming increasingly clear in regard to neurological disorders, the role of Tau in other tissues
has not been as extensively studied. Coordinately, Phos-Tau is widely detected in muscle biopsies from patients
suffering with sporadic inclusion body myositis and inclusion body myopathy, in addition to being found in fiber
lesions of patients with diverse skeletal muscle disorders including oculopharyngeal and Becker muscular
dystrophy. We developed a transgenic Drosophila model to explore the in vivo physiological effects of

tauopathies in adult flight muscles. Expression of both phosphorylated and mutant versions of Tau (abnormal)
leads to severe muscle defects as seen by reduced flight ability. The flight index of 2-day old abnormal Tau flies
was reduced ~50% compared to age-matched controls or flies expressing normal hTau. Along with these early
functional defects, we found myofibrillar disorganization and intracellular organelle perturbations, such as in the
mitochondria. Furthermore, expression of abnormal Tau leads to irregular autophagosome formations and the
presence of protein aggregates. These differences correlate with metabolic defects including alterations in
carbohydrate metabolism and ATP levels. These Tau-based pathologies are further exacerbated in older flies
suggesting that Drosophila is an effective model to understand progressive muscle disorders in humans.
Studies are underway to determine the molecular link between the functional and metabolic defects, as well as
to identify treatments that ameliorate Tau-based myopathies.

625A
Expression of polyQ aggregates in non neuronal cells leads to developmental anomalies in Drosophila
melanogaster. Suman Yadav, Madhu G. Tapadia. CYTOGENETICS LABORATORY, ZOOLOGY, BANARAS
HINDU UNIVERSITY, VARANASI, 221005, UTTAR PRADESH, India.
Expression of polyQ aggregates in non neuronal tissues leads to degeneration in Drosophila melanogaster
Suman Yadav and Madhu G Tapadia Introduction polyglutamine (polyQ) disorders are caused by accumulation
of inclusion bodies formed by expanded tri nucleotide repeats. These aggregates are expressed in neurons as
well as in non neuronal cells in brain and other tissues; however the contribution of non neuronal cells to
disease pathogenesis is not very well studied. In the present study we have expressed a stretch of
127Glutamine repeats in different cell types of Malpighian Tubules of Drosophila melanogaster and observed
the effect of these aggregates in non neuronal tissues. Methodology Lethality assay, Immunostaining, Reverse
Transcription- PCR. Results and Discussion Expansion of polyQ repeats resulted in degeneration of Malpighian
Tubules and complete lethality at pupal stage. At the cellular level, the inclusion bodies were nuclear in Principal
cells and cytoplasmic in Stellate cells. However as development proceed; the inclusion bodies (IBs) also
became nuclear in Stellate cells which was correlated with disease progression. The IBs in nucleus affected
chromatin organization, making them looser and open, eventually resulting in fragmentation of chromatin and
apoptosis. The tubule morphology was also affected and lumen was narrowed suggesting an altered physiology
in these mutants. polyQ expression in MTs affected the epithelial morphogenesis events. The dying pupae
showed developmental anomalies such as larger legs, underdeveloped wings, microcephaly, cryptocephaly and
defects in thorax closure and head involution. These nuclear inclusion bodies also disrupted Wnt/wingless and
JNK signaling explaining the cause of epithelial defects. Expression of Cadherin, HSP60 and Relish was also
affected. So the present study confirms that expression of polyQ aggregates in non neuronal cells affect vital
signaling events and survival of organism.

626B
Multiple DNA motifs contribute to variation in recombination localization across the Drosophila genome.
1,2
1,3
Andrew Adrian , Josep Comeron . 1) Department of Biology, University of Iowa, Iowa City, IA; 2)
Interdisciplinary Program in Bioinformatics, University of Iowa; 3) Interdisciplinary Program in Genetics,
University of Iowa.
Recombination and crossover events are distributed nonrandomly along chromosomes. The reason for this
distribution remains largely unexplained. Studies in mice and humans have identified a single DNA motif (the
PRDM9-associated 13-bp motif) that is enriched among hot-spots of recombination. Conversely, recent highresolution genetic maps in Drosophila have uncovered many DNA motifs enriched in regions containing
recombination events. Here, we present an analysis of these recombination-enriched motifs with the goal of
assessing the predictive nature of DNA motif presence describing the observed variation in recombination
localization across the genome. Using machine-learning techniques, we have identified a subset of motifs with a
significant predictive effect on recombination localization. Further, we have developed a model that uses primary
sequence data that explains a high fraction of the observed distribution of recombination rates across the
genome. Our results support the concept that, in Drosophila, epigenetic factors as well as multiple motifs may
determine the points of initiation or resolution of recombination events.

627C
Nucleotide Polymorfism of Enhancer Region of DRAS1 Gene in The Drosophila Virilis Sibling Species
2
1
1
2
1
Group. Sivoplyas Ekaterina , Chekunova Anna , Proshakov Prokhor , Barsukov Maxim , Sorokina Svetlana ,
1
2
Mitrofanov Vladimir , Kutuzova Nina . 1) Russian Academy of Sciences Koltzov Institute of Developmental
Biology; 2) FSFEI of HPE Moscow State Pedagogical University (MSPU).
We have investigated the polymorphism in region located upstream of the Dras1 promoter of D. virilis species
group. Sequence data are from a set of isofemale strains from collection of Developmental Biology Institute (
Lab of Genetics ). The virilis group is traditionally divided into 2 phylads: virilis and montana. This group is a
convenient model for studying molecular evolution processes at early stages of divergence. Dras1 gene is one

of the highly conservative genes. A product of its expression, Ras1 protein, participates in regulation of cell
mitotic activity. Mutations in this gene often lead to cancerogenesis in vertebrates. We have performed
sequencing of 1000 bp fragments of the gene of different species of D. virilis group. A comparative analysis of
nucleotide sequences has revealed significant polymorphism in the studied region, which presented by
nucleotide substitutions and indels of different lengths. Lummei phylad species have Insertions with lengths of
22 and 4 bp. Common deletion of 5 bp was found In the montana phylad. D. littoralis has additional insertion
TATG. Wild type strains of D. virilis species are distinguished from mutant strains by some nucleotide
substitutions. We found some putative binding sites for transcription factors in the studied region: ATTTGCAA Oct-2 (HD - DNA-binding domain) and CCAAT -box and point of transcription initiation (TSS) by 5`RACE. Our
findings contribute to the understanding of enhancer region evolution. This study was supported by the Program
of Presidium of Russian Academy of Sciences “Wildlife” and RFBR grant No 12-04-00926-a.

628A
Muller F elements maintain a distinctive pattern of gene structure over 40 million years of evolution.
1
1
2
1
Wilson Leung , Christopher Shaffer , Jeremy Buhler , Sarah Elgin , Faculty & Students of the Genomics
Education Partnership. 1) Dept Biology, Washington Univ, St Louis, MO; 2) Dept Computer Science &
Engineering, Washington Univ, St. Louis, MO.
The Muller F element is unusual in that the entire chromosome appears heterochromatic with no meiotic
recombination observed under lab conditions. The GEP students have improved the sequence and manually
annotated the ~80 genes found in the distal long arm of the F element from D. erecta, D. mojavensis, and D.
grimshawi, as well as euchromatic reference regions from the D element of the first two species. While ~90% of
the F element genes are stable, ~10% have moved to/from other elements; one “hotspot” on the D. mojavensis
F contains five such “wanderer” genes. F element genes are larger, with a median of 6-7 coding exons
compared to 2-3 for euchromatic genes, and contain larger introns. F element genes display a significantly lower
DNA melting temperature than those in the comparison region, a feature that might facilitate transcription in a
heterochromatic domain. The F genes also show lower codon bias, presumably reflecting the low rate of
recombination. Comparison of Nc (the effective number of codons) with CAI (codon adaptation index) suggests
that the D. grimshawi F element genes are under stronger selective pressure than F element genes in the other
species. While all of the F element arms exhibit high repeat density (25% - 42% repetitious DNA), the D.
grimshawi F shows the lowest density of transposable elements, and in particular has a low density of DINE
elements (1.6% compared to 11.3% - 25%). These results suggest that the DINE element may be particularly
important in driving heterochromatin packaging in these domains. The carefully improved sequence and
annotated domains generated by GEP students provide a high quality resource for these and other types of
analyses. Support: HHMI grant 52005780 & NIH grant R01 GM068388 to SCRE.

629B
Genome-wide effect of 785 generations of parallel adaptation in replicate populations of Drosophila
1
1,2
1,2
1,2
1
melanogaster. Mark A Phillips , Anthony D Long , Lee F Greer , Laurance D Mueller , Michael R Rose . 1)
Ecology and Evolutionary Biology, University of California, Irvine, CA; 2) Genescient Corporation, Fountain
Valley, CA 92708.
Consistent directional selection applied to populations across multiple generations are expected to reduce the
levels of sequence polymorphism genome-wide. Our goal was to test this hypothesis across the genomes of five
replicate populations. Since 1980, the Rose laboratory has developed five-fold replicated sets of moderate Ne
populations of Drosophila melanogaster that have been subjected to distinct selection regimes. These long-term
selection experiments have produced a parallel-branch fly phylogeny with known branching times, generation
numbers, and well-characterized population censes. Each five-replicated set of populations has been subjected
to consistent selection regimes for tens to hundreds of generations. As a control, five populations of flies have
been maintained for 785 generations under the same conditions as those imposed on the ancestral “Ives”
population from which all these experimental lines were derived. By analyzing pooled population whole genomic
sequences, we tested for the parallel effects of continuing adaptation to the vial-rearing protocol used to culture
the Ives population. Reads were aligned to the reference genome, and major and minor allele frequencies were
calculated, with corrections made for sequence coverage. Average heterozygosities for each replicate were
mapped, as were average genetic distances between replicates. Single nucleotide polymorphisms (SNPs) were
statistically tested for significant differentiation between replicates and for consistency among replicates. Dips in
heterozygosity were found throughout the genome, and were often consistent across the vial-adapted replicate
populations. There were regions with significant reductions in differentiation. Such results are consistent with
localized loss of heterozygosity, which can be produced by soft selective sweeps, but we found little evidence to
suggest that classic hard sweeps had taken place.

630C

1

Domesticated genes from PIF transposable elements in Drosophila melanogaster. Diwash Jangam ,

2

1

Cedric Feschotte , Esther Betrán . 1) Biology, University of Texas at Arlington, Arlington, TX; 2) Human
Genetics, University of Utah, Salt Lake City, UT.
PIF/Harbinger elements have been shown to be domesticated across Drosophila lineages (Casola et al. 2007).
However, the exact functions of these genes are still unknown. Here we attempt to elucidate the function of a
PIF/Harbinger derived gene that is named Drosophila PIF like gene 1 (DPLG1). Taking advantage of the
UAS/GAL4 system, DPLG1 was knocked down in the somatic cells and effects on the viability and fertility were
studied. Using light microscopy and fluorescent microscopy, defects in the testis of DPLG1 knocked down flies
were identified. In situ hybridization was used to detect the transcripts of DPLG1 in control flies and DPLG1
knock-down flies. DPLG1 knock-down in the somatic cells did not affect the viability; however, it resulted in the
males being sterile. On further investigation of DPLG1 depleted flies, it was observed that the elongated
spermatids did not individualize into mature sperms and the seminal vesicles were empty. In situ hybridization
revealed that DPLG1 was transcribed towards the base of the testis, most likely in the terminal epithelium, and
the seminal vesicles. Additionally in situ hybridization results from the DPLG1 knock-down flies showed
remarkable decrease in the transcripts at the base of the testis and no transcripts in the seminal vesicles. Taken
together these results reveal that DPLG1 is vital for spermatogenesis in D. melanogaster.

631A
Genome of Scaptomyza flava, a leaf mining drosophilid. Richard Lapoint, Noah Whiteman. Dept of Ecology
and Evolutionary Biology, University of Arizona, Tucson, AZ.
The genus Scaptomyza is nested within the genus Drosophila, and is a large clade ideal for testing how species
adapt to novel niches. While most Drosophilidae species, such as the genetic model Drosophila melanogaster,
are saprophages, Scaptomyza larvae exploit a wide variety of larval substrates, including morning glory flowers,
spider eggs and living plant tissue. We have sequenced, assembled and annotated the genome of the
Scaptomyza flava. Larvae of this species mine the living leaves of mustard plants, exposing themselves to a
wide range of adaptive pressures not experienced by other Drosophila species. To understand how this species
has adapted at the molecular level to finding and living on the tissues of living plants, we conducted a
comparative genomic study of S. flava and other model Drosophila species.

632B
Regulatory impacts of tandem duplications in Drosophila yakuba. Rebekah L. Rogers, Ling Shao, Kevin
Thornton. Ecology and Evolutionary Biology, Thornton Lab, Irvine, CA.
Tandem duplications are a source of genetic novelty that is useful in adaptation and the development of novel
traits. We have identified tandem duplications in population genomic samples of 20 isofemale lines of
Drosophila yakuba derived from natural population samples. We have analyzed regulatory impacts of these
tandem duplications using RNA-seq. We find duplications are biased toward genes that are expressed in the
carcass, with a significant number showing tissue-biased expression. We observe evidence of increased
expression in less than 20% of duplications, and many of these increases appear to reflect qualitative changes
such as activation in a novel tissue rather than quantitative increases in genes that are already expressed.
Moreover, many of these modified expression profiles are the product of chimeric gene formation, shuffling of
UTRs, or recruitment of formerly non-coding sequence and not a product of whole gene duplication. These
results contradict the widespread view that tandem duplications commonly produce two-fold increases in
expression, and imply that most genes are subject to tightly controlled regulatory pathways. Thus, we would
suggest that most genes are not transcriptionally limited and that the adaptive value of tandem duplications is
unlikely to depend on additive changes in expression, but that the shuffling of modular regulatory elements can
be a powerful source of novel expression profiles that will be useful for adaptation and novel phenotypes.

633C
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A Novel Dataset for Identifying Sex-Biased Genes in Drosophila. Nicholas VanKuren , Maria
2,3
Vibranovski . 1) Committee on Genetics, Genomics, and Systems Biology, The University of Chicago,
Chicago, IL, USA; 2) Department of Ecology and Evolution, The University of Chicago, Chicago, IL, USA; 3)
Departamento de Genética e Biologia Evolutiva, Instituto de Biociências, Universidade de São Paulo, São
Paulo, Brazil.
Phenotypic differences between males and females of sexually dimorphic species are caused in large part by
differences in gene expression between the sexes, most of which occurs in the gonads. To accurately identify
genes differentially expressed between males and females in Drosophila, we sequenced the testis and ovary
transcriptomes of D. yakuba, D. pseudoobscura, and D. ananassae and used them to identify sex-biased genes
in the latter two species. We highlight the increased sensitivity and improved power of sex-biased gene
detection methods when using our testis/ovary data versus male and female whole body transcriptome data. We
thus provide a resource specifically designed to accurately identify and characterize sex-biased genes across
Drosophila. This dataset is available through NCBI GEO accession GSE52058.

634A
Drosophila simulans wRi Wolbachia variants differ by multi-gene duplications in a natural population.
Chenling Xu, Chris Smith. Evolution and Ecology, UC Davis, Davis, CA.
Wolbachia is a maternally transmitted intracellular bacterial endosymbiont found in arthropods and nematodes.
Wolbachia can spread rapidly through host populations and protect its hosts from virus infection. Thus it can be
used to control vector-borne diseases, such as dengue fever. The Wolbachia strain wRi has spread through
Drosophila simulans in California and in eastern Australia in less than 10 years. Riv84, a strain collected in
1984, shows high cytoplasmic incompatibility (CI: low hatch rate for embryos produced by uninfected female
and infected male) while Wolbachia from Y36, an isofemale line collected in 2012, shows lower CI and higher
Wolbachia titer in the adult brain. Comparative genomics of these two strains shows little SNP variation but
reveals two 10 kb duplications. qPCR assays show that the duplications are segregating in the natural
population from which Y36 was isolated, with a frequency near 50%. Experiments are underway to assay
changes in the frequency of the duplication and to correlate the duplication with Wolbachia-host interaction
phenotypes such as host fecundity and activity, Wolbachia titer and intensity of CI. This study aims to
understand the genetics and co-evolution of Wolbachia-host interaction. Genes located in the duplication are
obvious candidates for controlling host-endosymbiont interactions.

635B
Directional asymmetry of the Drosophila wing as a target of evolution of bilateral traits. Denis Anisiforov,
Alexey Kulikov, Oleg Lasebny. Russian Academy of Sciences, Koltzov INSTITUTE of DEVELOPMENTAL
BIOLOGY , Moscow, Russian Federation.
Directional asymmetry is a widespread phenomenon in fauna and the advantage of the right-handed individuals
is observed in most of the studied taxa. Directional asymmetry leads to the accumulation of structural and
functional differences in some paired organs and to disturbance of the general symmetrical structure of the
organism in invertebrates. There is an assumption that, if the structural asymmetry is related to functional
asymmetry then it is an adaptive trait that is exposed to the direct effect of selection. However it is known that
the directional asymmetry of the Drosophila wing is evolutionarily conserved feature not exposed to selection
(Ashley et al., 2009). Nevertheless, stable weak expression of directional asymmetry demonstrated in some
experiments (Pélabon, Hansen, 2008) indicates its formation under the influence of unknown constantly acting
factors. Given the recent data on the asymmetry of the central nervous system (CNS) of invertebrates (Hobert et
al., 2002; Taylor et al., 2010; Nakano et al., 2011; Frasnelli et al., 2011; Anfora et al., 2011; Rigosi et al., 2011),
we can assume that the observed asymmetry in the Drosophila wing is mediated by the influence of the CNS.
The aim of this work was detailed description of directional asymmetry of the wing shape in a number of strains
of eleven sibling species of the Drosophila virilis species group to assess the variability of this trait, to identify
intra and interspecies differences and to determine strains and species suitable for subsequent genetic analysis
of directional asymmetry. Variability of the wing shape was evaluated using methods of geometric morphometry
based on coordinates of homologous landmarks. Analysis of asymmetry of the wing shape was conducted on
20 pairs of wings per strain in the eleven sibling species. For the strains of D. borealis, D. lummei, and D. virilis,
significant differences in terms of directional asymmetry were found with the right side dominating. This finding
allows further implementation of genetic analysis of directional asymmetry of the wing shape using these strains.

636C
Genomic basis of parallel evolution of dark pigmentation in high-altitude populations of Drosophila
melanogaster in Africa. Héloïse Bastide, Amir Yassin, Justin Lack, Evan Johanning, John Pool. Laboratory of
Genetics, University of Wisconsin-Madison, Madison, WI.
Drosophila cuticular pigmentation constitutes an evolutionary metamodel, i.e. a conserved regulatory pathway
that is evolutionarily labile. Our understanding of its evolution at the within-species level remains limited. In subSaharan Africa, flies in high-altitude D. melanogaster populations are darker than lowland ones, but the degree
of darkness significantly differs among mountain ranges, suggesting different genetic architectures. We
combined image analysis, population genomics and introgression mapping approaches to detect selection at
pigmentation genes, and we identified different genetic targets of pigmentation evolution in different high-altitude
populations. We also exploited geographical information system (GIS) data to identify climatological and
geological correlates that may help explain the ecological pressures governing geographic variation in this trait.
Our results comprise an unusually complete portrait of parallel phenotypic evolution within species and its
genetic basis.

637A
Evolution of Germline Stem Cell Regulating Genes in Drosophila ananassae: Testing the Wolbachia
pipientis conflict hypothesis. Jae Young Choi, Charles Aquadro. Dept of Molecular Biology and Genetics,
Cornell University, Ithaca, NY.
Drosophila Germline Stem Cell (GSC) function is critical to reproduction. Thus it has been surprising to find

several key genes involved in regulating GSC maintenance and differentiation were under strong positive
selection in D. melanogaster and D. simulans. Here we test our hypothesis that the rapid evolution of two of
these genes, bag-of-marbles (bam) and benign gonial cell neoplasm (bgcn), in these two species are driven by
a host-pathogen arms race caused by the reproductive parasite Wolbachia pipientis. We have examined the
population genetics and molecular evolution of bam and bgcn, as well as several additional GSC regulating
genes, in the south-east Asian species D. ananassae which is also widely infected with W. pipientis. To our
initial surprise we found no evidence of positive selection for either bam or bgcn. Although, these findings at first
appeared to reject the W. pipientis-driver hypothesis, we decided to investigate the coevolutionary history
between D. ananassae and its resident W. pipientis to estimate how long the infection has persisted.
Phylogenetic analysis of D. ananassae mitochondria DNA and W. pipientis DNA sequence diversity revealed
that the W. pipientis invasion into the worldwide D. ananassae population was in fact very recent. We postulate
that the recent W. pipientis infection has not persisted long enough to generate significant signatures of positive
selection on bam and bgcn in D. ananassae. Interestingly, we discovered significant evidence of positive
selection in two other GSC genes in D. ananassae, pumillio and stonewall, indicating an evolutionary driver
other than W. pipientis for these genes in D. ananassae. It is possible that other germline parasites such as
transposable elements or Spiroplasma could also contribute to the conflict associated with pumillio and
stonewall.

638B
Life History Determinants: Physiological Mechanisms of Egg Dumping in Drosophila melanogaster
1
2
3
Using Extreme Phenotypes and Genetic Mapping. Ashley A. Gilchrist , Laura Reed , Trish Moore . 1) Ashley
Gilchrist Biological Sciences, University of Alabama, Tuscaloosa, AL; 2) Laura Reed PhD, Dept. Biology, UA; 3)
Trish Moore PhD, Department of Entomology, University of Georgia.
Life histories are characterized by inherited biological traits that become more or less prevalent in a population
because of their beneficial or detrimental investments. The best indicator of a species’ life history is an
organism’s mortality rate. Organisms with high mortality rates usually mature earlier then those with low
mortality rates and give birth to more offspring at a time. Drosophila melanogaster have dynamic life histories
that promote an array of different investments such as number of viable offspring, survivorship, and
development time. Egg dumping is a natural behavior that occurs in virgin females with an unknown
evolutionary effect. Rarely, un-mated Drosophila adults exist in the wild, but by using females in this costly state,
results are more prevalent in finding energy allocation targets and genetic variation. Egg dumping is used to
model life history energy allocation by experimenting with three lines of low and high egg dumpers. Each line
was tested on demography, fecundity, and reaction to limited resources. To add more detail to the females’
complex egg dumping strategy, we genetically mapped ten QTL’s that showed peak gene expressions on both
the second and third chromosomes. The genes selected are protein-coding genes that contain different
expression levels in the adult nervous system, female reproductive system, or both. With the collected data for
life history, we noticed a general trend; high egg dumpers have a higher mortality then low egg dumpers, are
more fecund, and cannot recover as quickly as low egg dumpers. Five out of the ten QTL’s showed significance
for the egg dumping phenotype and a peak expression levels were in the CNS. Combining the analysis of six
extreme dumping lines and ten QTL’s we have achieved a basic life history that explains the physiological tradeoffs of egg dumping.
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Differences in regulatory variability between sexes and ’X’s, in D. simulans. Rita M. Graze , Lauren M.
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McIntyre , Alison M. Morse , Brett M. Boyd , Sergey V. Nuzhdin , Marta L. Wayne . 1) Department of
Molecular Genetics and Microbiology, University of Florida, Gainesville, FL; 2) Department of Statistics,
University of Florida, Gainesville, FL; 3) Section of Molecular and Computational Biology, Department of
Biological Sciences, University of Southern California, Los Angeles, CA; 4) Department of Biology, University of
Florida, Gainesville, FL; 5) Florida Museum of Natural History, University of Florida, Gainesville, FL; 6)
Biological Sciences, Auburn University, Auburn, AL.
The evolutionary forces shaping regulatory variation can differ between sexes and between chromosomes.
Regulatory variation of gene expression can be due to functional changes within a gene itself (cis), or in other
genes elsewhere in the genome (trans). The evolutionary properties of cis mutations are expected to differ from
mutations affecting gene expression in trans. Here we investigate whether regulatory variation differs for cis and
trans; in males and females; and among X-linked and autosomal genes, in Drosophila simulans. Sex-limited
variation is related to the direction of sex-bias, with similar patterns observed in both sexes. However, there are
differences between cis and trans : cis variants show evidence of purifying selection in the sex towards which
expression is biased, while trans variants do not. For female-biased genes, the X is depleted for trans variation
in a manner consistent with a female-dominated selection regime on the X. Surprisingly, there is no evidence for
depletion of trans variation for male-biased genes on the X. This is consistent with regulatory feminization of the
X, trans acting factors controlling male-biased genes are more likely to be found on the autosomes than those

controlling female-biased genes.

640A
Whole genome sequencing of Drosophila melanogaster from the southeast United States and Caribbean
Islands to investigate admixture in North America. Joyce Y. Kao, Matt P. Salomon, Asif Zubair, Daniel
Campo. Biological Sciences, University of Southern California, Los Angeles, CA.
According to the current demographic model, Drosophila melanogaster originated in Africa with an expansion
into the European continent 10,000 years ago. Colonization into the Americas is hypothesized to have
happened in two waves: one of which being African flies into the Caribbean Islands with the transatlantic slave
trade and another wave being the cosmopolitan flies with the European settlers into North America. The
migration from Europe to North America has been further investigated with more genomic evidence while the
colonization event from Africa to the Caribbean Islands is based on little DNA evidence and physical
phenotypes. The recent sequencing endeavors of North American fly populations report African alleles not
found in the European cosmopolitan flies. These findings support the current hypothesis of the colonization of
the Americas, but more evidence is needed to complete the scenario involving recent African admixture into
American flies. We have sequenced 23 Drosophila melanogaster genomes from various locations in the
southeast United States and the Caribbean Islands to inquire into this more recent admixture event and
elucidate D. melanogaster’s migration to the Americas.

641B
The genetic basis of high-altitude adaptation in Drosophila melanogaster. Justin B Lack, John Pool.
Laboratory of Genetics, University of Wisconsin-Madison, Madison, WI.
A primary goal in the study of adaptive evolution is to identify genetic changes underlying adaptive phenotypes.
While recent advances in genome sequencing have significantly this ability, questions still remain concerning
how adaptive phenotypes evolve at the genetic level. What are the relative contributions of de novo mutation vs
standing variation? What is the relative importance of protein-coding and cis- or trans-regulatory mutations, as
well as structural and splicing variants? How polygenic are adaptive phenotypes? In sub-Saharan Africa,
Drosophila melanogaster have independently colonized high elevation several times, and high elevation
populations exhibit striking differences in body size and cold-tolerance relative to low-altitude populations. To
investigate the genetic basis of cold-tolerance and body size evolution in high altitude D. melanogaster we will
combine population genomics, transcriptomics and genetic mapping. Transcriptomic analyses will be used to
identify adaptive shifts in gene and splicing isoform expression between three pairs of warm- and cold-adapted
populations, and allele-specific analyses will allow us to determine whether cis- or trans-regulatory mutations
are responsible. The analysis of large population samples of whole genomes will allow us to identify signals of
natural selection linked to genes or splicing variants, and combine population genomics with downstream
mapping. For body size evolution, high altitude flies from Ethiopia are larger than any previously documented
natural D. melanogaster population. Scans of Ethiopian genomes for locally elevated genetic differentiation
relative to small, low altitude flies identified several strong candidates. Most notably, Insulin-like receptor (InR),
Target of rapamycin (Tor), and diminutive (dMyc) - notorious regulators of growth functioning in the insulin/TOR
pathway and regulation of the cell cycle - were among the outliers. Downstream analyses will combine
introgression mapping and population genomic selection signals to identify the loci responsible for the large
Ethiopian phenotype.

642C
Clinal patterns of genomic variation and their demographic implications in D. melanogaster and D.
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simulans. Heather Machado , Alan Bergland , Katherine O'Brien , Emily Behrman , Paul Schmidt , Dmitri
1
Petrov . 1) Biology, Stanford University, Palo Alto, CA; 2) Department of Biology, University of Pennsylvania,
Philadelphia, PA.
Although the sister species Drosophila simulans and D. melanogaster co-occur and share many behavioral and
physiological traits, differences in seasonal abundance patterns and the absence of D. simulans at high latitudes
until mid summer suggest differences in overwintering demography between these two species. Here, we ask if
there is less clinal variation in D. simulans than D. melanogaster genome-wide, and if the stability of clinal
patterns across years supports the hypothesis of resident over-wintering populations, or instead points to annual
re-colonization. To test these hypotheses, we performed haplotype-based population genomic sequencing of
four populations of D. simulans along a 17° latitudinal cline along the Eastern coast of North America and
sequencing of two years of additional temporal samples of one population and compare these data with a
complementary D. melanogaster dataset. We analyze ~500K SNPs and find substantially less clinal variation in
D. simulans. This decreased clinality could be due to either historical demographic processes, such as
introgression of distinct populations of D. melanogaster, annual re-colonization of D. simulans from refugia
populations, or both. In support of the re-colonization hypothesis, we find that clinal sites in D. melanogaster are
more likely to exhibit the same clinal pattern of allele frequency from year to year than clinal sites in D. simulans.

However, we also see greater genetic similarity in D. simulans populations from a given collection site across
years than between collection sites within a year, supporting the hypothesis of resident over-wintering
populations in D. simulans as well as D. melanogaster.

643A
Recent colonization history of the invasive drosophilid Zaprionus indianus in Mexico and Central
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America. Therese Ann Markow , Giovanni Hanna , Juan R. Riesgo-Escovar , Maxi Polihronakis Richmond ,
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1
1
Nestor Octavio Nazario-Yepiz , Mariana Ramírez-Loustalot-Laclette , Javier Carpinteyro-Ponce , Edward
4
Pfeiler . 1) Laboratorio Nacional de Genómica para la Biodiversidad, CINVESTAV Irapuato, Irapuato,
Guanajuato, C.P. 36821 Mexico; 2) Division of Biological Sciences, University of California, San Diego, La Jolla,
CA 92093, USA; 3) Departamento de Neurobiología del Desarrollo y Neurofisiología, Instituto de Neurobiología,
Universidad Nacional Autónoma de México, Querétaro, C.P. 76230, México; 4) Centro de Investigación en
Alimentación y Desarrollo, A.C., Unidad Guaymas, Apartado Postal 284, Guaymas, Sonora, 85480, México.
Zaprionus indianus is an invasive pest of many kinds of fruit (such as mango, guava, apple, pear and papaya).
Originating in the Old World, they first were reported in Brazil in 1999. Since then, Z. indianus colonized rapidly
many environments throughout the New World. We sampled several localities in Mexico and Panama and
sequenced a 658 bp segment of the cytochrome c oxidase subunit I (COI) gene to study haplotype
relationships, population structure and infer the colonization history of this species in Mexico and Panama.
Phylogenetic analyses and haplotype networks revealed six haplotypes clustered in three clades, but analysis of
molecular variance indicated no significant structure among populations. In addition, none of six haplotypes
were shared with reported haplotypes of potential source populations in the Old World. Our results suggest
northward migration of individuals from Brazil as the route of Z. indianus invasion of Central America and
Mexico, with the possibility of at least one additional introduction of this fly to the New World.

644B
Identifying functional elements and species-specific gain and loss of function from population genomic
data. Daniel R. Schrider, Andrew D. Kern. Department of Genetics, Rutgers, The State University of New
Jersey, Piscataway, NJ.
The identification of functional genomic elements is a central problem in evolutionary biology. Detecting
important non-coding functional elements from sequence features or experimental data alone is particularly
difficult. Cross-species genomic comparisons have proved an invaluable approach to solving this problem, as
elements performing functions vital to the organism are conserved by natural selection. One serious limitation to
such comparative genomic approaches is that they will fail to detect regions that have experienced recent
species-specific gains or losses of selective constraint, and therefore function. This drawback is particularly
troublesome, as such functional turnover events are likely responsible for important phenotypic differences
between closely related species. In contrast to comparative genomic information, within-species genetic
variation data have the potential to reveal these critical species-specific changes. We used population genomic
data from D. melanogaster in combination with a semi-supervised machine learning approach to accurately and
precisely classify regions of the genome as experiencing selective constraint or evolving under drift. By
contrasting this population genetic evidence for or against constraint with patterns of divergence across insects,
we identified regions that appear to have experienced D. melanogaster-specific gain and loss of function. We
find that gain of function candidates are highly enriched in and around genes involved in proteolysis, and
describe several extremely compelling individual candidates for functional turnover. More generally, our results
illustrate the power of population genetic data to discover function, and demonstrate the promise of approaches
like ours to identify loci underlying species-specific biology.
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“Molecular fossils” and genetic diversity of ancestral population of D.virilis. Svetlana Y. Sorokina , Sergej
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V. Bukhanov , Denis A. Romanov , Boris V. Andrianov . 1) Genetics, Koltzov INSTITUTE of DEVELOPMENTAL
BIOLOGY RAS, Moscow, Russian Federation; 2) Vavilov INSTITUTE of GENERAL GENETICS RAS, Moscow,
Russian Federation.
Synanthropic species D.virilis, in contrast to other species of the virilis group, has very low level of genetic
diversity. This is due to recent expansion of synanthropic branch of D.virilis species on the present-day area.
Deficiency of variability causes difficulties in interpreting and analyzing of phylogenetic and population genetic
information. In this study, we selected fragments of ancient mitochondrial haplotypes (mt-haplotype), preserved
in the nuclear genome of D.virilis as pseudogenes of mitochondrial origin (Numt-sequences), that were
distributed in the ancestral population of this species before segregation of synanthropic branch from the rest
part of natural D.virilis species. Our approach allowed us to identify a set of sequences homologous to mt-gene
atp6 in sequenced nuclear genome of D.virilis (genome.ucsc.edu), which correspond to five well-distinguished
mt-haplotypes (mean pair-wise genetic distances p- 0.044), that gave rise to the Numt-sequences. We show
that these Numt-sequences arose in a result of five independent events of mitochondrial DNA fragments

transposition into the nucleus. After integration into the nuclear genome some Numt-sequences were amplified
and all resulting copies evolved independently as paralogous sequences. The data show that ancient mthaplotypes reconstructed from Numt-sequences may be helpful in phylogenetic comparisons to detail the history
of taxon. The study was supported by Russian Fund of Basic Research No 11-04-01630-a, 12-04-00926-a and
Program of Russian Academy of Sciences “Wild Life”.

646A
Regulation of developmental timing in the Drosophila embryo. Cynthia Staber, Axel Shum, Samuel Meier,
Julia Zeitlinger. Stowers Institute for Medical Research, Kansas City, MO.
Developmental timing of embryogenesis differs dramatically across the animal kingdom but the molecular
mechanisms that regulate the speed of development are unknown. We are using Drosophila melanogaster to
identify the genetic components underlying developmental timing during embryogenesis. We developed manual
and automated hatch assays to measure the time it takes from egg deposition to embryo hatching. We then
used our assay to screen the Drosophila Genetics Reference Panel (DGRP); a collection of 192 inbred lines
from a wild population and found significant differences in embryonic development time. Hatch times generally
follow a Gaussian distribution and the mean hatch times of fast and slow lines vary by approximately four hours.
Furthermore, the distribution of hatch events, measured as the width of the Gaussian curve, is also widely
variable across the DGRP collection. Intriguingly, heterozygote crosses between fast and slow lines revealed
strong maternal control over both mean hatch time and distribution of hatch events. These results form a strong
basis for identifying genetic and molecular components that regulate developmental timing in the Drosophila
embryo.
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Latitudinal variation in sleep in Drosophila melanogaster. Nicolas Svetec , Perot Saelao , Joanna Chiu ,
1
David Begun . 1) Department of Evolution & Ecology, UC Davis, Davis, CA; 2) Department of Entomology and
Nematology, UC Davis, CA.
Understanding how local adaptation maintains phenotypic and genetic differentiation in spite of high rates of
gene flow is an important question in evolutionary biology. Latitudinal clines have been of particular interest,
because many organisms show patterns of geographic variation consistent with locally varying selective forces
correlated with latitude. In the Drosophila melanogaster model species, latitudinal clines have been observed for
several morphological and physiological traits, suggesting that this species is experiencing strong spatial and/or
seasonal selection. Here, we studied latitudinal variation in locomotor activity and sleep in Drosophila
melanogaster and Drosophila simulans populations from North America. We found that in D. melanogaster the
average nighttime sleep bout duration of high latitude populations is half as long as that for low latitude
populations. This latitudinal pattern of variation was also observed in population samples from Australia,
suggesting robust parallel clines in sleep phenotypes on different continents. Interestingly, this pattern of
latitudinal variation is not observed for any daytime measure of activity or sleep, suggesting (1) a decoupling of
nighttime and daytime activity and (2) differential selection on night and daytime activity. We also compared the
locomotor activity patterns of D. melanogaster to its closely related sister species D. simulans. We found little
evidence of latitudinal variation in sleep in D. simulans, which is consistent with previous reports that this
species generally exhibits weaker clines than D. melanogaster. Finally, the existence of strong latitudinal clines
in sleep phenotypes in D. melanogaster is consistent with the presence of a significant number of circadian
rhythm-related genes strongly differentiated between temperate and tropical latitudes as revealed by recent
genomic surveys.
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What gene expression can tell us about selective forces driving chromosome evolution. Gwilym Haynes ,
1
2
2,3
1
Zachary Fuller , Shannon Duggan , Stephen Richards , Stephen Schaeffer . 1) Biology, Pennsylvania State
University, State College, PA; 2) Human Genome Sequencing Center, Baylor College of Medicine, One Baylor
Plaza, Houston TX 77030; 3) Chevron, 1500 Louisiana St, Houston, Texas, 77002.
Several hypotheses can be used to explain how paracentric chromosome inversions are established and
maintained in populations. One hypothesis is that a newly inverted chromosome is selectively neutral and it
increases to intermediate frequencies in populations through genetic drift. A second hypothesis is that new
inversion mutations can alter the structure or expression of genes at the sites of breakpoints generating
variation for selection to act upon, the position effect. A third hypothesis is that the recombination suppressing
effect of polymorphic inversion systems can act to hold adaptive combinations of genes together either due to
structural changes to protein products or alterations in gene expression. We present here an analysis of gene
expression in Drosophila pseudoobscura to test whether position effects or indirect effects of recombination
suppression are responsible for establishing and maintaining gene arrangements through alteration of gene
expression. Over 30 inversion polymorphisms have been detected on chromosome three of D. pseudoobscura,
many of which have persisted in stable frequencies in the wild for at least 60 years. Previous research of whole

genome sequences verified that these inversions inhibit recombination between different gene arrangements.
Regions flanked by inversions show elevated population structure and linkage disequilibrium relative
chromosome regions which can recombine freely. Gene expression for over 2800 third chromosome genes was
quantified with RNA-Seq on first instar larvae and unmated adult males and females across seven common
chromosome arrangements; to identify differential gene expression among arrangements and life cycle. The
gene expression data will be discussed in light of the drift, position effect, and indirect effects of recombination
hypotheses.

649A
DNA copy number evolution in Drosophila modENCODE cell lines. Hangnoh Lee, Brian Oliver,
modENCODE. National Institute of Diabetes, Digestive, and Kidney Diseases, National Institutes of Health,
Bethesda, MD.
Structural rearrangements of the genome resulting in genic imbalance due to copy number change are often
deleterious at the organismal level, but are common in immortalized cell lines and tumors, where they may be
an advantage to cells. In order to explore the biological consequences of copy number changes in the
Drosophila genome, we resequenced the genomes of 19 tissue-culture cell lines and generated RNA-Seq
profiles. Our work revealed dramatic duplications and deletions in all cell lines. We found three lines of evidence
indicating that copy number changes were due to selection during tissue culture. First, we found that copy
numbers correlated to maintain stoichiometric balance in protein complexes and biochemical pathways,
consistent with the gene balance hypothesis. Second, while most copy number changes were cell line-specific,
we identified some copy number changes shared by many of the independent cell lines. These included
dramatic recurrence of increased copy number of the PDGF/VEGF receptor, which is also over-expressed in
many cancer cells, and of bantam, an anti-apoptosis miRNA. Third, even when copy number changes seemed
distinct between lines, there was strong evidence that they supported a common phenotypic outcome. For
example, we found that proto-oncogenes were over-represented in one cell line (S2-DRSC), whereas tumor
suppressor genes were under-represented in another (Kc167). Our study illustrates how genome structure
changes may contribute to selection of cell lines in vitro. This has implications for other cell-level natural
selection progressions, including tumorigenesis.
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The Evolution of Breakpoint Sequences in Drosophila pseudoobscura. Haley E Randolph , Megan E Lee ,
1
1
2
2,3
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Geovanny C Montoya , Atousa Jahanshahi , Shannon Duggan , Dianhuiz Zhu , Stephen Richards , Stephen
1
W Schaeffer . 1) Biology, The Pennsylvania State University, University Park, PA; 2) Human Genome
Sequencing Center, Baylor College of Medicine, One Baylor Plaza, Houston TX; 3) Chevron, 1500 Louisiana St,
Houston, Texas.
The chromosomal arrangements of Drosophila pseudoobscura provide an excellent model system to
understand the mechanisms that generate new chromosomal inversion mutations. D. pseudoobscura has over
30 different chromosomal arrangements that were generated by a series of overlapping paracentric inversions.
There are two major mechanisms that can generate rearrangements: repeat-mediated rearrangement events
and staggered-cut single-stranded breaks. We examined the ancestral and derived breakpoints of six different
inversion mutations in D. pseudoobscura to determine the mechanism of chromosomal arrangements. The
locations of the breakpoint sequences were determined from 3-kb -insert paired-end libraries that were
sequenced on an Illumina HiSeq 2000 machine. The flanking gene on one side of the inversion breakpoint was
used as a starting point for assembly of the breakpoint sequences in ancestral and derived gene arrangements.
We have assembled the sequences for three pairs of inversion breakpoints and have discovered that in all of
the cases, repeated DNA sequences can be found; furthermore, the repeats are shared among the proximal
and distal breakpoints and among breakpoints that arose independently from one another. The breakpoint
sequence maps also show that one breakpoint interval is reused, i.e., the distal Standard to Pikes Peak and
proximal Hypothetical to Standard arrangements are the same. Finally, the data presented shows that a
commonly found repeated DNA sequence is present across multiple sets of inversion breakpoints, suggesting
that this sequence plays a role in the inversion mutations. The repeat sequence is found elsewhere in the
genome in regions that are not associated with breakpoints, but these regions may provide future locations for
rearrangement of the genome.

651C
The ovipositor of an invasive pest, Drosophila suzukii, provides insight into the evolution of an adaptive
novelty. Joel Atallah, Raul Salazar, Lisa Teixeira, George Zaragoza, Artyom Kopp. Evolution & Ecology,
University of California - Davis, Davis, CA.
A key innovation can allow a species access to a new ecological niche, potentially freeing it from competition
with its relatives while increasing competition with other species. Classical theory has viewed these innovations
as drivers of adaptive radiations, but recent studies have shown that this is not always the outcome. Here, we

analyze Drosophila suzukii, which has evolved an enlarged, serrated ovipositor, and closely related fly species.
In contrast to the vast majority of its relatives, which are considered harmless to human activity, D. suzukii is a
serious threat to fruit industries, and its invasion of North America and Europe in recent years has resulted in
massive agricultural damage. We present evidence that the evolution of a modified ovipositor has allowed D.
suzukii, and at least one close relative, to penetrate intact fruit skin to lay its eggs. This ability sets them apart
from other species of Drosophila, which lay their eggs in damaged or rotting fruit. Both the shape of the
ovipositor, and its development, differ markedly in species with the modified form. While the serrated ovipositor
has permitted the exploitation of a new resource, there is no evidence of an adaptive radiation, possibly due to
its relatively recent origin. We demonstrate the potential of this system as a model for the evolutionary
developmental biology of recently-evolved adaptations.

652A
Microsatellite repeat instability fuels evolution of embryonic enhancers in Hawaiian Drosophila. Andrew
S Brittain, Elizabeth Stroebele, Albert Erives. University of Iowa, Dept. of Biology, Iowa City, IA 52242, USA.
For ~30 million years, the eggs of Hawaiian Drosophila were laid in ever-changing environments caused by high
rates of island formation. The associated diversification of the size and developmental rate of the syncytial fly
embryo would have altered morphogenic gradients, necessitating frequent evolutionary compensation of
transcriptional responses. We investigate the consequences these radiations have had on transcriptional
enhancers patterning the embryo to see whether their pattern of molecular evolution is different from nonHawaiian species. We identify and functionally assay in transgenic D. melanogaster the Neurogenic Ectoderm
Enhancers (NEEs) from two different Hawaiian Drosophila groups: picture wings, and modified mouthparts. We
find that the NEE binding sites are footprinted by extensive and diverse microsatellite repeat (MSR) sequences.
The qualitative and quantitative evolutionary pattern seen in these Hawaiian NEEs, and in diverse other
embryonic enhancers specifically, is much more extreme than we have previously seen in other non-Hawaiian
lineages. Coupled with the apparent non-canonical role for Su(H) in NEE activity beyond the constricted
expression of the Delta ligand, we consider a novel model of morphogen gradient sensing, which restores a
canonical Notch interpretation in the syncytial embryo and explains extreme MSR enrichment. Given that the
activators that bind NEEs and the coactivator Notch intracellular domain that binds to Su(H) are all enriched in
polyglutamine (pQ) tracts, we propose that the NEEs are scaffolds for assembling pQ enhanceosomal
complexes. In such a model, the half-life stability of enhanceosomes off the enhancers is determined by the
intersite spacing because this spacing would determine the number of hydrogen bonds in the interdigitated
polyglutamine β-sheets formed between adjacent activators on the enhancers. As most indels are produced by
microsatellite repeat slippage, enhancers from Hawaiian Drosophila lineages that are subjected to frequent
evolutionary pressures would then become highly enriched in MSR content.

653B
Dorsocross is a putative target for morphological divergence in fly embryos. Francesca Caroti, Steffen
Lemke. Molecular Developmental Biology & Physiology, Center for Organismal Studies (COS), Heidelberg,
Baden-Württemberg, Germany.
Gastrulation defines a critical step in the early development of multicellular organisms and is comparable among
Diptera (“true” flies), which all share long germ development. During gastrulation, flies form a specialized
extraembryonic tissue that eventually seals the embryo dorsally. In most flies and insects, this extraembryonic
tissue consists of two distinct epithelia, the amnion and the serosa, which develop by the extension of an
epithelial fold (so-called amnioserosal fold). In Drosophila melanogaster, the extension of this amnioserosal fold
is strongly reduced and only a single epithelium is formed, the amnioserosa. Despite this morphological
difference, extraembryonic tissue in all flies is specified by the homeobox gene zerknüllt (zen). We are
interested in the cellular and genetic mechanisms that changed during evolution downstream of zen and gave
rise to the single epithelium observed in D. melanogaster. dorsocross (doc) is a gene known to be fundamental
for fold formation in wing imaginal discs in D. melanogaster. As a candidate to also regulate other
morphogenetic processes, we have studied the expression pattern and function of dorsocross in embryos of the
scuttle fly M. abdita, which develop an amnion and a serosa. Our results suggest that dorsocross function
played a critical role in the divergence of extraembryonic morphogenesis.
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Genome of Drosophila arizonae and its divergence from D. mojavensis. Javier Carpinteyro Ponce ,
2
2
1
1,3
Fernando Peñaloza , Alejandro Sanchez , Cei Abreu-Goodger , Therese Markow . 1) LANGEBIO,
CINVESTAV Irapuato, Irapuato, Guanajuato, Mexico; 2) Unidad Universitaria de Apoyo Bioinformático, Instituto
de Biotecnología, UNAM, Cuernavaca, Morelos. México; 3) Division of Biological Sciences, UCSD, La Jolla, CA.
Drosophila arizonae is the closest relative of the cactophilic D. mojavensis, whose sequenced genome was
reported in 2007. The two species provide a model system for studies of reproductive isolation and host plant
adaptation. Fixed chromosome inversion differences exist between the two species in three of the six pairs of

chromosomes or Muller elements, making the species of interest for studies of genome and chromosome
evolution. We sequenced and assembled the genome of D. arizonae using both Illumina HiSeq 100pb paired
end and mate pair libraries. We used the genome of D. mojavensis as a reference to orient contigs, assign
Muller elements and refine gene models for the D. arizonae genome. The comparison of these two genomes
also allowed us to also find variants at the base-pair and structural level. According to our preliminary results,
the 178.79 Mb genome of D. arizonae encodes ~13,900 genes. We performed protein sequence comparison
and clustering to define shared and unique gene families between D. arizonae and D. mojavensis. Currently, we
are examining the divergence of gene families that have been proposed to be important for the evolution of
these two sister taxa.

655A
Study of function of two young nuclear transport retrogenes (Dntf-2r and Ran-like). Susana Domingues,
Erica Eckstrand, Esther Betrán. The University of Texas at Arlington, Arlington, TX.
Ntf-2r and Ran-like are two retrogenes duplicated from Ntf-2 and Ran respectively. Parental genes are nuclear
transport genes expressed in every cell. Ntf-2 and Ran proteins physically interact and play a central role in
transport of proteins to the nucleus (Ribbeck et al. 1998; Quimby et al. 2000). We showed previously that Ntf-2
and Ran have been convergently retroduplicated in different Drosophila lineages from the X chromosome to the
autosomes and lost in some lineages supporting a high turnover of these gene functions in testes. Ntf-2r and
Ran-like have a strong testis biased expression and have been evolving under positive selection. With this
project we want to understand the function of these new genes in D. melanogaster and try to elucidate the
evolutionary pressures that lead to these gene duplications.
We have performed in situ hybridization studies on parental genes and retrogenes. Tagged Dntf-2r with EGFP
and Ran-like with DsRed.T4 using their own putative regulatory regions and have studied colocalization with
other known spermatogenesis proteins. Also we have a P-element insertion line that disrupts the coding region
of Dntf-2r and has been excised introducing a stop codon Additionally RNAi knockdowns have been performed
for all these genes in testis followed by qRT-PCRs and studied the male fertility effects of those genes. These
experiments provide details of the cellular localization and function of these genes. The data collected to the
moment supports an important role of these genes in male spermatogenesis.

656B
Molecular evolution of the proteins comprising the synaptonemal complex in the Drosophila genus.
Lucas Hemmer, Justin Blumenstiel. Ecology and Evolutionary Biology, University of Kansas, Lawrence, KS.
The synaptonemal complex (SC) is a highly conserved meiotic structure seen across eukaryotes that functions
to hold the homologs together during meiosis and facilitate exchange. Four Drosophila-exclusive proteins have
been identified as the components: C(3)G, C(2)M, Cona and Ord. Each protein is necessary for proper meiotic
function; mutations lead to reduced crossing over and chromosomal non-disjunction. Despite the conserved
nature of the SC and the key role that these three proteins have in meiosis, they display little apparent sequence
conservation. We are performing a molecular evolution analysis to determine the nature of selection that might
explain this lack of apparent conservation. To perform this analysis, we searched 21 genomes across the
Drosophila genus using various search tools such as tBLASTn, HMMER, PSI-BLAST, and referenced OrthoDB
and PhylomeDB or orthologs. Only results from tBLASTn using D. melanogaster protein sequences as the
query were analyzed. Several species of Drosophila have no recognizable sequences corresponding to these
crucial SC components. With the recognizable hits, the sequences were aligned using translational MAFFT and
MUSCLE and for global, local, and branch-specific evolutionary rates. Branch-path determined dN/dS were
preferred and revealed that each component is evolving quickly with no rate correlation expected for interacting
proteins. Likewise, there is evidence of positive selection at the population level in D. melanogaster and D.
simulans suggesting that these proteins are evolving at fast rates across time scales.

657C
The insect order Diptera as framework to assess the genetics of morphological divergence. Steffen
Lemke, Silvia Urbansky, Francesca Caroti, Lucas Schütz. Centre for Organismal Studies, Universität
Heidelberg, Heidelberg, Germany.
Evolution of the insect order Diptera (“true” flies) covers about 220 million years and lead to more than 150,000
extant species, ranging from mosquitoes to house and fruit flies. With all flies essentially being long-germband
insects, early embryonic development is comparable between different species, yet not fully conserved. We are
interested in identifying morphological features typical for embryonic development in Drosophila melanogaster
but absent in other flies. Specifically, we focus on morphogenetic movements during gastrulation, where events
like ventral tube formation of the mesoderm, dorsal folding of the extending germ band, and amnioserosa
specification constitute developmental traits that originated during radiation of the insect order. To understand
the genetic basis underlying the emergence of these phenotypic novelties, we are using established functional
tools like RNAi and have additionally generated transgenic flies that will allow us to systematically compare early

embryonic development in toto between D.melanogaster and selected satellite fly species.

658A
Evolution of the maternally deposited mRNA pool in the Drosophila egg. Susan E. Lott. Department of
Evolution and Ecology, University of California, Davis, Davis, CA.
In animals, mothers supply eggs with the mRNAs and proteins that drive the critical early stages of
development. These maternally deposited molecules, thought to be largely conserved, play a critical role all
early embryonic processes, and establish trajectories for the rest of development. The proteins and mRNAs
deposited by D. melanogaster are well characterized, but despite the importance of these factors, and their
potential to drive differences in developmental processes, we have no knowledge of the extent of natural
variation in maternally deposited mRNAs within or between species. The patterns of evolution of these factors
are of additional interest because genetic control over early development has to be coordinated across two
different genomes, that of the mother and that of the zygote, a form of epistasis which may pose a particular
challenge to evolution. To characterize the evolution of the maternal mRNA pool, I sequenced mRNA from
multiple individual embryos of 14 species spanning the genus, sampled at a morphologically distinct stage
(stage 2) prior to the onset of zygotic transcription, and a stage where widespread zygotic transcription has
begun (stage 5). I find that most genes that are maternally deposited in one species are likely to be maternally
deposited in other species. However, many genes do transition between being maternal deposited and being
zygotically transcribed (and vice versa) on specific lineages. I infer that this transition usually occurs through an
evolutionary intermediary state where the gene is expressed at both stages. These transitions can occur over
surprisingly short periods. I found a significant number of transcripts that vary in their maternal deposition, for
example, there are ~80 genes that have gained or lost maternal deposition in the 2 million years of divergence
between D. pseudoobscura and D. miranda. This points to the fact that this developmental handoff is
unexpectedly fluid. I discuss the potential developmental consequences of these changes and their interplay
with life-history traits such as development time.

659B
Evolution of shape and sense in male Drosophila prolongata. David Luecke, Artyom Kopp. Center for
Population Biology, University of California - Davis, Davis, CA.
Sexual selection can produce very rapid bouts of evolution. Males of the species Drosophila prolongata exhibit
enlarged forelegs covered in chemosensory bristle hairs. These highly derived sex-specific front legs evolved
very recently, and are used in male aggression and courtship. I present findings on the allometric relationships
of leg to body size, changes to developmental processes regulating leg size, and the evolution of gene
regulation responsible for the expansion of chemosensory bristles.

660C
Coordinated cis- and trans-regulatory changes along the dpp pathway correlate with a derived wing
1
2
2
1
phenotype in D. sechellia. Richard W. Lusk , Nuala Bobowski , Alberto Civetta , Cassandra Kirkland , Emily
1
1
3
Valice , Patricia Wittkopp , Ian Dworkin . 1) Ecology & Evolutionary Biology, University of Michigan, Ann Arbor,
MI; 2) Dept. of Biology, University of Winnipeg, Winnipeg, MB, Canada; 3) Dept. of Zoology, Michigan State
University, East Lansing, MI.
Discovering how perturbations to development generate phenotypic diversity is central to our understanding of
how organisms evolve. Wing shape provides a quantitative model for diversity in a complex trait, and here we
describe a genetic and molecular analysis of its divergence between two Drosophila species. We performed a
geometric morphometric analysis of wing shape divergence within the melanogaster subgroup, finding a derived
phenotype in D. sechellia showing a shift in the relative placement of the L2 vein and a broadening along the
margin in the central and proximal regions. Mapping this difference between D. sechellia and its sister species
D. simulans, we found a QTL overlying brinker, a repressor of dpp target genes that has been implicated in L2
vein positioning. Seeking to explore the transcriptional diversity underlying this phenotypic change, we gathered
RNA-seq data from late third-instar wing discs of D. simulans, D. sechellia, and a hybrid of these species,
focusing our analysis on brinker and other genes in the dpp pathway. We found a surprising coordination of
expression changes across this pathway, both in cis and trans, the largest effects including cis-regulatory
changes at thickveins, a dpp receptor which has been shown to position the L2 vein in a dose-dependent
manner, and at knot, vein, araucan and caupolican, regulators which specify the L3 vein and the L3-L4 intervein
region. We are confirming these expression differences with pyrosequencing, and we are using vein and
intervein markers, combined with in situs of these genes' expression patterns, to examine how their quantitative
changes in expression level translate to spatial changes in activity. With these data, we shed light on how a
complex phenotype may be perturbed by small but coordinated changes in cis and trans along a major
developmental pathway.

661A

Conservation of long intergenic noncoding RNAs (lincRNAs) between D. pseudoobscura and D.
melanogaster: expression is key. Kevin G. Nyberg, Carlos A. Machado. Biology Department, University of
Maryland, College Park, MD.
With the advent of high-throughput sequence technologies and increasingly diverse tools for genetic
manipulation, we are beginning to better understand the important roles that long intergenic noncoding RNAs
(lincRNAs) play in eukaryotic biology. Unconstrained by the amino acid code, lincRNAs can be expected to
evolve along different trajectories than protein-coding genes. Most studies of lincRNA evolution, however, fail to
integrate expression data from multiple species and analyze evolution only at the sequence level without even
ascertaining whether the lincRNA is expressed. Post-modENCODE, thousands of lincRNAs have been
identified in the Drosophila melanogaster transcriptome. Here, using RNA-Seq and computational identification
of protein-coding ability, we have identified 1,768 lincRNA transcripts at 1,586 unique loci in a second species of
Drosophila - D. pseudoobscura. We found lincRNAs expressed in all four surveyed developmental stages (1st
instar larva, 3rd instar larva, pupa, and adult) in both sexes, with greater numbers of lincRNAs showing a male
bias. This male bias can be explained by overrepresentation of lincRNAs in the testes, an observation
consistent with the out-of-testes hypothesis of new gene evolution. Finally, using reciprocal blast and direct
genome coordinate conversion, we identified 124 conserved lincRNAs between D. pseudoobscura and D.
melanogaster. Only 36 of these show any degree of sequence conservation between the two species, though
homology for many others is also supported by conservation of synteny and transcriptional orientation. This
suggests that expression dynamics may be more important than sequence itself in understanding lincRNA
biology.
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Molecular mechanism behind the evolution of a novel sex-specific trait. Gavin R. Rice , Olga Barmina ,
2
1
1
Michelle Arbeitman , Daniel Friedman , Artyom Kopp . 1) Evolution and Ecology, University of California at
Davis, Davis, CA; 2) College of Medicine, Florida State University, Tallahassee, FL.
It has long been thought that the Drosophila sexual differentiation pathway is active in all cells. However the
transcription factor doublesex (dsx), which regulates sex-specific gene expression in somatic cells, is expressed
in tightly restricted spatial patterns during Drosophila development. In fact, ectopic expression of dsx can disrupt
normal development. This indicates that tissue specific, modular cis-Regulatory Elements in the dsx gene may
be involved in the evolution of sex-specific traits. The sex comb of Drosophila is an excellent model of a recently
evolved, sex-specific morphological structure. In males, a modified transverse bristle row forms a comb-like
pattern on the first tarsal segment of the forelegs. The homologous bristle row in females is unmodified and
identical in morphology to the other proximal transverse bristle rows. Sex combs are thought to have originated
in the last common ancestor of the melanogaster and obscura species groups, a phylogenetically recent event,
and diversified rapidly within this lineage. The proper development of sex combs is dependent upon localized
expression of dsx, suggesting that sex comb evolution was caused, at least in part, by changes in dsx cisRegulatory Elements. Through analysis of dsx cis-Regulatory Elements, we have identified a 3kb region that is
able to convey expression in the sex comb region. Furthermore, species-specific differences in these sequences
are sufficient to change dsx expression toward donor-like patterns. The expression of dsx induced by one of
these donor species CRE transformed the Drosophila melanogaster sex comb morphology to more closely
resemble the morphology of the donor species. These results shed light on the role of cis-Regulatory Elements
in the evolution of novel sexually dimorphic traits.

663C
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What does it take to evolve an enhancer? Saurabh Sinha , Thyago S. P. C. Duque . 1) Department of
Computer Science, University of Illinois, Urbana, IL; 2) Institute for Genomic Biology, University of Illinois,
Urbana, IL.
Existing approaches to understand the factors shaping enhancer evolution have focused on simple scenarios
involving emergence of one or two binding sites, or on homotypic clusters of sites. These approaches have
often ignored the combinatorial and quantitative nature of gene regulation and the variety of biochemical
mechanisms involved in this process. We report on our investigation of enhancer evolution through the use of
PEBCRES, a new software for evolutionary simulation of enhancers. PEBCRES uses a state of the art
sequence-to-expression model to assign fitness to the evolving enhancer genotype and has been shown
(Duque et al., MBE 2013) to accurately model the loss or gain of binding sites in Drosophila enhancers. We
used PEBCRES to estimate the time necessary to evolve, from genomic background, an enhancer that drives
an expression pattern similar to one of 28 anterior-posterior patterning enhancers in the blastoderm-stage
embryo. We found the time-to-evolve to range between 0.5 and 10 million years, and to vary greatly with the
target expression pattern, complexity of the real enhancer associated with it, and with the strength of input from
specific TFs. To our knowledge, this is the first estimate of waiting times for realistic enhancers to evolve. We
also found evidence that uniformly-expressed activators such as DSTAT have the effect of decreasing the time
necessary to evolve such patterns, even if they are not necessary for the formation of the pattern, suggesting

that certain features might evolve not due to their biological function but as aids to the evolutionary process
itself. We found that exaptation, i.e., evolution from an already functional enhancer instead of background, has a
positive effect on the time to evolve novel enhancers, only if the exapted enhancer drives an expression pattern
similar to the target pattern, and negative effect otherwise. Finally, we studied the binding site composition of insilico evolved enhancers and found that real enhancers have, with a few exceptions, site compositions that are
quite similar to those seen in simulations.

664A
Gene expression profiling of Drosophila testis. Toshiyuki Takano-Shimizu, Masatoshi Tomaru, Masahide
Watanabe. Drosophila Genetic Resource Center, Kyoto Institute of Technology, Kyoto.
Spermatogenesis is often impaired in interspecific hybrids of Drosophila. As a first step to understand how the
hybrid sterility can arise, we characterized the expression profile of testes of pure species Drosophila
melanogaster through combined analysis of transcriptomes by RNA-seq and proteomes by liquid
chromatograph mass spectrometer. From these analyses we obtained the following results. 1) Highly
transcribed genes were deficient in the X chromosome, but translated genes were evenly distributed over the
genome. 2) There was less variation in X-linked genes than autosomal genes at the mRNA level. 3) Transcribed
and translated genes tended significantly to cluster. 4) Genes exhibiting strain-specific higher or lower
expression also tended to cluster. 5) While many highly transcribed genes are not in the current testis protein
list, many lowly transcribed genes are in the list. It is conceivable that transcription in testis is not strictly
controlled and, as a result, the testis possesses many noisy transcripts.
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Comparative transcriptomics of X chromosome meiotic drive in Drosophila simulans. Shu Fang , Wei1
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Chung Yu , David Ogereau , Ching-Ho Chang , Quentin Helleu , Chau-Ti Ting , Catherine Montchamp2
Moreau . 1) Biodiversity Research Center, Academia Sinica, Taiwan, ROC; 2) Laboratoire Evolution, Génomes
& Spéciation, UPR9034 - CNRS, France; 3) Department of Life Science, National Taiwan University, Taipei,
Taiwan, ROC.
Meiotic driver or segregation distorters are alleles or chromosomes that ensure their own preferential
transmission to the next generation by affecting meiosis or gamete maturation. By affecting the core process of
gene transmission and usually lowering individual fitness, they can trigger genetic conflicts with impact on
genome evolution and speciation. In Drosophila, the sex-ratio distorters are typically linked to the X
chromosome and prevent the production of Y-bearing sperm, which results in strong female bias in the progeny
of affected males. Well-characterized sex-ratio distorters have been reported over 10 independent lineages, but
little is known on their molecular natures and their evolutionary histories. To address these questions, we
compared the testicular gene expression profiles between sex-ratio (Paris system) and standard males of
Drosophila simulans. The set of testicular genes with altered transcriptional level includes genes related to
spermatogenesis, to meiosis/mitosis and to chromatin regulation. All of the six genes included in the segmental
duplication characteristics of sex-ratio X chromosomes are overexpressed in the testes of sex-ratio males,
which provides independent support of these candidate genes. Our study provides the genetic basis of the sexratio distorters in D. simulans and will enable us to improve our understanding on the molecular and cellular
bases of meiotic drive.

666C
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Study of segmentation using Dermestes maculatus as a non-model organism. Jie Xiang , Leslie Pick .
1) Dept of Entomology, Univ. of Maryland-College Park, College Park, MD; 2) Program in Molecular & Cell
Biology, Univ. of Maryland-College Park, College Park, MD.
A segmented body plan is a shared feature of insects. The mechanisms establishing the segments have been
well studied in the canonical model organism. Drosophila melanogaster. However, it is a highly specialized
insect with long-germ mode of segmentation. Unlike Drosophila melanogaster, for which all segments are
formed simultaneously before gastrulation, most other insects possess short or intermediate-germ modes of
segmentation. Head segments only or head and thoracic segments (some abdominal segments are also
included in some cases) are specified at the end of blastoderm stage prior to gastrulation. The remaining
segments are added on sequentially from posterior growth zone during germ band stage. Accumulating
molecular and functional evidence suggest that segmentation mechanisms have diverged in the radiation of
insects despite the fact that the overall segmented body plan is conserved. To study the embryogenesis in a
representative with a distinct mode of segmentation, and furthermore, to explore the evolution of segmentation
in insect radiations, we are using Dermestes maculates (an intermediate-germ beetle) as a non-model organism
to study the expression and function of segmentation genes. Laboratory colonies have been established and
maintained well. RNA in situ hybridization and antibody staining have been successfully applied in this beetle.
We have examined the expression of ftz, ftz-f1, even-skipped, engrailed and caudal in Dermestes. Functional
studies of some pair-rule genes using RNAi are ongoing. These studies will give clues about the functional

evolution of segmentation genes across insect taxa.

667A
How does selection at tyrosine hydroxylase (pale) drive melanism in high-altitude Ethiopian Drosophila
melanogaster? Amir Yassin, Héloïse Bastide, John Pool. Laboratory of Genetics, University of WisconsinMadison, Madison, WI.
Natural variation of Drosophila melanogaster cuticular pigmentation usually ranges from yellow to dark brown.
Previous population genetic investigations showed such variation to correlate with the ebony or tan genes. A
particular dark phenotype, almost black, was abundant in a high-altitude population in Ethiopia (> 3,000 m).
Among different genes of the melanin synthesis pathway, population genomic analysis revealed a strong
selection signal at the tyrosine hydroxylase (pale) gene, but no strong selection on ebony or tan was detected in
this population. Closer investigation of the seven fixed single nucleotide polymorphisms (SNPs) at pale revealed
that three of them, two in the 5’ regulatory region (~2 kb upstream) and one in an intron, lead to the acquisition
of three Abdominal-B binding sites. Interestingly, the three SNPs are found at different frequencies in all subSaharan African populations, but they are only fixed and tightly linked in Ethiopia. We functionally validate the
independent and combined effects of the three SNPs using a newly proposed RNA-guided genome editing
technique (cas9/CRISPR) by which we replace alleles from Ethiopian strains with alleles from lowland, light
populations. This analysis may help elucidate how selection from standing genetic variation can lead to the
evolution of a novel phenotype.

668B
QTL affecting genotype-by-diet interactions of larval triglyceride levels. Alison F. Adams, Kelly J. DewBudd, Laura K. Reed. Department of Biological Sciences, The University of Alabama, Tuscaloosa, AL.
Metabolic Syndrome (MetS) is a complex disease that is becoming increasingly prevalent in the world today. It
is identified by an assortment of symptoms such as obesity, insulin resistance, and elevated blood lipids. This
disease and its various phenotypes can be modeled in Drosophila melanogaster. In a previous study of MetS,
our lab implemented a round-robin crossing scheme on approximately 800 isogenic lines from a recombinant
inbred line population, and a linear regression was used to determine genotype, diet, and genotype-by-diet
interactions. Statistical analysis revealed quantitative trait loci (QTL) associated with larval triglyceride levels.
Here we report on the functional analysis of genes within the QTL significant for gene-by-environment
interactions through differential gene expression and the testing of mutant triglyceride levels.

669C
Genomic basis of parallel seasonal variation in stress tolerance traits in Drosophila melanogaster and
1
1
1
1,2
1
D. simulans. Alan O Bergland , David Enard , Felicia King , Jamilla Akhund-Zade , Dmitri Petrov . 1) Stanford
University, Stanford, CA; 2) Cornell University, Ithica, NY.
Environmental variation among seasons in temperate locales imposes strong, cyclically varying selection on
drosophilid populations. Accordingly, populations living in temperate locales adaptively evolve over seasonal
time scales where traits and behaviors that promote reproductive success are favored during the summer and
those that promote stress tolerance are favored during the winter. Here, we demonstrate that D. melanoagaster
and D. simulans collected during the winter in California have higher tolerance to starvation and thermal stress
than those collected during the summer. Next, we map quantitative trait loci for thermal stress tolerance using
two replicate, semi-independent, 8-way advanced intercrossed mapping populations for both D. melanogaster
and D. simulans. We show that QTL are consistent between replicates for both species, that QTL in D.
melanogaster are enriched for polymorphisms that have been shown to oscillate seasonally in other populations
of this species, and that there is some evidence of enrichment of shared QTL between species. The presence of
shared QTL between two species suggests that ancient polymorphisms which predate the split of these two
taxa, or convergent de-novo mutations, may contribute to parallel seasonal variation in stress tolerance.

670A
Climatic adaptations of life-history traits in outdoor field cage and laboratory populations of Drosophila
melanogaster. Veer Bhan. Department of Biotechnology, UIET, M D University, Rohtak, Haryana, India.
Five Indian geographical populations of D. melanogaster were analysed for their genetic divergence of life
history traits in outdoor field cage and laboratory populations. All the five populations were analyzed for body
weight, ovariole number and four pre-life history traits (i.e. fecundity, hatchability, viability and duration of
development) and a positive cline was observed for all the traits. Three populations, one low latitudinal site, one
mild latitudinal site and one high latitudinal site were selected for the comparison of wild and laboratory
conditions. Three different experiments were setup for the comparison. In the first experiment, out door field
cages were held in the open field (i.e. nursery of the university campus) and the daily fluctuations of the
fecundity and mortality were observed. In the second experiment a cold assay was conducted and in the third
experiment, three pre-life history traits, i.e. fecundity, viability and duration of development were analysed at

seven different growth temperatures. The results of cold assay suggests that the northern populations were cold
resistant as compared to southern populations. In the field cage experiment, northern populations were found to
produce more eggs than did southern populations following an abrupt increase in reproduction in late winter. In
contrast, southern populations produced more eggs prior to the increase. Both patterns resulted in a higher net
number of surviving offsprings for northern populations. However, mortality rates also increased with latitude of
origin. These findings suggest that changes in early and late reproduction per se determine adaptation to
temperate winter conditions and illustrates how laboratory populations can be used to understand traits
underlying adaptive performance shifts in the field.

671B
Naturally Occurring Variations in Food Intake in Drosophila melanogaster. Matthew John Eveland, Hayley
Leuch, Maria De Luca. Nutrition Sciences, University of Alabama, Birmingham, Birmingham, AL.
The ability to store energy as fat is required for the life cycle of many organisms. Tightly interrelated
physiological pathways have evolved to regulate the balance between energy intake and expenditure at an
optimal level, so that fat storage is increased (or decreased) via both of these components. There is strong
evidence that inter-individual differences exist in the traits that contribute to energy balance in mammals.
However, little is still known in invertebrates. To this end, we previously reported that there is considerable
genetically based variation in body weight, the content of fat and glycogen, and metabolic rate among 40 lines of
the Drosophila Genetic Reference Panel (DGRP). The objective of this study is to unravel the genetic
architecture of food intake in D. melanogaster using the same lines. Female and male virgin flies were collected
from population controlled vials and raised to 4-5 days old under controlled conditions and standard cornemeal,
agar, molasses, and yeast medium. Flies were then broken up into groups of five and food intake was measured
for the 12hr day and night cycles using the Capillary Feeder assay. Analysis of variance and Pearson’s
correlation tests were used to test differences among individuals in food intake and the relationship between
variables of interest, respectively. Preliminary analysis showed that there is significant variation among the
DGRP lines for food intake (F9,9 = 5.98, p = 0.007) and between males and females (F1,11 = 13.44, p = 0.004).
No phenotypic correlation was found between food intake and fat storage or body weight. However, there was a
negative correlation between food intake and glycogen levels (r = -0.63, p = 0.05). Our findings indicate that
variation in food intake in D. melanogaster has a genetic component and that the same genetic mechanisms
might control food intake and glycogen stores.

672C
Bayesian multi-phenotype genome-wide association methods for experimental designs of arbitrary
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complexity. Anthony Greenberg , Jason Mezey , Susan McCouch , Jean-Luc Yannink . 1) Biostatistics and
Computational Biology, Cornell University, Ithaca, NY; 2) Plant Breeding and Genetics, Cornell University,
Ithaca, NY; 3) USDA-ARS, Robert W. Holley Center, Ithaca, NY.
Genome-wide association studies (GWAS) in Drosophila serve as an important starting point for the
investigation of phenotypic effects of naturally-occurring DNA sequence variation. To separately estimate
sources of environmental variation, complex replicated experiments are often required. However, most modern
statistical methods for GWAS have been developed to map human disease loci, where each genetically-distinct
individual is evaluated only once and the confounding effects of population structure are not strong. These
methods are not adequate for most applications in model organisms such as Drosophila. We have developed a
general Bayesian approach that accounts for noise in the data, including low heritability, unbalanced designs,
missingness, outlier observations, and systematic experimental bias. We also implemented steps to correct for
population structure and differential kinship (e.g., in diallel crosses), and analyze multiple phenotypes at once.
We illustrate the advantages of our methods on simulated data and on a set of wing phenotypes measured on
the DGRP set of lines. Interestingly, these methods have found application in crop genetics.

673A
The relationship between sleep and evolutionary fitness in Drosophila melanogaster . Amanda Lobell,
Susan Harbison. Laboratory of Systems Genetics, Division of Intramural Research, National Heart, Lung and
Blood Institute, Bethesda, MD.
Nearly all animals sleep. While the evolutionary conservation of sleep suggests that it provides significant fitness
benefits, the relationship between sleep and evolutionary fitness is not known. We have developed a novel
approach to investigate this relationship by quantifying the phenotypic and genetic covariation between sleep
and other important fitness traits in Drosophila melanogaster. In order to identify heritable variation, traits are
measured in a controlled environment in the Drosophila Genetic Reference Panel (DGRP), a collection of inbred
lines of D. melanogaster derived from a natural North American population. Here we investigate the relationship
between sleep and reproductive success by focusing on the ovarioles, the egg development pipelines within the
fly ovary. Ovariole number strongly affects reproductive fitness in female flies by limiting maximum fecundity.
We measured ovariole number in both ovaries of thirty female flies from each of 202 DGRP lines and quantified

the asymmetry between ovaries. Ovariole number shows significant phenotypic variation among DGRP lines
2
(P<0.0001) and exhibits high broad-sense heritability (H = 0.59 ) while ovaroile asymmetry also shows
2
significant differences among lines (P<0.0001) but with lower heritability (H = 0.05) Further, we calculated the
coefficient of environmental variation for these measures in order to determine the degree to which
environmental sensitivity is influenced by underlying genotype. We identified Single Nucleotide Polymorphisms
(SNPs) significantly associated with these traits and compared them to 8,197 SNPs previously associated with
fourteen sleep parameters. This approach allowed us to identify variants, genes, and genetic networks common
to sleep and measures of reproductive fitness. Determining the extent to which sleep covaries with traits critical
to an organism’s fitness will provide insight into why sleep has been so strongly conserved over evolutionary
time. Genetic correlations between fitness-enhancing genes and sleep also may help elucidate sleep’s
biological function.

674B
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What is the best design to understand gene regulatory networks? Lauren M. McIntyre , Sergey Nuzhdin .
1) Dept Molec Gen & Micro, Univ Florida, Gainesville, FL; 2) University of Southern California, Los Angeles CA.
The modern era of genomics brings us unprecedented ability to snapshot transcription. Many people have been
busy working on how to reconstruct relationships among genes using such snapshots. The windows into
regulation are frustratingly incomplete and our ability to disentangle fine scale relationships when using such
technologies remains elusive. We explore several strategies of experimental design and examine the
relationship between additive genetic variance, heritability and cis and trans regulation.

675C
Mapping divergent pupation behavior between Drosophila melanogaster and D. simulans. Alison
Pischedda, Michael Shahandeh, Thomas Turner. Department of Ecology, Evolution and Marine Biology,
University of California, Santa Barbara, Santa Barbara, CA.
We are interested in understanding the genetic architecture of divergent behaviors between closely related
species. Drosophila melanogaster larvae prefer to pupate away from their food source, while D. simulans larvae
prefer to pupate on the surface of the food; this behavior is consistent in the lab and in the wild. We used
reciprocal hybrid crosses to map a majority of this variation to the X chromosome, where the D. melanogaster
behavior of pupating off the food is dominant. To determine the gene(s) responsible, we investigated hybrid
pupation behavior using the Bloomington Duplication Project. These stocks contain small duplicated pieces of
the D. melanogaster X chromosome attached to the male Y chromosome, allowing for X chromosome mapping
of behavioral traits. We have identified at least one genomic region on the X causing hybrids to pupate off of
food, and are using overlapping duplications and X chromosome deficiency stocks to fine map these regions.
Identifying the gene(s) underlying this variation is a first step toward understanding the evolutionary
mechanisms promoting behavioral divergence.

676A
Genes of Attraction: Mapping male preference for a species-specific female pheromone in Drosophila.
Michael Shahandeh, Alison Pischedda, Thomas Turner. Ecology, Evolution and Marine Biology, University of
California, Santa Barbara, Santa Barbara, CA.
Chemosensory signaling plays a vital role in both inter- and intraspecies interactions. In the case of the closely
related species Drosophila melanogaster, D. simulans and D. sechellia, divergent preference for a speciesspecific female pheromone has created a strong prezygotic mating barrier. Expressed solely on the D.
melanogaster and D. sechellia female cuticles, the cuticular hydrocarbon 7,11-heptacosadiene (7,11-HD) is
attractive to D. melanogaster/sechellia males but aversive to D. simulans males. By quantifying the behavior of
reciprocal hybrids, we have determined that these divergent preferences map to the X chromosome. To further
map the genes responsible, we created hybrids containing Y-nested X-duplications and found that a single 1.4
Mb duplication largely reverses the aversion of hybrid males with a D. simulans X chromosome. This suggests
that this region contains a gene of large effect on preference. To further map this gene, we have succesfully
backcrossed the D. simulans aversion alleles into a D. sechellia background for QTL mapping. Though we have
not yet identified the causal gene(s), data gathered to date are consistent with the presence of a single gene
with large effect. As few such genes are known for any traits, much less behavior, this is a finding of
considerable interest.

677B
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The genetics of convergent evolution. Sarah A. Signor , Artyom Kopp . 1) University of Southern California,
Los Angeles, CA; 2) University of California, Davis, Davis, CA.
The origin of diversity is one of the most central questions in evolutionary biology. In recent years the molecular
changes responsible for the origin of some phenotypic differences has been identified. These studies are
illuminating, however they proceed on a case-by-case basis and thus leave the possibility of any generalities in

evolution unexamined. The search for these patterns necessitates a comparative approach by which multiple
instances of phenotypic evolution have occurred in closely related species. Within the Drosophila ananassae
subgroup there have been several independent changes in sexually dimorphic pigmentation. I have investigated
the molecular basis of this color pattern evolution in three pairs of these (sub)species using a combination of
high throughput sequencing and genotyping assays. Despite a lack of constraint in the pigmentation pathway
gene reuse appears to be common, as does the presence of large effect mutations in phenotypic evolution.

678C
Divergence of water balance mechanisms in two sibling species (Drosophila simulans and D.
melanogaster ): effects of growth temperatures. Divya Singh, Ravi Parkash. M.D.UNIVERSITY, ROHTAK,
HARYANA, India.
Drosophila simulans, desiccation sensitive species, is more abundant under colder and drier habitats in Western
Himalayas as compared to its sibling Drosophila melanogaster but mechanistic bases of climatic adaptations
are unknown. We tested the hypothesis whether developmental plasticity of cuticular traits confers adaptive
changes in water balance related traits in these sibling species. Our results are interesting in several respects.
1.D. simulans grown at 15 °C possesses a high level of desiccation resistance in larvae (~39 h) and in adults
(~86 h) whereas corresponding values are quite low at 25 °C (larvae ~7 h; adults ~13 h). Interestingly, its
cuticular lipid mass was 3-fold higher at 15 °C as compared with 25 °C while there were no change in cuticular
lipid mass in D. melanogaster. 2.Developmental plasticity of body melanisation was evident in both species.
Drosophila simulans showed higher melanisation at 15 °C as compared with D. melanogaster. 3.Changes in
bulk water, hemolymph and dehydration tolerance showed superiority of D. simulans at 15 °C but of D.
melanogaster at 25 °C growth temperature. Rate of carbohydrate utilization under desiccation stress did not
differ at 15 °C in both species. 4.Effects of developmental plasticity on cuticular traits correspond with changes
in cuticular water loss i.e. water loss rates were higher at 25 °C as compared with 15 °C. Thus, D. simulans
grown under cooler temperature was more desiccation tolerant than D. melanogaster. 5.Finally, desiccation
acclimation capacity of larvae and adults are higher for D. simulans reared at 15 °C but quite low at 25 °C. Thus,
both species have evolved different strategies of water conservation. Our results suggest that D. simulans from
lowland localities seems vulnerable due to limited acclimation potential in context of global climate change in
Western Himalaya. Finally, this is first report on higher desiccation resistance of D. simulans due to
developmental plasticity of both cuticular traits when grown at 15 °C, which is consistent with its abundance in
temperate regions.

679A
Mapping natural variation in courtship song to the gene level using the Drosophila Synthetic Population
Resource. Thomas L. Turner, Alison Pischedda, Wes G. Cochrane, Veronica A. Cochrane. Ecology Evolution
and Marine Biology Dept, University of California, Santa Barbara.
We aim to identify and characterize the genes responsible for behavioral evolution. The highly polygenic nature
of variation for most traits makes this difficult, but new resources have opened up exciting possibilities. Here we
present a study of courtship song traits using the Drosophila Synthetic Population Resource: a set of advanced
intercross recombinant inbred lines derived from a world-wide collection of founders. By quantifying the
courtship songs of 1,684 strains derived from 15 sequenced founders, we have mapped a handful of song QTL
to small intervals. To fine-map these QTL to the gene level, we have revived the quantitative complementation
technique. Though quantitative complementation suffers from epistatic confounds, the randomized genetic
backgrounds of recombinant inbred lines allow for the additive main effects to be isolated. Using this special
property of this mapping population, we have implicated specific genes harboring natural variation in song. By
combining the DSPR mapping panel with the large numbers of deficiency and single-gene loss-of-function
strains available at the Bloomington Stock Center, mapping small effects to single genes is now much more
efficient.

680B
Reproductive barriers in a hybrid zone of Drosophila melanogaster. Joyce Y. Kao, Sergey V. Nuzhdin.
Biological Sciences, University of Southern California, Los Angeles, CA.
Studying recent hybrid zones, specifically those that have been recently established, can provide insight into the
interaction between gene flow and adaptation within and between populations. Extensive collections of
Drosophila melanogaster have been conducted in the southeast US and Caribbean Islands. This area is a
recent hybrid zone between European cosmopolitan flies and flies of African descent, two very distinct
populations, which are estimated to have diverged over 10,000 years ago. Previous studies which have been
conducted in this hybrid zone have revealed the existence of clines in pre- zygotic/pre-mating characters (i.e.
courtship, assortative mating, CHCs). We have focused on post-mating characters in females along this cline by
phenotyping re-mating rates and egg laying rates, as well as looked at post-mating female lifespan. We have
evidence that some of these traits may be partial reproductive barriers. We have re-sequenced the 23 isofemale

lines distributed along this cline and are examining genome-wide signatures of selection especially in genes
involved in pre- and post-mating phenotypes.

681C
Investigating genomic divergence in the Asian fruit fly Drosophila nasuta complex. Wynn K. Meyer, Doris
Bachtrog. Integrative Biology, University of California, Berkeley, Berkeley, CA.
Modern research into the evolution of new species focuses upon identifying the loci responsible for reproductive
isolation between diverging species. Although several such genes have been identified and characterized in
various groups, questions remain about how species diverge at the scale of the entire genome, as well as how
processes such as local adaptation, intragenomic conflict and gene flow from divergent populations influence
this process. The Drosophila nasuta complex of Asian fruit flies provides an ideal system for studying the
process of species divergence due to the availability of genome-wide data from 14 species with different levels
of divergence and reproductive isolation. We here report patterns of divergence throughout the genome
between species pairs across the complex, in particular examining regions with repeatedly high divergence
across multiple species pairs, as well as structural variants, which have been proposed to play a role in driving
the evolution of reproductive isolation. These results provide insights into the general patterns of genome-wide
divergence across different evolutionary timescales, as well as candidate regions that may be involved in interspecies incompatibilities.

682A
Genome-wide scans reveal a young candidate speciation gene in Drosophila athabasca. Karen M. Wong
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Miller , Michael Eisen , Doris Bachtrog . 1) Integrative Biology, University of California, Berkeley, Berkeley,
CA; 2) Department of Molecular and Cell Biology, University of California, Berkeley, CA; 3) Howard Hughes
Medical Institute, University of California, Berkeley, CA.
Studies in Drosophila have greatly increased our understanding of the genetics of speciation, particularly
relating to postzygotic reproductive isolation. However, the difficulty in teasing apart factors that are important to
the actual process of speciation from those that have accumulated secondarily has been widely noted.
Examination of very recently diverged systems increases the likelihood of identifying the molecular mechanisms
responsible for speciation. We present whole genome sequence data for 28 strains of Drosophila athabasca, a
North American species complex composed of three semispecies that are morphologically identical and show
no evidence of postzygotic isolation, but exhibit prezygotic isolation in the form of semispecies-specific courtship
song. Their recent divergence time (<20kya) makes them among the youngest incipient species to be studied at
a genome-wide level. Overall, we find low levels of divergence between semispecies, with approximately 2
million variable sites within the species complex, and only 1% of these sites being private and fixed within
semispecies. Genome-wide scans show that divergence is non-uniformly distributed across the genome, with
sex-linked regions showing higher average divergence. Despite the low levels of overall divergence, we find a
spike of divergence between semispecies at a single region in the genome corresponding to a locus containing
a gene previously identified as a courtship song gene in other species within the Drosophila genus, suggesting
this gene may play an important role in the evolution of prezygotic isolation and speciation within the D.
athabasca complex.

683B
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The role of fungal interactions in the host-plant specialization of Hawaiian Drosophila. Allison Quan ,
2
1
Patrick O'Grady , Michael Eisen . 1) Department of Molecular and Cell Biology, UC Berkeley, Berkeley, CA; 2)
Department of Environmental Science, Policy & Management, UC Berkeley, Berkeley, CA.
The Hawaiian Drosophila are a diverse species complex with highly specific host-plant specialization. Microbial
communities have been hypothesized to mediate host-plant choice, subsequent reproductive isolation and
eventually, speciation of Hawaiian Drosophila. However, direct evidence for this hypothesis is lacking and
potential mechanisms are unclear. To understand the role of fungal-fly interactions in Hawaiian Drosophila
speciation, we are focusing on three closely related species: D. mimica, D. kambysellisi and D. soonae. These
species are sympatric, specialized to different host-plants and exhibit assortative mating in nature despite being
successfully interbred in the laboratory. We collected wild, isofemale lines of each fly species as well as
associated fungi either directly from flies or their host-plant substrate. Preliminary comparative studies of fungal
community structure showed low, overall fungal diversity associated with all three fly species, suggesting that
only one or few fungal species may be important for host-plant discrimination. We also found that fungal profiles
of fly species collected from the same field sites were more similar than the fungal profiles of fly species
collected from different field sites. In the future, we will use both individual and population behavioral assays to
identify fungal species that produce a species-specific fly response, identify the fungal-produced, volatile
compounds mediating these responses and determine the genetic mechanisms in Hawaiian Drosophila
underlying these responses.

684C
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Radiation of the Drosophila nannoptera species group in Mexico. Michael Lang , Maxi Polihronakis
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Richmond , Andrea E. Acurio , Therese A. Markow , Virginie Orgogozo . 1) CNRS UMR7592, Institut Jacques
Monod, Paris, France; 2) University of California, San Diego, USA; 3) Universitat Autònoma de Barcelona,
Barcelona, Spain; 4) Laboratorio Nacional de Genomica de la Biodiversidad, CINVESTAV, Irapuato, Mexico.
The Drosophila nannoptera species group, a taxon of Mexican cactophilic flies, is an excellent model system to
study the influence of abiotic and biotic factors on speciation, the genetic causes of ecological specialization and
the evolution of unusual reproductive characters. However, the phylogeny of the nannoptera group species has
not been thoroughly investigated. Using a multi-locus dataset of gene coding regions of eight nuclear and three
mitochondrial genes, we found that the four described nannoptera group species diverged rapidly, with very
short internodes between divergence events. The closing of the Panama isthmus and the formation of the Sea
of Cortez might have influenced speciation in the nannoptera group. Our results indicate that a single
evolutionary transition to asymmetric genitalia and to unusual sperm storage has probably occurred during
evolution of the nannoptera group. We are now dissecting the genetic and cellular basis of left-right asymmetry
in the nannoptera group species by QTL mapping and functional molecular approaches in order to identify
genes involved in organ size determination and left right asymmetric development.

685A
Bioinformatic Analysis of Odorant-Binding Proteins from an Emerging Agricultural Pest, Drosophila
suzukii. Herbert Lee, Jessica Wu-Woods, Daniel Woods. Inscent, Inc., Irvine, CA.
Drosophila suzukii, the Spotted Wing Drosophila, has the potential to be a major agricultural pest around the
world. Unlike most other Drosophila which oviposit in rotting fruit, D. suzukii seek out ripe or ripening softskinned fruit, e.g. cherries, to lay their eggs, and are capable of causing significant economic damage to fruit
growers. Odorant-binding proteins, or OBPs, are often key in the feeding and reproductive behavior of insects.
By comparing the OBP repertoire of D. suzukii to that of other Drosophila, we may be able to identify factors that
account for the unique oviposition tendencies of suzukii. To that end, we have conducted an RNA-seq
experiment to examine the OBP gene expression patterns of D. suzukii and its closest related species,
Drosophila biarmipes, which has the preference for rotting fruit typical of most Drosophila. The objective of this
experiment was to identify OBPs that are sex-biased towards females in D. suzukii, but are not in D. biarmipes.
Using the Illumina HiSeq 2000 sequencing platform, the transcriptomes of male and female flies from both
species of Drosophila were sequenced. The reads from this sequencing were then mapped to the genomes
using the TopHat aligner. After this, we used the CuffLinks assembler to estimate the abundances of our OBPs
and test for sex-based differential expression. 54 OBPs in D. suzukii and 53 OBPs in D. biarmipes were
identified, 40 of which are shared. We found that although the sex bias in gene expression for most of the OBPs
was usually similar between D. suzukii and D. biarmipes, there were several exceptions, the most striking of
which was in OBP99a. In D. biarmipes, OBP99a was much more highly expressed in males, whereas in D.
suzukii it was much more highly expressed in females. DmelOBP99a has been demonstrated to be involved in
detection of actophenone, a component of fruit odor. Understanding the difference in the expression of this
protein may aid in the control of Drosophila suzukii.

686B
The transposable element Bari-Jheh mediates oxidative stress response in Drosophila. Josefa Gonzalez,
Lain Guio, Lidia Mateo, Anna Ullastres, Maite Barron. Institute of Evolutionary Biology, Barcelona, Barcelona,
Spain.
Elucidating the fitness effects of natural genetic variants is one of the current major challenges in Evolutionary
Biology. Understanding the interplay between genotype, phenotype and environment is necessary to make
accurate predictions of important biological outcomes such as stress resistance or yield in economically
important plants and animals, and disease in humans. Based on population frequency patterns and footprints of
selection at the DNA level, the transposable element Bari-Jheh, inserted in the intergenic region of Juvenile
Hormone Epoxy Hydrolase (Jheh) genes, was previously identified as putatively adaptive. However, the
adaptive effect of this mutation remained elusive. In this work, we integrated information on transcription factor
binding sites prediction, available ChIP-Seq data, gene expression analyses, and phenotypic assays to identify
the functional and the mechanistic underpinnings of Bari-Jheh. We showed that Bari-Jheh adds extra
antioxidant response elements upstream of Jheh1 and Jheh2 genes. Antioxidant response elements across
organisms share a highly conserved sequence that has been repeatedly shown to be necessary and sufficient
to up-regulate downstream genes involved in oxidative stress response. Accordingly, we found that Bari-Jheh is
associated with up-regulation of Jheh1 and Jheh2 and with resistance to oxidative stress induced by two
different compounds relevant for natural D. melanogaster populations. We showed that TEs other than BariJheh might be playing a role in the D. melanogaster response to oxidative stress, suggesting a general role of
TEs in oxidative stress resistance. Overall our results contribute to the understanding of resistance to oxidative
stress in natural populations and highlight the role of transposable elements in environmental adaptation.

687C
Genome-wide analysis of positive selection in an herbivorous drosophilid. Andrew Gloss, Richard
Lapoint, Noah Whiteman. University of Arizona, Tucson, AZ.
Herbivorous insects - which feed on living, chemically-defended plant tissues - comprise roughly one quarter of
terrestrial animal species. However, identifying mechanisms underlying evolutionary transitions to herbivory is
challenging because most transitions to herbivory are ancient. Comparative genetic studies of lineages that
transitioned to herbivory more recently could therefore offer novel insight into the initial adaptations facilitating
herbivory in insects. Here, we searched for molecular signatures of positive selection using a newly-assembled
genome of Scaptomyza flava, an herbivorous drosophilid closely related to the Hawaiian Drosophila. We used
both polymorphism- and divergence-based tests for selection, which relied on pooled genome sequencing data
from S. flava and its sister species, S. nigrita. Preliminary results show that genes expressed predominately in
the midgut are evolving more rapidly in S. flava than in other Drosophila. Additionally, population genetic data
suggests that genetic diversity in S. flava is similar to D. melanogaster, making it a promising model system for
experimental evolution studies to test if adaptively evolving genes in S. flava are enriched for roles in resistance
to host plant defenses.

688A

1

Soft shoulders ahead: on the problem of differentiating between hard and soft sweeps. Andrew D. Kern ,
1
2
2
Daniel R. Schrider , Fabio Mendes , Matthew Hahn . 1) Dept of Genetics, Rutgers University, Piscataway, NJ;
2) Dept of Biology, Indiana University, Bloomington, IN.
Characterizing the nature of the adaptive process at the genetic level is a central goal for population genetics. In
particular, we know little about the sources of adaptive substitution. Historically, population geneticists have
focused attention on the hard sweep model of adaptation in which a de novo beneficial mutation arises and
rapidly fixes in a population (e.g. Maynard Smith and Haigh 1974). Recently more attention has been given to
soft sweep models, in which alleles that were previously neutral, or nearly so, drift until such a time as the
environment shifts and their selection coefficient changes to become beneficial (e.g. Hermisson and Pennings
2005). It remains an active and difficult problem however to tease apart the tell-tale signatures of hard vs. soft
sweeps in genomic polymorphism data. Through extensive simulations of hard and soft sweep models, we show
that indeed the two might not be separable through the use of univariate summaries of the site frequency
spectrum or a recent class of haplotype based statistics that has been introduced. In particular it seems that
recombination in regions linked to, but distant from, sites of hard sweeps can create a patterns of polymorphism
that closely mirror what is expected to be found near soft sweeps. This problem of “soft shoulders” suggests that
we currently have only a very limited ability to differentiate soft vs. hard sweep scenarios in molecular population
genomics data.

689B

1

Transmission of mitochondrial mutations and action of purifying selection in Drosophila. Hansong Ma ,
2
1
Hong Xu , Patrick O'Farrell . 1) Department of Biochemistry & Biophysics, UCSF, San Francisco, CA; 2)
National Heart, Lung, and Blood Institute, Molecular Genetics Lab, Bethesda, MD 20892.
The impact of mutations depends on their transmission as modulated by selection. Mendel and Darwin
described the principles of segregation and natural selection, but these principles do not apply to the
mitochondrial genome as they do to nuclear genes. Each cell contains multiple mitochondrial genomes that
appear to randomly replicate and distribute to daughter cells, and it is not known how selection operates to
purge the mitochondrial genome of detrimental mutations. Here we show that selection within the organism
does not act on single genomes but on the collective activity of multiple genomes. We transferred cytoplasm
between D. melanogaster eggs carrying mitochondrial mutations to create heteroplasmic lines with two
mitochondrial genotypes. We changed temperature to manipulate the selective pressure on a temperature
sensitive (ts) genome. For all lines studied, selection drove a decline in the abundance of the ts genome over
successive generations. By shifting temperature at different stages of development, we showed that this decline
was due to brief selection during mid oogenesis. Selection progressed to complete elimination of the ts genome
when the second genome was wild type, but not when the second genome carried a mutation in a different
gene. Stable transmission of two differently mutated genomes at a consistent ratio suggested that selection
operates to optimize the function of a collective of genomes rather than acting autonomously on each genome.
Stable transmission of complementing genomes could allow multiple differently mutated mitochondrial genomes
to be carried as distinct lineages in naturally heteroplasmic lines. The resulting pool of diverse genomes could
increase adaptability, but would also increase the likelihood that detrimental mitochondrial mutations segregate
to cause disease phenotypes.

690C
Direct and correlated responses to laboratory selection for body melanisation in Drosophila

melanogaster: support for the melanisation-desiccation resistance hypothesis. Seema Ramniwas, Ravi
Parkash. GENETICS, M. D.UNIVERSITY, ROHTAK, India.
For Drosophila melanogaster, cuticular melanisation is a quantitative trait, varying from no melanin to completely
dark. Variation in melanisation has been linked with stress resistance, especially desiccation, in D.
melanogaster and other species. As melanism has a genetic component, we selected melanic and non-melanic
phenotypes of D. melanogaster in order to confirm the association of desiccation resistance and rate of water
loss with cuticular melanisation previously reported for this species. A bidirectional selection experiment for dark
(D1-D4) and light (L1-L4) body colour in D. melanogaster was conducted for 60 generations. We observed a
1.6-fold increase in abdominal melanisation in selected dark strains and a 14-fold decrease in selected light
strains compared with control populations. Desiccation resistance increased significantly in the dark-selected
morphs as compared with controls. The observed increase in desiccation resistance appeared as a
consequence of a decrease in cuticular permeability. Our results show that traits related to water balance were
significantly correlated with abdominal melanisation and were simultaneously selected bidirectionally along with
melanisation.

691A
The effect of linked selection on Approximate Bayesian estimation of demographic parameters.
Alexander G. Shanku, Andrew D. Kern. Department of Genetics, Rutgers University, Piscataway, NJ.
A major goal of population genetics is to use genetic variation data to infer the demographic history of a
population. A popular inference method currently being utilized is Approximate Bayesian computation (ABC)
(Thornton and Andolfatto 2006; Excoffier et al. 2013; Duchen et al. 2013) which uses summary statistics taken
from intensive simulation to create a posterior distribution of parameter values. One common assumption in
ABC methods for learning demography is that all input data are drawn for neutral loci. However, in Drosophila at
least, there is now overwhelming evidence that much of the genome has been effected by recent, linked
selection (Sella et al. 2009). Therefore, demographic inference from an assumption of neutrality may have the
potential to lead to erroneous conclusions. Here we investigate the effects of linked selection on the
performance of ABC estimation for a bottleneck demographic history as is likely in D. melanogaster. Specifically,
we are interested in characterizing the accuracy of bottleneck parameter estimates when a given fraction of our
observed loci have been subject to a recent sweep. Further we explore the power of ABC model selection in
differentiating between stationary demography and a bottleneck scenarios in the presence of selective sweeps.
Our results suggest that if a sizable fraction, say greater than 10%, of loci used for estimation are linked to a
recent sweep, ABC may provide unreliable results.

692B
The contributions of epistasis and biochemical plasticity to ethanol tolerance across life stages.
Brandon S. Cooper, P. Signe White, Kristi L. Montooth. Biology, Indiana University, Bloomington, IN.
Drosophila melanogaster oviposits on and develops within fruit substrates that contain the metabolic byproducts
of yeast fermentation, including ethanol. While ethanol serves as a resource at low concentrations, higher
concentrations become toxic to cells and decrease larval and adult survival. Populations of D. melanogaster that
have expanded their range out of Africa have increased ethanol tolerance, suggesting that this may be an
important adaptation that enabled the occupation of novel niches. To gain a better understanding of the
physiological and genetic basis to ethanol tolerance and utilization, we are using combinations of second and
third chromosomes extracted from natural D. melanogaster populations to measure patterns of selection on and
epistasis among the enzymes that comprise this pathway. In both larvae and adults, we are measuring selection
gradients on basal and induced activities of alcohol dehydrogenase, acetaldehyde dehydrogenase, and acetylCoA synthetase - the three enzymes that metabolize ethanol to acetyl-CoA. We hypothesize that selection
should act to coordinate flux across the three steps of this pathway to minimize the accumulation of toxic
intermediate compounds, such as acetaldehyde, that can have deleterious effects on cells. Because larvae and
adults experience different selective environments, and have different capacities to behaviorally avoid
environmental toxicity (e.g., flight in the adult stage), we also hypothesize that selection on ethanol detoxification
may be stronger on larvae than on adults. Together, our experiments are providing us with an understanding of
how selection acts on ethanol metabolism across life stages, and for how genetic interactions among pathway
constituents can result in epistasis for fitness in populations.

693C
Understanding the influence of diet and gut microflora on host behavior and mate preferences in
Drosophila melanogaster. Michael A. Najarro, Thomas L. Turner. Dept. of Ecology, Evolution, and Marine
Biology, University California Santa Barbara, Santa Barbara, CA.
Our objective is to understand how interactions between hosts and their gut microflora influence mate
preference in Drosophila melanogaster. Previous research has reported that the microflora can influence mating
preference in D. melanogaster. Sharon et al. (PNAS, 2010) tested the effects of diet on mate preference in

multi-mate choice trials and reported that flies reared on nutrient-deprived starch media preferentially mated with
each other over flies reared on a nutritious standard fly media. The authors demonstrated that diet-influenced
assortative mating was due to the presence of the gut microfloral species Lactobacillus plantarum by
manipulating its presence in mate choice experiments. We attempted to replicate the results of Sharon et al. in
inbred (Canton-S) and outbred host mating trials. Despite having larger sample sizes of mate choice trials than
the previous results (281 Canton-S and 446 outbred trials), we have had limited success in reproducing
assortative mating. It is possible that our populations may have different microbial communities which may
negate mate preference; assessing the microbial communities of our populations is a future direction of our
research.

694A
Genetic and plastic effects on body melanisation in a cold adapted drosophilid -Drosophila takahashii.
Shama Singh. ZOOLOGY, UNIVERSITY OF DELHI, DELHI, India.
Drosophila takahashii - exhibits broad variation for segmentwise melanisation resulting from genetic
polymorphism or phenotypic plasticity. We analyzed segmentwise reaction norms for melanisation in D.
takahashii. Wild individuals of D. takahashii were investigated for variation in frequency of body melanisation
collected from highland localities of Indian subcontinent. Changes in melanisation of all segments showed
higher effects of growth temperatures. Significant differences were observed between reaction norms (slope
values) of melanisation in three anterior vs. posterior abdominal segments in this species. In the present work,
first three abdominal segments showed continuous variation leading to plastic effects whereas, genetic
polymorphism (heterozygote plastic effects) was observed for posterior abdominal segments (5th, 6th and 7th)
due to variable dominance for 5th and 6th; and complete dominance for 7th segment. Overall, study concludes
genetic variability as well plastic response for body melanisation in cold adapted- D. takahashii.

695B
Mitonuclear epistasis and the transcriptional response to hypoxia. David M. Rand, Yawei Ge, Nicholas
Jourjine, James Mossman. Ecology & Evolutionary Biol, Brown Univ, Providence, RI.
When organisms encounter reduced oxygen tension, or hypoxia, they reduce cellular demand for oxygen by
down-regulating mitochondrial functions through altered expression of nuclear genes, mediated by the HIF
pathway. Despite the central role mitochondria play in oxygen consumption, the effect of mitochondrial
genotypes on the hypoxic response has not been examined. Here we use mtDNA introgression strains of
Drosophila to examine the effects of alternative mtDNA-encoded genes on the nuclear transcriptional response
to varied hypoxia. Flies carrying mtDNA from either D. melanogaster OreR, D. melanogaster Zimbabwe, D.
simulans siI, or D. simulans siII on a D. melanogaster OreR nuclear chromosomal background were constructed
using balancer substitutions and maternal cytoplasm from these four genotypes. We studied the expression
profiles of these genotypes under two general conditions: 1) a gradient of hypoxic stress for 2 hours (normoxia,
6%, 3%, and 1.5% oxygen), and 2) a time course of 1.5% oxygen for 1, 2, 3, and 4 hours. Expression profiles of
whole males were determined using Affymetrix 2.0 arrays. The mtDNA genotype design allows for association
of alternative mtDNAs within a species, or fixed differences between Dmel and Dsim mtDNAs as drivers of
nuclear gene expression, in trans. MtDNAs have subtle effects on gene expression under normoxia (~30 genes
altered), but have pronounced effects at 3% (>200 genes altered) and 6% oxygen (~500 genes altered). These
results are confirmed in the time course study, with gene expression effects peaking at 3 hours and subsiding by
4 hours. In each case the species-level differences between mtDNAs (Dmel vs. Dsim) drive different sets of
genes than the individual mtDNA haplotypes within either species (OreR vs. Zimbabwe or siI vs. siII). These
results provide strong evidence for mitochondrial retrograde signaling in the nuclear transcriptional response to
hypoxia and offer the first evidence that genes in mtDNA play a critical role in modulating the transcriptional
response to hypoxia under different levels of hypoxic stress.

696C
Yeast metabolic state mediates attraction of wild Drosophila melanogaster to suitable breeding sites.
1
1,2
Kelly M. Schiabor , Michael B. Eisen . 1) Molecular and Cell Biology, University of California, Berkeley,
Berkeley, CA; 2) Howard Hughes Medical Institute, Bethesda, MD.
Organisms rarely act independently in nature, yet this is often how they are studied in the laboratory. Ecological
interactions are bound to influence the evolution of every species, with cross-species interactions often playing a
critical role. We have focused on the ecology of two model organisms: the fly, Drosophila melanogaster and the
yeast, Saccharomyces cerevisiae. These two distinct model organisms possess a common ecological trait: both
are much more ethanol tolerant than their closest relatives. This shared characteristic allows these species to
co-localize and thrive in ethanol rich environments, most often fermenting fruits. We postulate that both the fruit
fly and yeast benefit from this co-localization, and as a result, actively control and manage this interaction
through their biology. Through behavioral assays we have discovered that wild caught fruit flies prefer respiring
yeast cultures to fermenting ones. We have developed a comparative GC-MS protocol and identified the specific

volatile compounds produced by yeast that mark this metabolic shift. We have demonstrated that the fly
differentiates between these cultures via unique volatile cues produced in each condition. Finally, we have
determined that the ability for the fly to discern these ethanol-rich, respiration-specific environments is genetic.
The preference for respiring cultures can be can be induced in a lab strain with a single F1 cross to the wildcaught population. We are currently investigating if flies express odorant receptors tuned to recognize
metabolites produced by respiring yeast cultures. Through attraction to respiring cultures, flies target fruits when
yeast have fermented the sugar carbon source into ethanol, thus sterilizing the substrate of other potentially
dangerous bacteria and molds. This yeast-rich environment provides an ideal breeding ground for the fly, and
offers the yeast cells an opportunity to be vectored away to fresh sugary substrates.

697A
Robust genome-wide analysis of metabolic phenotypes in Drosophila melanogaster using a panel of
1
2
2
hybrid genotypes containing a common haplotype. Kjong-Van Lehmann , Peter Poon , Daniel Campo ,
2
2
2
3
3
4
Matthew Salomon , Peter Chang , Tevik Hamdi Kitapci , Justin Fear , Alison Morse , Michelle Arbeitman ,
3
5
2
2
Lauren McIntyre , Simon Tavare , Sergey Nuzhdin , John Tower . 1) Memorial Sloan Kettering Cancer, New
York, NY; 2) University of Southern California, Los Angeles, CA; 3) University of Florida, Gainesville, FL; 4)
Florida State University, Tallahassee, FL; 5) Cancer Research, Cambridge, UK.
With the availability of genome-wide SNP data, genome wide association analysis in Drosophila melanogaster
has become feasible. In order to make use of already existing data to study the effects of naturally occurring
variants on phenotypic variations, we have combined whole genome data from a natural population in Raleigh,
NC with genotypes collected from a natural population in Winters, CA and recalled variants in a joint analysis
using the unified genotype caller of the Genome Analysis Toolkit (GATK). Because homozygous deleterious
alleles may mask phenotypic alterations due to naturally occurring genetic diversity, we have crossed inbred
lines from the genotyped populations with an inbred tester line (w1118) enabling future experiments in which the
tester line contains a transgene. This specific design allows us to analyze naturally occurring variants in the two
Drosophila melanogaster populations in comparison with the natural variation observed in gene expression and
phenotypic measurements. Whole genome RNA-seq data from these crosses have been generated and an
eQTL analysis has been performed to shed light onto possible cis-regulatory mechanisms. We performed a
mixed model analysis of phenotypic variation of weight, triglyceride, protein and sugar levels for mated and
virgin genotypes from a subset of the Drosophila melanogaster genotypes for which whole genome SNP data is
available. Our analysis reveals that a considerable amount of phenotypic variances observed can be explained
by the genome wide kinship matrix. Phenotype data from mated and virgin genotypes allow us to study
environmental and genotypic effects in conjunction with changes in gene expression levels and phenotypes.

698B

1

Pathogen pressures increase the rate of meiotic recombination in Drosophila. Dallas Criscoe , Erin
2
2
2
1
Keebaugh , Shelly Skolfield , Todd Schlenke , Nadia Singh . 1) Department of Biological Sciences, North
Carolina State University, Raleigh, NC; 2) Department of Biology, Emory University, Atlanta, GA.
One hypothesis for the evolution of sex and recombination is the Red Queen Hypothesis, which argues that sex
and recombination are favored in the face of pathogen and parasite pressure. One possible extension of this
model is that rates of recombination should plastically increase in response to pathogen infection. Though there
is anecdotal evidence in support of this effect, little work has been done to test the nature and extent of the
effect of pathogen pressure on meiotic recombination rate. Here we use Drosophila melanogaster as a model
system to test the extent to which meiotic recombination rate is increased by different pathogens at different life
stages. We used classical genetics to measure rates of recombination in three wild-derived inbred strains of
Drosophila melanogaster infected with one of two bacteria: Serratia marcescens and Providencia rettgeri, as
well as by the parasitic wasp Leptopilina clavipes. We found a significant increase in the meiotic recombination
rate in response to infection by each pathogen as well as variation in the magnitude of this recombinational
response across host genotypes. Our results further illuminate the relationship between environmental stressors
and recombination rate plasticity and define a new extension to the Red Queen hypothesis for the evolution of
sex and recombination.

699C
Sexual dimorphism in extent and mechanisms of resistance to infections shows that the Bateman
principle does not apply to Drosophila immunity. David Duneau, Brian Lazzaro. Entomology, Cornell
University, Ithaca, NY.
Bateman’s principle predicts that, because of their specific roles in reproduction, females gain fitness through
increased longevity whilst males gain fitness by increasing mating rates. An extension to this principle predicts
that resistances to infection as well as the mechanisms to reduce the cost of parasitism are expected to be
sexually dimorphic. This is because females should invest more in defense than males to survive against
recurrent parasite infections. To test this, we investigated how male and female Drosophila melanogaster from

genetically diverse populations respond to infection with several parasites (Gram-negative and Gram-positive
bacteria). Contrary to the prediction, mated females were more susceptible to infection and had decreased
survival in relation to males. We established that the difference in susceptibility was mostly due to a host sex
difference in resistance (capacity to control parasite growth) rather than in tolerance (capacity to limit the cost of
parasite growth), and we investigated which components of the immune system (cellular and humoral response,
resource availability) are sexually dimorphic in Drosophila hosts. All together our study indicates that the
Bateman principle might not always hold in insects. Rather, females of this species are a more suitable host for
parasite growth and are not able to compensate for their higher suitability for the parasites. We note that sexual
dimorphism in host immunity imply that host sexes are different environments for parasites and may have strong
impact on parasite evolution.

700A
Divergence of desiccation-related traits in two Drosophila species of the takahashii subgroup from the
western Himalayas. Babita Kajla, Ravi Parkash. Department of Genetics, M. D.UNIVERSITY, ROHTAK,
Haryana, India.
Drosophila nepalensis is more abundant under colder and drier montane habitats in the western Himalayas
compared with Drosophila takahashii, but the mechanistic basis of such a climatic adaptation is largely
unknown. We tested the hypothesis that divergence in the physiological basis of desiccation-related traits is
consistent with species-specific adaptations to climatic conditions. Drosophila nepalensis showed approximately
twofold higher desiccation resistance, hemolymph content as well as carbohydrate content than D. takahashii
despite a modest difference in rate of water loss (0.3%h-1). Water loss before succumbing to death (dehydration
tolerance) was much higher in D. nepalensis (82.32%) than in D. takahashii (~50%). A greater loss of
hemolymph water under desiccation stress until death is associated with higher desiccation resistance in D.
nepalensis. In both species, carbohydrates were utilized under desiccation stress, but a higher level of stored
carbohydrates was evident in D. nepalensis. Further, we found increased desiccation resistance in D.
nepalensis through acclimation whereas D. takahashii lacked such a response. Thus, species-specific
divergence in water-balance-related traits in these species is consistent with their adaptations to wet and dry
habitats.

701B
Divergence of water balance mechanisms and acclimation potential in body color morphs of a tropical
rainforest Drosophila species. Chanderkala Lambhod, Ravi Parkash. M.D.UNIVERSITY, ROHTAK, haryana,
India.
Drosophila ananassae is a desiccation sensitive species, but the physiological basis of its abundance in the
drier subtropical areas is largely unknown. We tested the hypothesis whether body color morphs of D.
ananassae differ in the mechanistic basis of water conservation as well as desiccation acclimation potential,
consistent with their distribution under dry or wet habitats. Our results are interesting in several respects. We
observed reduced rate of water loss consistent with greater desiccation potential of dark morph as compared
with light morph, despite lack of quantitative differences in cuticular lipid mass. Dark morph evidenced higher
wet, dry mass (~1.17-fold) and hemolymph (~1.70-fold), as well as ~17% higher dehydration tolerance to
sustain longer survival under desiccation stress as compared with light morph, despite lack of differences in the
tissue water content. We found significant differences in the storage of energy metabolites in the body color
morphs of D. ananassae i.e. carbohydrates content was significantly higher in the dark morph, but greater body
lipid content was evident in the light morph. Under desiccation stress, dark and light morphs utilized mainly
carbohydrates but also lipids to a lesser extent. However, the rate of utilization of energy metabolites did not
vary between dark and light morphs. Further, dark morph consumed higher energy content derived from
carbohydrates under desiccation stress as compared with light morph. Finally, we found contrasting patterns of
acclimation to desiccation stress in the two body color morphs i.e. increased desiccation survival due to
acclimation in the dark morph but no effects were observed in the light morph. Thus, our results suggest that the
divergence in water balance mechanisms as well as acclimation potential reflect adaptations of dark morph
under drier but of light morph to wet climatic conditions. To our knowledge, this is the first report on the
divergence of water conservation mechanisms in body color morphs of a tropical rainforest Drosophila species.

702C
Seasonal changes in humidity impact drought resistance in tropical Drosophila leontia: testing
developmental effects of thermal versus humidity changes. Poonam Ranga, Ravi Parkash. GENETICS,
MAHARSHI DAYANAND UNIVERSITY, ROHTAK, India.
Seasonal changes in humidity impact drought resistance in tropical Drosophila leontia: testing developmental
effects of thermal versus humidity changes Poonam Ranga*, AND Ravi Parkash Department of Genetics,
Maharshi Dayanand University, Rohtak-124001, India. A B S T R A C T D. leontia is native to highly humid
equatorial tropical habitats but its desiccation sensitivity (~10 hr) is not consistent with its abundance during the

drier autumn season in the subtropical regions. We have tested the effects of developmental acclimation on
desiccation resistance and water balance related traits of D. leontia collected during rainy and autumn seasons.
The isofemale lines of seasonal populations were reared under ecologically relevant growth temperatures (18 or
26° C) or humidity conditions (35 or 85 % RH) but tested at different times under identical experimental
conditions. The larvae as well as flies reared under two thermal conditions (18 or 26° C) showed no effect on
desiccation related traits as well as storage and utilization of energy metabolites. In contrast, for D. leontia
reared under low humidity (35% RH), significant changes at larval as well adult stages include increase in the
desiccation resistance as well as cuticular lipid quantity, reduced levels of rate of body water loss, higher
storage of carbohydrates but lower rate of utilization of carbohydrates as compared with flies reared at high
humidity (85% RH). These laboratory observations on seasonal populations highlight differences due to rearing
conditions. Further, direct analysis of wild-caught seasonal populations has shown trends similar to
developmental acclimation effects. For wild caught flies, there are significant seasonal differences i.e. higher
desiccation resistance as well as cuticular lipid quantity but reduced rate of water loss for autumn than rainy
season flies. Thus, our laboratory observations are relevant for understanding seasonal adaptations of natural
populations of tropical D. leontia to wet-dry conditions in the wild.

703A
MiRNA transcriptome follows different evolutionary trajectories at the onset of Drosophila
1
1
2
1
metamorphosis. Shu-Dan Yeh , Marcin von Grotthuss , Vivek Jayaswal , José Ranz . 1) Ecology and
Evolutionary Biology, UC Irvine, Irvine, CA; 2) School of Mathematics and Statistics, The University of Sydney,
Sydney, Australia.
MiRNAs encode about 22 nt long molecules that regulate gene expression post-transcriptionally across a wide
range of taxa. Changes in miRNA abundance may result in different pathologies or morphology variations.
However, the intra- and inter-species changes of miRNA expression, the evolutionary mechanisms of their
temporal dynamics, and the factors influencing those changes remain poorly understood. Here, we assayed
levels of miRNA expression at two developmental stages (late third instar larvae -≥18BPF- and white prepupae PF-) before and after the initiation of metamorphosis in the D. melanogaster species subgroup. Variations in the
number of developmentally regulated miRNAs were found within D. melanogaster as well as among three
Drosophila species. MiRNA abundance is subjected to different selection regimes as indicated by two lines of
evidence. 1) Changes in miRNA abundance accumulate in a different fashion between at ≥18BPF and PF, with
only a positive correlation to divergence time found at PF. 2) The expression levels of ≥18BPF-enriched
miRNAs were less likely to evolve under stabilizing selection. Furthermore, miRNAs evolved during the radiation
of the genus Drosophila showed a higher level of expression polymorphism, a lower probability of holding gainof-function phenotypes, and a less ubiquitous expression across tissues and/or developmental stages than
miRNAs originated more anciently. These results point out that young miRNAs are in a less relevant position in
regulatory networks. Lastly, we uncovered miRNA-mRNA associations by leveraging the expression variation
within D. melanogaster and found that miRNAs with more predicted targets also have higher percentage of
negative miRNA-mRNA associations. Overall, our results are consistent with a highly malleable miRNA
transcriptome and with differential selection pressures acting on miRNA expression levels that reflect different
biological tasks associated with each developmental stage.

704B

Novel Interactions between the NF-κB and BMP Signaling Pathways in the D. melanogaster Embryo.
Sophia Carrell, Alexander Thomas, Jeramey Friedman, Gregory Reeves. Chemical and Biomolecular
Engineering, North Carolina State University, Raleigh, NC.
During the first three hours of embryogenesis, two conserved signaling pathways act to pattern the dorsalventral (DV) axis: the Dorsal pathway and the Dpp pathway. The transcription factor Dorsal, homologous to NFκB, triggers expression of the genes that initiate the DV pattern. Dorsal is present in a nuclear gradient, with the
highest concentration at the ventral midline and a steady decay to about 40% of the embryo's circumference.
Dorsal also acts as a transcriptional repressor, limiting some genes, such as the BMP ligand Dpp, to expression
on the dorsal half of the embryo. Dpp is present in a concentration gradient, establishing DV gene patterns
beyond Dorsal's reach. BMP signaling occurs when Dpp binds to the receptor Thickveins (Tkv), phosphorylating
the receptor protein MAD. Two pMAD molecules bind to the co-Smad Medea; this heterotrimer then enters the
nuclei to facilitate expression of target genes. Together, these signaling pathways pattern both halves of the DV
axis.
Because robustness of tissue patterning is essential for proper embryonic development, regulatory loops must
exist to ensure correct placement of target genes in the face of perturbed conditions. Feedback through the Dpp
signaling network is a prime candidate for enhancing the robustness of Dorsal patterning of DV gene
expression. We investigated how overexpression of either MAD or Medea, as well as expression of
constitutively active or dominant negative forms of the receptor Tkv, affects the Dorsal gradient. We found that,
in each of these cases, the Dorsal gradient was statistically wider than wild-type, indicating interactions between

the two signaling pathways, consistent with the research of other groups. These interactions between the NF-κB
and BMP signaling pathways may be necessary to ensure robust gene expression in the developing Drosophila
embryo.

705C
Differential cell response to Epidermal Growth Factor Receptor (EGFR) signalling in the ovary. Scott De
1
2
1
1
Vito , Jean François Boisclair Lachance , Mariana Fregoso Lomas , Laura Nilson . 1) Deparment of Biology,
McGill University, Montreal, QC, Canada; 2) Ben May Department for Cancer Research, University of Chicago,
Chicago, Il.
During oogenesis the follicle cells that overly the growing oocyte are patterned to form the structures present in
the eggshell, including two dorsal appendages separated by a dorsal midline domain. The induction of the
dorsal anterior fates that produce these structures depends on dorsally localized activation of the EGFR in the
follicle cells during mid-oogenesis by a graded ligand, Gurken (Grk), secreted from the oocyte. Along the dorsalventral axis, a Grk/EGFR signalling gradient is predicted to determine different fates, with high levels of signal
inducing dorsal midline fate and lower levels inducing appendage fate flanking the midline. However along the
anterior-posterior axis, the posterior limit of this pattern is not established by the extent of the Grk gradient but
rather by the inability of posterior follicle cells to respond to Grk/EGFR signalling. This insensitivity depends on
their expression of Tbox-20 transcription factors H15 and Midline (Mid), which block EGFR-mediated induction
of dorsal anterior fates. Posterior expression of H15 and Mid is itself induced in early-oogenesis by Grk/EGFR
signalling which is localized to the posterior during these stages. However, although Mid and H15 expression in
the posterior requires EGFR activation, dorsal anterior cells experience Grk/EGFR signalling during midoogenesis yet fail to express H15 and Mid. Since posterior but not dorsal anterior cells experience JAK/STAT
signalling, we asked whether induction of H15 and Mid expression also requires this additional signalling input.
Using mosaic analysis, we show that the expression of H15 and Mid requires the JAK/STAT signalling pathway
members Hopscotch and Stat92E. These results suggest that the differences in the outputs of EGFR signalling
in early and mid-oogenesis are dictated by the presence of JAK/STAT signalling in the posterior follicle cells.

706A

1

2

3

A role for ABCF2 in early morphogenetic patterning. Rachel Harney , Byron Williams , Mike Hayes , Arida
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Dhanaswar , Danielle Beekman , Clinton Rice , Karla Daniels , David Soll , Daniel Weeks , Jan Fassler , Albert
1
Erives . 1) Dept. of Biology, University of Iowa, Iowa City, IA; 2) Interdisciplinary Program in Genetics, University
of Iowa, Iowa City, IA; 3) Dept. of Biochemistry, University of Iowa, Iowa City, IA; 4) Developmental Studies
Hybridoma Bank, University of Iowa, Iowa City, IA.
The Neurogenic Ectoderm Enhancers function as scaffolds for a set of transcriptional activators enriched in
poly-glutamine (pQ) tracts. This includes Su(H), which can specify the intensity of NEE-driven gene expression
in the lateral embryonic ectoderm. Su(H) typically functions to transduce the Notch signal by binding the Notch
intracellular domain (NICD), which possesses a long pQ tract and acts as a coactivator. Because of their pQ
activator and coactivator set, the presence of functional spacer elements, and the syncytial embryonic context in
which these enhancers operate, we are interested in identifying chaperones that may shape embryonic
gradients by remodeling pQ-aggregated enhanceosomes. A candidate chaperone, encoded by CG9281, is
ABCF2, which: (i) is a member of a family of AAA+ enzymes, some of which possess pQ disaggregation
activities; (ii) interacts with NICD in a yeast two hybrid assay; and (iii) is highly expressed in the early embryo.
Here we report on our work characterizing ABCF2 in Drosophila, Xenopus, and yeast. We first identified a null
fly allele caused by a suppressor insertion in its conserved core promoter. Embryonic cuticle preps from this line
pfi
are puffier and ventralized. We thus refer to this allele as pufferfish (pfi) or ABCF2 . To understand the pfi
phenotype and its role in gene regulation, we report on expression patterns of key D/V patterning genes.
Additionally, we find that ABCF2 is also highly expressed in the early Xenopus embryo, and show that it is
important for embryonic axis formation here as well. In S. cerevisiae, we are addressing how ABCF2 might
attenuate co-translational aggregation of its client proteins and how such a system could have evolved in
animals.

707B
Self-organized shuttling: generating sharp dosro-ventral polarity in the early Drosophila embryo. Michal
Haskel-Ittah, Danny Ben-Zvi, Merav Branski-Arieli, Eyal Schejter, Naama Barkai, Benny Shilo. molecular
genetics, weizmann institute, Rehovot, Israel.
When a morphogen is produced locally, diffusion and degradation are sufficient to generate sharp concentration
gradients. However the ability of a broadly expressed morphogen to generate a gradient within its source is not
clearly understood. In the Drosophila embryo, a dorsal-ventral (DV) signal that was initiated in the oocyte as a
broad domain of pipe expression undergoes refinement into a gradient. During this signaling cascade the ligand
of the Toll receptor, Spatzle (Spz), is activated through cleavage in a broad domain. However its signal output,
demonstrated by the nuclear localization of the transcription factor, Dorsal, is graded. Close examination of the

system led us to attribute signal refinement to versatility of Spz. Using theory and experiments, we show that a
sharp activation gradient is produced through “self-organized shuttling”, which dynamically re-localizes the
production of inhibitory Spz pro-domain to lateral regions. The pro-domain re-associates with the active portion
of Spz, and shuttles it towards the ventral midline, thus creating a sharp activation gradient. Shuttling represents
a general strategy used by the early embryo, and is employed for both Spz/Toll and BMP pathways.

708C
Maternal Torso-like functions post terminal patterning to control Drosophila gastrulation. Travis K.
1,2
1
2
Johnson , James C. Whisstock , Coral G. Warr . 1) Biochemistry and Molecular Biology, Monash University,
Clayton, Victoria, Australia; 2) School of Biological Sciences, Monash University, Clayton, Victoria, Australia.
Membrane attack complex/perforin-like (MACPF) proteins are best known for their ability to lyse and kill target
cells during the vertebrate immune response, however several play important yet poorly understood roles during
development. The Drosophila MACPF protein Torso-like (Tsl) is an eggshell component that is critical for
restricting activation of the Torso (Tor) receptor tyrosine kinase to pattern the termini of the embryo. To better
understand how Tsl achieves this, and because previously reported tsl alleles were hypomorphic, we generated
a tsl null mutant using gene targeting. Surprisingly, complete removal of maternal Tsl revealed large and
variable posteroventral cuticular holes in addition to a failure of terminal cell fate specification. A closer
examination of maternal tsl null embryos revealed there to be severe defects in the formation of the ventral
furrow and invagination of mesoderm during gastrulation, predominantly but not limited to the posterior end of
the embryo. These phenotypes were restored by maternal expression of a tsl transgene and were not observed
in other terminal class mutants. Furthermore, we describe an allelic series for the tsl gastrulation and terminal
phenotypes, which indicates that terminal patterning requires more Tsl functionality than does gastrulation.
Taken together, these data suggest that maternal Tsl functions at least twice during early embryonic
development; firstly for terminal patterning via Tor and secondly for gastrulation via an unidentified pathway.
Current efforts are focused on elucidating this pathway in the hope that similarities between the two tsl maternal
roles may present insight into the mechanism of Tsl activity.

709A
Role of BMP signaling in serosa and amnion development of the phorid fly Megaselia abdita. Chun Wai
Kwan, Urs Schmidt-Ott. Dept. of Organismal Biology and Anatomy, University of Chicago, Chicago, IL 60637.
Bone Morphogenetic Protein (BMP) signaling is essential for dorsal patterning of animal embryos but whether
evolutionary changes in dorsal tissue specification were guided by changes in the activity profile of BMP
signaling is unclear. In flies, the dorsal-most tissue is the extraembryonic epithelium, which is specified in early
embryos by dorsal BMP activity. Flies experienced an evolutionary reduction from two extraembryonic tissue
types (amniotic and serosal tissue) to one (amnioserosal tissue). Drosophila forms an amnioserosa whereas the
phorid fly Megaselia abdita develops serosa and amnion both under the control of BMP signaling (Development
139, 3373-3382). However, the mechanisms of serosal and amniotic tissue differentiation under the control of
BMP signaling remain unknown. In blastoderm embryos of Megaselia and Drosophila, BMP activity peaks at the
dorsal midline. At the beginning of gastrulation, high BMP activity in Megaselia expands towards prospective
amnion tissue. This transition correlates with the beginning of amnion specification, suggesting that the shift of
BMP activity at this stage might contribute to the specification of the amnion. Ongoing research is examining the
role of blastodermal, gastrular and postgastrular BMP activity in serosa and amnion specification and
differentiation. In addition, we are investigating the role of hindsight and dorsocross in amnion and serosa
specification as their Drosophila homologues have been shown to be required for amnioserosa development.

710B
The Regulation of Dorsoventral Patterning in the Early Drosophila Embryo. Ruta Ziukaite. New York
University, New York, NY.
Throughout the past several years, the discovery of Zelda (Zinc finger early Drosophila activator) has fueled a
new wave of developmental research exploring the different mechanisms behind gene activation in the
Drosophila embryo. Zelda is a key transcription factor that activates genes during the maternal-to-zygotic
transition (MZT) by binding to specific DNA sequences called TAGteam sites, which include CAGGTAG and
related sequences (Liang et al., 2008). In addition to Zelda, Dorsal also plays an important role in early
Drosophila development. DorsaI is a transcription factor that forms a morphogen gradient in Drosophila embryos
and is responsible for proper dorsoventral patterning. In wildtype embryos, the levels of DorsaI are higher in the
ventral-most region and lowest in the dorsal-most region (Rushlow et al., 1989). We hypothesize that Zelda
potentiates Dorsal activity in the neuroectoderm region, where the Dorsal morphogen gradient is shallow. To
investigate if the amount of Zelda bound affects the way that Dorsal target-genes are expressed, we used
transgenic-reporter assays to test the short gastrulation (sog) enhancer containing different numbers (0-3) of
TAGteam sites. Our quantification of the width of reporter expression indicates that as the number of TAGteam
sites increases, the corresponding expression domain becomes wider. Thus, we propose that Zelda potentiates

DorsaI morphogenic activity. Furthermore, the amount of Zelda bound directly to the enhancer may influence
the expression of a wide variety of target genes throughout the MZT.

711C
Compartments in the second tracheal metamere of Drosophila larva. Prashanth Rao, Li Lin, Sougata Roy,
Thomas Kornberg. CVRI, UCSF, San Francisco, CA.
Developmental compartments are defined by domains of gene expression and lineage restriction, and there is
abundant evidence that they organize epithelial fields in the Drosophila embryo and imaginal discs. We now
have evidence for compartmentalization of the larval trachea. We identified lines of lineage restriction in the
second tracheal metamere that segregate the dorsal trunk (DT) from the dorsal branch (DB) and the transverse
connective (TC), two branches that extend directly from DT. We show that these lines of lineage restriction also
coincide with boundaries of gene expression domains in the DT, DB and TC, and with spatial limits of Notch
signaling. Using gain- and loss-of-function analysis, we show that the domains of gene expression are essential
to the development of the Tr2 branches and that borders arise where ectopic expression creates novel regions
of juxtaposition. We suggest that these findings may be relevant to development of other tubular networks such
as the vasculature in vertebrates.

712A
The Drosophila T-box Transcription Factor Midline Functions within the Notch-Delta Signaling Pathway
to Specify Sensory Organ Precursor Cell Fates and Regulates Cell Survival within the Eye Imaginal Disc.
Sandra M. Leal, Sudeshna Das, Qichuan Chen, Joseph Saucier, Brandon Drescher, Sarah Morgan, John
Forstall, Andrew Meriwether, Randy Toranzo. Dept Biological Sci, Univ Southern Mississippi, Hattiesburg, MS.
We report that the T-box transcription factor Midline (Mid), an evolutionary conserved homolog of the vertebrate
Tbx20 protein, functions within the Notch-Delta signaling pathway essential for specifying the fates of sensory
organ precursor cells. This complements an established history of research showing that Mid regulates the cellfate specification of diverse cell types within the developing heart, epidermis and central nervous system. Tbx20
has been detected in diverse neuronal and epithelial cells of embryonic eye tissues in both mice and humans.
However, the mechanisms by which either Mid or Tbx20 function to regulate cell-fate specification or other
critical aspects of eye development including cell survival have not yet been elucidated. We have also gathered
preliminary evidence suggesting that Mid may play an indirect, but vital role in selecting SOP cells within the
third-instar larval eye disc by regulating the expression of the proneural gene atonal. During subsequent pupal
stages, Mid specifies SOP cell fates as a member of the Notch-Delta signaling hierarchy and is essential for
maintaining cell viability within by inhibiting apoptotic pathways. We present several new hypotheses that seek
to understand the role of Mid in regulating developmental processes downstream of the Notch receptor that are
critical for specifying unique cell fates, patterning the adult eye and maintaining cellular homeostasis during eye
disc morphogenesis.

713B
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defective proventriculus (dve), a new member of DV patterning in the eye. Oorvashi Roy G. Puli , Takeshi
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1,2,4
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1,2,4
Yorimitsu , Madhuri Kango-Singh , Hideki Nakagoshi , Amit Singh . 1) Department of Biology, University of
Dayton, 300 College Park Drive, Dayton, OH; 2) Premedical Program, University of Dayton, 300 College Park
Drive, Dayton, OH; 3) School of Natural Science and Technology, Okayama University, 3-1-1 Tsushima-naka,
Kita-ku, Okayama 700-8530, Japan; 4) Center for Tissue Regeneration and Engineering at Dayton (TREND),
University of Dayton, Dayton, OH.
In all multi-cellular organisms, patterning and growth of a developing field rely on conserved signaling pathways.
Among these, the highly conserved Wingless (Wg) signaling pathway plays a major role in growth and cell fate
differentiation. In the developing Drosophila eye, Wg function evolves along the spatio-temporal scale. During
early eye development, Wingless (Wg) provides growth cues whereas later Wg blocks Morphogenetic Furrow
(MF) progression and thereby suppresses the eye fate and promotes head specific fate. During early eye
development, Wg is known to function in the fundamental process of delineation of Dorso-Ventral (DV) axis, the
first lineage restriction event in the developing eye. Wg, a member of dorsal eye gene hierarchy, acts
downstream of Pannier (Pnr), a GATA-1 transcription factor. However the genetic mechanism that regulate the
domain specific expression of Wg in the Drosophila eye has not been fully understood. We have identified a K50
homeodomain transcription factor Dve, an ortholog of SATB1 in regulating expression of Wg in the developing
eye. Dve acts downstream of Pnr to regulate Wg expression in the dorsal compartment of the eye. We found
that Dve expressing cells contribute to processes resulting in expression of Wg in a gradient in the eye to
determine eye versus head fate. This mechanism is also conserved in other insects.

714C
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Role of growth regulatory pathway in eye development and differentiation. Erika L Wittkorn , Kristine
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1,2,3
1,2,3
Garcia , Madhuri Kango-Singh , Amit Singh . 1) Department of Biology, University of Dayton, 300 College

Park Drive, Dayton, OH; 2) Premedical Program, University of Dayton, 300 College Park Drive, Dayton, OH; 3)
Center for Tissue Regeneration and Engineering at Dayton (TREND), University of Dayton, Dayton, OH.
During development, growth regulation and differentiation work together to sculpt the final shape of an organ.
The major signaling pathway that control growth and differentiation are highly conserved from insects to higher
vertebrates. Here, we employ developing Drosophila eye model to understand the role of growth regulatory
pathway(s) in retinal development and differentiation. The results from these studies will be presented.

715A
A genetic screen in wing imaginal discs for regeneration mutants. Amanda R. Brock, Rachel K. SmithBolton. Cell and Developmental Biology, University of Illinois at Urbana-Champaign, Urbana, IL.
Regeneration is a complex process that requires an organism not only to recognize and repair tissue damage,
but also to grow and pattern new tissue. Here we describe a system of genetically induced ablation in the
Drosophila larval imaginal wing disc that enables us to perform large-scale genetic screens to identify novel
regulators of regeneration. We ablate the wing primordium by inducing apoptosis in a spatially and temporally
controlled manner. In order to identify genes that regulate regeneration, we are carrying out a dominant modifier
screen using isogenic deficiencies, and assessing the amount and quality of regeneration by examining the
adult wings. We have completed a screen of the right arm of the third chromosome. To date we have identified
47 regions that contain a gene that modifies the regenerative response. Interestingly, we observe several
distinct phenotypes: mutants that are unable to regenerate, mutants that regenerate faster or better than wild
type, and mutants that regenerate imperfectly and have patterning defects. Here we will present the results of
our screen and the initial characterization and mapping of several loci. This screen will enable us to further our
understanding of the genetic regulation of regeneration.

716B
Evolution of dipteran wing vein patterning. Valentino M. Gantz, Xiang-Ru Xu, Ethan Bier. Biological
Sciences, University of California San Diego, La Jolla, CA.
One of the most challenging problems in biology is to understand the link between gene expression during
development and the final morphological outcome in the adult body plan. The Drosophila wing is an exceptional
model for studying the linkage between gene expression and tissue morphogenesis since it is one of the bestunderstood developmental systems having a simple two-dimensional morphological readout in the adult. We
have analyzed expression pattern of known wing patterning genes from D. melanogaster (D. mel.) in the scuttle
fly M. abdita with the goal of identifying developmental differences that would correspond to the different wing
venation pattern that this species carries. For example, M. abdita has an additional longitudinal vein in the
posterior compartment of the wing running between the equivalent of the D. mel. L4 and L5 veins. In D. mel. the
transcription factor encoded by the knirps gene is expressed at the anterior border of the spalt-expressing
domain (salm/salr) and is required for development of the L2 vein. However, knirps is not expressed along the
posterior border of the spalt domain, which runs between the L4 and L5 veins. We find that in M. abdita knirps is
expressed at both anterior and posterior spalt borders, suggesting that in M. abdita the gene knirps is involved
in determining not one, but two veins. We will also present analysis of other components of the wing gene
regulatory network in M. abdita and progress toward understanding the mechanisms underlying different
expression patterns.

717C
Cytoneme-mediated Notch signaling between wing disc myoblasts and trachea. Hai Huang, Sougata Roy,
Thomas Kornberg. Cardiovascular Research Institute, UCSF, San Francisco, CA.
In 3rd instar larvae, the transverse connective (a tracheal branch) adjoins to the basal surface of the wing disc
columnar layer, and expression of Branchless/FGF by the disc induces the transverse connective to sprout a
tube called the Air Sac Primordium (ASP) (Sato and Kornberg, PMID12194851). The disc also has myoblasts
that spread over the basal surface of the notum region; these cells will give rise to fly flight muscles. We
investigated how development of the ASP, myoblasts and wing disc are coordinated. We identified a pathway
involving Wingless signaling by the wing disc that regulates Delta expression in the myoblasts and Deltadependent Notch signaling in the ASP. Notch signaling in the ASP is sensitive to changes in the abundance of
Delta protein in the myoblasts, and is dependent on myoblast cytonemes. These cytonemes have motile puncta
containing Delta and they make direct contact with ASP cells. These results reveal a signal relay between the
ASP, myoblasts and the wing disc, and a role for cytonemes in Notch signaling.

718A
Dual role for Dpp in early wing disc development in regulating EGFR and Wg signaling. Sathiya
1
1,2
Narayanan Manivannan , Amanda Simcox . 1) Molecular Cellular Developmental Biology, The Ohio State
University, Columbus, OH; 2) The Department of Molecular Genetics, The Ohio State University, Columbus,
OH.

Vein (Vn) is a neuregulin-like ligand for the EGF receptor (Egfr), which is necessary for global development of
the early Drosophila wing disc. We found that Decapentaplegic (Dpp), a Bone Morphogenetic Protein (BMP)
family member, provides the instructive signal for initiating vn expression. The signaling involves paracrine
communication between two epithelia in the early disc. Later in the ventral disc, vn expression is inhibited by the
combined effect of Wg and Dpp. We also found that wg expression is significantly reduced in dpp mutant discs.
Thus, Dpp serves to initiate the expression of the dorsal and ventral growth factors in the early wing disc. Data
relating growth factor expression to cell proliferation domain in the wing disc will also be presented.

719B
Pan-leg developmental regulators control pro-thoracic leg specific Scr expression. Christopher L.
McCallough, Ece Eksi, Emily R. Wyskiel, Teresa V. Orenic. Dept Biological Sci, Univ Illinois at Chicago,
Chicago, IL.
The Drosophila adult has one pair of legs on each of its three thoracic segments (T1-T3). Although these
structures exhibit serial homology, the legs from different segments have distinct morphological features. One
such feature is the patterning of the small mechanosensory bristles (mCs), which are components of the
peripheral nervous system. In the T2 leg these mCs are organized into a series of longitudinal rows (L-rows)
along the circumference of the tibia and tarsal segments. However, at specific positions along the circumference
and proximal/distal (P/D) axis of the T1 leg, the L-rows are replaced by a group of mCs organized into
transverse rows (T-rows) [1,2]. Studies have indicated that the position of T-row bristles on the tibia and
basitarsus of T1 legs is established as a result of Hox gene alteration of the L-row patterning pathway [3,4]. In
T1 prepupal legs, Sex combs reduced (Scr) is expressed at elevated levels within the T-row primordia. We have
found that Scr modifies the mC pattern on T1 legs via repression of Delta, a key regulator of leg mC patterning
[4]. Our model for T-row patterning suggests that a central step in this process is establishment of spatially
defined Scr expression within defined domains of the leg primordia in response to the global regulators of leg
development. The mechanisms that generate morphological diversity among the legs will therefore require an
understanding of the regulation of Scr in the T-row primordia. Here we l present our genetic studies on the
regulation of Scr by genes known to pattern the leg along its circumference and P/D axis.

720C
Modeling dorsoventral patterning of the Drosophila embryo in silico reveals critical details overlooked
by fluorescence imaging studies. Michael D. O'Connell, Gregory T. Reeves. Chemical & Biomolecular
Engineering, North Carolina State University, Raleigh, NC.
Transcription factor Dorsal (dl), a homologue of the mammalian NF-kB, specifies the DV axis of the developing
embryo. dl is ubiquitously expressed and sequestered to the cytoplasm by the inhibitor protein Cactus (Cact),
which prevents it from regulating gene expression. However, signaling through the Toll receptor along the
ventral side of the embryo causes Cact degradation and nuclear uptake of unbound dl protein in a ventral-todorsal gradient. Once dl becomes localized to the nucleus, it can activate or repress its target genes, including
sna, sog, and dpp. Despite recent developments in imaging techniques that have allowed us to quantify the
dynamics of nuclear dl in live embryos, difficulties in modeling gene expression have persisted in regions where
the signal-to-noise ratio is low. We hypothesize that this is a result of a misinterpretation of the data gathered
with fluorescence imaging studies, which cannot distinguish between the fluorescence of unbound nuclear dl,
which regulates gene expression, and nuclear dl-Cact complex, which does not. Previous to this study, it was
assumed that dl-Cact complex was found only in the cytoplasm and therefore did not contribute significantly to
fluorescence measurements. However, qualitative disagreement between the more recent experimental data
and the established model caused us to question this assumption. By modeling nuclear dl dynamics in silico, we
were able to separate the two components and model gene expression under the sole influence of unbound dl.
This distinction between active and inactive dl has allowed us to investigate the role of noise in establishing the
borders of gene expression. We propose that noise may play a significant positive role in determining the slope
of gene expression boundaries. Furthermore, we suggest that similar modeling work is needed in other cases in
which fluorescence data cannot distinguish between an active form and an inactive form of a biological
molecule.

721A
Lethal (2) Essential for Life Gene Regulates Lateral Muscle Shapes During Embryonic Development.
Teresa Jagla, Inga Wojtowicz, Krzysztof Jagla. GReD, INSERM U1103, CNRS UMR6293, Clermont, FD,
France.
The Drosophiila orthologue of αB-crystallin, lethal (2) essential for life (l(2)efl) gene codes for small heat shock
protein with chaperon activity. L(2)efl is expressed during Drosophila development in embryonic, larval and adult
somatic and heart muscles. We investigated the role of l(2)efl during embryonic myogenesis and found that
L(2)efl protein displays muscle-specific expression in late embryos and accumulates in a dotty pattern close to
the muscle cell membranes. During mid-embryogenesis, L(2)efl is predominantly expressed in lateral transverse

(LT) muscles and its expression is regulated by apterous (ap) and other muscle identity genes, required for
acquisition of different muscle properties. Loss and gain of function phenotypes of l(2)efl indicate its role in
regulating shapes of LT muscles. To get insights into this developmental l(2)efl function we used superresolution STED microscopy to visualize actin filaments organization at LT muscle extremities. Our data reveal
that loss of l(2)efl function leads to the unpolarised LT muscle growth and highly irregular muscle extremities,
suggesting that the regulation of F-actin polymerization is affected. In contrast the gain of l(2)efl function results
in compacting of LT muscles. These observations suggest that L(2)efl is a part of muscle identity programs and
acts as a regulator of LT muscle shapes.

722B
Gene regulatory domains controlling eggshell patterning are enriched within the first intron. Nicole
1
2
1
1,2
Pope , Maira Farhat , Robert Marmion , Nir Yakoby . 1) CCIB Rutgers University- Camden, Camden, NJ; 2)
Biology Rutgers University-Camden, Camden, NJ.
The follicle cells, a monolayer of epithelial cells surrounding the developing oocyte, are extensively patterned
before folding into the Drosophila eggshell. Eggshell patterning has been the focus of numerous research
laboratories; however, the regulatory domains controlling follicle cells’ patterning are mostly unknown. We took
advantage of the GMR collection, which contains over 7,000 GAL4 fly lines of non-coding DNA fragments that
span 1,200 genes, to screen for the regulatory domains of genes expressed during oogenesis. We cross listed
the 81 genes known to be expressed during oogenesis with the GMR collection and found 19 common genes.
Since each gene has multiple non-coding DNA fragments, the 19 genes are represented by 223 GAL4 lines. Of
these 223 lines, 55 show expression patterns in the follicle cells when crossed to a UAS-GFP. Of the 55 lines,
18 recapitulate the full or partial pattern of the endogenous gene pattern. Using techniques such as RNA-seq to
determine the specific isoforms expressed during oogenesis; we mapped the distribution of the regulatory
domains to the corresponding gene model. Remarkably, the regulatory domains are significantly enriched in the
first intron of the genes. Since all of the lines drive a GAL4 transcription factor, we used them to manipulate
eggshell morphologies. Furthermore, we found that the same perturbations disrupt wing and eye development.
Our screen discovered new regulatory domains and generated new resources for genetic manipulation.

723C
The tfiia-s-2 gene is a germline-specific homolog of the small subunit of the General Transcription
Factor TFIIA. Maura Coughlin, Kevin Wons, Leah Hirschman, Cynthia Cain, Mark Hiller. Biological Sciences,
Goucher College, Baltimore, MD.
Cellular differentiation in multicellular animals often relies on developmentally regulated transcription. We have
been investigating the role of tissue-specific forms of the General Transcription Factors in the developmentally
regulated gene expression during spermatogenesis. The General Transcription Factors are multi-protein
complexes and essential for transcription in Eukaryotes. In Drosophila melanogaster, several homologs of more
generally expressed subunits are expressed only in the male germline. Specifically, several homologs of TFIID
subunits are testis-specific, and are necessary for gene expression in the testis and spermatid differentiation.
TFIID is comprised of TBP (TATA-binding protein) and up to fourteen TAFs (TBP-associated factors). Another
General Transcription Factor, TFIIA, physically associates with TFIID and helps position RNA Polymerase at
promoters. TFIIA consists of three protein subunits. A single gene, tfiia-l, encodes a 48 kD polypeptide which is
protolytically cleaved to form two proteins, a 30 kD and a 20 kD species. A separate gene, tfiia-s, encodes the
small subunit, a 14 kD protein. We have shown that the gene tfiia-s-2 encodes a male germline-specific
homolog of the 14kD subunit. Reverse transcription PCR experiments demonstrate that two different messages
are encoded by tfiia-s-2 due to alternative splicing. Both TFIIA-S-2 proteins associate with TFIIA-L in vitro. We
propose that three different forms of TFIIA, each containing the TFIIA-L gene product and one of the gamma
subunits, are present in D. melanogaster testes. These forms of TFIIA may interact with either TFIID or the
testis-specific TFIID-like complex to regulate gene expression in the testis. We are characterizing the ability of
TFIIA-S-2 containing complexes to physically associate with subunits of TFIID, including TBP and the TBP
associated factors (TAFs). In order to probe the function of the testis-specific TFIIA subunit, we are creating a
null allele by targeted disruption.

724A
Identification of phosphorylation sites of the transcription factor MEF2 in vivo. Ashley A. DeAguero,
Melanie Adams, Marilyn Cisneros, Richard M. Cripps. Biology, University of New Mexico, Albuquerque, NM.
Phosphorylation status of a protein is important for activation of signaling pathways and affects many aspects of
gene expression. The transcription factor Myocyte enhancer factor 2 (MEF2) is known to have a complex
phosphorylation pattern in vitro. This protein plays a vital role in activation of genes responsible for patterning of
the sarcomeric muscle and is one of the components required for myogenesis. Although the phosphorylation
status of MEF2 is thought to be a crucial determinant of its tissue specific function, there is little known about
how this protein is modified in vivo. To better understand the phosphorylation pattern in vivo, we used tandem

affinity purification along with western blotting, cell culture and mass spectrometry to analyze MEF2 protein
extracts from Drosophila melanogaster embryos. Initial work identified a modified residue at serine 98, with
other potential sites of phosphorylation within close proximity. Further investigation determined phosphorylation
of this residue is necessary for MEF2 function in vivo, since a MEF2 rescue construct containing a substitution
of serine (non-polar) to alanine (polar) at amino acid 98 only partially rescues the MEF2 null phenotype.
Generation of an S98 phosphomimetic mutant and analysis of its function in S2 cells showed enhanced
transcriptional activation ability, further indicating the importance of this particular site of phosphorylation.
Additional research will include comparison of phosphorylation patterns from adult tissues as a way to identify
additional residues within the protein. By studying such patterns, we hope to gain insight into the factors that
influence MEF2 regulation and ultimately affect the control of gene expression in muscle cells.

725B
Determining general and male-specific functions of the essential protein CLAMP in Drosophila
Melanogaster. Jennifer Johnson, Erica Larschan. Brown University, Providence, RI.
In all heterogametic species, an imbalance in the number of sex-linked genes between males and females has
supported the evolution of an essential process called dosage compensation. This process ensures that
transcription is equalized between the sexes as well as between the sex chromosomes and autosomes. The
model organism Drosophila melanogaster has evolved a single-step mechanism for dosage compensation,
providing a simple model for studying how a single chromosome is discriminated within a complex genome. In
Drosophila, selective two-fold upregulation of the single male X-chromosome equalizes transcription between
the sexes. Identification of the X-chromosome involves recruitment of the Male-Specific Lethal (MSL)
ribonucleoprotein complex by a previously unstudied zinc finger protein, Chromatin-Linked Adapter for MSL
Proteins (CLAMP). In addition to a role in dosage compensation, there is evidence suggesting that CLAMP is an
indispensable transcription factor during development of both males and females. CLAMP is a highly conserved
protein in Drosophila, therefore it is likely that CLAMP has an ancient non sex-specific function and was
appropriated for a role in dosage compensation by the rapidly evolving MSL complex. To gain insight into the
essential function of CLAMP, we performed mRNA-sequencing in male and female Drosophila cell lines. Using
the results of this study, we are able to identify the sex-specific and non sex-specific regulatory functions of
CLAMP.

726C
Regulation of a conserved Class I/ Class V Helix-Loop-Helix (HLH) Gene Regulatory Network. Ke Li,
Nicholas Baker. Genetics, Albert Einstein College of Medicine, Bronx, NY.
E (Enhancer) proteins and ID (Inhibitor of DNA binding/Differentiation) proteins are widely expressed, master
regulators conserved among multi-cellular animals. E proteins function as obligate heterodimers with a large
number of tissue-specific basic HLH (bHLH) proteins to activate transcription, whereas ID proteins inhibit this
process by forming inactive heterodimers with them. Disruption of their function is observed in many cancers
and neurocognitive disorders. Bhattacharya and Baker (2011) reported that the Drosophila E protein
Daughterless and ID protein Extra macrochaetae control one another’s expression, and identified a
transcriptional enhancer in the daughterless gene that mediates autoregulation. To address the regulation of
Extra macrochaetae, we used genomic rescue to map regulatory sequences in the gene region. We also found
that Daughterless regulates extra macrochaetae expression both transcriptionally and post-transcriptionally.

727A
The molecular basis of enhancer-promoter choice. Jia Ling, Theresa Apoznanski, Jinshuai Cao, Stephen
Small. Department of Biology, New York University, New York, NY.
The molecular basis of enhancer-promoter choice Jia Ling, Theresa Apoznanski, Jinshuai Cao, Stephen Small.
Department of Biology, New York University, New York, NY. Transcriptional mechanisms that control
embryogenesis involve specific interactions between distal enhancers and basal promoter sequences. It is
intriguing that when an enhancer is located close to two genes or promoters, it usually makes a choice to
activate one, not both. Also, data from many ChIp experiments have shown that an occupied enhancer does not
necessarily correlate with gene activation. These studies suggest that enhancer-promoter interactions are
specific, and that only certain enhancer-promoter pairs can activate transcription. To investigate the molecular
basis of enhancer-promoter choice, we constructed a series of bi-directional constructs in which a Bicoiddependent enhancer is placed between two basal promoters, each of which is tagged with hairpin sequences
whose transcripts can be recognized by two different fluorescent protein/RNA binding protein fusions. By
measuring the intensity, duration, and decay time of transcripts from each promoter in individual nuclei, and the
overall distribution and inheritance of the transcriptional states of two transcripts, we hope to capture the
dynamics of choice live. These experiments will form the basis for future experiments that test the activities of
different promoter-enhancer pairs in vivo.

728B
KDM5 interacts with Foxo to modulate cellular levels of oxidative stress. Xingyin Liu, Christina Greer, Julie
Secombe. Genetics, Albert Einstein Med College, Bronx, NY.
Drosophila KDM5 (also known as Lid) and its four mammalian homologs, KDM5A, KDM5B, KDM5C and
KDM5D, are multi-domain transcriptional regulators. In humans, KDM5A or KDM5B overexpression is
associated with breast, gastric and prostate cancers, and mutations in KDM5C are found in patients with
intellectual disability. However, a confounding factor to the analysis of the four mammalian KDM5 paralogs is
their functional redundancy. In contrast, Drosophila has a single, essential KDM5 protein, providing an ideal
system to cast light on how KDM5 function goes awry in human disease. To determine the gene expression
changes associated with loss of KDM5, we carried out microarray analyses of dissected wing imaginal discs
from wildtype (w1118) and kdm510424 homozygous mutant 3rd instar larvae (96hr AED). These analyses
revealed that of the 18,500 transcripts represented on the array, 367 genes were up-regulated and 534 genes
were down-regulated 1.5-fold or more in kdm5 mutants compared to wildtype. Gene ontology analyses of
KDM5-regulated transcripts revealed an enrichment for genes required for limiting levels of cellular oxidative
stress. We have shown that Drosophila KDM5 directly activates oxidative stress resistance genes. Consistent
with this, kdm5 mutants have elevated levels of reactive oxygen species (ROS), increased mutation load and
are sensitive to treatment with oxidizers. Significantly, KDM5 interacts with the well-established oxidative stress
transcription factor Foxo, and is required for its recruitment to target promoters. These data expand the
repertoire of KDM5’s gene-regulatory functions and significantly add to our understanding of how transcription
factors find and bind to their cognate DNA binding sites in vivo. Because increased cellular oxidative stress is
implicated in cancer and neuronal dysfunction, our data have clear implications for understanding how
misregulation of KDM5 family proteins result in human disease.

729C
Genome-wide analysis of tissue-specific effector genes in the Drosophila embryo. Malini Natarajan,
Samuel Meier, Jeff Johnston, Julia Zeitlinger. Stowers Institute for Medical Research, Kansas City, MO.
An important outcome of organismal development is the generation and maintenance of various cell types with
specific cellular functions. The genes that are required for these functions can be broadly divided into
housekeeping genes, developmental genes, and effector genes. While developmental genes have been well
studied during the last decades, the role and regulation of tissue-specific effector genes in differentiated cells is
much less understood. In order to identify tissue-specific effector genes at a genome-wide level, we have used
the INTACT (isolation of tagged nuclei) method to isolate nuclei from a variety of tissues of the late Drosophila
embryo. We performed RNA-seq experiments and confirmed that genes that are differentially expressed
between tissues have expected tissue-specific functions based on GO-term analysis. Furthermore, tissues
derived from the same germ layers are more similar, recapitulating their shared lineage. We then performed
ChIP-seq experiments to analyze the status of RNA Polymerase II at these differentially regulated genes. We
found that many of these effector genes are relatively short, lack RNA Polymerase II pausing and show specific
core promoter elements. These results suggest that there are specific characteristics of effector genes and
provides a foundation for analyzing their mechanisms of regulation.

730A
Identification of New Wingless Targets in Drosophila via ChIP-seq. Claudia Rockel, Konrad Basler.
University of Zürich, Zürich, Switzerland.
Determining how growth is regulated is one of the most challenging and intriguing questions in developmental
and cancer biology. The Wingless (Wg) signaling pathway is plays a major role during wing disc development
and regulates the expression of target genes that influence wing shape, size, and patterning. In the absence of
the Wg ligand, Arm is marked for degradation by a cytoplasmic 'destruction complex' which phosphorylates key
Ser and Thr residues in its amino-terminal. In response to the Wg signal Arm escapes the degradation fate and
translocates into the nucleus. Here, Arm interacts with Pangolin (Pan) to form a bipartite transcription factor. In
addition to Pan, the set of known Arm interactors represents a fairly complete set of the tools necessary for
target gene regulation. Many of the interacting factors are involved in chromatin structure modification and RNA
polymerase II (RNA Pol II) regulation, such as histone acetylation and methylation complexes. The
combinatorial activity of these factors leads to the initiation of a genetic program that involves the activation and
the repression of target genes. Despite being extensively studied the list of confirmed direct Wg targets is
surprisingly short. Expanding this list will enable more comprehensive genome-wide studies on the dynamics of
target gene expression and the changes in the regulatory complexes associated with the changes in target gene
expression. We performed ChIPseq on HA tagged Pan in Cl8 cells, in which Wg signaling was induced using
wingless conditioned medium. We will present our most recent results in our ongoing efforts to define and
understand the genetic program triggered by Wg.

731B

Differential utilization of TATA Box-Binding Protein (TBP) and TBP-related Factor 1 (TRF1) at different
1
2
2
2
classes of RNA polymerase III promoters. Neha Verma , Ko-Hsuan Hung , Jin Joo Kang , William Stumph .
1) Dept. of Biology, San Diego State University, San Diego, CA 92182; 2) Dept. of Chemistry and Biochemistry,
San Diego State University, San Diego, CA 92182.
In higher eukaryotes, there are three distinct classes of promoters for RNA polymerase III (Pol III). Type I and
Type II Pol III promoters (exemplified by the 5S rRNA genes and tRNA genes respectively) are internal to the
genes. Type III Pol III promoters, exemplified by U6 snRNA genes, comprise sequences external to the gene
located in the 5'-flanking DNA. In vertebrates, all three types of Pol III promoters utilize the TATA box-binding
protein (TBP) for the initiation of transcription. At one time, TBP was believed to be a universal factor required at
all eukaryotic promoters, including those for all three RNA polymerases I, II, and III. However, in the fruit fly
Drosophila melanogaster, Pol III transcription was found to be dependent not upon the canonical TBP but
instead upon the TBP-related Factor 1 (TRF1) (Takada et al. 2000, Cell 101, 459-469). We carried out ChIP
experiments that indeed confirmed the presence of TRF1 at tRNA gene promoters in S2 cells. In contrast,
however, our data revealed that TBP was preferentially enriched at U6 snRNA gene promoters. These latter
findings are consistent with the failure to detect TRF1 at U6 promoters in genome-wide ChIP-on-chip
experiments performed by another group (Isogai et al. 2007, EMBO J. 26, 79-89). Furthermore,
immunodepletion of TBP (but not TRF1) from a nuclear extract greatly inhibited U6 snRNA transcription in vitro;
in contrast, tRNA transcription was inhibited by immunodepletion of TRF1 (but not TBP). Analogous
experiments that employed RNAi to selectively knock down TBP or TRF1 in cells led to the same conclusions
regarding the preferential utilization of TBP by U6 genes and TRF1 by tRNA genes. Thus, in fruit flies, different
classes of RNA polymerase III promoters differentially utilize TBP and TRF1 for the initiation of transcription.
(This research was supported by the National Science Foundation and in part by the California Metabolic
Research Foundation).

732C

1

Measuring polymerase dynamics with multi-color fluorescent in situ hybridization. Shawn C. Little ,
2
1
2
Mikhail Tikhonov , Eric F. Wieschaus , Thomas Gregor . 1) Department of Molecular Biology / HHMI, Princeton
University, Princeton, NJ; 2) Joseph Henry Laboratories of Physics / Lewis-Sigler Institute for Integrative
Genomics, Princeton University, Princeton, NJ.
In nearly all contexts, transcriptional activity of the vast majority of genes exhibits variability in excess of that
predicted by a model of random arrival of RNA polymerase II molecules (RNAPs) at a gene promoter. Such
excess variability is observed for the gap gene hunchback (hb). Using single molecule fluorescent in situ
hybridization (FISH) based on the binding of complementary short DNA oligonucleotides, we have shown that in
the broad anterior hb expression domain, where transcript accumulation is maximal, the variability in the number
of RNAPs engaged in transcription is 6-fold higher than predicted by this straightforward model. To determine
how RNAP dynamics contribute to this variability, we have analyzed images obtained by labeling hb with
multiple colors of FISH probes distributed along the length of the mRNA. From this analysis, we infer the
positions of RNAPs along the length of hb loci in the cells of the anterior domain. We show that the expression
of hb in the region of maximal expression is limited by a "switching step" that causes the gene locus to alternate
between RNAP-accessible and -inaccessible states. This switching results in the formation of bursts of RNAP
loading. We derive the effective rate constants for these dynamics. Similar rate constants also describe the
transcription of the gap gene Kruppel. The shared characteristics of RNAP dynamics between genes suggests
that the limit of precision is determined by fundamental molecular constraints inherent to the process of
transcription.

733A
Dual roles of TAK1 in the important dengue vector Aedes aegypti. Shin-Hong Shiao. Department of
Parasitology, National Taiwan University, Taipei, Taipei, Taiwan.
Mosquitoes transmit several devastating infectious disease such as malaria, dengue fever, yellow fever,
Japanese encephalitis and filariasis. Due to the lack of effective vaccine and the increasing drug and insecticide
resistance, alternative approaches for these mosquito-borne diseases are urgently required. It has been
demonstrated that the Toll and the Immune Deficiency (IMD) signaling pathways play crucial roles in the
production of antimicrobial peptides in the Drosophila. Recently, the JNK pathway was shown to be activated by
transforming growth factor-β-activated kinase 1 (TAK1), the component of IMD pathway, and to play an
important role in tissue modeling in Drosophila. On the other hand, Matrix metalloproteinase 1 (MMP1) was
demonstrated to be essential for the embryonic development in the Drosophila. Our previous study showed that
Aedes aegypti TAK1 (AaTAK1) is responsible for the production of Cecropin A. We also showed the novel role
of Aedes aegypti Matrix metalloproteinase 1 (AaMMP1) in the regulation of vitellogenesis. Our results revealed
that silence of AaTAK1 by RNA interference approach resulted in the inhibition of AaMMP1 in the translational
level. In this study, we showed that the transcriptional pattern of AaTAK1 is highly expressed from 12 to 72
hours after a blood meal and particularly in the ovary and midgut. By RNAi-mediated silencing of AaTAK1, we

showed that the egg production was reduced in the absence of AaTAK1. Interestingly, the expression of
Vitellogenin (Vg) was inhibited in the absence of AaTAK1 or with the application of JNK inhibitor (SP600125) in
the in vitro fat body culture system. In addition, by RNAi mediated silencing of AaJNK, the egg production was
also reduced. Furthermore, we showed that silencing of AaTAK1 or AaJNK inhibit the phosphorylation of S6K, a
key component of TOR pathway, and also inhibit the expression of Vitellogenin (Vg) and AaMMP1 in the fat
body. Taken together, our data suggest a novel function of AaTAK1 and AaJNK in the regulation of
vitellogenesis and AaMMP1 through TOR signaling pathway.

734B
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A Targeted RNAi Screen of Maternally Deposited Cofactors in the Drosophila Embryo. Adam N. Carte ,
2
2
2
2
2
Max V. Staller , Meghan D. Bragdon , Ben Vincent , Zeba B. Wunderlich , Angela H. DePace . 1) West Virginia
University, Morgantown, WV; 2) Department of Systems Biology, Harvard Medical School, Boston, MA.
One of the primary ways transcription factors regulate target genes is by recruiting the Mediator complex or
other cofactors. Made up of roughly 30 subunits, Mediator plays an integral role in the activation of gene
expression. An outstanding question is whether Mediator and other cofactors play a general role at all genes or
have specific roles at subsets of genes. We chose to address this question in Drosophila embryos by depleting
various Mediator subunits and other transcriptional cofactors in the female germline using the Maternal-Gal4shRNA system. To measure the effects of specific knockdowns, we first screened for alterations in embryonic
viability and defects in larval cuticles. Of the 31 genes tested, we observed lethality in 18 hits and cuticle defects
in 12 hits. We selected 4 of these hits for detailed measurement of gene expression patterns in blastoderm
embryos. We performed fluorescent in situ hybridization and cellular resolution imaging to look for subtle
changes in the gene expression patterns of the segmentation and dorsal-ventral genes fushi tarazu, even
skipped, Kruppel, and tailless. Consistent with the literature, we found that depletion of Mediator subunit 31,
(MED31), and Groucho resulted in altered gap and pair-rule gene expression patterns and attenuation of stripe
formation. In addition, we saw similar defects following depletion of intersex (Mediator subunit 29) and Mediator
subunit 1, two genes that have not between studied in the female germline. In conclusion, we have identified a
set of UAS-shRNAs that will be useful for biochemical and imaging based follow up experiments.

735C
The bromodomain protein tBRD-1 interacts with two new members of the BET family and is required for
gene activation in male germ cells. Ina Theofel, Tim Hundertmark, Renate Renkawitz-Pohl, Christina Rathke.
Developmental Biology, Philipps Universität Marburg, Marburg, Hessen, Germany.
Multicellular organisms have evolved specialized mechanisms to control transcription in a spatial and temporal
manner. In Drosophila spermatogenesis, it is proposed that genes coding for proteins needed for sperm
development are regulated on their transcriptional level by a testis-specific TFIID complex containing testisspecific TAFs (tTAFs, e.g. Sa, Can). Previously, we identified the testis-specific bromodomain protein tBRD-1.
tBRD-1 is specifically expressed in primary spermatocytes in a tTAF dependent manner. tBRD-1 is essential for
male fertility and mutants exhibit spermiogenesis defects like abnormal nuclear shaping and positioning. We
proposed that tBRD-1 acts as a cofactor of tTAFs to activate a subset of genes with relevance for
spermatogenesis. Here we perform transcriptom analyses and reveal a subset of genes with altered expression
1
in tbrd1 mutant testes in comparison to wild-type testes. Thus, tBRD-1 is indeed involved in gene expression.
Beside tBRD-1 we identify the two new bromodomain proteins tBRD-2 and tBRD-3 that both partially co-localize
with tBRD-1 and tTAFs. Localization of tBRD-2 and tBRD-3 is dependent on tTAF and tBRD-1 function.
Moreover, we show that tBRD-1 can interact with tTAFs, tBRD-2 and tBRD-3. We hypothesize that in primary
spermatocytes tBRDs cooperate with tTAFs to selectively activate spermatogenesis relevant genes.

736A
Dissecting the mechanism of Capicua- and Groucho-mediated repression in the terminal patterning
1
1
1
1
2
system. Marta Forés , Leiore Ajuria , Núria Samper , Sergio González-Crespo , Rona Grossman , Ze'ev
2
1,3
Paroush , Gerardo Jiménez . 1) IBMB-CSIC, Parc Cientific de Barcelona, Barcelona, Spain; 2) Dept. of
Developmental Biology and Cancer Research, IMRIC, The Hebrew University, Jerusalem, Israel; 3) ICREA,
Barcelona, Spain.
The HMG-box repressor Capicua (Cic) is a key downstream target of RTK-Ras-MAPK signaling pathways at
multiple stages of Drosophila development. In the blastoderm embryo, Cic represses the expression of terminal
gap genes regulated by the Torso RTK pathway. This repressor function appears to require the Groucho (Gro)
corepressor, but the molecular basis of this requirement remains unknown. Using a set of Cic protein mutants
and chimeras, we have identified a novel domain of Cic with intrinsic, Gro-dependent repressor activity in vivo.
This domain, designated N2 because it is located N-terminal to the HMG-box domain, is different from the
previously characterized WRPW and eh-1 repressor motifs present in other factors that interact with Gro.
Accordingly, a Gro mutant protein that is unable to recognize the WRPW and eh-1 elements still mediates
repression by Cic and the N2 motif in the embryo, indicating that Cic has evolved an alternative mechanism for

recruiting Gro to target genes.

737B
INO80-dependent regression of transcriptional responses regulates developmental timing in Drosophila.
Sarah Neuman, Robert Ihry, Arash Bashirullah. University of Wisconsin-Madison, Madison, WI.
Sequential pulses of the steroid hormone ecdysone regulate the major transitions during Drosophila
development. At each stage, systemic pulses of ecdysone trigger distinct biological responses by directly
controlling target gene expression, and the duration of each developmental stage is determined by the length of
time between ecdysone pulses. Ecdysone pulses and the resulting transcriptional responses are by nature selflimiting, with mechanisms in place to facilitate regression of hormone-dependent transcription. However, the
biological significance of transcriptional regression mechanisms remains unclear. We have identified the first
metazoan mutant allele of the chromatin remodeling protein INO80. We demonstrate that INO80 facilitates
transcriptional regression of specific ecdysone-regulated genes during prepupal development. The biological
consequence of failing to regress properly is an extended time between ecdysone pulses, resulting in a
significantly longer prepupal stage. We also demonstrate that increased expression of INO80 is sufficient to
shorten the prepupal stage by increasing the rate of regression. Our results indicate that the rate of regression
of ecdysone-regulated transcription directly determines the duration of development. Although INO80 is
conserved from yeast to humans, this study represents the first characterization of a bona fide INO80 mutation
in any metazoan, raising the possibility that the functions of INO80 in regression and developmental timing are
evolutionarily conserved.

738C
Novel Gli-independent regulation of Hedgehog target enhancers via Gli binding sites. Andrea Isabel
1
1,2
Ramos , Scott Barolo . 1) Program in Cellular and Molecular Biology,; 2) Department of Cell and
Developmental Biology, University of Michigan, Ann Arbor, MI.
Hedgehog signaling gradients control transcription of key target genes during development. The Gli-family
transcription factor Cubitus interruptus (Ci) binds to enhancers of Hedgehog target genes, activating
transcription in response to Hedgehog signaling, and repressing gene expression in the absence of the signal.
While studying Hedgehog-regulated enhancers in the developing wing of Drosophila melanogaster, we
observed to our surprise that consensus Gli/Ci binding sites strongly repressed transcription in cells where Ci is
not expressed. We hypothesized that an unknown transcriptional repressor (or "Usurper") binds selectively to
consensus Gli/Ci sites to prevent ectopic activation and to sharpen the expression boundaries of target genes.
To determine if Usurper directly regulates Hedgehog target genes, we tested an enhancer of the patched gene,
which contains a cluster of conserved optimal Gli/Ci sites. We found that mutation of these optimal sites resulted
in de-repression of gene expression in cells that lack Ci, as well as broader activation in Hedgehog-responsive
cells. Severe knockdown of Ci did not result in de-repression of the patched enhancer, suggesting that patched
is repressed independently of Ci, via consensus Ci binding sites. We propose that a broadly expressed Usurper
factor acts via consensus Gli sites to repress patched expression in the posterior compartment of the wing
where Ci is not expressed, and also competes with Ci in the anterior compartment to refine the boundaries of
patched expression. Our results suggest a potential safeguard mechanism preventing the ectopic expression of
patched, which encodes the Hedgehog receptor and modulates the effective range of Hedgehog signaling. This
work was supported by NIH T32-GM007315 and NIH T32-HD007505 to AIR and by NIH GM076509 and NSF
MCB-1157800 to SB.

739A
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Identification of novel STAT92E target genes in hematopoiesis using in silico methods. Aditi Vyas , Rami
2
2
1
Al-Ouran , Lonnie Welch , Soichi Tanda . 1) Dept. of Biological Sciences, Ohio University, Athens, OH; 2)
School of Electrical Engineering and Computer Science, Ohio University, Athens, OH.
The Jak/Stat pathway is one of the pathways controlling hematopoiesis in Drosophila. A dominant allele of the
Tum-l
causes a tenfold increase in the total hemocyte count. Removal of a
Drosophila Jak gene called hop
Tum-l
level and
negative regulator of the Jak/Stat pathway increases the pathway activity beyond the hop
surprisingly results in reduction of the total cell count. These results suggest that Stat92E controls expression of
two sets of target genes; the low threshold genes, expressed at moderate levels of the pathway and the high
threshold genes, activated at much higher levels of pathway activity. We hypothesize that high threshold genes
are possibly involved in limiting cell proliferation, and their expression is negatively regulated by transcriptional
repressors. To test this, we screened for effect of co-repressor and repressor mutants on hematopoiesis. We
found that loss of function of C-terminal Binding Protein (CtBP) as well as its DNA binding partner Suppressor of
Hairless [Su(H)], dramatically decreased the hemocyte count. We then aimed to identify the high threshold
genes. We used two in silico approaches to discover possible regions in the Drosophila melanogaster genome,
that have Stat92E and repressor binding sites. In one approach, we searched the CtBP ChIP-chip
modENCODE dataset for presence of Stat92E and repressor binding sites using the bioinformatics tool Target

Explorer. This method gave us a list of 12 candidate genes. In a second approach, we scanned the entire
Drosophila melanogaster genome for Stat92E, Su(H) and insulator motif occurrences, using the publicly
available FIMO tool, and performed post processing using Perl. This in silico scan yielded a list of 18 genes. We
Tum-l
background, to see their effect on larval
performed RNAi screening against these candidates in the hop
hematopoiesis. RNAi against genes that caused significantly higher increase in the hemocyte count, have been
selected as potential high threshold genes.

740B
The Mechanistic Basis for the Conservation of Enhancer Grammar Elements. Jenny E. Atanasov, James
W. Posakony. Division of Biological Sciences-CDB, UCSD, La Jolla, CA.
The rules governing enhancer architecture are not yet well understood, especially those concerning
microarchitectures, or grammar elements, including the relative orientation and precise spacing between
transcription factor (TF) binding sites in close proximity to each other. Evolutionarily conserved
microarchitectures may be important for facilitating different synergies in different enhancers, including direct
protein-protein interactions, indirect protein interactions, and effects of local pioneer factors. Direct interactions
include cooperative binding and recruitment of one TF by another; indirect interactions include cofactor
recruitment; and, in the case of pioneer factors, the binding of one TF may cause changes to the local chromatin
region that allow for binding of other TFs to neighboring binding sites.
We are using the proneural cluster (PNC) enhancer for the Bearded family member E(spl)mα to better
understand grammar elements. mα is a gene within the Enhancer of split Complex, a group of genes that is
activated in non-sensory organ precursor (non-SOP) cells within PNCs by the Notch effector Suppressor of
Hairless [Su(H)] and proneural proteins, amongst other regulatory inputs, in Drosophila melanogaster. We have
previously shown that the order of the binding sites within the mα PNC enhancer is essential for proper
expression in the notum region of the wing imaginal disc and that the spacing and orientation between one
Su(H) site and an adjacent proneural protein binding site within the enhancer are conserved. We are testing the
constraints upon this grammar element by creating reporter lines with perturbations to the spacing, orientation,
or combinations of the two, and imaging the PNCs of the notum area of the wing disc. Subsequently, we are
using immunoprecipitation assays to investigate protein-protein interactions between Su(H) and the proneural
proteins to illuminate the mechanistic basis underlying the conservation and function of this grammar element.

741C
The Effects of Poly-Glutamine Tract Variation on Protein-Protein Interactions in Enhanceosomes.
Danielle Beekman, Clinton Rice, Megan Bowman, Rachel Harney, Albert Erives. Dept. of Biology, University of
Iowa, Iowa City, IA, 52242, USA.
Regulation of gene expression by transcriptional enhancers involves both the binding of specific transcription
factor (TF) proteins, as well as interactions among these TFs. In the developing Drosophila embryo, the TFs
Dorsal, Twist, and the intracellular domain of Notch (NICD) all play roles in regulating expression of shared target
genes. While the characteristics of their binding sites in target gene enhancers have been studied, little is known
about how the interactions between these TFs affect target gene expression. Interestingly, each of these
proteins contains one or more poly-glutamine (pQ) tracts, which are known to form “sticky” β-sheet structures
that can facilitate a variety of protein-protein interactions. Our goal is to determine the effects of pQ tract
variation in NICD, Dorsal, and Twist on the expression of their target genes both directly and indirectly (via adult
viability and phenotypes). We hypothesize that this variation will affect each TF’s interactions with other
enhanceosome proteins and thus alter the expression pattern of genes that they regulate. To test this idea, we
are using natural pQ variants of NICD, Dorsal, and Twist identified from D. melanogaster isofemale (DGRP) lines
as well as from other Drosophila species. The most extreme variant of the single long tract in NICD is 23 Q’s long
instead of the typical ~31 Q’s. This line has decreased fertility, decreased survivorship, and Notch-like
phenotypes that segregate with the Notch locus. We are currently examining target gene expression patterns in
these pQ variant lines, as well as the effects of ambient temperature and genetic background on lethality,
fertility, and adult phenotypes. Because changes in pQ tracts of one protein could be compensated by the tracts
in other interacting proteins, we are testing the effects of ectopic expression of variant NICD moieties in identical
genetic backgrounds. Our results will help us determine the extent to which pQ tract variation in the activator
TFs and coactivators that form enhanceosomes can affect developmental gene expression.

742A
Non-additive cis-regulatory interactions underlie pair-rule regulation of Drosophila wingless at the
1,2
1
1,3
1
blastoderm stage. Kimberly Bell , Kevin Chen , Jinelle Wint , J. Peter Gergen . 1) Department of
Biochemistry and Cell Biology and the Center for Developmental Genetics, Stony Brook University, Stony
Brook, NY; 2) Graduate Program in Genetics, Stony Brook University, Stony Brook, NY; 3) Graduate Program in
Biochemistry and Cell Biology, Stony Brook University, Stony Brook, NY.
Distinct combinations of Runt and other pair-rule transcription factors act at two recently identified enhancers,

DESE and PESE, to generate the initial 14-stripe pattern of slp1 (Swantek & Gergen, 2004; Prazak et al, 2010).
Importantly, the presence or absence of Runt in different cell contexts determines activation or repression.
DESE and PESE each drive a subset of the slp1 pattern. Interestingly, their combined action recapitulates early
expression of slp1 in a manner not expected from simple addition of their respective patterns. Runt is key in
mediating these non-additive interactions, and its presence or absence may determine which enhancer can
interact with the promoter in a particular cell context (Prazak et al, 2010). We sought to investigate if nonadditive interactions are general for segment polarity genes and if Runt is the key factor involved.
We have studied two putative pair-rule response elements for the segment polarity gene wingless: wg3911,
located from -3.9 to -1.1kb upstream of the wg transcription start site (tss), and wg2946, located from +2.9 to
+4.6kb downstream of the tss, in intron 2 of the wg gene. We previously found that wg3911 is indeed a pair-rule
response element at the blastoderm stage and, moreover, that wild-type expression of a wg3911-lacZ reporter
matches endogenous wg expression but responds differently than endogenous wg to Prd and Odd
manipulation. We now find that a wg2946-lacZ reporter also drives expression along the A-P axis, indicative of a
role in mediating pair-rule regulation. Interestingly, expression of this reporter differs from the endogenous wg
pattern in a manner suggesting that interactions between this enhancer and the wg promoter are also regulated.

743B
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Identification and analysis of regulatory elements at the endogenous apterous locus. Dimitri Bieli , Oguz
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Kanca , Fisun Hamaratoglu-Dion , Daryl Gohl , Paul Schedl , Martin Müller , Markus Affolter . 1) University of
Basel, Biozentrum, Basel, Switzerland; 2) University of Lausanne, Switzerland; 3) Princeton University, NJ.
Classically, regulatory elements of a gene of interest are investigated with reporter-based assays. Although this
approach has proven to be very successful, it has some major drawbacks. For example, the analyzed elements
are always isolated and experience differential positional effects. Additionally, it is not clear whether the isolated
elements are sufficient, permissive or even dispensable for the correct transcriptional regulation at the
endogenous locus of the gene. This study aims to identify the cis-regulatory elements of the selector gene
apterous (ap) in situ, at its endogenous locus. Mutations in this gene result in clear and easily detectable
phenotypes in the adult wing structures. In order to investigate the regulatory input controlling ap expression, we
have pursued 3 complementary approaches: (1) A set of overlapping small deletions within the ap locus was
obtained by imprecise excision of existing P-elements or by Flipase-mediated recombination between FRT-sites
in trans. (2) Classical LacZ-reporters were used to define minimal enhancer fragments driving ap expression in
the developing wing disc. (3) A PhiC31-integrase based in situ rescue system was engineered into the ap locus.
It has allowed us to determine the in vivo activity of various enhancer fragments. We find that ap transcription in
the wing disc is controlled by 3 defined cis-regulatory elements: a promoter-proximal Polycomb response
element and 2 tissue-specific enhancers located further upstream. Together these elements ensure the correct
regulation of ap during the development of the wing.

744C
Cis-regulatory elements controlling fiber-specific expression of muscle structural gene Troponin C at
41C. Maria Chechenova, Sara Maes, Richard Cripps. Biol, Univ New Mexico, Albuquerque, NM.
Skeletal muscle is a heterogeneous tissue, consisting of fibers with different molecular and functional properties.
Although our understanding of early steps of muscle development is detailed, the specification of muscle fibers
into different types remains unclear. We investigated the mechanisms of fiber type specification by studying
transcriptional regulation of a fiber-specific gene, TpnC41C, encoding muscle structural protein troponin C.
Expression of TpnC41C is restricted to the specialized fibers comprising jump muscles. In the conserved
genomic region located immediately upstream of the TpnC41C gene we have identified a 300bp fragment that is
sufficient for fiber-specific expression. An analysis of the enhancer involving site-directed mutagenesis, in vitro
binding assays and immunohistochemistry outlined the sites controlling its fiber specificity. We identified two
sites necessary for the activation of the enhancer. Mutations in each of these sites resulted in 70% reduction of
enhancer activity. One of the sequences was a binding site for Myocyte Enhancer Factor-2 and its specific
binding was confirmed in a gel shift assay. In addition to the sites positively regulating enhancer activity in jump
muscles, we identified a site that prevents activation of the enhancer in other fiber types. Mutation of this site did
not affect jump muscle-specific expression of the reporter driven by the TpnC41C enhancer, but expanded it
over the indirect flight muscles.
Taken together, our findings demonstrate that specific expression of the TpnC41C gene in jump muscles
involves integrated functioning of multiple positive and negative transcription inputs. Identification of the
transcriptional regulators binding the identified cis-elements will reveal regulatory pathways controlling muscle
fiber differentiation.

745A
The activity of the en/inv imaginal disc enhancer depends on the genomic neighborhood. Yuzhong
Cheng, Judith Kassis. Program in Genomics of Differentiation, NICHD, NIH, Bethesda MD 20892.

engrailed (en) is a gene important for many different aspects of development including segmentation and
formation of the posterior compartment in imaginal discs. en and its close relative invected (inv) reside in a 115
kb DNA domain covered with tri-methylated histone H3 (H3K27me3), the distinctive mark of PcG-regulated
genes. We have been identifying en enhancers that drive its complex expression during development. We
previously reported that with small pieces of en/inv DNA (2-17 kb) driving a LacZ reporter, many enhancers for
embryonic expression were identified, but no imaginal disc enhancer was found. Now we report that large
genomic HA-en constructs contain enhancers for both embryonic and imaginal disc expression. More
interestingly, we found that even though the imaginal disc enhancer is present in the transgene, its ability to
drive HA-en expression in the wild type domain is subject to En protein auto-repression; in the presence of
endogenous En, it is only expressed in subsets of the wild type domain. However, the endogenous en gene is
not repressed by the presence of the HA-en transgene. This indicates that the local chromatin environment is
important for proper en expression. We also found that a 45 kb genomic DNA fragment from the en locus which
extends 33 kb upstream and 8 kb downstream of the en transcription unit is sufficient to rescue the lethality of
en null mutant. Further dissection of the disc enhancers is ongoing.

746B
Tunable Control of Transcriptional Enhancers Using TAL-Effectors: Computing Back the Magic. Justin
1
2,3
1
Crocker , Garth Ilsley , David Stern . 1) HHMI Janelia Farm, Ashburn, VA; 2) European Molecular Biology
Laboratory, European Bioinformatics Institute, Wellcome Trust Genome Campus, Cambridge, United Kingdom;
3) Okinawa Institute of Science and Technology Graduate University, Japan.
Development requires the establishment of precise patterns of gene expression, which is largely controlled by
transcriptional enhancers. Transcriptional enhancers encode patterns of gene expression by binding
transcription factor proteins that recognize specific sequences in the enhancers, and they often integrate the
combined activity of multiple transcription factors. Despite the importance of transcriptional enhancers, we
currently do not understand how the structure and function of enhancer regions precisely regulate gene
expression. Using Transcriptional Activator-Like Effectors (TALEs), we find that the level of gene expression,
driven by individual transcriptional enhancers, can be dynamically controlled in a computationally predictable
fashion by either targeting different TALE-effector domains or by changing the number and combination of
TALEs targeting an enhancer. We extend these findings to multiple developmental enhancers, exploring how
TALEs can be used to “tune” transcription levels in several developmental networks. These results support a
model whereby the level of gene expression is dependent on the overall balance of activators and repressors
acting on an enhancer, rather than on each factor individually, providing a guide for the design of regulatorysystems with programmable functions.

747C
Global analysis of early nervous system specification. Lea Daempfling, Robert P. Zinzen. BIMSB, MDC
Berlin, Berlin, Berlin, Germany.
Early nervous system (NS) development requires naïve cells of the broad neuroectoderm to subdivide into
lateral columnar domains from which characteristic neuroblasts will delaminate. Initial patterning is primarily
achieved via networks of transcription factors (TFs) that activate and repress downstream target genes through
cis-regulatory modules (CRMs), thereby deploying spatio-temporal patterns of transcription. Several TFs playing
key roles in NS patterning by, for example, determining the identity of the columnar domains they are expressed
in, have been identified. Our aim is to investigate the temporal and spatial patterns of gene activity in early NS
development through the genome-wide binding signatures of key NS TFs. ChIP-Seq, a method that combines
chromatin IP (ChIP) followed by next generation sequencing (Seq), will be used to map the genome-wide
binding events of several key NS TFs in Drosophila melanogaster. Namely, the highly conserved TFs Singleminded (Sim), Ventral nervous system defective (Vnd), Intermediate neuroblasts defective (Ind), and Muscle
segment homeobox (Msh) are the center of our interest. In early development of the Drosophila NS, these TFs
are responsible for subdividing the neuroectoderm, a ventral sheet of proliferating cells, into columns from which
specified neural precursor cells (neuroblasts) arise along the dorsal-ventral axis. How and where exactly these
TFs bind, as well as how they combinatorially drive and restrict gene expression in various NS domains is to be
investigated. Of special interest will be the changes in binding profiles and resulting gene activity over the
course of development from specification to differentiation. Establishing the combinatorial binding profiles of
activators and repressors will allow for the identification of NS enhancers, elucidate the combinatorial control of
target genes, and shed light on fundamental mechanisms underlying gene expression in the developing NS.
Predicted enhancers, as well as the contribution of individual TF binding events to spatio-temporal gene
regulation will be tested in vivo.

748A

1,3,4
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Decoding the regulatory grammar at homeotic gene enhancers. Robert Drewell , Lauren Winkler ,
4
4
4
2
Jessica Kurata , Michael Nevarez , Lily Li , Jacqueline Dresch . 1) Department of Biology, Amherst College,

Amherst, MA; 2) Department of Mathematics, Amherst College, Amherst, MA, 01002; 3) Department of
Biological Sciences, Mount Holyoke College, South Hadley, MA, 01075; 4) Biology Department, Harvey Mudd
College, Claremont, CA, 91711.
In Drosophila, cellular identity along the antero-posterior axis falls under the control of two homeotic (Hox) gene
complexes. The 330 kb bithorax complex, which regulates cell type differentiation during development in the
posterior thorax and abdomen, comprises three Hox genes: Ultrabithorax (Ubx), abdominal-A (abd-A), and
Abdominal-B (Abd-B). The expression of each of these genes is in turn controlled through interactions between
transcription factors (TFs) and a number of cis-regulatory modules (CRMs) in the neighboring intergenic
regions. We investigate how the sequence architecture of TF binding sites mediates the functional activity of the
CRMs. Using both computational modeling and molecular genetic experimental approaches we demonstrate
that the transcriptional output of the CRMs relies on a complex grammar of conserved combinatorial inputs and
regulatory logic mediated by TF binding.

749B
Identifying the enhancer region for singles bar expression in Drosophila melanogaster myoblasts.
Brayon Fremin, Tonya Brunetti, Richard Cripps. Biology Dept, UNM, Albuquerque, NM.
In Drosophila melanogaster, singles bar (sing) codes for a MARVEL domain trans-membrane protein found in all
myoblasts that is essential for myoblast fusion. Myoblast fusion is critical for proper muscle formation and is
conserved between flies and humans. Studying singles bar and other genes that control myoblast fusion in flies
therefore have broad applications to humans. Preliminary data have shown that sing is downregulated in
Myocyte Enhancer Factor 2 (MEF2) knockdown pupae. Since MEF2 is a transcription factor with many target
genes involved in muscle development, we hypothesized that MEF2 is a direct, positive regulator of singles bar.
By creating transgenic lines of flies using genomic regions of sing fused to a lacZ reporter construct, we
identified the mesoderm-specific enhancer for sing. Moreover, we showed that MEF2 is capable of binding
specifically to the enhancer region of singles bar via gel mobility shift assays, and that the two MEF2 sites within
the enhancer region are critical for enhancer activity in both embryos and developing pupal muscles. Finally, we
demonstrated that sing is required for adult myoblast fusion. These studies indicate that sing is a direct
transcriptional target of MEF2 at both embryonic and pupal stages, and thereby enhance our understanding of
how sing expression and myoblast fusion are controlled in flies and will likely have applications for treating heart
disease and muscular diseases in humans.

750C
Evolution of sex comb enhancers in the HOX gene Scr. Daniel Friedman, Olga Barmina, Artyom Kopp.
Department of Evolution and Ecology, University of California, Davis, Davis, CA.
The sex comb is a row of specialized bristles, spatially restricted to the foreleg region, and sexually restricted to
males. It is found in Drosophila melanogaster and most other members of the D. melanogaster and obscura
species groups. Previous work showed that evolving interactions between Sex combs reduced (Scr), a HOX
gene, and doublesex (dsx), a DMRT sexual regulator, produce the sex comb phenotype. Both pupal and adult
expression domains of Scr correlate with adult sex comb morphologies across a wide range of species. The sex
comb has experienced multiple expansions, reductions, and complete losses in its short history. Seeking to
better understand the mechanisms of rapid morphological divergence, we analyzed the evolution of the cisregulatory environment contributing to the net expression pattern of Scr in a phylogenetic framework. We
identified two separate non-coding regions in the D. melanogaster Scr locus that strongly recapitulated the
native Scr expression patterns when used to drive reporter transgenes. Using conserved boundary regions,
homologous cis-regulatory elements (CREs) in other species were isolated and used to drive reporter
transgenes in D. melanogaster, where they displayed the ability to reconstruct the native Scr expression of the
donor species. These results indicate that changes in cis-regulatory sequences have given rise to novel
expression patterns of Scr, which contribute to the morphological evolution of the sex comb phenotype. Current
work is focused on determining the roles of these two enhancer elements over evolutionary and developmental
time scales. Future work will focus on establishing a causal, mechanistic basis for the relationship between Scr
spatio-temporal expression domains, CRE sequence changes, and the evolution of the sex comb phenotype.

751A
The Abdominal-A Hox factor acts in the EGF signal receiving cell to promote oenocyte formation. Lisa M.
Gutzwiller, David Li-Kroeger, Brian Gebelein. Dev Biol, Cincinnati Children's Hosp, Cincinnati, OH.
Oenocytes are hepatocyte-like cells that are critical for lipid metabolism. The proper numbers of oenocytes are
essential for animal growth, as loss of 50% results in pupal lethality (Gutierrez et al., 2007). Oenocytes are an
abdominal-specific cell type, and form in clusters averaging 6 cells per hemi-segment. They are specified upon
reception of an Abdominal-A (Abd-A)-dependent EGF signal sent from a specific sensory organ precusor (SOP)
cell. Current dogma suggests that Abd-A, along with the Homothorax (Hth) and Extradenticle (Exd) Hox cofactors are only required to trigger EGF secretion via the direct up-regulation of the rhomboid (rho) protease

within abdominal SOP cells. In this study, we show that Abd-A and Hth are also acting in the EGF signal
receiving cells to promote the formation of oenocytes. We show that there is a difference in oenocyte
competency between the abdomen and thorax independent of rho expression and thereby EGF secretion. Using
PrdGal4 to drive expression of Rhomboid in embryos reveals a significant difference in the number of oenocytes
formed between the abdomen and thorax. Importantly, the enhanced abdominal competency for oenocyte
production requires hth function, and the thoracic/abdominal difference is abolished when Abd-A expression is
equalized in both body regions. To determine if the Abd-A Hox factor directly enhances oenocyte competency,
we are investigating a cis regulatory module of the spalt gene, which is required for proper oenocyte
specification, as a candidate target within the EGF receiving cells. Using bioinformatics and reporter assays, we
are defining a minimal oenocyte specific spalt enhancer from the BO enhancer first identified by Rosa Bario et
al. in 1999. Future studies will investigate AbdA’s regulation of this oenocyte-specific enhancer.

752B
Do regulatory interactions that result in repression of transcription elongation dominantly interfere with
1
2
3
activation by other enhancers at the same promoter? Michael L. Higgins , Lisa Prazak , Haiyue Zhang ,
4
John Peter Gergen . 1) Graduate Program in Biochemistry and Structural Biology, Stony Brook University,
Stony Brook, NY; 2) Cold Spring Harbor Laboratory, Cold Spring Harbor, Stony Brook NY; 3) Nanjing University,
Nanjing, China; 4) Department of Biochemistry and Cell Biology and the Center for Developmental Genetics.
Two distinct cis-regulatory modules (CRMs) upstream of the sloppy-paired-1 gene (slp1), the distal (DESE) and
proximal (PESE) early stripe elements recapitulate the endogenous slp1 expression pattern in a lacZ reporter
construct in a manner not expected from the addition of their respective patterns. Experiments that investigate
the mechanism of DESE and PESE regulation by the pair-rule transcription factors lead to a proposal that
repression of a CRM that involves a block to transcription elongation prevents other CRMs from activating
transcription at the same promoter. We have generated several different composite reporter gene constructs
containing CRMs involved in patterning on both the A-P and D-V axis to test this hypothesis. We will present
results on the expression of these constructs both in wild-type embryos, as well as in response to ectopic
expression of factors involved in regulating the activity of these different CRMs.

753C
Tissue-specific cis-regulatory interactions in early Drosophila development. Sabrina Krueger, Robert P.
Zinzen. BIMSB, MDC Berlin, Berlin, Germany.
Cis-regulatory modules (CRMs) are small stretches of DNA composed of transcription factor (TF) binding sites
that regulate gene expression by serving as hubs for TF binding, thereby interpreting distinct cellular
environments into transcriptional responses. Tight control of gene expression is crucial for development and the
TFs involved rarely act in isolation, but regulate gene expression through combinatorial and cooperative
interactions on CRMs. TFs essential for various developmental aspects have been identified, in some cases
their genome-wide binding profiles have been mapped and target CRMs have been verified. We know, however,
that these regulatory networks are still very incomplete, that individual CRMs bound by similar TF sets respond
differentially to those TFs, often due to unknown regulatory inputs. We investigate how differential gene
expression drives nervous system development in Drosophila melanogaster and we want to understand how
particular neuronal CRMs interpret their cellular environment by identifying the factors that control them. We will
examine and compare these binding events at CRMs with distinct activities at different embryonic stages, how
their regulatory cohorts change across development, and how binding differs between tissues. CRM sequences
are fused to non-endogenous DNA-binding motif cassettes and concatemerized. A tagged protein binding to
these cassettes will be used for affinity purification of the CRMs and their bound proteins will be identified by
mass spectrometry (MS) analysis. Pilot tissue culture experiments are being performed to show the efficacy of
the approach and will be used to optimize purification and MS protocols. Simultaneously, transgenic fly lines are
being established for the CRM baits and for tissue specific prey deployment. The CRM/protein complexes will
be isolated from embryos in vivo at various developmental stages. By deploying the prey tissue-specifically, we
are able to elucidate cis-regulatory interactions underlying specification and differentiation, not only with
temporal, but also with tissue-level resolution.

754A
Establishment of chromatin states during maternal to zygotic transition in Drosophila embryos. Xiao1
2
3
1,4
Yong Li , Melissa Harrison , Tommy Kaplan , Michael Eisen . 1) Howard Hughes Medical Institute, University
of California, Berkeley, CA; 2) Dept of Biomolecular Chemistry, University of Wisconsin, Madison, WI; 3) School
of Computer Science and Engineering, The Hebrew University of Jerusalem, Jerusalem 91904, Israel; 4) Dept
of Molecular and Cell Biology, Dept of Integrative Biology, QB3 Institute, University of California, Berkeley, CA.
Chromatin structure plays a key role in transcriptional regulation during development. Recent studies indicate
that developmental enhancers are often pre-patterned in earlier developmental stages or in lineage specific
precursor cells before they become transcriptionally active, and early embryogenesis represents a critical period

for such enhancer pre-programming. To understand how this programming occurs, we have investigated the
deposition of histone marks and nucleosome occupancy at enhancers and promoters in fly embryos before and
after zygotic genome activation. We found that in embryos as early as mitotic cycle 8, when first few zygotic
genes start to be transcribed, several histone acetylation marks are already present at many genomic loci.
These loci include promoters of the early transcribing genes as well as enhancers of the embryo patterning
genes that are transcribed at the blastoderm stage. Previously we showed that the transcription factor Zelda,
which plays a key role in zygotic genome activation, is already bound to thousands of sites genome wide at this
early stage; here we have found that these Zelda bound regions are associated with these early histone marks
as well. Furthermore, we found that the histone depletion at the enhancers and Zelda binding sites occur after
the early histone marks are deposited, and that a number of other histone marks that are commonly associated
with transcription in somatic cells appear even later, only after mid-blastula-transition, which occurs by the end
of mitotic cycle 13. Together our results reveal a step-wide establishment of early chromatin landscape during
embryos development, and Zelda plays an important role in this process.

755B
Tinman and Pannier Regulate a Mef2 Shadow Enhancer in the Drosophila Heart. TyAnna L. Lovato, Cheryl
A. Sensibaugh, Kirstie L. Swingle, Melody M. Martinez, Richard M. Cripps. Biol, Univ New Mexico, Albuquerque,
NM.
The MADS box transcription factor MEF2 (Myocyte Enhancer Factor 2) is regulated by numerous and
overlapping enhancers which direct its expression throughout the mesoderm in a tightly controlled manner. We
have identified a late stage Mef2 cardiac enhancer that is expressed in all cells of the heart beginning at stage
14 of embryonic development. We have demonstrated that a single consensus binding site in the enhancer, for
the NK-hombobox transcription factor Tinman, is required for its activity. Tinman activates the enhancer in cell
culture while addition of the GATA factor Pannier, results in synergistic activation. Tinman is able to bind to its
consensus site in EMSA experiments while Pannier cannot, suggesting Pannier complexes with Tinman rather
than binding the enhancer directly. Overexpression of Tinman in the ectoderm results in ectopic activation of the
enhancer while combinatorial activation of Tinman with the Gata transcription factor Pannier, expands ectopic
expression further. These results demonstrate the prevalence of redundant regulation in developmentally
important genes.

756C
Complex Cis-Regulation of the Drosophila Genome: Insights from the modENCODE Project. Steve W.
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2
3
2
3
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3
Miller , Nicholas Negre , Matthew Slattery , Chris Bristow , Jia Chen , Rachel Selfon , Lijia Ma , Manolis Kellis ,
2
1
Kevin P. White , James W. Posakony . 1) Div of Bio/CDB, UCSD, San Diego, CA; 2) Institute for Genomics &
Systems Biology, Dept of Human Genetics, Univ of Chicago, Chicago, IL; 3) Comp Sci and Artificial Intelligence
Lab, Broad Inst of MIT and Harvard, Cambridge MA.
The functional annotation of non-coding sequences has been one of the more challenging aspects of genome
biology, for which Drosophila has been a valuable model. As participants in the modENCODE consortium, we
have used ChIP-chip and -seq platforms to map certain histone modifications and transcription factor
occupancies genome-wide to infer the locations of different classes of cis-regulatory elements. A key
component of this project is the functional validation of predictions derived from these data; here we present the
validation of enhancer predictions.
Our validation effort was two-fold. First, we tested the effectiveness of different prediction criteria on a set of 250
putative enhancers. We found in part that while utilizing the temporal binding profile of the histone acetyl
transferase, CBP, was highly successful in enhancer prediction, incorporating the genomic localization from
additional enhancer-associated histone post-translational modifications increased this success rate. Second, in
a set of 50 validated enhancers, we identified and mutated putative binding sites for site-specific transcription
factors whose ChIP-chip peaks overlapped the validated enhancers. These data not only confirm several
putative regulatory connections but also suggest caution in assuming such connections valid using ChIP-chip or
-seq data alone. Lastly, we show examples of complex regulation revealed by examining the temporal and
spatial expression of our large set of novel enhancers. In particular, we have observed a large number of
enhancers exhibiting multiple expression specificities and have investigated whether these specificities are
functionally separable. We discuss how our observations relate to the understanding of cis-regulation in the
Drosophila genome and beyond.

757A
Dissecting the cis-regulatory DNA that controls the POU-domain transcription factor genes, pdm-1 &
1,2
1
1
1
pdm-2. Jermaine Ross , Kuzin Alexander , Thomas Brody , Ward F Odenwald . 1) NIH, Bethesda, MD; 2)
Brown University, Providence, RI.
While neuroblast (NB) lineage studies have identified transcription factor (TF) encoding genes that are important
to cell identity decisions, little is known about the cis-regulatory elements that control their expression. We have

employed transgenic reporter assays along with our comparative genomic programs, EvoPrinter and cisDecoder to identify, compare, and functionally test these regulatory sequences. Here, we describe the
enhancers that regulate neural expression of the pdm-1 & pdm-2 genes. These POU-domain TF paralogs carry
out overlapping functions during CNS lineage development. Thus far, we have identified over 70 enhancers that
are located within a 125 kb region that spans the pdm-1 & -2 locus and have catalogued these enhancers in our
online database, cisPatterns, showing their expression patterns and conserved sequences. We show that these
enhancers are functionally autonomous and control pdm expression throughout development in different
subsets of neural precursors and neurons. Further, cis-Decoder analysis of the conserved DNA within two pdm
NB enhancers reveals a highly conserved 9-mer sequence, TAAAAATTG. Based on previous work, this
sequence corresponds to the DNA binding site of Castor, a zinc-finger TF that is required for proper pdm
expression. We found that absence of this sequence triggers ectopic reporter expression in Cas-positive cells
during embryonic and larval neurogenesis. Moreover, loss of cas function recapitulates these results during
embryonic NB lineage development. Conversely, overexpression of cas inhibits pdm-1 NB enhancer activity in
larval NBs. Further, we identified two additional enhancers that regulate pdm during larval NB lineage
development. These enhancers are located in the 5’ UTR of each pdm gene and are notably enriched in
conserved CA and GA dinucleotide repeats.

758B
Spalt major directly regulates seven-up expression in Drosophila oenocytes. Kathryn M. Ryan, Richard M.
Cripps. Dept Biol, Univ New Mexico, Albuquerque, NM.
Oenocytes are hepatocyte-like cells oriented bilaterally in the Drosophila embryo and larva. These cells function
in lipid metabolism as well as pheromone secretion. The focus of our work is to understand the developmental
genetic program controlling the formation of these cells. We have identified a minimal enhancer responsible for
expression of the seven-up (svp) gene in the oenocytes. Svp is orthologous to the vertebrate COUP-TF proteins
(Chicken Ovalbumin Upstream Promotor Transcription Factors. These proteins have been shown to be
important in vertebrate development. Here we demonstrate that Spalt major (Salm) is a direct regulator of the
svp enhancer. We also show that Svp is upstream of mirror, another important gene in oenocyte development.
Understanding the relationship of these genes in the context of the simpler Drosophila model may lead to a
better understanding of the genetic regulation of COUP-TFs, which have been shown to be involved in many of
the same biological functions in vertebrates, as flies.

759C
Deciphering the logic of Su(H)-dependent Notch-target enhancers. Elizabeth Stroebele, Xin Yuan, Christian
Noblett, Andrew Brittain, Albert Erives. Dept. of Biology, University of Iowa, Iowa City, IA 52242, USA.
The multicellular animal body is patterned by diverse signaling pathways used repeatedly in different
developmental contexts. The Notch signaling pathway, which evolved in the stem animal lineage, initiates
divergent cell fates between adjacent cells. Notch signaling is mediated by a conserved transcription factor (TF),
Suppressor of Hairless [Su(H)], which binds the cleaved Notch intracellular domain that acts as a coactivator.
Su(H) when bound to DNA works with locally-bound TFs, many of which mediate morphogenic signals, to drive
specific gene expression patterns. To understand how Su(H) works with different TFs at diverse transcriptional
enhancer DNAs, we are systematically identifying tissue-specific, Su(H)-dependent, Notch-target enhancers.
Informed by the Neurogenic Ectoderm Enhancers (NEEs), which integrate embryonic Dorsal-Twist morphogen
and Notch signals, we constructed a computational scheme to identify and classify such enhancers into distinct
mechanistic families sharing common sites and logic (e.g., binding site grammar and functional spacers). We
developed a computational pipeline to identify genus-wide conserved blocks (~600 bp) containing one or more
Su(H) binding sites for which we are computing feature sets for classification. We find that these blocks are
enriched in microsatellite repeats, which may indicate the presence of functional spacers akin to the NEEs. A
large subset also contain one or more instances of a palindromic hexamer, 5’-TGGCCA, an intrinsic DNA
bending element (DBE), which may signify functional intra-enhancer TF cooperativity. In a pilot screen, we
tested DBE-containing Su(H) blocks in transgenic reporter assays and identified distinct developmental
enhancer activities for the majority of these sequences. We are now identifying tissue-specificity requirements
for a subset of these enhancers integrating Dpp and Notch signals, and hypothesize that specificity requires
additional temporal and homeotic signals. Based on our initial results, we estimate that there are ~1000 Su(H)dependent enhancers conserved across the genus Drosophila.

760A
Multiple cis-regulatory elements regulate eyes absent expression in the developing retina. Bonnie
Weasner, Justin Kumar. Department of Biology, Indiana University, Bloomington, IN.
The specification of the Drosophila compound eye is dependent upon the eyes absent (eya) locus. Previous
2
studies of the eya mutant allele concluded that a single genomic enhancer controls the complete spatial and
temporal expression of eya in the retina. This conclusion is based on the complete loss of eya expression and

the no-eye phenotype that results from the deletion of a 322bp genomic fragment upstream of the TSS (Bonini
et al., 1993; Zimmerman et al., 1999). In contrast to this model, we have uncovered evidence that expression of
eya in the retina may be controlled by multiple cis-regulatory elements. We expressed a So-VP16 chimeric
2
protein in eya mutants and surprisingly observed the partial restoration of both eya expression and eye
development. We then systematically searched around and within the eya locus for additional enhancers. To
date, we have identified four new cis-regulatory elements that are capable of driving expression of a lacZ
reporter in patterns similar to that of endogenous Eya and which are independently activated at specific times
during larval eye development. Two of these elements flank the extant 322bp enhancer while the others are
2
located within the first intron and 3’ UTR, respectively. These putative new enhancers are still activated in eya
mutants suggesting that these elements on their own are not capable of providing sufficient eya expression
without the 322bp enhancer. However, when the two enhancers flanking the extant enhancer are fused together
2
to simulate the genomic structure of the eya mutant, these enhancers can no longer recapitulate Eya
expression. Based on these results, we suggest that these three genomic elements either work cooperatively or
are part of a larger single enhancer element. Together, our data reveal that eya is regulated by a sophisticated
control mechanism that includes multiple discrete enhancer elements spread throughout the eya transcriptional
unit.

761B
The Regulation and origin of sexually dimorphic segment number in Drosophila abdomen. Shun Yan,
Wei Wang, John Yoder. University of Alabama, Tuscaloosa, AL.
The posterior abdomen of adult Drosophila melanogaster displays several sexually dimorphic characters
including male-specific elimination of the terminal segment. These dimorphic traits result from sex-specific gene
regulation mediated by the Hox protein Abdominal-B (Abd-B) and products of the sex-determination gene
doublesex (dsx). These transcription factors function cooperatively to regulate downstream target genes
including bric-a-brac (bab) and wingless (wg). Little is known, however, about the genetic interactions between
these key transcriptional regulators. Previous studies from our lab showed dsx transcription is spatiotemporally
dynamic and is enriched in the terminal segment during the period of male segment elimination. These studies
also showed dsx is regulated downstream of Abd-B and that Dsx protein exhibits male-biased levels in the
abdomen. We hypothesize both Abd-B and Dsx itself directly regulate dsx transcription to achieve these spatial
and sex-specific patterns. Supporting this hypothesis we have identified and characterized two partially
redundant cis-regulatory elements (CREs) governing dsx abdominal expression. Interestingly, one CRE
promotes sexually monomorphic expression in the posterior abdomen while the second CRE directs dimorphic
expression levels. EMSA and reporter mutation analyses confirm direct regulation by both Abd-B and Dsx
suggesting Abd-B establishes dsx spatial domains while its expression levels are established through autoregulation. Interestingly, both CREs also direct expression in the developing genital discs coincident with
endogenous Dsx. As sexually dimorphic segment number is a synapomorphy of the Cyclorrhaphan diptera,
these data establish testable hypotheses concerning the evolution of segment elimination in this monophyletic
clade.

762C
The Chromatin Regulator Sin3A Buffers Transcriptional Changes in the Somatic Musculature. Krista C.
1
2
1
Dobi , Marc S. Halfon , Mary K. Baylies . 1) Dept Dev Biol, Sloan-Kettering Inst, New York, NY; 2) Dept
Biochemistry, SUNY Buffalo, Buffalo, NY.
Skeletal muscles are formed in a variety of shapes and sizes, and this diversity impacts muscle function and
disease susceptibility. In Drosophila, muscle properties like size, shape and orientation are encoded by a set of
DNA-binding transcription factors expressed in muscle subsets, known as founder cell identity genes. No link
between these factors and more general transcriptional regulators had yet been shown. To gain insight into how
muscle diversity is generated, we performed gene expression profiling of muscle subsets from Drosophila
embryos. By comparing the transcriptional profiles of two muscle subsets, we identified a core group of founder
cell-enriched genes. We screened mutant embryos for muscle defects and identified Sin3A and 11 other
transcription and chromatin regulators as having novel functions in the Drosophila embryonic somatic
musculature. The conserved histone deacetylase complex member Sin3A is ubiquitously expressed and has
been implicated in both positive and negative regulation of gene expression. We found that Sin3A is required for
the morphogenesis of a subset of muscles, and Sin3A mutants display muscle loss and misattachment.
Additionally, misexpression of the identity gene transcription factors in Sin3A heterozygous embryos leads to
direct muscle transformations, while overexpression of Sin3A results in the reverse transformation. Our data
implicate Sin3A as a key buffer controlling muscle responsiveness to DNA-binding transcription factors in the
formation of muscle identity. This novel role for Sin3A in the musculature ensures that a diverse set of muscle
cell types are generated despite fluctuations in identity gene expression.

763A

Krüppel regulation of hunchback increases reliability of mid-embryo expression patterning. David M.
1
2,3
Holloway , Alexander V. Spirov . 1) Dept Mathematics, British Col Inst Tech, Burnaby, BC, Canada; 2) CEWIT
and Computer Science, Stony Brook University, New York, USA; 3) Sechenov Institute of Evolutionary
Physiology and Biochemistry St. Petersburg, Russia.
hunchback (hb) is one of the earliest genes expressed in anterior-posterior segmentation. We use fine spatial
and temporal resolution data of hb expression to develop new quantitative models for hb regulation. We use
three levels of modelling to investigate several aspects of how regulatory dynamics contribute to the robust and
precise expression of hb: i) Simulating evolution of the hb cis-regulatory modules (CRMs) indicates that a
multiple CRM structure (as seen in Drosophila) can readily evolve to produce the detailed hb pattern in
response to maternal and cross (gap) regulatory input. ii) High-level gene-gene interaction (gene circuit)
modelling of production of the two types of hb transcript (P1 and P2) displays filtering of maternal variability, and
indicates that Krüppel (Kr) is a key factor in the formation of the Hb peak at the parasegment 4 (PS4) location.
iii) Low-level modelling of cis-element binding events and transcriptional regulation by Bicoid (Bcd), Hb, and Kr
matches data on the loss of the Hb PS4 peak in Kr mutants (Kozlov et al., 2012) and indicates that Kr acts in a
dual manner, as an activator of hb at low concentration and as a repressor at high concentration. Stochastic
solutions of this model indicate that Kr limits positional variability of the Hb mid-embryo border, as corroborated
by recent comparisons of wild-type and Kr in Surkova et al. (2013); and also predict that Kr plays a role in
limiting between-copy variability of hb transcription within nuclei. Using a data driven approach to develop a
hierarchy of models for hb gene regulation addresses the multi-level character of gene expression robustness,
from dominant evolutionary trajectories to molecular noise filtering.

764B
Natural variation on the expression of developmentally essential gene even-skipped in Drosophila
1
1
1,2
1,3
melaogaster. Pengyao Jiang , Michael Ludwig , Martin Kreitman , John Reinitz . 1) Ecology & Evolution,
University of Chicago, Chicago, IL; 2) Committee on Genetics, Genomics and Systems Biology, The University
of Chicago, Chicago, IL; 3) Molecular Genetics & Cell Biology, The University of Chicago, Chicago, IL.
Many questions about conserved traits have remain unanswered. The first question would be what’s the
variation of the conserved trait within species. If we observed a significant difference, the next question is how
the system buffers such change to make a viable organism given the importance of the conserved trait, or
maybe the constraint does not require the perfect pattern as we see. On the other hand, if we do not observed
any difference, it might be due to small sample size, low accuracy methods, or the constraint for such trait in
nature is extremely high.
To answer the above question, we need to look carefully about small changes in population, if there is any. I
looked at the endogenous even-skipped (eve) expression at stage 5 in Drosophila melanogaster of 3 isogenic
lines (from DGRP) by fluorescent in situ hybridization, originally taken from one population. I quantify the
fluorescent intensity of the gene expression, and classify them into corresponding time classes. Surprisingly,
one line shows different dynamic pattern of eve stripes. Such difference looks more dramatic than previously
reported eve expression in Drosophila pseudoobsecura, which is about 25-55 million years since the divergence
from the common ancestor of Drosophila melanogaster. Furthermore, by using sequence information for the 3
lines and literature evidence, I found a large intron in the knirps gene may contribute to such phenotype.

765C
In vivo interpretation of morphogen gradients in neural development. Agnieszka Klawiter, Robert P Zinzen.
BIMSB, MDC Berlin, Berlin, Germany.
During Drosophila development, a number of factors act in concert to shape the syncytial embryo into an array
of highly specialised tissues. Morphogen gradients are often crucial for cell fate acquisition and tissue
differentiation by regulating gene expression in a concentration dependent manner. However, how morphogen
gradients are interpreted into transcriptional responses in vivo, especially in the post-syncytial embryo, remains
elusive. As an essential first step towards establishing neuronal diversity in the nervous system (NS) the
embryonic neuroectoderm is subdivided into 3 principal expression domains (columns) over the course of
gastrulation, which give rise to characteristic sets of neuroblasts. EGF and Dpp signalling gradients emanating
from the ventral midline are instrumental in shaping gene expression and cellular identity across these NS
columns. The interplay between EGF and Dpp is implemented on a transcriptional level through intricate control
of gene expression by their effector molecules. The question we address is how morphogen gradients are readout and interpreted across adjoining cell types due to morphogen gradients, i.e. across the columnar domains of
the developing NS. To obtain cell type specific data across the developing NS, we utilize BiTS-ChIP: Chromatin
from individual NS columns can be sorted by FACS utilizing a tissue-specifically tagged nuclear protein and
subsequently used for ChIP-Seq. Applying BiTS-ChIP to transcriptional effectors such as Pnt/Yan and Mad at
several developmental time points from specification to differentiation will reveal TF binding differences across
the morphogen gradient and their temporal dynamics in vivo.

766A
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Regulation of ligand transcription mediates signaling pathway crosstalk. Noemie Ammeux , Ben
1
1,2
Housden , Norbert Perrimon . 1) Department of Genetics, Harvard Medical School, Boston, MA; 2) Howard
Hughes Medical Institute, 77 Avenue Louis Pasteur, Boston, MA.
Recent advances have exemplified how signaling pathways (SPs), rather than existing as separate entities,
function through intricate networks to regulate biological processes involved in development and homeostasis.
The next challenge in understanding cell signaling is to better characterize how information, received from
various ligands, is integrated in a spatiotemporal manner. As genes encoding ligands are in some instances
direct transcriptional targets of other SPs, “sequential activation”, whereby one SP regulates the expression of
ligands of other pathways, is one mechanism mediating signaling cross-talk. To investigate the extent of
sequential activation mechanisms in cell signaling, we used a combination of Nanostring and qPCR assays to
profile transcript level variations of 40 ligands following individual stimulation of 7 core SPs in Drosophila cell
lines. We analyzed immediate transcriptional changes (from 15 min to 2 h) in cells and identified ligands that are
primary targets of pathways, allowing us to generate a comprehensive network of SPs to ligands relationships.
Further, we performed SP co-stimulations and found that ligand genes display non-additive responses,
suggesting that ligand expression is used as a mechanism of cooperativity between SPs. To validate these
pathway connections in vivo, we are using the intestinal stem cell (ISC) niche as a model, as most SPs are
involved in either proper ISC proliferation or differentiation. Our data from regenerating midguts confirm some of
the SPs to ligands relationships identified in the cell lines. As tracking ligand gene transcription in the ISC niche
with high spatiotemporal resolution is difficult with current reagents, we are developing novel fluorescent ligand
reporters and a combination of mRNA FISH techniques (DIG, DNP and biotin) to detect precisely the spatial and
temporal expression of ligand genes. As SPs are well conserved, this study will guide complex studies in
mammalian systems.

767B
FlyBase Gene Model Annotations: The Rule-Benders. Madeline Crosby, Gil dos Santos, Sian Gramates,
Beverley Matthews, Susan E. St. Pierre, David Emmert, Pinglei Zhou, Andrew Schroeder, Kathleen Falls, Susan
Russo, William Gelbart, FlyBase Consortium. FlyBase, Harvard University, Cambridge, MA.
Biology seems to have exceptions to every rule (if we look hard enough). In the context of the FlyBase
annotated gene models in D. melanogaster, we describe the many exceptional cases we have identified or
curated from the literature. These range from non-canonical splices (relatively uncommon), dicistronic and
polycistronic transcripts (surprisingly common), and stop-codon read-through (probably not uncommon), to noncanonical translation start codons (not enough data yet) and trans-splicing (uncommon, we hope). We also
discuss how these cases are handled by the FlyBase database. Whenever possible, we use Sequence
Ontology (SO) terms to flag exceptional genes and transcripts. Some of the rule-benders create problems for
handlers of high-throughput data, and we discuss how FlyBase is trying to address this. We also describe how
genes affected by mutations in the sequenced strain have been identified and how data about these genes are
presented in FlyBase.

768C
Expression of the RpL22e family: Evidence for tissue-specific post-translational modification of RpL22elike in the fly eye. Brett W. Gershman, Michael G. Kearse, Vassie C. Ware. Biological Sciences, Lehigh
University, Bethlehem, PA.
The duplicated rpL22e gene family in Drosophila encodes structurally divergent paralogues, RpL22e and
RpL22e-like. The expression pattern for each gene differs: rpL22e is expressed ubiquitously while rpL22e-like is
primarily expressed within the testis and within eyes of both sexes. We have previously reported that L22e is
SUMOylated in multiple cell types and that it is not a component of ribosomes, implicating a nonribosomal role
for the modified form. Testis L22e-like (34kD) is not modified, but in the eye, it is detected at a higher molecular
mass (mm) of 60kD, implicating post translational modification. Based on the mass difference and
computational predictions, we hypothesize that L22e-like may be SUMOylated within the eye. In order to test
this hypothesis, we performed coimmunoprecipitation (co-IP) using eye lysates and anti-L22e-like and antiSUMO antibodies (Abs). Western blots show the presence of a 60kD component when precipitated with antiSUMO Ab. In the reciprocal co-IP using anti-L22e-like Ab for pulldown, a ~55kD component is recovered.
Differences in mm with each Ab may reflect conformational or modification differences, but collectively suggest
that L22e-like is SUMOylated. Further support for this hypothesis is provided by in vivo RNAi experiments for
eye-specific depletion of SUMO E3 ligase (smt3). The amount of the 60kD L22e-like species is reduced by ~8590%, showing that SUMO depletion also diminishes the quantity of this species. Whether modified L22e-like is a
component of ribosomes is unknown and will be assessed by polysome profiling. Using immunohistochemistry
(IHC) for localization, we show that L22e and L22e-like spatially overlap in some regions within ommatidia but
appear to be mutually excluded from other zones. Additional IHC is underway to characterize paralogue
subcellular distribution to assist with functional characterization. Tissue-specific modification of L22e paralogues

may be a general mechanism to regulate paralogue function.

769A
An editing-independent function for the Drosophila dADAR mRNA truncated isoform during rnp-4f 5’UTR intron splicing regulation. Sushmita Ghosh, Yaqi Wang, John Cook, Lea Chhiba, Jack Vaughn. Biology,
Miami University, Oxford, OH.
Adenosine Deaminases Acting on RNA (ADARs) have been studied in many animal phyla, where they have
been shown to deaminate specific adenosines into inosines in duplex mRNA regions. In Drosophila, two major
isoform classes are encoded, designated full-length (contains the editase domain) and truncated (lacks this
domain). Much is known about the full-length isoform, which plays a major role in regulating functions of voltagegated ion channel proteins in the adult brain. In contrast, almost nothing is known about the functional
significance of the truncated isoform. In situ hybridization shows that both isoform mRNA classes are maternally
derived and transcripts for both localize primarily to the developing central nervous system. Quantitative RTPCR shows that about 35% of all dADAR mRNA transcripts belong to the truncated class in embryos. 3’-RACE
results show that abundance of the truncated isoform class is developmentally regulated, with a longer transcript
appearing after the mid-blastula transition. 3’-UTR sequences for the truncated isoform have been determined
from diverse Drosophila species and important regulatory regions including potential stop codons have been
mapped. Western analysis shows that both mRNA isoform classes are translated into protein during embryonic
development, as full-length variant levels gradually diminish. The truncated protein isoform is present in every
6
Drosophila species studied, extending over a period spanning about 40 x 10 years, implying a conserved
function. Previous work has shown that a dADAR protein isoform binds to the evolutionarily conserved rnp-4f
pre-mRNA stem-loop located in the 5’-UTR to regulate splicing, while no RNA editing was observed, suggesting
the hypothesis that it is the non-catalytic truncated isoform which regulates splicing. To test this hypothesis, we
have utilized RNAi technology, the results of which support the hypothesis. Our results demonstrate a novel,
editing-independent function for the truncated dADAR protein isoform in Drosophila embryonic development,
which is very likely evolutionarily conserved.

770B
Allele spesific expression in heterozygous D. melanogaster embryos. Tevfik H. Kitapci, Srna Vlaho,
Jessica Gabrielian, Daniel Campo, Sergey Nuzhdin. Molecular and Computational Biology, USC, Los Angeles,
CA.
Gene expression in D. melanogaster is controlled by a complex interconnected pathway involving cis , trans ,
cis-by-trans effects and maternally deposited transcripts. We have collected heterozygous embryos from 100
crosses using DGRP lines R315 and R380 as female testers. Using 2 tester lines allowed us to rule out cis by
trans effects. Since the maternal to zygotic transition is knows to happen before 3 hours in the development we
collected embryos 4-5 hours after fertilization and analyzed genome wide gene expression using RNA-seq.As a
preliminary analysis we analyzed the allele specific expression in 6 crosses with the highest coverage. We
detected a strong maternal bias (~80%) in expression. Our 2 hypothesis to explain this are: 1) Maternally
deposited transcripts are not degraded 2) Maternal chromosome is more open for transcription due to some
chromatin remodeling. We currently favor the latter as zygotically expressed genes exhibit patterns similar to
maternal genes with respect to parent of origin expression.

771C
Is there evidence for Dosage Compensation in Strepsiptera? Shivani Mahajan, Doris Bachtrog. Integrative
Biology, University of California , Berkeley, US.
In most species with heteromorphic XY sex chromosomes, dosage compensation has evolved as a mechanism
to compensate for the reduced gene dose of X-linked genes in males compared to the females. Different taxa
have independently evolved different kinds of mechanisms for dosage compensation. In mammals including
humans, this is done by inactivating one of the X chromosomes in females whereas in Drosophila, this is
achieved by doubling the expression on the X chromosome in males. Here we test for the presence of dosage
compensation in Strepsiptera, a close relative of beetles , which has heteromorphic XY chromosomes. We
present a genomic analysis using Tribolium (beetle) coding sequences to identify sex-linked scaffolds in
Strepsiptera and use RNA-seq data to determine the presence or lack of dosage compensation in this species.

772A
Role of regulatory small peptides in the control of gene expression during cell morphogenesis. Emilie
1,2
1,2
3
3
1,2
1,2
Benrabah , Jennifer Zanet , Tongchao Li , Hugo Bellen , Francois Payre , Serge Plaza . 1) Centre de
Biologie du development, Universite Paul Sabatier, Toulouse, France; 2) CNRS UMR5547, Toulouse, France;
3) Baylor College of Medicine, Houston, Texas, USA.
Recent high throughput studies have established that animal genomes express thousands of long non-coding
RNAs (lncRNAs). However, short ORFs (i.e., <100 codons, called sORFs) are pervasive among lncRNAs and

there is growing evidence that at least some sORFs are actually translated in small peptides. While the
abundance of sORF-encoded peptides is likely underestimated, their functions and mechanistic roles are largely
unknown. To address this question, we are focusing on the functional characterization of a long RNA that exerts
its activity through the production of four small peptides. Previous works indicated that these sORF peptides are
required at distinct steps of Drosophila development to control specific transcriptional programs. By conducting
a genome wide dsRNA screen, we identified several cellular genes necessary for its functions providing new
findings into the underlying molecular mechanisms.

773B
Alternative splicing of Drosophila nmnat functions as a switch between NAD synthetic and
neuroprotective functions. Kai Ruan, Chong Li, Shaoyun Zang, R.Grace Zhai. MCP, Miller School of
Medicine, University of Miami, Miami, FL.
Currently, millions of people in the US suffer from a variety of neurological disorders, including Alzheimer’s
disease, Parkinson’s disease, Tauopathies, and Polyglutamine (PolyQ) expansion diseases. Enhancing
neuroprotection will be an important therapeutic strategy in treating neurodegenerative disease. Increasing
evidence suggests that NAD synthase NMNAT plays a critical role in the protection against several
neurodegenerative conditions (Zhai et al., 2006; Zhai et al., 2008). However, our understanding of how neurons
partition NMNAT into two distinct functions, NAD synthesis and neuroprotection is limited. Here we show that
Drosophila nmnat can be alternatively spliced into two major mRNA variants, RA and RB, and potentially four
protein products, PA, PB, PC and PD. The alternatively-spliced variants of Drosophila nmnat are differentially
regulated under stress conditions and the variants have distinct tissue distribution and subcellular localization.
All these data indicate that alternative splicing is part of neurons’ endogenous programs to initiate selfneuroprotection when needed. The information obtained from this study will provide important insights into the
fundamental mechanisms of enhancing the neuroprotective ability of NMNAT and potential neuroprotective
therapy.

774C
FlyBase Gene Model Annotations: Impact of High Throughput Data. Susan E. St Pierre, Beverley
Matthews, Madeline Crosby, Gil dos Santos, Sian Gramates, David Emmert, Pinglei Zhou, Andrew Schroeder,
Kathleen Falls, Susan Russo, William Gelbart, FlyBase Consortium. FlyBase, Harvard University, Cambridge,
MA.
We report the current status of the FlyBase annotated gene set for D. melanogaster and highlight improvements
based on high throughput data. The FlyBase annotated gene set consists entirely of manually annotated gene
models (with the exception of some classes of small non-coding RNAs). All gene models have now been
reviewed using evidence from new high throughput datasets, primarily from the modENCODE project. These
datasets include RNA-Seq coverage data, RNA-Seq junction data, transcription start site profiles, and
translation stop-codon read-through predictions. We describe how this flood of new data was incorporated into
new annotation guidelines. FlyBase has adopted a philosophy of excluding low confidence and low frequency
data from gene model annotations; we also do not attempt to represent all possible permutations for complex
and modularly organized genes. This has allowed us to produce a high-confidence, manageable gene
annotation dataset that is available as bulk download files, in gene reports, and on GBrowse views. Interesting
aspects of new annotations include new genes (coding, non-coding, and antisense), many genes with
alternative transcripts with very long 3’ UTRs (up to 15-18kb), and a stunning mismatch in the the number of
male-specific genes (roughly 10 percent of all annotated gene models) vs. female-specific genes (fewer than 1
percent). We discuss remaining challenges, for instance, identification of functional small polypeptides and
detection of alternative translation starts.

775A
The chromatin landscape of Drosophila: comparisons between sexes, species, and chromosomes. Emily
Brown, Doris Bachtrog. Department of Integrative Biology, University of California, Berkeley, Berkeley, CA.
The chromatin landscape is key for gene regulation, but little is known about how it differs between the sexes or
between species. Here, we study the sex-specific chromatin landscape of Drosophila miranda, a species with
young sex chromosomes, and compare it to the model organism D. melanogaster. We assay six chromatin
modifications in male and female larvae of D. miranda (H3K27me3, H3K36me3, H3K4me1, H3K4me3,
H3K9me2, and H4K16ac), and define 7 biologically meaningful chromatin states that show different enrichment
for transcribed and silent genes, repetitive elements, housekeeping and tissue-specific genes. The genomewide distribution of both active and repressive chromatin states differs between males and females. In males,
active chromatin is enriched on the X, relative to females, due to dosage compensation of the hemizygous X.
Furthermore, a larger fraction of the euchromatic portion of the genome is in a repressive chromatin state in
females relative to males. This may reflect an offset of the euchromatin/heterochromatin balance between the
sexes due to the presence of a large heterochromatic Y in males that could act as a sink for heterochromatic

proteins. However, sex-specific chromatin states do not explain sex-biased expression of genes. Overall,
conservation of chromatin states between male and female D. miranda is comparable to conservation between
D. miranda and D. melanogaster, which diverged over 30MY ago and lacks the secondary sex chromosomes of
D. miranda. This suggests that the primary DNA sequence is of limited importance in determining the
epigenomic make-up of a cell. Active chromatin states are more highly conserved across species, while
heterochromatin shows very low levels of conservation, and species-specific chromatin profiles contribute to
expression divergence between species.

776B
How does Ago2 contribute to dosage compensation in Drosophila melanogaster? Nikita Deshpande,
Victoria Meller. Department of Biological Sciences, Wayne State University, Detroit, MI.
Males of many species are heterogametic, carrying one X-chromosome and one Y-chromosome. Dosage
compensation is an essential process that adjusts expression of X-linked genes to equalize expression between
the sexes. Drosophila melanogaster achieves dosage compensation by transcribing male X-linked genes at
twice the rate as females. This is accomplished by the Male Specific Lethal (MSL) complex, which binds Xlinked genes, modifies chromatin and increases expression. Our lab recently reported the role of siRNA in
dosage compensation in D. melanogaster, and demonstrated that the siRNA pathway contributes to Xlocalization of the MSL complex. The mechanism of enhanced localization is unknown, and no known RNAi
components directly interact with the MSL complex. This suggests that the siRNA pathway influences Xrecognition through a novel pathway. For example, an Ago2-containing complex could bind nascent RNAs from
the X chromosome, thus localizing activities that alter chromatin structure. Chromatin modification might then
facilitate MSL recruitment and spreading along the X-chromosome. To test this model, we used publically
available databases to assemble a network of proteins that interact with Ago2. These formed the basis of a
targeted screen that has identified several Ago2-interacting proteins that contribute to dosage compensation. X
chromosome localization of these proteins is being tested by Chromatin ImmunoPrecipitation (ChIP). We are
also developing a micrococcal nuclease (MNase) assay to detect changes in chromatin accessibility at sites of
protein binding. This study addresses the molecular mechanism by which Ago2 contributes to X-recognition and
will provide a useful model for how small RNA contributes to coordinated regulation of broad chromosomal
domains in eukaryotes.

777C
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The Genetic Basis of Paris Sex-Ratio Drive in Drosophila simulans. Quentin Helleu , Pierre Gérard ,
1
3
1
David Ogereau , Benjamin Prud'homme , Catherine Montchamp-Moreau . 1) Laboratoire Evolution Génomes &
Spéciation, CNRS, Gif sur Yvette, France; 2) Université Paris XI, Orsay, France; 3) Institut de Biologie du
Developpement de Marseille-Luminy, Aix-Marseille Université, Marseille, France.
The sex-ratio segregation distorters, reported in several Drosophila species, are selfish genetic elements carried
by the X chromosome. They promote their own transmission by preventing the formation of Y-bearing sperm
(meiotic drive). The spread of sex-ratio distorters in populations results in an excess of females. This triggers a
genetic conflict over the sex ratio, between the X chromosome and the rest of the genome. Such a conflict could
be an important evolutionary force, yet nearly nothing is known about the molecular nature and function of the
sex-ratio elements. We will present our recent work on the Paris sex-ratio system of Drosophila simulans, in
which two distorter elements on the X chromosome co-operate to prevent Y chromosome sister chromatids
segregation during meiosis II. We build a set of transgenic lines, and achieved the functional validation of a
candidate gene. It belongs to a well-known gene family involved in chromatin state regulation. These findings
will help to understand the mechanims of sex chromosome drive and the molecular basis of genetic conflicts.

778A
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Nucleosomes shape DNA polymorphism and divergence. Sasha A. Langley , Charles H. Langley , Gary H.
1,3
Karpen . 1) Life Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA; 2) University of
California, Davis, Department of Evolution and Ecology, Davis, CA; 3) University of California, Berkeley,
Department of Molecular and Cellular Biology, Berkeley, CA.
Nucleosome sequences isolated from diverse organisms exhibit 10-11 bp periodic variations in AA, TT and GC
dinucleotide frequencies. These sequence elements generate intrinsically curved DNA and help establish the
histone-DNA interface. Do these DNA sequence preferences inherent to the highly conserved histone core exert
detectable natural selection on genomic divergence and polymorphism? To address this hypothesis, we isolated
nucleosomal DNA sequences from Drosophila melanogaster embryos and examined the underlying genomic
variation within and between species. We find that divergence along the D. melanogaster lineage is periodic
across nucleosome regions with base changes following preferred nucleotides, providing strong evidence for
systematic evolutionary forces in the generation and maintenance of nucleosome-associated dinucleotide
periodicities. Further, Single Nucleotide Polymorphism (SNP) frequency spectra show striking periodicities
across nucleosomal regions, paralleling divergence patterns. Preferred alleles occur at higher frequencies in

natural populations, consistent with a central role for natural selection. In addition, we observe a large-scale
(~180 bp) periodic enrichment of AA/TT dinucleotides associated with nucleosome occupancy, while GC
dinucleotide frequency peaks in linker regions. Divergence and polymorphism data also support a role for
natural selection in the generation and maintenance of these “super-nucleosomal” patterns. These results
demonstrate that nucleosome-associated sequence periodicities are under selective pressure, implying that
structural interactions between nucleosomes and DNA sequence may broadly shape sequence evolution.

779B
The Influence of the Chd1 on puffing pattern in polytene chromosomes during drosophila development.
Anna Makase, Alexander Konev. St. Petersburg Nuclear Physics Institute, Gatchina, Russian Federation.
Drosophila nucleosome remodeling protein CHD1 was characterized as an essential factor for genome-wide
replication-independent chromatin assembly in the male pronucleus after fertilization. In polytene chromosomes,
CHD1 co-localizes with the elongating form of RNA polymerase II. GAL4-driven ectopic expression of CHD1 or
its dominant-negative (ATPase-dead) form during embryonic to larval stages of development leads to a strong
decompactization of some regions of salivary gland polytene chromosomes. Immunostaining with antibodies to
CHD1 and elongating RNA polymerase II reveals bright staining at all sites with an altered chromatin structure.
This finding suggests a biochemical link between active transcription and decondensation of chromatin. We
mapped chromosome loci that become decondensed upon expression of the dominant-negative form of CHD1
in four puffing stages and compared the distribution of decondensed regions with the puffing pattern in wild-type
animals. Upon expression of the mutant protein, the majority of developmentally regulated puffs expand and
appear much earlier in development. Also, they do not regress at appropriate times of development. As a result,
the chromosomes accumulate puffs that are specific for different puffing stages. We also observed an
emergence of additional puffs that are not present in wild-type chromosomes. On the other hand, we observed
chromosome areas, where CHD1 localizes in interbands as in the wild type, but chromatin structure remains
unaltered. Thus, ectopic expression of ATPase-dead form of CHD1 promotes decondensation of specific
regions of polytene chromosomes. It also prevents puff regression and developmentally regulated transcriptional
repression in salivary glands.

780C
HP1B’s role in gene regulation and chromatin structure. Louis Watanabe, Nicole Riddle. Biology, University
of Alabama at Birmingham, Birmingham, AL.
HP1B is a member of the Heterochromatin Protein 1 family of chromosomal proteins. Two conserved domains,
the chromo domain and the chromo-shadow domain, characterize this protein family. Proteins with this
distinctive domain structure are found in organisms ranging from humans to yeast to Drosophila. In Drosophila
melanogaster, three HP1 proteins (HP1a, HP1B, and HP1C) are expressed in most tissues. Of these three
proteins, HP1B is the least well characterized. We find that HP1b is a non-essential gene in Drosophila. HP1b
null mutations act as enhancers of variegation for several hsp70-white reporters, and homozygous mutants
show decreased fertility in females. Gene ontology categories associated with reproduction and germ cell
development are overrepresented among the genes that bind HP1B in third instar larvae. In total, HP1B binds
several thousand genes, ranging from 1,264 to 4,934 genes in the cell types assayed, most of which are
expressed. Chromatin immunoprecipitation data show that HP1B prefers an acetylation-rich chromatin
environment, supporting a role for HP1B in transcriptionally active regions of the genome. Interestingly, the
majority of these genes are enriched for HP1C as well, raising the question of their respective contribution to the
regulation of gene expression. On-going experiments examine the contribution of HP1B and HP1C to gene
regulation using genome-wide transcriptomic analysis in HP1b/HP1c single- and double-mutant Drosophila.

781A
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Structure-Function Studies of Drosophila Myb-Interacting Protein Mip120. MeiHsin Cheng , Laura
2
1,2,3
Andrejka , Joseph Lipsick . 1) Genetics, Stanford University , Stanford, CA; 2) Pathology, Stanford University
, Stanford, CA; 3) Biology, Stanford University , Stanford, CA.
Drosophila Mip120 (LIN54 in nematodes and vertebrates) is a DNA-binding transcription factor that is part of the
MMB (Myb-MuvB)/dREAM (Drosophila RBF, E2F2, and Myb-interacting proteins) complex, which regulates the
cell cycle, differentiation, and development in Drosophila (1-4). Previous experiments have shown that Mip120 is
required for RBF2 and Myb protein accumulation and for chromatin-association by other subunits of the dREAM
complex (5). mip120 is specifically required for fertility because mip120 null mutants are sterile and have defects
in ovary and testis development (5). Recent studies of human LIN54 showed that the CXC domain is necessary
for DNA binding and that the HCH domain is necessary for LIN54 interaction with B-Myb and p130/RBL2 (6).
Here we have made GAL4-inducible transgenic Drosophila lines that express either full-length Mip120 or
various domains of Mip120 (N-terminus, C-terminus, CXC domain, and HCH domain) in order to perform
structure-function studies in Drosophila. We have also made transgenic lines that express full-length Mip120 or
the various domains of Mip120 under control of the mip120 promoter. We show that the N-terminus and CXC

domain of Mip120 are both sufficient for nuclear localization of Mip120. We also show that Mip120 causes
severe eye phenotypes when overexpressed using eye-specific GAL4 drivers. These eye phenotypes are being
used to screen for additional genes that interact with mip120. Our overall goal is to understand the specific
mechanisms by which the MBB/dREAM complex regulates gene expression in vivo.
(1)Lewis, et al, Genes & Devel 18: 2929-40 (2004) (2)Korenjak, et al, Cell 119: 181-93 (2004) (3)Wen, et al,
Genes & Devel 22: 601-14 (2008) (4)Sim, et al, Genes & Devel 26: 2483-98 (2013) (5)Beall, et al, Genes &
Devel 21(8):904-19 (2007) (6)Schmit, et al, Gene 276: 5703-16 (2009).

782B
Neocentromere formation in Drosophila. Jason T. Palladino, Barbara Mellone. Department of Molecular and
Cell Biology, University of Connecticut, Storrs, CT.
The centromere is an epigenetically defined structure that is essential for proper segregation of chromosomes
through cell division. The incorporation of the centromere-specific H3 variant CENP-A by specialized histone
chaperones (such as CAL1 in Drosophila) provides a platform for kinetochore assembly and microtubule
attachment and the presence of a single attachment on each chromosome is crucial to prevent chromosome
breakage. Incorporation of CENP-A into a noncentromeric (ectopic) site is sufficient to form a functional new
centromere, or neocentromere, providing a secondary attachment site for microtubules, leading to frequent
chromosome breaks and rearrangements, events that are observed both in the evolution of new karyotypes and
in cancer. The impact of neocentromere formation on organism viability and tissue organization has been limited
due to the lack of an in vivo model. Furthermore, it is unknown whether pathways that prevent neocentromere
formation exist. We have developed Drosophila lines in which neocentromere formation can be induced in a
tissue-specific manner by targeting GFP-LacI tagged CAL1 to a LacO repeat inserted on the X chromosome
using the GAL4/UAS system. Our preliminary data show that wing disc expression of the CAL1-GFP-LacI
construct yields a distinct wing phenotype in flies containing LacO repeats. Additionally, ubiquitous expression of
CAL1-GFP-LacI in flies containing LacO repeats results in lethality. We are currently analyzing mitotic and
interphase chromosomes from brain squashes using FISH and immunofluorescence to determine the
colocalization of CAL1 and CENP-A at the LacO site, indicating the formation of a neocentromere. In future
experiments we plan to use these flies to analyze the effects of neocentromere formation and to identify
mechanisms of neocentromere suppression.

783C
Analyzing the co-evolution of CENP-A, CAL1, and centromeric DNA in Drosophila. Leah Rosin, Barbara
Mellone. Molecular and Cell Biology, University Of Connecticut, Storrs, CT.
Centromeres are essential chromosomal structures that serve as the platform for assembly of the kinetochore
complex, which mediates the accurate division of genetic material during mitosis and meiosis. A universal
feature of centromeric chromatin is the incorporation of the histone H3 variant CENP-A (also known as CID in
Drosophila). In Drosophila, CENP-A is rapidly evolving, a phenomenon that has been proposed to compensate
for the rapid evolution of centromere sequences in an “arms race” known as centromere drive. In support of this
hypothesis, experiments in which several Drosophila CENP-A orthologs were expressed in D. melanogaster Kc
cells have shown that a subset of these CENP-A orthologs are unable to interact with D. melanogaster
centromeres. In contrast to the rapid evolution of CENP-A and centromeric DNA, the Drosophila CENP-A
specific assembly factor, CAL1, is not rapidly evolving. How CAL1 maintains the ability to recognize divergent
centromeric DNA and CENP-A over time remains elusive. We show that co-expression of CAL1 orthologs with
their CENP-A counterparts in D. melanogaster S2 cells results in rescued CENP-A localization where previously
the CENP-A ortholog had been mislocalized. Additionally, we show that even the highly divergent yeast CENPA chaperone Scm3 is able to localize to D. melanogaster centromeres, suggesting that the mechanism of
centromere recognition by CENP-A chaperones can withstand rapid centromere evolution. Our data show that
the inability of divergent CENP-A orthologs to interact with D. melanogaster centromeres can be explained by a
loss of interaction with D. melanogaster CAL1 rather than an inability to recognize the centromeric DNA and
that, despite its slower evolution, CAL1 co-evolves with CENP-A while still maintaining the ability to recognize
divergent centromeres.

784A
Monitoring the influence of CHD1 on histone dynamics in Drosophila melanogaster. Michael A. Erb,
Jennifer A. Armstrong. W.M. Keck Science Department, Claremont McKenna College, Claremont, CA.
CHD1 (chromodomains, helicase/ATPase, DNA-binding domain) is an enzyme belonging to the CHD family of
chromatin remodelers. Chromatin remodelers enact specific regulatory actions on nucleosomes to maintain
dynamic chromatin environments, thereby enabling higher order genomic control. CHD1, of particular interest
due to its implication in embryonic stem cell pluripotency and prostate cancer, co-localizes with elongating RNA
polymerase at active genes and is required for fertility and wing development in fruit flies. However, elongating
Pol II persists in the absence of chd1, and chd1 is not required for survival. Additionally, chd1 is required for

inclusion of the transcriptionally-incorporated histone variant H3.3, and acts to antagonize repressive chromatin
through global suppression of dimethylated H3 on lysine 9 (H3K9me2) and heterochromatic protein 1a (HP1a).
Here, we complement these studies using native chromatin immunoprecipitations to monitor chromatin changes
at the genic level. We present evidence that CHD1 antagonizes H3K36me3 (a mark of active chromatin) near
the transcription start site and at the 3’ end of the transcriptionally active gene, CrebA, in salivary glands from
third instar larvae. This result differs from findings in yeast and accordingly, we propose a possible role for
CHD1 in H3K36 trimethylation that is unique to Drosophila. Furthermore, despite the global increase of
H3K9me2 as a consequence of loss of CHD1, the same effect is not evident across CrebA, suggesting it may
not be important for this modification at active genes.

785B
A candidate screen to identify factors important for CHD1 in Drosophila melanogaster. Sharon Kim,
Jennifer Armstrong. W.M. Keck Science Department, Scripps College, Claremont, CA.
Chromatin remodelers such as CHD1 (chromodomains, helicase, DNA-binding protein 1) modulate chromatin
structure to regulate accessibility of eukaryotic DNA. CHD1 is a highly conserved chromatin remodeler that
localizes to active genes, and it is important for fertility and wing development in Drosophila, while in humans it
has implications for prostate cancer. Overexpression of chd1 results in a wing vein defect phenotype that we
have used as the basis of a dominant modifier screen. We conducted a candidate-based genetic screen to
identify proteins that functionally interact with chd1. RNAi-mediated knockdowns of Su(var)205, Ino80, lds, Etl1,
Marcal1, trx, Pc, and ISWI modified the wing phenotype caused by chd1 overexpression, suggesting that
proteins encoded by these genes may functionally interact with CHD1. The relationship between TRX and
CHD1 was further explored by immuno-fluorescence of polytene chromosomes. We find that while loss of trx
genetically modifies chd1-dependent phenotypes, it does not alter levels of CHD1 on polytene chromosomes.

786C

1,2

The role of centromeric protein misregulation in aneuploidy and cancer. Nicole L. Beier , Gary H.
1,2
Karpen . 1) Department of Molecular and Cell Biology, University of California, Berkeley, Berkeley, CA; 2)
Department of Genome Biology, Life Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA.
Centromeres are regions of eukaryotic chromosomes essential for proper kinetochore formation and
chromosome segregation, and are maintained epigenetically through cellular divisions and the germline by the
presence of the centromere-specific histone H3 variant CENP-A (CID in Drosophila). Recent studies have
identified proteins required for proper CENP-A localization and function. In flies, the chaperone/assembly factor
CAL1 and the inner centromere protein CENP-C are co-required for CID assembly and function. Centromeric
proteins are commonly misregulated in many types of human cancers. Because CENP-A overexpression can
result in chromosome mis-segregation via the formation of ectopic kinetochores or merotelic microtubule
attachments, overexpression of centromere proteins may be a mechanism for the creation or maintenance of
chromosomal instability and aneuploidy in cancer cells. Here, we use the Drosophila model system to
investigate the effect of centromere protein misregulation on genomic instability, aneuploidy, and cancer
phenotypes.

787A
Understanding the regulation of expression and stability of the SIN3 isoforms. Ashlesha M. Chaubal,
Ambikai Gajan, Lori Pile. Biological Sciences, Wayne State University, Detroit, MI.
SIN3 is a transcriptional corepressor, which acts as a scaffold protein for a histone deacetylase (HDAC)
complex. Drosophila Sin3A is an essential gene, which encodes multiple SIN3 isoforms that differ only at their
C-terminus. These isoforms show differential expression during development. Previous studies in the lab have
shown that the SIN3 isoforms interact with distinct proteins and perform non-redundant functions. In this study,
we have focused on the two major isoforms of SIN3, SIN3 187 and SIN3 220. We are interested in studying the
regulation of expression and stability of these isoforms. In Drosophila S2 cultured cells, SIN3 220 is the
predominantly expressed isoform. We have observed, however, that overexpression of SIN3 187 in cultured
cells leads to a decrease in the level of the SIN3 220 isoform. We are currently examining whether this interplay
between the SIN3 isoforms can also be observed in Drosophila tissue cells, such as in the wing imaginal discs
and salivary glands, through immunostaining and western blot analysis. Furthermore, we have also observed
that overexpression of the histone demethylase, Lid (Little imaginal discs), which is an interacting partner of
SIN3 220, results in a similar decrease in the level of the normally expressed SIN3 220 isoform and an increase
in SIN3 187 expression in cultured cells. We are investigating whether changes in the pattern of histone
methylation marks at the chromatin near the SIN3A gene occur due to LID overexpression and possibly affect
the expression of SIN3 isoforms. We are interested in understanding how the expression of these isoforms is
regulated and whether specific post-translational modifications play a role in the degradation of SIN3 220. These
results will provide a more complete picture of SIN3 isoform dynamics and help us better understand their
differential functions during development.

788B

1,2

The signature of repressed enhancers during Drosophila pattern formation. Nina Koenecke , Samuel
1
1
1,3
Meier , Jeffrey Johnston , Julia Zeitlinger . 1) Stowers Institute for Medical Research, Kansas City, MO, USA;
2) The Open University, UK; 3) University of Kansas Medical Center, Department of Pathology and Cell Biology,
Kansas City, KS, USA.
During pattern formation, gradients of signaling activity across cells specify which enhancers become active.
Enhancers that do not become active are frequently repressed by these signaling pathways but whether these
enhancers carry a characteristic genome-wide signature has not been investigated. Here we use the Drosophila
embryo to investigate the signature of repressed enhancers during dorso-ventral pattern formation. Using
specific mutants in dorso-ventral patterning, we performed ChIP-seq experiments and analyzed histone
modifications, as well as a variety of co-activators and co-repressors on enhancers when they are either
repressed or active. First, we found that repressed enhancers are associated with less H3K27ac and higher
H3K27me3 relative to their activity states, while H3K4me1 is present at both activating and repressing
enhancers with relative higher levels at activating enhancers. Thus, repressed enhancers carry the same
signature as ‘poised’ enhancers, which could explain why the ‘poised’ signature is so common during
development and does not necessarily predict future activation. Second, we found that the overall occupancy of
co-repressors is not higher at repressing enhancers compared to activating enhancers. However, we find that
specific differences in occupancy of some co-regulators correlate with differences in transcription factor binding.
This suggests that transcription factors recruit co-activators and co-repressors in a very specific fashion but that
the overall activity of enhancers depends on additional events.

789C
Histone H3S10 Phosphorylation by the JIL-1 Kinase in Pericentric Heterochromatin and on the 4th
Chromosome Creates a Composite H3S10phK9me2 Epigenetic Mark. Chao Wang, Yeran Li, Weili Cai,
Xiaomin Bao, Jack Girton, Jorgen Johansen, Kristen Johansen. Biochemistry, Biophysics & Mol Biol, Iowa State
University, Ames, IA.
The JIL-1 kinase mainly localizes to euchromatic interband regions of polytene chromosomes and is the kinase
responsible for histone H3S10 phosphorylation at interphase in Drosophila. Furthermore, it has been
demonstrated that H3S10 phosphorylation functions to indirectly regulate transcription by counteracting H3K9
dimethylation and gene silencing. However, a recent survey of commercially available H3S10ph antibodies
suggested that some of these antibodies could recognize the H3S10ph mark in pericentric heterochromatin and
on the 4th chromosome in addition to in the euchromatic interbands. This raised the possibility that the binding
of some H3S10ph antibodies may be occluded by the presence of the K9me2 mark. Using an antibody to the
double H3S10phK9me2 mark we demonstrate that this mark is present in pericentric heterochromatin as well as
on the 4th chromosome of wild-type polytene chromosomes but not in preparations from JIL-1 or Su(var)3-9 null
larvae. Su(var)3-9 is a methyltransferase responsible for H3K9 dimethylation. Furthermore, the H3S10phK9me2
labeling overlapped with that of the non-occluded H3S10ph antibodies as well as with H3K9me2 antibody.
Interestingly, when a Lac-I-Su(var)3-9 transgene is overexpressed it upregulates H3K9me2 dimethylation on the
chromosome arms creating extensive ectopic H3S10phK9me2 marks suggesting that the H3K9 dimethylation
occurred at euchromatic H3S10ph sites. This is further supported by the finding that under these conditions
euchromatic H3S10ph labeling by the occluded antibodies was abolished. This was additionally confirmed by
immunoblot analysis. Taken together these data indicate that JIL-1 also plays a role in epigenetic regulation of
heterochromatin by creating a composite H3S10phK9me2 mark together with the Su(var)3-9 methyltransferase.
Supported by NIH grant GM62916.

790A
Drosophila Rm62 and SU(VAR)3-9 complex targeted by a 5’ non coding midsized RNA for
1*
1
3
3
2
Heterochromatin assembly. Indira Bag , Manika Pal-Bhadra , J. Boeke , Axel Imhof , Utpal Bhadra . 1)
Centre for Chemical Biology, Indian Institute of Chemical Technology, Tarnaka, Uppal road, Hyderabad 500007,
Andhra Pradesh, India; 2) Functional Genomics and Gene Silencing Group, Centre for Cellular and Molecular
Biology, Hyderabad-500007, India; 3) 3Munich Center of Integrated Protein Science and Adolf-Butenandt
Institute, Ludwig Maximilians University of Munich, Munich, Germany.
Drosophila DExD/H box containing RNAi component dRm62 plays a novel role in a set of processes in the
nucleus including chromatin remodeling, transcriptional resilencing, RNA export, mRNA splicing, nuclear
organization, heterochromatin formation at centromere and repeat elements. Here, we identify a previously
unknown biophysical interaction between RNA helicase dRm62 and histone methyltransferase SU(VAR)3-9 and
a 202 to 248 bp midsized ncRNAs generated from 5’regulatory sequences of the silenced mini-white array, as
their direct target. This heterochromatin RNA-protein complex recruits histone methylation at the promoter of
mini-white array by a 5’ non coding RNA transcribed, in which dRm62 serves as RNA binding subunits. Our
analysis show that dRm62 is specifically required for establishment of H3K9 methylation by guiding dSU(VAR)3-

9 interaction or by interacting with ncRNAs from the repeat elements. Degradation of ncRNAs by RNases
treatment suppresses silencing by eleminating histone methylation at the mini-white arrays. Therefore dRm62
heteroallelic mutant compromises mini-white repression. We propose that this complex controls H3K9me2 at the
site of mini-white integration and thereby plays a crucial role in de novo heterochromatin formation by coupling
RNAi factor Rm62 with ncRNA mediated heterochromatin assembly.

791B
Understanding Heterochromatin: Determination of DNA Elements That Influence Gene Expression. April
Bauer, Sarah Elgin. Department of Biology, Washington University, St. Louis, MO.
The ability to tightly regulate gene expression is essential for vital cellular processes. Establishment and
maintenance of euchromatic and heterochromatic domains contributes to the modulation of gene expression,
with euchromatin believed to be an active or accessible state while heterochromatin formation blocks gene
expression. Euchromatic genes that are juxtaposed with heterochromain by rearrangement or transposition are
silenced in some of the cells in which they would normally be active, resulting in a variegating phenotype (PEV).
However, genes that are normally resident in constitutive heterochromatin are still appropriately expressed. The
fourth chromosome of Drosophila melanogaster, a heterochromatic domain based on criteria such as chromatin
modification marks and a lack of recombination, provides an ideal model in which to study this dichotomy of
gene expression in the context of a repressive environment. To understand what features of fourth chromosome
genes permit expression in the context of heterochromatin, we are utilizing transgenic MiMIC fly lines with
insertion sites on the fourth and PhiC31 integrase to incorporate reporter constructs with other genetic elements
and examine their expression patterns. We hypothesize that there are unique DNA signatures on the fourth
chromosome that allow for gene expression despite the presence of inhibitory chromatin marks. Genes on the
fourth often exhibit a characteristic red/blue pattern of expression based off of the 9-state chromatin model: the
transcription start sites show an enrichment of H3K4me2/me3 and H3K9ac, whereas the body of the gene is
enriched for the pericentric heterochromatin marks H3K9me2 and H3K9me3. By contrasting the expression
pattern of hsp70-white (a euchromatic reporter gene) with that of a fourth chromosome gene at specific fourth
chromosome MiMIC sites, we can determine which features allow for or inhibit expression of the transgene. This
approach will begin to tease out what motifs are essential for this genetic regulation.

792C
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Heterochromatin Function and Dynamics by the KDM4A Demethylase. Serafin U. Colmenares , Sasha
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Langley , Cameron Kennedy , Irene Chiolo , Joel Swenson , Axel Imhof , Gary Karpen . 1) Genome Dynamics,
Lawrence Berkeley National Lab, Berkeley, CA; 2) Dept of Biological Sciences, University of Southern
California, Los Angeles, CA; 3) Adolf Butenandt Institut, University of Munich, Germany.
The heterochromatin domain forms a subnuclear structure enriched for repetitive DNA and proteins that play
important roles in genome stability, transcriptional control, and many other cellular processes. Heterochromatin
also undergoes dynamic structural changes during the cell cycle as well as from acute cellular stress, indicating
the presence of heterochromatin spatial organization and corresponding regulatory mechanism. The complexity
of heterochromatin structure and function is reflected in the numerous protein-protein interactions that have
been observed with Heterochromatin Protein 1a (HP1a). We have characterized one of these HP1a interactors
called KDM4A to be required for position-effect variegation and DNA repair. KDM4A is a known histone H3 K36
demethylase, yet it is primarily enriched at heterochromatic domains where it has little impact on H3K36Me3
levels and distribution. However, KDM4A is required for mobilization of double-stranded DNA breaks away from
heterochromatin domains, expansion of the heterochromatin domain during DNA damage, and organismal
viability in various DNA repair mutant backgrounds. The implications of KDM4A function in higher-order
heterochromatin structure and dynamics is discussed.

793A
Targeting Heterochromatin Formation in Drosophila. Sarah C R Elgin, Monica Sentmanat, Kiri
Ulmschneider, Tingting Gu. Dept Biology, Washington Univ, St Louis, MO.
Heterochromatin formation in Drosophila melanogaster can be monitored using Position Effect Variegation, the
silencing of reporter genes juxtaposed to heterochromatin by rearrangement or transposition. Using an hsp70driven white gene as a reporter, we have found that a single copy of the 1360 or Invader4 transposable element
(TE) remnants can drive ectopic heterochromatin formation, with accumulation of HP1a, when placed in an
appropriate euchromatic site close to a heterochromatic mass (here site 1198 near the base of arm 2L). This
silencing is dependent on piRNA hotspots in the TE; genetic analysis shows sensitivity to mutations depleting
either of the piRNA-binding proteins Piwi or Aubergine, as well as HP1a and SU(VAR)3-9 (a histone H3K9
methyl transferase). Experiments using rearrangement wm4 as well as hsp70-white reporters show that Piwi is
required maternally and in the early embryo, during heterochromatin formation, but is not required to maintain
silencing in post-gastrulation somatic cells. In addition to testing TEs, we have examined a foreign repeat, lacO
(36 bp X 256 repeats). Inserting the lacO repeats at site 1198 causes strong variegation of the adjacent hsp70-

white reporter, an effect not seen when lacO repeats are inserted into most euchromatic sites. lacO repeats at
site 1198 can induce trans-silencing of a hsp70-white reporter at the same position on the homologous
chromosome, but not of a reporter inserted elsewhere. Genetic tests indicate a requirement for HP1a and
SU(VAR)3-7 to achieve this silencing. These findings emphasize the importance of spreading as well as local
targets in heterochromatin formation. The lacO system will allow further investigation of silencing induced by
foreign repeats. Supported by NIH grant R01 GM068388 to SCRE and by Washington University in St. Louis.

794B
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Development of a single break system to study DNA damage repair in heterochromatin. Aniek Janssen ,
3
1,2
Jan LaRocque , Gary Karpen . 1) Genome Dynamics, Life Sciences Division, Lawrence Berkeley National
Laboratory, Berkeley, CA; 2) Department of Molecular and Cell Biology, University of California Berkeley,
Berkeley, California, USA; 3) Department of Human Science, School of Nursing & Health Studies, Georgetown
University, Washington DC, USA.
Heterochromatin densely packages DNA in a specialized domain, characterized by H3 Lysine 9 di-and tri
methylation and Heterochromatin Protein-1a (HP-1a) recruitment. The compact nature and the presence of
many repetitive sequences make heterochromatin especially vulnerable to erroneous DNA damage repair.
Recent findings revealed that heterochromatic regions display specialized temporal and spatial responses to
DNA damage that differ from euchromatic regions (Chiolo et al., 2011). These dynamic responses include rapid
expansion of the heterochromatin domain and relocalization of double strand breaks (DSBs) to outside the
heterochromatin domain, where homologous recombination repair (HR) is completed. The heterochromatin
proteins HP-1a and the Smc5/6 complex were identified to be required for the maintenance of repeat stability
following irradiation by inhibiting the progression of HR until the resected DSBs relocalize outside the
heterochromatin domain. Until now, irradiation has been the main source of DSB induction in heterochromatin
DNA damage repair studies. To overcome the limitations of using irradiation and to be able to elucidate the
molecular mechanisms underlying the heterochromatin DSB response, we have developed a targeted single
DSB system in heterochromatic regions in flies. This system will facilitate investigating the temporal and spatial
responses during heterochromatic DNA damage repair and will provide a platform for identifying factors and
mechanisms involved in homologous recombination of heterochromatic lesions. As such, this experimental
approach will advance our understanding of how heterochromatic sequences are repaired, providing insights
into mechanisms that safeguard genome stability.

795C

1

Centromeric variation in natural populations of Drosophila melanogaster. Charles H. Langley , Gary H.
2,3
2
Karpen , Sasha A, Langley . 1) Dept, of Evolution and Ecology, Univ California - Davis, Davis, CA; 2) Life
Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA; 3) University of California, Berkeley,
Department of Molecular and Cellular Biology, Berkeley, CA.
Naturally occurring variation in the centromeric and telomeric regions of Drosophila melanogaster genomes can
be investigated using next-generation-sequencing. We determined the distributions of proportions of short
repeats (mostly known satellite sequences) in the unmapped and multimapping reads of the two large surveys
of population genomic variation (DPGP2 and DPGP3) and found geographic variation in a number of abundant
repeats. To more precisely map such variation in satellite content, we examined the pattern of linkage
disequilibrium in the unique regions of the assembled centromere-proximal heterochromatin identifying
associations of haplotypes in the unique assembled heterochromatin with satellite sequence content and with
previous unmapped contigs. The description/identification of this novel variation provides a new window into the
structure of these interesting but obscure genomic regions. Particular variants are potentially relevant to models
of structure and function of the centromere. The population genetics variation also reveals the impact of
evolutionary dynamics in and around centromeres.

796A
Ator, a Novel AT-hook Protein Co-purifies with Chromator and Localizes to the Chromocenter and
1
2
1
1
Interband Regions of Polytene Chromosomes. Yeran Li , Peng Wang , Changfu Yao , Jack Girton , Vincent
2
1
1
Archambault , Kristen Johansen , Jorgen Johansen . 1) Biochemistry, Biophysics & Molecular Biology, Iowa
State University, Ames, IA; 2) Institut de Recherche en Immunologie et en Cancérologie, Montreal, Canada.
In Drosophila we have performed Chromator-PrA affinity purifications from whole embryo extracts followed by
mass spectrometry to identify interacting proteins. Chromator is a chromodomain containing protein that
localizes to interband regions of polytene chromosomes at interphase but redistributes during mitosis to form a
macromolecular spindle matrix complex (Ding et al., Dev. Biol. 334:253, 2009). Among the proteins identified
were a known Chromator interaction partner Putzig/Z4 (score 2537, 26 peptides), and a previously
uncharacterized protein CG1737 (score 759, 17 peptides). CG1737 contains an AT-hook DNA binding motif
wherefore we have named it Ator. To determine its subcellular localization we expressed Ator-GFP transiently in
S2 cells, the results indicating nuclear but not spindle matrix localization. In addition, we generated transgenic

Ator-GFP flies in order to further analyze Ator's nuclear distribution in polytene squash preparations from third
instar larval salivary glands. The results showed that Ator-GFP co-localized with Chromator at interband
regions, but unlike Chromator, Ator also had a prominent presence at the chromocenter. Overexpression of
Ator-GFP resulted in fragile chromocenters that easily broke apart during squash preparation suggesting a
structural role for Ator in the organization of pericentric heterochromatin. In order to initiate further functional
studies of Ator we have identified P-element excision lines that are likely null alleles. Experiments are in
progress to determine the nature of the interaction between Chromator and Ator and how these interactions may
contribute to regulation of interband structure and/or gene regulation. Supported by NIH grant GM62916 and the
Natural Sciences and Engineering Research Council of Canada.

797B
Novel Roles of Helicases in Preventing Aberrant Recombination Repair in Heterochromatin. Taehyun
Ryu, Kate Bowlin, Devika Das, Irene Chiolo. Molecular and Computational Biology Department, University of
Southern California, Los Angeles, CA.
Proper repair of DNA double-strand breaks (DSBs) in heterochromatin is critical to prevent aberrant
recombination and maintain genome integrity. Our previous studies in Drosophila suggest that DSBs in
heterochromatin are repaired by Homologous Recombination (HR) but with substantial differences from HR in
euchromatin. Early processing of DSBs (resection) occurs within the heterochromatic domain, but later steps
(Rad51 loading and strand invasion) are postponed until repair sites have relocalized to the euchromatic space.
Both the initial suppression of HR progression and re-localization to the euchromatic space require the Smc5/6
complex. In an effort to identify activities that block strand invasion within the heterochromatin domain, we pulled
down Smc5/6 and characterized its interactors by Mass Spectrometry. Among these proteins, we identified
three helicases that potentially act as anti-recombinases during the initial phases of heterochromatin repair.
These proteins are enriched in the heterochromatin domain and their RNAi depletion results in defective relocalization of heterochromatic DSBs to the euchromatic space, formation of Rad51 foci within the
heterochromatic domain, aberrant recombination,and genome instability. We propose that high levels of antirecombinase helicases inside the heterochromatin are significant to avoid aberrant recombination of repeated
sequences in the presence of heterochromatic DSBs.

798C
Identification and Characterization of Novel Regulators of Heterochromatin Structure and Function. Joel
1,2
2
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Swenson , Serafin Colmenares , Sylvain Costes , Gary Karpen . 1) Molec & Cell Biol, Univ CaliforniaBerkeley, Berkeley, CA; 2) Department of Genome Dynamics, Lawrence Berkeley National Laboratory,
Berkeley, CA; 3) Department of Cancer and DNA Damage Response, Lawrence Berkeley National Laboratory,
Berkeley, CA.
Heterochromatin Protein 1a (HP1a) is a defining mark of heterochromatin that is necessary for heterochromatin
compaction and organismal viability in a variety of organisms. HP1a binds H3K9me2/3 and a large, diverse set
of proteins. The goal of my research is to identify novel regulators of heterochromatin-mediated functions in
Drosophila with a particular focus on the role of HP1a and HP1a binding partners. I identified novel
heterochromatin components and HP1a post-translational modifications (PTMs) by IP-MS techniques. I have
created point mutations that either abolish or mimic the HP1a PTMs, and have observed dominant affects on
heterochromatin structure, maintenance, or recruitment in some of these mutants. To further expand our
understanding of the mechanisms that regulate the maintenance of heterochromatin, I performed a genomewide RNAi screen to identify components involved in heterochromatin maintenance and the relocalization of
heterochromatic DSBs to euchromatin. Intriguingly, a gene identified in the MS analysis as a novel and strong
HP1a binding partner was also identified in the screen as a negative regulator of HP1a localization. This gene,
CG8108, is essential for development and positively regulates the nuclear positioning of HP1a and negatively
regulates the solubility of HP1a. These molecular phenotypes were correlated with heterochromatin silencing
and DSB relocalization from heterochromatin. Overall my research has focused on how HP1a is able to
functionally interact with a diverse set of protein partners and the impact on heterochromatin function and
formation of these interactions.

799A
Illuminating the onset of late replication and heterochromatinization of particular repetitive sequences
during Drosophila embryogenesis using TALE-lights. Kai Yuan, Tony Shermoen, Patrick O'Farrell.
Biochemistry & Biophysics, UCSF, San Francisco, CA.
New discoveries allow systematic engineering of specific DNA sequence recognition using the modular
recognition units of the transcription activator-like effectors (TALEs) or the guide RNA of the CRISPRs. The
engineered specificity offers the potential to guide a wide range of activities to particular sequences, and
targeted nucleases cause directed mutagenesis. We have tagged sequences using fluorescent fusions that we
call TALE-lights, and have used these to follow replication of particular satellite sequences during a major

embryonic transition in Drosophila. We show that replication-timing of individual satellite sequences can be
followed. As embryos develop, the cell cycle extends and the timing of replication of satellite sequences shifts to
later times within the more prolonged S phase. One of these satellite sequences, 359-bp repeat, shows a
particularly marked shift to later replication in the cell cycle after the mid-blastula transition (MBT). We have
dissected molecular mechanisms underlying this developmentally regulated S phase restructuring, and have
investigated potential “lateness factors” that convert 359-bp repeat into late-replicating heterochromatic
sequence at MBT. Our findings demonstrate that TALE-lights innovation introduces new experimental avenues
by providing a simple way to visualize particular sequences live. More importantly, the delineation of the onset of
late replication of particular repetitive sequences at unprecedented spatial-temporal resolution casts new light
on developmental control of DNA replication. Our study gives insights into how heterochromatin is reestablished in embryogenesis, yielding advances to understanding of epigenetic inheritance.

800B
Dissection of a domain border in the bithorax complex. Welcome Bender. BCMP Dept, Harvard Medical
Sch, Boston, MA.
The bithorax complex includes a series of regulatory domains, each controlling the development of a body
segment. The domains are separated by “borders” or “boundaries”, usually coincident with binding sites for the
CTCF protein. Loss of the border between the bxd and iab-2 domains causes a dominant transformation of the
first abdominal segment to morphology of the second abdominal segment. The prototypic Front-Ultraabdominal
(Fub) mutation was a 4.3 kb deletion of this border region, centered on binding sites for CTCF (Bender and
Lucas, 2013). A 97 bp deletion was introduced by P element-mediated gene conversion to remove the cluster of
4 predicted CTCF binding sites; flies homozygous for this deletion look wild type. An ISceI restriction site,
introduced by this gene conversion, was used to enlarge the initial deletion. The resulting deletion series makes
clear that there are redundant DNA segments providing border function. One deletion, extending an additional
109 bp, gives a medium Fub phenotype, while others, extending 350 or more bp beyond the initial CTCF
deletion, give a stronger Fub phenotype, equivalent to the 4.3 kb Fub1 deletion. The new deletions remove
predicted sites for the suppressor of Hairy-wing protein.

801C
Mechanism of Homie insulator-mediated long-range interaction. Miki Fujioka, James B Jaynes.
Biochemistry & Molecular Biology, Thomas Jefferson University, Philadelphia, PA.
We previously identified an insulator (Homie) separating even skipped (eve) from TER94, which mediates PRE
blocking, enhancer blocking, long-range enhancer-promoter (EP) communication, and transgene homing.
Transgenes carrying a copy of Homie that integrate within about 3 megabases (Mb) of eve can communicate
with the endogenous eve enhancers. We now show that this long-range communication shows distancedependent effects over its full range of action, as assessed by transgenic reporter activity for distances over 150
kb, and promoter competition with the endogenous eve promoter at shorter range. Strikingly, long-range EP
communication shows a mosaic on/off pattern. The closer a reporter is to interacting enhancers, the greater the
number of cells that show strong expression, while others cells show no expression. At closer range (< 150 kb),
an interacting transgenic promoter competes with the endogenous promoter, reducing its activity. This can be
quantified when the endogenous eve gene is present in only one copy, as it causes segmentation defects. In
this case, the severity of the phenotype correlates with distance between the interacting loci. These data
suggest the model that an interaction occurs when two copies of Homie find each other by random motion within
a chromosome territory, and that once they find each other, the interaction is maintained for a time that is
typically long enough to facilitate many rounds of transcription. Similar interactions are also seen between two
transgenic copies of Homie separated by as much as several Mb, as well as in a conventional "transvection”
setting between homologous sites on paired chromosomes. In all of these cases, the interactions show a
directional bias that can be attributed to the two copies of Homie lining up in parallel, so that flanking sequences
near the same end of the resulting closed “zipper” are more likely to interact, while interactions between
opposite ends are disfavored. This model can help to explain the paradoxical effects of insulators, where some
interactions are inhibited while others are facilitated.

802A
The RNA-binding protein CIP3 antagonizes gypsy chromatin insulator function in a tissue-specific
manner. Matthew R. King, Leah H. Matzat, Ryan K. Dale, Su Jun Lim, Elissa P. Lei. Laboratory of Cellular and
Developmental Biology, NIDDK, NIH, Bethesda, MD.
Chromatin insulators are DNA-protein complexes situated throughout the genome that contribute to higher order
organization and demarcation into distinct transcriptional domains. Mounting evidence in different species
implicates RNA and RNA-binding proteins as regulators of chromatin insulator activities. We have identified
CIP3 as an antagonist of gypsy chromatin insulator enhancer-blocking and barrier activities. Despite ubiquitous
expression of CIP3, decreasing CIP3 levels leads to improvement of barrier activity only in tissues outside of the

central nervous system (CNS). Furthermore, CIP3 mutants restore insulator complex localization in an
otherwise compromised genetic background only in non-CNS tissues. CIP3 associates physically with core
gypsy insulator proteins, and ChIP-Seq analysis of CIP3 demonstrates extensive colocalization with a subset of
gypsy insulator sites across the genome. The genome-wide binding profile and tissue-specificity of CIP3
contrast with that of Shep, a recently identified RNA-binding protein that antagonizes gypsy insulator activity
exclusively in the CNS. Our findings indicate parallel roles for RNA-binding proteins in mediating tissue-specific
regulation of chromatin insulator activity.

803B
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The chromatin state-dependent TRL binding conservation in Drosophila species. Lijia Ma , Matthew
2
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1
1
1
1
Slattery , Nicolas Negre , Robert Arthur , Rebecca Spokony , Sasha Ostapenko , Ryan Ptashkin , Jennifer
1
1
Zieba , Kevin White . 1) University of Chicago, Chicago, IL., US; 2) University of Minnesota, Duluth, MN., US; 3)
University of Montpellier, Montpellier, France.
The comparative analysis on various genomic data collected from multiple species has been applied to explore
the regulation mechanism from the perspective of evolution. However, the regulation complexity makes it
difficult to clearly illuminate the patterns of regulator binding conservation and target gene expression
conservation. Here we identified and compared the binding profiles of Trithorax-like (Trl) in white prepupal stage
in four Drosophila species and tried to elucidate the context of TRL binding conservation and its consequence
on target gene expression conservation. The results show that TRL binding was generally conserved across
species, contributed by the constant motif appearance of TRL and other potential co-factors. Interestingly, TRL
binding conservations were variant in different chromatin state context. Conserved TRL binding sites enriched in
boundaries of chromatin states and higher-occupancy target (HOT) regions. Ortholog genes adjacent to
conserved TRL binding, especially HOT region associated binding sites, tended to keep constant expression
pattern between species. The FAIRE-seq data indicated a relative open chromatin status in HOT regions and
that status was stable to the loss of TRL binding. These results suggested that HOT region increased TRL
binding conservation through their high accessibility, and could stabilize the target gene expression because of
its robustness to the binding variant of individual regulator. We also provided evidences showing that this HOT
region dependent binding conservation and expression conservation holds true on other regulators in fly and
human. Overall, our data indicated that the conservation of regulator binding and its consequences on target
gene expression were largely influenced by the context of regulatory sequences and local chromatin states.

804C
Cis-elements mediating epigenetic regulation of eyeless locus in Drosophila melanogaster. Shreekant
Verma, Rashmi U Pathak, Rakesh K Mishra. Centre for Cellular and Molecular Biology - CSIR, Hyderabad-07,
India.
Drosophila eyeless, a Pax-6 gene homolog, plays an important role in eye development. Eyeless expression is
restricted to mid developmental stage of the embryo, later in the eyes and in the central nervous system (CNS).
Mutation in the eyeless causes partial or complete absence of the eye, whereas targeted expression of the
eyeless leads to induction of ectopic eye in Drosophila. Precise transcriptional control of a gene is dependent on
specific interaction with a number of regulatory elements like promoter, enhancer and silencer. It has been
reported that eyeless enhancers present in upstream region and in second intron of the eyeless control specific
expression in the CNS and the eye. However, eyeless is repressed in several embryonic developmental stages
and tissues as the neighboring genes myoglianin and bent are being expressed. How differential expression
pattern of the eyeless is maintained is largely unknown. Previously, we had shown that myoglianin and eyeless
are separated by an intergenic chromatin domain boundary ME. Using chromatin domain boundary element
search tool, Cd-BEST, we have now identified a new boundary element downstream to eyeless between
eyeless and bent, EB. We have also identified a new Polycomb Response Element (PRE), ey-PRE, in eyeless
locus. Taking transgenic approaches we show that EB and ey-PRE function as boundary and repressor
elements, respectively. We also show that ey-PRE, EB and ME associate to nuclear matrix in Drosophila
embryo. We suggest that boundary elements, EB and ME demarcate the independent domain of eyeless locus
while ey-PRE is involved in epigenetic regulation of eyeless.

805A
De novo establishment of PcG-mediated repression. Jumana S AlHaj Abed, Rick Jones. Southern Methodist
University, Dallas, TX.
Polycomb group proteins (PcG) are highly conserved transcriptional repressors. PcG proteins do not initiate
repression of target genes, but rather take over repression from gene-specific transcription factors. The
molecular mechanisms by which PcG proteins initially recognize the repressed state of a target gene, and take
over its repression are not well known. The goal of this study is to characterize the molecular steps involved in
the initial recognition of a repressed target gene by PcG proteins and the establishment of PcG-mediated
repression. We are focusing on the PcG target gene giant (gt). The challenge to understanding PcG in vivo is

the difficulty of obtaining homogeneous population of cells in which all cells are exhibiting PcG-mediated
repression of a particular gene. In order to obtain embryos in which gt is repressed homogenously throughout
the embryo, embryos are collected from bicoid oskar torsolike females. In these embryos, maternally expressed
Hunchback (Hb), a repressor of gt, is ubiquitously translated. PcG proteins are required to maintain gt
repression by cellular blastoderm stage as maternal Hb is degraded and not replaced by zygotically expressed
Hb. Chromatin immunoprecipitiation (ChIP) is being used to examine the distributions of PcG proteins as well as
repressors, corepressors and activators at gt, in carefully staged embryos during the developmental window at
which repression transitions from Hb to PcG proteins. The ability to do this within a time course analysis from
nuclear cleavage stages and throughout cellular blastoderm will enable us to track the events of initiation of PcG
repression with great detail.

806B
Cyclin G, a link between epigenetic regulation of gene expression and developmental stability? Camille
1
1
1
2
1
Dupont , Delphine Dardhalon-Cuménal , Valérie Ribeiro , Vincent Debat , Frédérique Peronnet , Neel B
1
Randsholt . 1) UMR7622 - Developmental Biology, CNRS-UPMC, Paris, France; 2) UMR7205 - OSEB,
Systematic and Evolution, CNRS-MNHN, Paris, France.
D. melanogaster Cyclin G binds chromatin and behaves as a transcriptional activator of the homeotic gene
Abdominal B. Furthermore, Cyclin G interacts with two chromatin regulators of the Enhancers of Polycomb and
Trithorax (ETP) family, Corto and ASX, via its N-terminal domain. Here we report genetic interactions between
CycG and both Polycomb-group (PcG) and trithorax-group (trxG) genes. Ubiquitous overexpression of CycG
suppresses PcG-like homeotic transformations and enhances trxG-like ones, whereas inactivation of CycG by
RNAi has opposite effects. These genetic interactions correlate with changed expression patterns of the Hox
genes Scr and Ubx, highlighting a role for CycG in Hox gene repression during development. However, we also
show that Cyclin G preferentially binds chromatin in an active state of transcription. Together our data suggest
that Cyclin G acts either as an activator or as a repressor of gene expression, depending on the target gene, the
tissue or the developmental stage. Cyclin G could thus play a role in epigenetic control of transcription similar to
that of an ETP. On the other hand, CycG is also involved in developmental stability, the mechanism that buffers
developmental noise, and participates thus in the remarkable morphological consistency of metazoans. Indeed,
when CycG is overexpressed, developmental noise increases up to 40-fold, as estimated by fluctuating
asymmetry (FA) that measures random deviation from perfect symmetry within a population raised under
standardized conditions. Importantly, we find that such high FA values depend not only on the Cyclin G ETPinteracting domain, but also on PcG and trxG gene dosage, potentially linking the roles of CycG in
developmental stability and in transcriptional regulation. Ongoing work aims at identifying Cyclin G
transcriptional targets by RNA-seq and ChIP-seq. Our results should decipher the links between epigenetic
regulation of gene expression and developmental stability.

807C
Deciphering the functions of Ino80, a chromatin remodeling protein, in Drosophila development. Mohsen
1
2
1
2
2
1
Ghasemi , Vasanthi Dasari , Shruti Jain , Narendra Pratap Singh , Rakesh K. Mishra , Vani Brahmachari . 1)
Dr. B. R. Ambedkar Center for Biomedical Research, Delhi University, Delhi, India; 2) Centre for Cellular and
Molecular Biology, Hyderabad, India.
We have investigated the role of Ino80 (CG31212), a highly conserved chromatin remodeling protein in the
regulation of development in Drosophila melanogaster. We have demonstrated the late embryonic lethality and
misexpression of homeotic genes in Ino80 null mutants. The dINO80 interacts with polycomb as well as the
trithorax complex, implying that dINO80 is an Enhancer of Trithorax and Polycomb Group (ETPG) gene. Ino80
is unique in combining a DNA dependent ATPase and DNA-binding domain. Our studies on the genetic
interaction between Ino80 and different PcG, TrxG and ETPG gene mutations, bolster up our proposal that
Ino80 belongs to ETPG protein. In fly lines containing miniwhite regulated by iab-7 PRE, Ino80 mutant increases
miniwhite expression. We also observe that Ino80 disrupts pairing sensitive silencing (PSS) of iab-7 PRE. To
understand this function of Ino80, we did genetic interaction studies which showed that Ino80 is required for
PcG mediated PSS and confirms that Ino80 is an ETPG. Further in vivo analysis of Ino80 interaction with iab-7
PRE using ChIP-RT strongly suggest that Ino80 has a role in homeotic gene regulation through its interaction
with PREs. In an earlier work, we have identified the DNA binding domain of Ino80 (DBINO) and demonstrated
the interaction of the DBINO domain of human homologue in vitro and identified the sequence motif for
interaction by SELEX. This DNA sequence motif is present at multiple sites within the genome of Drosophila as
deciphered by in silico analysis. While there are several sites for potential interaction with both pho and Ino80,
there are also significant number of sites of interaction of Ino80 only. The pho independent interaction of Ino80
appears to be a clear possibility as we observe that Ino80 localizes to the polytene chromosomes even in the
absence of pho. Our results raise the possibility of Ino80 being a recruiter of PcG and TrxG complexes in the
Drosophila genome.

808A
Polycomb group regulation of engrailed and invected. Judith A. Kassis, Sandip De, Yuzhong Cheng.
NICHD/NIH, Bethesda, MD.
Polycomb group (PcG) genes encode a conserved group of proteins that repress transcription of many key
developmental genes. PcG proteins act in part by modifying chromatin, including tri-methylating histone H3 at
lysine 27 (H3K27me3), a mark diagnostic of PcG action. In Drosophila, PcG proteins are recruited to target
genes via cis-regulatory DNA elements called Polycomb response elements (PREs). The Polycomb regulated
genes engrailed (en) and invected (inv) are juxtaposed in a 115kb chromatin domain marked by H3K27me3.
Our laboratory has characterized 4 major PREs within this domain, two upstream of en and two upstream of the
inv transcription units. In order to understand the role of these PREs in en/inv regulation, we generated deletions
of the en and inv PREs, respectively, in the endogenous locus. Since PcG proteins act as repressors, we
reasoned that these PRE deletions might cause derepression of en/inv. Deletion of either the two en or the two
major inv PREs, did not lead to derepression of en/inv, suggesting the activity of these PREs is redundant.
Chromatin immunoprecipitation (ChIP) studies with H3K27me3 antibody showed no difference in H3K27me3
accumulation within en/inv domain in the PRE mutants. ChIP-seq analysis with anti-Pho and anti-Ph antibodies,
two PcG proteins associated with PREs, identified 6 additional weak binding sites, potential weak PREs, present
in the en/inv domain in both the mutants and wild type. We observe increased accumulation of Pho proteins at
these weak PREs in both the inv and en PRE deletion mutants. Using P-element mediated male recombination,
we obtained a mutant chromosome that deletes all four major en and inv PREs, leaving only the small PcGprotein peaks. Surprisingly, these flies with no major en/inv PREs survive and are fertile. Molecular
characterization of the en/inv PRE double deletion mutant chromosome is ongoing. Finally, although the en
PREs can be deleted at the endogenous locus without effect, deletion of these sequences within a 79-kb HA-en
transgene leads to ectopic expression of the transgene. These data indicate that the en/inv neighborhood
contributes to the stability of PcG repression of these genes.

809B
Identifying new Polycomb group genes by screening for mutations that disrupt pairing-sensitive
silencing. James A. Kennison. Genomics of Differentiation, Eunice Kennedy Shriver National Institute of Child
Health and Human Development, NIH, Bethesda, MD.
To identify new Polycomb group transcriptional repressors, we are screening for EMS-induced recessive
mutations that disrupt pairing-sensitive silencing. New mutations in most of the known Polycomb groups genes
have been isolated in the screen. Mutations in new genes are being mapped by meiotic recombination and the
transcription units identifed by whole genome sequencing.

810C
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Genome-wide functions for Polycomb complexes. Hun-Goo Lee , Yuri Schwartz , Tatyana Kahn , Amanda
3
1
Simcox , Vincenzo Pirrotta . 1) Molecular Biology and Biochemistry Dept, Rutgers University, Piscataway, NJ;
2) Molecular Biology Dept, Umeå University, Umeå, Sweden; 3) Molecular Genetics Dept, Ohio State University,
Columbus, OH.
Polycomb group (PcG) proteins have been studied as epigenetic repressors of diverse developmental
regulatory genes in various organisms. Recent genome-wide analysis revealed that PcG proteins stably bind to
hundreds of genomic loci with strong H3K27me3 enrichment. Unlike the focused enrichment of H3K27me3, our
genome-wide mapping data shows that H3K27me2 is enriched in more than half of the Drosophila genome,
especially at most silent intergenic and coding regions, suggesting that di-methylated H3K27 might have a
transcriptional repressive role across the genome. To address the possibility, we generated an E(z) temperature
sensitive mutant cell line and examined the effects of E(z) inactivation. Upon E(z) inactivation, we observe a
strong transcriptional increase from the H3K27me2-enriched intergenic regions along with significant increases
of H3K27ac and H3K4me1 levels. The intergenic de-repression was dependent on two dUTX-containing H3K27
de-methylase complexes that are associated with the increased active marks. Genome-wide RNA-seq and
ChIP-chip/seq analysis revealed that these effects, increased levels of transcription and active histone marks,
prevailing over the genome, suggesting an antagonistic relationship between E(z) and the dUTX complexes for
regulating chromatin states genome-wide. In addition, PRC1 involvement in the intergenic repression was
indicated by increased intergenic transcription by knock-downs or a mutation of PRC1 components. Moreover, a
significant level of H2Aub1, a repressive mark produced by PRC1, was found in silent intergenic regions. These
results extend the roles of PcG proteins by showing that PcG complexes not only function as master regulators
of several hundred developmental regulators but also set a high inhibitory threshold to suppress the pervasive
intergenic transcription all over the genome.

811A
Dynamic and differential targeting of Polycomb complexes during Drosophila development. Anne-Marie
Martinez, Anna Delest, Aubin Thomas, Bernd Schuttengruber, Samy Sakr, Giacomo Cavalli. Institute of Human

Genetics, CNRS, Montpellier, Languedoc-Roussillon, France.
Polycomb group (PcG) proteins are an evolutionarily conserved set of chromatin regulators implicated in stable
long-term homeotic gene silencing. PcG proteins additionally bind and regulate genes implicated in cell cycle
control or cellular fate determination, suggesting that PcG proteins can be involved in more dynamic regulation
of target genes. Recent studies in Drosophila eye imaginal discs showed that PcG proteins can control cellular
proliferation by repression of signalling genes, and that abrogation of this process promotes tumours.
Interestingly, one of the regulated genes was not found to be a PcG target in embryonic tissues, suggesting that
PcG-mediated gene regulation is dynamic throughout development. To gain a comprehensive view of the
targeting of PcG proteins throughout development and to understand its role during tissue differentiation, we
performed ChIP experiments in eye and wing imaginal discs for components of the PcG complex, PRC1, and
the repressive histone mark H3K27me3 (deposited by the PcG complex, PRC2). Compared to embryo datasets,
we find new classes of PcG target genes based on their ChIP profiles, which may have implications for their
modes of regulation.

812B
Polycomb/ Trithorax group proteins collaborate with Heterochromatin protein 1 to regulate Drosophila
gene expression. Janel Rodriguez, Jamila Horabin. Biomedical Science, Florida State University, Tallahassee,
FL.
A combination of histone modifications, a ‘histone epigenetic code’, is created and modified as needed, to
provide cues for developmental timing and regulation. The Polycomb and Trithorax Groups (PcG and Trx-G)
represent some of the well-studied chromatin remodeling proteins which contribute to this regulation. The two
groups are primarily antagonistic and control patterning of the body axis. Previously with the Kellum lab, we
showed that the major chromatin silencing protein Heterochromatin protein 1a (HP1a), is required for normal
expression of the Drosophila sex determination master gene, Sex-lethal, promoting the recruitment of RNA
polymerase II to its X-chromosome counting promoter which determines sex. Here we extend those results and
show that the PcG/trxG proteins work together with HP1a to regulate Sex-lethal. We find that mutations in
PcG/trxG genes can antagonize or synergize with those in the HP1a chromatin modifying system, suggesting
the two systems work together to influence transcription. This interaction is not unique to Sex-lethal and we find
that in early embryos HP1a is needed for normal histone 3 lysine 27 tri-methylation (H3K27me3) at both the
promoters and gene bodies of several euchromatic genes. However, later in development (third instar larvae)
HP1a is only needed for normal H3K27me3 at active gene promoters. H3K27me3 at inactive genes is not
affected by the loss of HP1a. Our work reveals a novel complex process in which two distinct chromatin systems
collaborate to regulate gene expression; the two chromatin systems do not act separately as convention
suggests, but collaboratively. This interaction may be part of the mechanism by which H3K27me3 is spread en
bloc across silenced genes, a process that, to date, has remained elusive to explain.

813C
A screen of chromatin modifier mutants in Drosophila wing disc regeneration using a non-surgical
ablation system. Yuan Tian, Rachel Smith-Bolton. Cell & Developmental Biology, University of Illinois UrbanaChampaign, Urbana, IL.
Regeneration is a complex yet elegant process that some organisms use to recognize, repair and replace
missing tissue. Imaginal disc regeneration in Drosophila is a powerful experimental system for studying
regeneration due to the genetic tools available in this model organism. Recently, spatially and temporally
controllable genetic ablation methods for inducing wing imaginal disc damage and regeneration have been
developed, enabling forward genetic screens for genes that are important for regenerative growth. Regeneration
ability is assayed by the size and patterning of adult wings generated after tissue damage induced in wing
imaginal discs. Our pilot unbiased forward screen identified known and putative chromatin modification genes as
important for regeneration. Because chromatin modifiers, including Trithorax Group (TrxG) activators and
Polycomb Group (PcG) repressors, control the expression of key developmental regulators, we are also
conducting a candidate screen of known chromatin modifier mutants. Interestingly, we have shown that mutants
of the SWI/SNF complex members brahma, osa and snr1 decrease regeneration capacity significantly. By
identifying the genes regulated by SWI/SNF during wing disc regeneration and dissecting their function during
this process, we expect to learn more about the mechanisms that regulate and promote regeneration.

814A
What makes the X unique: an X-clusive sequence story. Sonal S. Joshi, Victoria H. Meller. Department of
Biological Sciences, Wayne State University, Detroit, MI.
In fruit flies, as in mammals, males have one X chromosome while females have two. This imbalance in gene
dosage is potentially lethal, and is corrected by a process termed dosage compensation. Male flies achieve
dosage compensation by upregulating expression from their single X chromosome approximately twofold. This
process requires the Male Specific Lethal (MSL) complex, which binds transcribed genes on the X chromosome

and modifies chromatin to increase expression. It is currently unclear how the extraordinary selectivity of MSL
complex for X-chromatin is achieved. One hypothesis is that sequences limited to the X chromosome contribute
to X-identification. To test this idea we have designed a functional test for the ability of X-limited DNA sequences
to recruit dosage compensation to an autosomal region. Large autosomal deficiencies that make part of the 2nd
chromosome hemizygous were generated. The dose of genes within the deleted region is reduced, leading to
lethality. DNA sequences to be tested for recruitment of dosage compensation were then inserted on a wild type
second chromosome opposite the deficiency. Our expectation is that recruitment of dosage compensation to the
hemizygous portion of the second chromosome will increase expression and rescue males to adulthood.
Preliminary tests of candidate X-linked sequences show partial rescue, as a few deficiency males are recovered
as pharate adults. Optimization of this system will enable its use as a quantitative measure of the ability of
specific sequences to attract compensation. In the future, this system will be used to dissect the genetic factors
that enable X-linked DNA sequences to attract dosage compensation.

815B
The function of the dosage compensation protein, CLAMP, at the histone locus body. Leila E. Rieder,
Anna Zeidman, Erica Larschan. Molecular Biology, Cellular Biology and Biochemistry, Brown University,
Providence, RI.
The zinc-finger protein CLAMP was recently identified in a genome-wide screen for non sex-specific factors
involved in male X-chromosome dosage compensation. CLAMP colocalizes with MSL complex at the 3’ ends of
active X-linked genes, but also independently localizes to the 5’ ends of active genes throughout the genome in
both males and females. In addition, CLAMP represents one of the most conserved genes in the Drosophila
genome, suggesting an ancient non sex-specific function followed by a more recent co-option of the CLAMP
protein for dosage compensation. Immunostaining of early embryos reveals a distinct puncta in male and female
embryos that does not colocalize with MSL complex. In addition, the CLAMP protein colocalizes with histone
locus body markers. The histone locus body is a conserved nuclear body that forms at the endogenous histone
array locus and is required for the transcription and unique processing of histone mRNAs. However, all of the
factors involved in histone locus body nucleation and transcript processing are not known. Here we explore the
localization of CLAMP to the histone locus body and discuss whether it is due to CLAMP function in nucleation,
transcription, or processing, or simply due to the affinity of CLAMP for sites of active gene transcription.

816C
Cohesin-independent connections between sister chromatids and their relationship to homolog pairing.
Tharanga Niroshini Senaratne, Eric Joyce, Chao-ting Wu. Genetics, Harvard Medical School, Boston, MA.
Following DNA replication, sister chromatids must stay connected for the remainder of the cell cycle in order to
ensure accurate segregation in the subsequent cell division. This important function involves an evolutionarily
conserved group of proteins known as cohesin; any loss of cohesin causes premature sister separation in
mitosis. We examined the role of cohesin prior to mitosis, using fluorescence in situ hybridization (FISH) to
assay the association of sister chromatids in interphase. Because maternal and paternal homologs are tightly
paired in Drosophila, this also allowed us to investigate the role of cohesin in homolog pairing. Surprisingly, we
found that cohesin knockdown did not increase the number of FISH signals in interphase nuclei, suggesting that
sister chromatid cohesion can be maintained with little to no cohesin, and furthermore, that cohesin is not
required for homolog pairing. We present data showing that cohesin-independent linkages are widespread in
Drosophila, unlike in other systems where cohesin-independence has only been observed at specific
chromosomal regions. A recent screen conducted in our laboratory identified many genes regulating homolog
pairing; we show that some of these genes contribute to cohesin-independent cohesion between sisters as well.
We speculate that, in Drosophila, sisters are held together by the same mechanisms as are homologs, an idea
which has implications for the process of homolog recognition and the relationship between pairing and the cell
cycle. This work was supported by NIH/NIGMS grants (RO1GM61936 and 5DP1GM106412) to TNS and to CtW and a Ruth L. Kirschstein National Research Service Award to EFJ from the National Cancer Institute
(F32CA157188).

817A
Investigating the role of chromatin remodeler CHD1 in the nucleolus of D. melanogaster. Lauren S Siems,
Jennifer Armstrong. Biology, Scripps College, Claremont, CA.
Well known as the site of both ribosomal DNA transcription and the biosynthesis of ribosomes, the nucleolus
also houses countless proteins involved in cell cycle, growth regulation, and stress response. CHD proteins
describe a family of chromatin remodelers that utilize the energy of ATP hydrolysis to assemble and remodel
chromatin, contributing to the accessibility of genes to transcription. CHD1 has been known to associate with
active genes, due to co-localization with RNA Polymerase II. While these two aspects of the nucleus appear
distinct, our lab has shown that CHD1 localizes almost exclusively to the nucleolus following heat shock. This
project demonstrates the localization of CHD1 to the nucleolus and investigates the general appearance of the

nucleolus when CHD1 is over-expressed and when CHD1 is absent. Our data from immunofluorescence and
fluorescent in situ hybridization microscopy indicates that the over-expression of CHD1 may affect nucleolar
size, leading to larger nucleoli.

818B
Trans--Activation: A New Epigenetic Phenomenon Responsible for Transcriptional Memory. Davide
Corona, Maria Cristina Onorati, Walter Arancio. STEBICEF, Universita di Palermo, Palermo, Italy.
One central question in epigenetics is to understand how a fully differentiated cell can inherit the complex
pattern of chromatin modifications during mitosis. Although, the semi-conservative replication of DNA can
explain the transmission of some chromatin modifications (i.e. DNA methylation), it still remains unclear how the
complex patterns of chromatin modifications can be inherited during cell division (i.e. histone variants, covalent
and ATP-dependent changes). Over the last decade we have come to the realization that the eukaryotic
chromatin is full of coding and non-coding overlapping transcripts, and that a lot of genetic information is
transacted by coding and non coding RNAs (ncRNAs). In order to unveil the molecular nature of somatic cell
epigenetic memory and the possible involvement of ncRNAs in the maintenance of cellular epigenetic memory,
we used classic Position Effect Variegation assays to check if alleles of the white gene, unable to produce a
functional coding transcript, could genetically modify the eye color variegation caused by an heterochromatin
m4h
inversion of the white gene (w ). Our data show that several white alleles, unable to produce the main coding
m4h
line, thus
transcript but with the potential of transcribing other ncRNA’s, trans-activate the variegation of the w
m4h
increasing eye pigmentation. The presence of a non-functional white alleles causes an increase in the w
m4h
locus. Remarkably, this effect is
gene transcript as well as an opening in the chromatin structure at the w
inheritable over many generation, it relies on the presence of a diffusible factor able to carry and trasfer an
epigenetic information, and is affected by mutations in genes involved in RNAi and PTGS. Our data strongly
suggest that cells can 'sense' the presence of ncRNA’s inherited from their mother cells and can use them to
epigenetically reset their transcriptional program after DNA replication.

819C
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Presence of assymetic CpC methylation in Drosophila melanogaster. Deepti D. Deobagkar , Chitra
1
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Pannikar , Abhyankar Varada , Deshmukh Saniya . 1) Zoology, University of Pune, Pune, India, 411007; 2)
Bioinformatics center, University of Pune, Pune, India, 411007.
DNA methylation is an important signal in the complex cascade of regulation of gene expression. These
epigenetic marks are known to be inherited and have been shown to be involved in many imprinting and lifestyle
diseases. Drosophila has been an excellent model system for molecular genetic analysis of many human
diseases including cancer. However Drosophila seems to lack the canonical CpG DNA methyltransferases
namely the dNMT1 and dNMT3 present in mammals and other eusocial insects and seems to manage with as
little as 0.008-0.01% 5mC in its genome. This raises fundamental questions about the role of DNA methylation
in many life processes in Drosophila. We report presence of CpC methylation in Drosophila along with other
methylated dinucleotides at specific sites in the genome of Drosophila. This asymmetric methylation raises
many issues related to memory and heritability of this epigenetic modification. We also report a novel approach
for detection of native DNA methyltransferase activity in Drosophila. Drosophila thus becomes an excellent
system to evaluate the role of this minimal DNA methylation in development, differentiation and in coordinating
genotype-phenotype modulations through epigenetic interactions.

820A
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Identifying the Genetic Components of Hybrid Sterility in Drosophila virilis. Mauricio Galdos , Alex
1
1
1
Erwin , Chris Harrison , Justin Blumenstiel . 1) Ecology and Evolutionary Biology, The University of Kansas,
Lawrence, KS; 2) Molecular Biosciences, The University of Kansas, Lawrence, KS.
Transposition, natural selection and RNA silencing are three forces that jointly determine transposable element
(TE) proliferation. piRNAs are a class of small RNAs that are essential for epigenetic regulation of TEs in
animals. They are primarily found in the germline, where they control TE mobilization through a Dicerindependent pathway. We previously showed, using the Drosophila virilis hybrid dysgenesis system, that the
degree of sterility in progeny is determined by which inducer chromosome is present in either of the parents. In
our current study, we further tease apart the genetic components of the hybrid dysgenesis syndrome by
investigating the inducing and protecting roles of the telomeric, centromeric and euchromatic regions of the
virilis genome. Bulk segregant analysis was performed on genotype data from flies from an F3 backcross.
Results suggest that inducing and protecting loci are distributed along various chromosomes, each loci
providing a different degree of effect. There also appears to be a strong additive effect for dysgenesis, provided
the right genomic regions from the inducer strain are present. Whole-genome sequencing data was also
analyzed to look for discrete genomic regions associated with the induction of or protection against the hybrid
sterility phenotype. This data allowed us to observe to a much higher resolution which genomic loci are present
from either strain in inducer or protecting parents.

821B
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Defining the roles of chromatin environment in DNA replication origin activation. Brian Hua , Terry Orr1,2
Weaver . 1) Whitehead Institute, Cambridge, MA; 2) MIT Biology, Cambridge, MA.
We are utilizing the Drosophila follicle cell gene amplification system to define how chromatin activates or
represses DNA replication origins in metazoans. During gene amplification, specific origins of replication
undergo repeated rounds of activation at six distinct regions in the follicle cell genome. These Drosophila
Amplicon in Follicle Cells (DAFCs) depend on the same replication factors as used during normal DNA
replication including the Origin Recognition Complex (ORC), DUP/Cdt1, Cdc6, and the MCM2-7 helicase. We
have exploited two biological contexts in which chromatin affects amplification origin firing. First, there are strainspecific differences in ORC binding and amplification at the follicle cell amplicon, DAFC-22B. In more than one
strain, ORC is bound to this region, leading to origin firing. In most strains, however, ORC does not bind and
amplification does not occur. Insertion of the ORC-binding region from the repressed strains at ectopic sites led
to ORC binding and origin firing, demonstrating that the strain-specific effects are due to cis-acting repression.
Sequence comparison of these regions between the amplification-permissive and -repressive strains revealed
limited sequence changes whose function will be evaluated by deletion studies. A second approach takes
advantage of the effect of surrounding chromatin on amplification origins and control elements (amplicons)
inserted at ectopic sites in the genome. The chromatin insulator, Su(Hw), buffers the amplicons from
surrounding chromatin effects. Starting with a collection of amplicons flanked by insulator elements, we
analyzed the effects of surrounding chromatin on these amplicon insertions for those whose ability to undergo
amplification was altered by inactivation of the insulator. Unexpectedly, we found ectopic sites that activate
amplification, as well as the anticipated effect of repression of amplification. By assessing the effect of chromatin
on the localization of key replication components, we have found that one repressive mechanism acts
downstream of ORC binding, blocking MCM loading.
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Evaluation of genes required for cell survival after telomere loss. Rebeccah Kurzhals , Cory Parks , Hailey
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2
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Lowery , Jenny Atanasov , Zachary Lee . 1) Department of Biology, Southeast Missouri State University, Cape
Girardeau, MO; 2) University of California San Diego, California 92093; 3) University of Utah, Salt Lake City, UT
84112.
The telomere cap is a complex of proteins and nucleic acid found at chromosome ends which prevents the DNA
terminus from being seen as a double strand break in need of repair. HP1, HOAP, and HipHop, among others,
are critical components of this capping complex. In most cells, the absence of a single telomere cap is sufficient
to trigger apoptosis. Cells that do not die are likely to experience end-to-end fusions of uncapped ends, leading
to gross chromosomal rearrangements and genomic instability. The apoptotic response to telomere loss is
mediated by the DNA damage response pathway, primarily through Chk2 and p53. Mutation of either of the
genes encoding these proteins allows for the survival and proliferation of cells that have lost a telomere.
Additionally, misexpression of HipHop also allows for cell survival and proliferation of cells that have lost a
telomere. However, even in a wildtype background, a small fraction of such cells manage to evade the apoptotic
response. In order to understand how some cells survive telomere loss we used a technique that allows for
controlled loss of a single telomere during development and screened for genes that affect cell survival. We
identified 5 genes that when misexpressed either enhance or suppress cell survival after telomere loss. One of
the genes identified, chk2, suppresses cells survival specifically after telomere loss when misexpressed, as
predicted based on the loss of function phenotype. When chk2 is misexpressed in a p53 background cell
survival is enhanced. However, misexpression of hiphop had no effect on the enhanced cell death when chk2 is
misexpressed. The other four genes are being evaluated for genetic interactions with the Chk2/p53 pathway and
with misexpression of HipHop in order to elucidate the potential mechanism by which they affect cell survival
after telomere loss.

823A
The SUUR Chromatin Protein Promotes Underreplication Through Inhibition of Replication Fork
1
2
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Progression. Jared T. Nordman , Elena Kozhevnikova , Peter Verrijzer , Alexey Pindyurin , Evgeniya
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Andreyeva , Victor Shloma , Igor Zhimulev , Terry L. Orr-Weaver . 1) Orr-Weaver Lab, Whitehead Inst,
Cambridge, MA; 2) Erasmus Univ. Med. Center, Rotterdam, Netherlands; 3) Netherlands Cancer Institute,
Amsterdam, Netherlands; 4) Russian Acad. Sciences, Novosibirsk, Russia; 5) Dept. of Biology, Massachusetts
Institute of Technology, Cambridge, MA.
During the Drosophila endocycle specific regions in the genome become repressed for DNA replication resulting
in their underreplication. Although it has been established that heterochromatin is underreplicated, other
repressive chromatin regions also are inhibitied for DNA replication in a developmentally regulated manner.
Underreplication is mediated by the chromatin protein SUUR. It is unkown how a single chromatin protein can
so profoundly affect DNA replication during development, and our previous studies suggested that SUUR

influences replication fork progression. The specificity of underreplicated domains raises the possibilty that
replication fork progression is not uniform throughout the genome and highly influenced by chromatin structure.
Here we show that SUUR targets replication forks and inhibits their progression. We have identified Cdc45, a
member of the replicative helicase, as a SUUR-interacting protein. Importantly, we have found that SUUR is
directly localized to, and tracks with, replication forks. SUUR has functional consequences on fork progression.
Whereas loss of SUUR activity results in increased replication fork progression, overexpression of SUUR
inhibits fork progression. Furthermore, SUUR-mediated inhibition of replication forks results in DNA damage
throughout underreplicated domains, consistent with SUUR functioning to destabilize replication forks within a
specific chromatin domain. We propose that SUUR inhibits replication fork progression through condensed
regions of chromatin, providing the first evidence of a eukaryotic protein that targets active replication forks for
inhibition.

824B
Faithful Transmission of Paternal Telomeres Ensured by a Sperm-Specific Chromosomal Protein. Takuo
1
2
1
Yamaki , Glenn Yasuda , Barbara Wakimoto . 1) Department of Biology, University of Washington, Seattle, WA
98195; 2) Department of Biology, Seattle University, Seattle, WA 98122.
In Drosophila melanogaster, telomeres are capped by a multi-protein complex, which includes HP1, HOAP, and
HipHop. Interestingly, the telomere-capping complex in the male germ line differs in composition, with HipHop
being replaced by its paralogous protein, K81. Progeny of K81 mutant fathers exhibit telomere fusions and
arrest development in early embryogenesis. Here, we present our genetic and cytological analysis of another
paternal effect mutant, deadbeat (ddbt), which exhibits K81-like phenotypes. As with K81-derived embryos,
embryos fathered by ddbt males suffer extensive chromosome damage and are lethal. Cytological analysis of
ddbt males has revealed that the sperm-specific capping complex gets assembled during spermatogenesis but
is absent in mature sperm. Genetic mapping has led to the identification of the ddbt gene, which encodes a
sperm-specific chromosomal protein. By fluorescent confocal microscopy, we show that Ddbt colocalizes with
known telomeric proteins post-meiotically and remains localized at telomeres through spermiogenesis. Our data
provide clear evidence that Ddbt functions locally at telomeres independently of a dramatic nuclear
condensation process. Further characterization of Ddbt will enhance our understanding of how paternal
telomeres get packaged for faithful transmission during the dynamic process of spermiogenesis.
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MicroRNA-mediated Regulation of Apoptosis in Drosophila. Chao-Yi Chen , Jian-Chiuan Li , Kun-Nan
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Tsai , Chi-Chuan Li , Hsi-Ju Chen , Haixia Huang , Wan-Hsuan Lin , Bruce A Hay , Chun-Hong Chen . 1)
Institute of Molecular and Cellular Biology, National Taiwan University, Taipei, Taiwan; 2) Division of Molecular
and Genomic Medicine, National Health Research Institutes, Zhunan Mioali, Taiwan, Taiwan; 3) Division Of
Biology, Mc 156-29, California Institute Of Technology, Pasadena, CA. USA; 4) Institute of Molecular Medicine,
National Tsing Hua University, Hsinchu, Taiwan; 5) Institute of Biotechnology, National Tsing Hua University,
Hsinchu, Taiwan.
The regulation of apoptosis is crucial for tissue homeostasis in the presence of environmental stresses, and cell
death is tightly controlled to prevent abnormalities during embryological development. The primary cell death
signaling pathway is linked with multiple regulatory feedback loops that regulate the initiation of apoptosis. The
initiation of apoptosis occurs when the stable equilibrium between the feedback loops is lost. However, the
mechanism through which the cell maintains the inhibition of apoptosis in the presence of apoptotic stimuli
remains unclear. In Drosophila, we found that microRNA -277 controls cell death through the regulation of the
pro-apoptotic genes, head involution defective (hid) and the caspase gene, dronc. We showed that the miR-277mediated inhibition of the cell death pathway in glucose starved cells is terminated following energy
replenishment. Thus, the activity of hid and dronc are regulated by miR-277 during normal development through
a mechanism that allows the reversal of cell death signaling in the presence of apoptotic stimuli.

826A
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MicroRNAs regulates the neuronal and developmental timing. Chu-Ya Cheng , Kun-Nan Tsai , Jian1
3
1
Chiuan Li , Hung-Hsiang Yu , Chun-Hong Chen . 1) Institute of Molecular and Genomic Medicine, National
Health Research Institutes, Zhunan, Taiwan; 2) Institute of Molecular Medicine, National Tsing Hua University,
Hsinchu, Taiwan; 3) Institute of Cellular and Organismic Biology, Academia Sinica, Taipei, Taiwan.
MicroRNAs (miRNAs) are small non-coding RNAs that play the important role during development via regulating
many genes expression. Micro RNA mir-34 is a conserved miRNA that has been reported to involve in cell
death, neuron degeneration and aging. Mir-34 has three isoforms, A form, B form and C form. Compare to the
younger flies, the expression level of B or C form mir-34 is higher than A form. When overexpression mir-34 in
neuron system, there are different effects in central nervous system and peripheral neuropathies. During the fly
development, there at least three minor ecdysone pulses occur in third instar larvae. These hormone pulses are
required for physiological change from larva to a pupal stage. The body size is a physiological checkpoint that

determines whether the larve to commits puparium formation. Once body size is reached the point, the larva will
pupariate within normal time. Overexpress mir-34 larvae result early onset of wandering behavior, and
precocious pupariation. We suspect when mir-34 is overexpressed, the target genes involve in regulating
metamorphosis would be down regulated, the link between neuron and ecdysone signaling will be discussed in
this study .

827B
Unbiased screening by conditional competitive inhibition reveals novel functions of conserved
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Drosophila miRNAs during development and adult behavior. Elizabeth M. McNeill , Tudor A. Fulga ,
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Richard Binari , Julia Yelick , Alexandra Blanche , Matthew Booker , Michael Schnall-Levin , Yong Zhao , Todd
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DeLuca , Fernando Bejarano , Zhe Han , Eric C. Lai , Dennis Wall , Norbert Perrimon , David Van Vactor . 1)
Cell Biology, Harvard Medical School, Boston, MA; 2) Genetics, Harvard Medical School, Boston, MA; 3)
Systems Biology, Harvard Medical School, Boston, MA; 4) Developmental Biology, Sloan-Kettering Institute,
New York, NY; 5) Internal Medicine-Molecular Medicine, Genetics and Cell and Developmental Biology,
University of Michigan Medical School, Ann Arbor, MI; 6) Weatherall Institute of Molecular Medicine, Radcliffe
Department of Medicine, University of Oxford, Oxford, UK.
Although the impact of microRNAs (miRNAs) in development, physiology and disease is well established,
understanding the cellular function of individual miRNAs remains challenging. While competitive inhibitor
molecules are useful for the analysis of miRNA function in vivo, the application of these loss-of-function
strategies has been limited. Here we developed the first comprehensive library of conditional miRNA sponges
(miR-SP) targeting all well-conserved miRNAs in Drosophila, and use this resource to carry out functional
screens during development and adult life. Ubiquitous miR-SP delivery and consequent systemic miRNA
inhibition identified a small and largely novel set of miRNAs underlying viability and external morphology. In
contrast to systemic delivery, tissue-specific silencing of all miRNAs expressed in the muscle tissue revealed
broader miRNA contributions of to the maintenance and function of the adult striated muscle. A direct correlation
between the miRNA abundance and physiological relevance in muscle was not observed, underscoring the
importance of unbiased screens when assessing the contributions of miRNAs to complex biological processes.

828C
Sexual divergence by global and coordinated reductions in microRNA abundance and 3'UTR length in
1
1
1,2,3
spermatogenesis. Yang Shen , Bitao Qiu , Chung-I Wu . 1) State Key Laboratory of Biocontrol, School of
Life Sciences, Sun Yat-sen University, Guang Zhou, P.R. China; 2) Department of Ecology and Evolution,
Univeristy of Chicago, Chicago, USA; 3) Laboratory of Disease Genomics and Individualized Medicine, Beijing
Institute of Genomics, Chinese Academy of Sciences, Beijing, P.R. China.
Key regulatory events initiating sexual divergence have been well characterized. To execute the commands for
sexual divergence, downstream gene expression may require genome-wide regulation, which remains poorly
understood. MicroRNAs (miRNAs), the endogenous RNAs that regulate transcript abundance and translation,
are likely candidates for genome-wide global differentiation between sexes. While highly diverse in their
functions, miRNAs can also be up-regulated or down-regulated collectively. We first surveyed developmental
stages for a global reduction in miRNA biogenesis using reduced expression in components of the miRNA
machinery as a guide. We found that, in mice and Drosophila, both the component proteins of miRNA
biogenesis and the associated RNA binding proteins (RBPs) are greatly reduced in late spermatogenesis.
Furthermore, a concomitant genome-wide shortening of the 3' untranslated regions (3’UTRs) in genes that are
targets of miRNAs and RBPs was observed. This shortening is highly conserved in metazoans, including
nematodes, insects and vertebrates. In conclusion, the entire miRNA regulatory machinery (miRNA biogenesis,
RBPs and the 3'UTRs) appears to be coordinately excluded from regulating the last stage of sperm
development in animals. This large-scale exclusion appears to be a consequence of sex-specific selection at a
stage where sexual divergence is the strongest.

829A
Genome-wide microRNA screening reveals that the evolutionary conserved microRNA-9a regulates
1,2
1,2
body growth by targeting sNPFR1/NPYR. Yoon Seok Suh , Kweon Yu . 1) Bionano Research Center,
KRIBB, Daejeon, South Korea; 2) Department of Functional Genomics, KUST, Daejeon, South Korea.
MicroRNAs (miRNAs) are short and non-coding RNAs (21~23 nucleotides), which destabilize or repress the
translation of target mRNAs via specific binding to their 3’ UTR. miRNAs are involved in various physiological
processes including body growth. In Drosophila, body growth is closely related to insulin signaling. However, a
little is known for the functions of miRNAs in insulin signaling. Therefore, to find miRNAs affecting body growth
by insulin signaling, we performed the gain-of-function screening with the UAS-miRNA library using Dilp2-Gal4
driver. We found that many miRNA affected body growth including microRNA-9a. miR-9a is evolutionary well
conserved because the mature form is perfectly matched from insects to human. To study miR-9a function in
insulin producing cells, we tested phenotypes of Dilp2>miR-9a (overexpression) and Dilp2>miR-9a sponge

(reduction). Body growth was increased in Dilp2>miR-9a sponge and decreased in Dilp2>miR-9a. Insulin
expression also was increased in Dilp2>miR-9a sponge like miR-9a mutants and decreased in Dilp2>miR-9a.
Then, we tried to find a target of miR-9a by several prediction computer programs. One of two hundred target
genes was sNPFR1. In the Western blot analysis, sNPFR1 was increased in miR-9a mutants compared to the
control w- flies. These data indicate that miR-9a regulates insulin expression and body growth through sNPFR1.

830B
Characterization of subtelomeric regions involved in transposable element repression in Drosophila
melanogaster. Amna Asif-Laidin. Université Pierre et Marie Curie, Paris, France.
During the last century, the genome of Drosophila melanogaster population has been invaded by the P element.
Then, a mechanism of repression of P transposition has been established, the P cytotype, which shows an
epigenetic transmission over generations. One copy of the P element inserted in Telomeric Associated
Sequence (TAS) at the 1A cytological site of the chromosome X is able to repress the activity of 80 euchromatic
copies of P element in the genome (Ronsseray et al. 1996; Marin et al. 2000). Parallel to this, a transgenic
model mimicking the repression by the P element has been established: a P transgene inserted in the TAS, can
repress in the female germline, in trans, a homologous euchromatic P transgene. This mechanism has been
called the trans-silencing effect (TSE) and involves the PIWI-interacting RNAs (piRNAs) pathway as well as
heterochromatin formation (Roche and Rio 1998; Josse et al 2007; Poyhonen et al 2012). Those piRNAs are
implicated in the regulation of transposable elements in gonads. TAS are subtelomeric regions composed of non
coding repeated sequences (Karpen and Spradling 1992) and are also known to be a strong producer locus of
piRNAs. Since the TAS locus seems to be a master locus for establishment of the P element repression and the
TSE, we are studying structural and molecular properties of this locus and first results will be shown.

831C
Primary processing and Aub homotypic ping-pong cycle are acting in Drosophila primary
1,2
1
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spermatocytes to produce piRNAs. Emilie Quenerch'du , Amit Anand , Toshie Kai . 1) Temasek Life
Sciences Laboratory, Singapore; 2) National University of Singapore, Department of Biological Sciences,
Singapore.
PIWI-interacting RNAs (piRNAs) represent a class of small RNAs enriched in animal gonads and function for
transposons silencing. Drosophila has three PIWI-family proteins: Piwi involved extensively in primary
processing of piRNAs, and two others, Aubergine (Aub) and Argonaute3 (AGO3), which are involved in the
secondary amplification, the ping-pong cycle. During Drosophila spermatogenesis, these three PIWI-family
proteins show distinct expression patterns; Piwi is mostly expressed in the germline stem cells (GSCs) and the
somatic gonadal cells while Aub and AGO3 are only observed in the germline, where ping-pong amplification
takes place. However, while AGO3 expression is restricted to the GSCs and spermatogonia at the apical tip of
the testis and is absent in primary spermatocytes, Aub can be seen more broadly until the onset of the meiotic
divisions in primary spermatocytes. To understand the peculiarities of the male piRNAs, we characterized the
small RNA libraries from each of these different stages using developmental arrest mutants. Here we report that
distinct piRNA populations are present at different stages of spermatogenesis, targeting distinct transposons. In
addition, we found that the ping-pong cycle was more active in spermatogonia compared to primary
spermatocytes. Indeed, a smaller fraction of the piRNAs from primary spermatocytes displayed the ping-pong
signature, suggesting that primary processing is the prevalent biogenesis mechanism in primary spermatocytes.
Nonetheless, a less efficient ping-pong cycle was found to operate in primary spermatocytes in absence of
AGO3 suggesting that an Aub homotypic ping-pong cycle exists in primary spermatocytes. This work illustrates
the high versatility of the piRNA pathway and provides a developmental dimension to the piRNA biogenesis
mechanisms.

832A
Cosuppression of Adh gene in Drosophila melanogaster by insertion of inducible transgene follows
typical RNAi pathway. Debabani Roy Chowdhury, Utpal Bhadra. Functional Genomics Group, Centre for
Cellular and Molecular Biology, Uppal Road, Hyderabad - 500007, INDIA.
Post transcriptional gene silencing or PTGS is a cellular mechanism for protecting cells against foreign DNA and
active transposons. It operates when multiple copies of the same transgene are introduced in different genomic
locations. It reduces the accumulation of homologous RNA with sequence similarity and this is known as
cosuppression. Cosuppression, quelling and RNA interference are the different terms of PTGS, which is highly
conserved from protozoa to mammals. In Drosophila, multiple copies of Adh full length transgene, inserted at
different locations, showed a gene dosage effect till it reached a threshold which was produced by expression of
close to 5 copies (Pal-Bhadra et al., 2002) of the gene. Once the Adh transcripts reached the threshold, it
triggered rapid degradation of the mRNA. The downstream steps of it exactly followed a similar pattern as found
in RNA interference. To determine the triggering components, we used a heat-inducible system for Adh mRNA
degradation pathway. Two different constructs were used, which were full length transgene and HSP70

promoter-Adh reporter hybrid transgene. In two Hsp70-Adh copies, heat induction increased the Adh transcripts
dramatically as expected; while in 5 copies of Adh, a similar induction decreased RNA level instantly. Our
studies showed that this cosuppression could easily degrade Adh mRNA within 5 minutes of heat treatment.
This rapid but complete RNA turn over process could be the spontaneous response of cell surveillance to viral
infection and transposon silencing. This led to the strong speculation that these transcripts must form structures
in vivo mainly by complementary annealing which followed an endonucleolytic cleavage by RNase III. This might
act as a homology guide for triggering the RNAi-like degradation process.
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Dietary Restriction and the effects of the Syndecan gene on life span in Drosophila. Thanhlong G. Tran ,
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Maria De Luca , Jeff Leips . 1) Dept of Biological Science, UMBC, Baltimore, MD; 2) Dept of Nutrition Sciences,
University of Alabama at Birmingham, Birmingham, AL.
In natural populations, the average life span varies a great deal among individuals. This variation results from
genetic differences among individuals as well as the environments that they are exposed to. For this study, we
use the fruit fly, Drosophila melanogaster, to identify genes contributing to natural variation in life span. In a
previous genome-wide association study identified Syndecan (Sdc) as a candidate gene regulating life span.
Follow up work in the De Luca lab found that reduced Sdc expression in the head. In this study, we used the
GAL4/UAS - RNAi system in Drosophila to validate the effects of the Sdc gene on life span. We found that
reducing Sdc gene expression in the antennae (the main organ of the olfactory system), and (v) gustatory
sensilla of the labellum (increases life span). Recent work in the De Luca lab found that Sdc knockdown in these
tissues reduces the food intake, suggesting that the life span enhancing effects result from a reduced caloric
intake, a well-known mechanism of life span extension.
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Core snRNP splicing factor SmD1 modulates RNA interference in Drosophila. Xiao-Peng Xiong , Krishna
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Kurthkoti , Kung-Yen Chang , Gianluigi Lichinchi , Nabanita De , Anette Schneemann , Ian J. MacRae , Tariq
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M. Rana , Norbert Perrimon , Rui Zhou . 1) Program for RNA Biology, Sanford-Burnham Medical Research
Institute, La Jolla, CA; 2) Department of Integrative Structural and Computational Biology; 3) Department of Cell
and Molecular Biology, The Scripps Research Institute, La Jolla, CA; 4) Howard Hughes Medical Institute,
Department of Genetics, Harvard Medical School, Boston, MA.
RNA interference (RNAi) is an evolutionarily conserved gene regulatory process that operates in a wide variety
of organisms. During RNAi, long double-stranded RNA precursors are processed by Dicer proteins into ~21 nt
small interfering RNAs (siRNAs). Subsequently siRNAs are incorporated into the RNA-induced silencing
complexes (RISCs) that contain Argonaute (AGO) family proteins and guide RISC to target RNAs via
complementary base pairing, leading to posttranscriptional gene silencing. Select pre-mRNA splicing factors
have been implicated in RNAi in fission yeast, worms and flies, but the underlying molecular mechanisms are
not well understood. Here, we show that SmD1, a core component of the Drosophila small nuclear
ribonucleoprotein particle implicated in pre-mRNA splicing, is required for RNAi and antiviral immunity in
cultured cells and in vivo. SmD1 interacts with both Dicer-2 and dsRNA precursors, and is indispensable for
optimal siRNA biogenesis. Depletion of SmD1 impairs the assembly and function of the siRISC without
significantly affecting the expression of major canonical siRNA pathway components. Moreover, SmD1
physically and functionally associates with components of the siRISC, including AGO2, both in flies and in
humans. Notably, RNAi defects resulting from SmD1 silencing can be uncoupled from defects in pre-mRNA
splicing, and that the RNAi and splicing machineries are physically and functionally distinct entities. Our results
suggest that Drosophila SmD1 plays a direct role in RNAi-mediated gene silencing independently of its premRNA splicing activity, and indicate that the dual roles of splicing factors in posttranscriptional gene regulation
may be evolutionarily widespread.
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Circular RNA transcripts in Drosophila melanogaster development. Shannon Hateley , Lior Pachter ,
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Michael Eisen . 1) Department of Molecular and Cell Biology, University of California, Berkeley, CA; 2)
Department of Mathematics, University of California, Berkeley, CA; 3) Howard Hughes Medical Institute,
University of California, Berkeley, CA.
A newcomer to the RNA spotlight, circular RNA (circRNA) is now recognized as a likely regulatory agent
exhibiting complex expression patterns in a variety of organisms. As a class, circRNA shows cross-species
conservation, time and tissue specific expression, and abundance independent of linear isoform counterparts.
These findings strongly indicate a functional role for many circRNAs. While a handful of circular transcripts have
been shown to regulate post-transcriptional gene expression, acting as miRNA sponges during organismal
development, most remain uncharacterized. To begin the steps towards in-depth functional study of circRNA,
we have created a de novo annotation of circRNA in Drosophila melanogaster across multiple developmental
time points using stranded, total RNA-Seq of staged embryos along with a novel, circRNA-specific

computational pipeline. Our method allows for transcript-level abundance estimation of circular transcripts for a
more accurate assessment of circRNA sequence, splicing, and expression across the genome.

836B
Acal, a long non-coding RNA that collaborates with Raw to downregulate JNK signaling during dorsal
closure. Luis Daniel Ríos-Barrera, Juan Riesgo-Escovar. Dev Biology., Neurobiology Inst, Univ Nacional
Autónoma de México, Querétaro, Juriquilla, Mexico.
The Jun N-terminal Kinase (JNK) signaling pathway is highly conserved among metazoa, and one of its most
ancestral functions is epithelium remodeling regulation. In Drosophila, the first of this rearrangements occurs
during embryogenesis, when the laterally-allocated epidermal sheets stretch dorsally until they meet and fuse,
completely wrapping the embryo dorsally. Activation of JNK at the leading edge cells, the dorsal-most row of
epidermal cells, triggers dorsal closure by inducing the expression of cytoskeleton modifiers and by propagating
the signal to adjacent tissues. We have identified a non-coding RNA, acal, that restrains JNK signaling
activation to the leading edge cells. acal is a 2.3 kilobase transcript that is enriched in nuclear fractions, and is
processed into several fragments ranging from 50 nucleotides upwards. Our results show that acal is expressed
in the epidermis before and during dorsal closure stages. In acal mutants, JNK signaling is ectopically activated
in more lateral epidermal cells, and this ectopic activation courses with disorganized stretching of the epidermis.
Restoring acal wild type expression to the lateral epidermis is sufficient to rescue dorsal closure defects. We
also show that acal expression is decreased in raw mutants. raw is a pioneer gene that codes for a JNK
antagonist in the lateral epidermis. Genetic interactions between acal and raw are consistent with both genes
acting together, since the acal mutant phenotype is enhanced in a raw sensitized background. Simultaneous
over-expression of raw and acal in the thorax disrupts thoracic closure, an epithelial remodeling process taking
place during metamorphosis, dependent on JNK signaling. Finally, an acal sensitized genetic background
suppresses the raw thoracic over-expression phenotype. These results show that raw relies in acal at least in
part to down-regulate JNK signaling. Funding: PAPIT #IN200313-24, CONACYT #177962 and PhD fellowship
#229328.

837C
Tropomyosin protein expression is regulated by a novel coding region determinant. Nathan Boin, Jessica
Williams, Aaron N Johnson. Dept of Integrative Biology, University of Colorado Denver, Denver, CO.
Muscle function requires a host of structural genes that direct contractility and muscle morphology. Although the
transcriptional regulatory networks that drive myogenesis have been studied in detail, the mechanisms by which
sarcomeric proteins are expressed in precise stoichiometric ratios remains unknown. We recently showed that
the RNA binding protein Hoi polloi (Hoip) is required for the expression of multiple sarcomeric proteins including
Myosin heavy chain, Tropomyosins, and Troponins in embryonic striated muscle (Johnson et al., 2013
Development 140: 3645). mRNAs encoding sarcomeric proteins showed a dramatic down regulation in hoip
mutant embryos however the molecular function for Hoip during myogenesis remained unclear. To identify the
molecular mechanism by which Hoip regulates myogenesis, we generated a series of intron-containing, tagged
minigenes from the Tropomyosin 2 (Tm2) coding region. Protein expression from the Tm2 minigenes required
hoip in embryonic somatic muscle and in cultured S2 cells. Surprisingly, Hoip enhanced minigene protein
expression but not minigene splicing in vitro. We performed a deletion analysis and identified a 250bp coding
region determinant immediately downstream of the Tm2 start codon that is necessary and sufficient for Hoip to
promote minigene protein expression. Our results suggest that sarcomeric mRNAs contain coding region
regulatory sequences that are recognized by Hoip and that post-transcriptional regulation via these sequences
establishes the correct ratio of sarcomeric proteins. Our on going studies are aimed at characterizing the precise
molecular function of the Tm2 coding region determinant and at identifying the proteins that Hoip interacts with
to regulate myogenesis.
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Analysis of the nuclear localisation of castor-mRNA in Drosophila melanogaster. Antje Juengling ,
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Melanie Homberg , Kathrin Fischer , Joachim Urban . 1) Institute of Genetics, University of Mainz, Mainz,
Germany; 2) TRM Leipzig, Dpt. for Cell and Development Biology, Leipzig, Germany.
During development of the nervous system in Drosophila melanogaster dividing Neuroblasts (NBs) give rise to
neurons and/or glia. The temporal identity of each NB after its division is controlled by a group of sequentially
expressed transcription factors, which are inherited by the NB‘s progeny cells. One window is specified by the
castor (cas)-gene, which encodes a C2H2-zincfinger transcription factor. Analyzing the subcellular localisation of
cas-mRNA in the embryonic and larval nervous system we found an accumulation in the nucleus after
transcription which is followed by a release between mitotic ana- and telophase. This nuclear localisation of the
mRNA might be a mechanism in controlling the time point of protein synthesis since we detect Cas protein only
after the mRNA has left the nucleus. Ectopic expression of cas-mRNA outside of the nervous system reveals
that the underlying localisation mechanism is not CNS-specific. To identify the sequence motif being responsible

for blocking the nuclear export process we analyzed the mRNA localisation of different UAS-controlled castor
constructs after ectopic expression within the embryonic epidermis. Thereby we were able to narrow down the
nuclear retention signal to the first kb of the cas coding sequence. Simultaneously we are performing a RNAi
screen in the 3rd instar larval brain of Drosophila, searching for RNA-binding proteins, which are possibly
involved in the retention of cas-mRNA in the nucleus.

839B
Identification of a conserved motif in mRNAs that localize to RNA islands during Drosophila
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embryogenesis. Stephanie Yee , Michelle Kowanda , Xiao Li , Quaid Morris , Howard Lipshitz , Eric Lecuyer ,
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Paul Lasko . 1) Biology, McGill University, Montreal, Quebec, Canada; 2) Molecular Genetics, University of
Toronto, Toronto, Ontario, Canada; 3) Computer Science, University of Toronto, Toronto, Ontario, Canada; 4)
RNA Biology, Institut de Recherches Cliniques de Montreal, Montreal, Quebec, Canada.
During early Drosophila embryogenesis, post-transcriptional control of gene expression is essential for directing
development. The posterior localization of maternal transcripts to the pole cells of the embryo establishes a
molecular asymmetry, which is necessary for germ line specification. According to two ongoing large-scale in
situ hybridization screens performed on Drosophila melanogaster embryos, a small fraction of maternally
contributed mRNAs localize to the pole cells (Lecuyer et al., 2007; Tomancak et al., 2007). The posterior
localization of those transcripts that later enrich in the pole cells can be divided into three distinct categories: 1)
localization to the pole plasm during oogenesis, 2) enrichment to the pole plasm followed by formation of RNA
islands around pole cell nuclei in the stage 3 embryo, and 3) accumulation in the pole cells by stage 4. Using
fluorescent in situ hybridization, we found that most mRNAs that accumulate in D. melanogaster pole cells also
do so in D. simulans and D. virilis. We have used bioinformatics tools to identify a consensus motif which is
enriched within the 3’UTR of D. melanogaster mRNAs that localize to RNA islands. The functional significance
of the putative motif is currently being tested by expressing transgenes with the motif disrupted in the 3’UTRs of
gcl and pgc, two mRNAs that contain the motif, and assessing for defects in RNA localization. Altogether, our
studies will provide further mechanistic insight into germ cell development through the identification of
conserved sequences and structural motifs.

840C
Distinct neural mRNA decay kinetics in Drosophila embryogenesis. Dana A Burow, Maxine Umeh, Michael
Cleary. Quantitative and Systems Biology, University of California, Merced, Merced, CA.
Traditional models of gene expression during development implicate a complex network of transcription factors.
However, increasing evidence suggests post-transcriptional regulation via mRNA decay is critical for precise
temporal and spatial control of protein expression. This is evidenced in the nervous system where generation of
cellular diversity and neuron morphology require rapid turnover or specific stabilization of transcripts for proper
development. Our novel technique, TU-decay, allows for tissue-specific measurement of mRNA decay in vivo
without chemical or genetic inhibition of transcription. TU-decay is a pulse-chase assay that employs
biosynthetic labeling of nascent RNA transcripts with thiouridine. Using TU-decay, we compared whole embryo
and neural-specific, genome-wide mRNA decay kinetics. Transcripts with increased stability in the nervous
system are enriched for processes including axon pathfinding, dendrite morphogenesis or axoplasmic transport,
while those that show decreased stability are enriched for processes including signal transduction, proliferation,
transcriptional regulation or apoptosis. We also found correlations between transcript stability and function:
mRNAs encoding locally translated proteins, such as those found in axon growth cones or dendrites, have long
half-lives, while mRNAs encoding cell fate, cell cycle or transcriptional regulators have short half-lives.
Computational searches for cis-regulatory elements among transcripts with similar decay kinetics identified
miRNA target sequences, the Pumilio recognition motif, as well as putative novel regulatory elements. Taken
together, these data define a role for complex mRNA decay regulatory networks in essential aspects of
embryonic nervous system development.

841A
Stable intronic sequence RNAs (sisRNAs) in Drosophila melanogaster. Jun Wei Pek, Eugene Gardner,
Joseph Gall. Embryology, Carnegie Institution, Baltimore, MD.
In the frog Xenopus tropicalis, the oocyte nucleus contains a class of stable intronic sequence RNAs (sisRNAs)
that are maternally inherited. Here we show that sisRNAs exist in Drosophila melanogaster. By deep
sequencing of maternally deposited RNAs in early embryos, we identified 50 sisRNAs. Drosophila sisRNAs are
transcribed from the coding strand and are ~150 to 1000 nucleotides (nt) long. They map to all four
chromosomes and do not cluster at particular chromosomal loci. sisRNA derived from the regena (rga) locus is
stable for at least ~1.5 to 2 hours after transcription inhibition by actinomycin D. The rga sisRNA localizes to
both the nucleus and cytoplasm. Interestingly, some of the sisRNAs vary in abundance during development and
in adult gonadal and somatic tissues. Evolutionary conservation and broad expression patterns of sisRNAs
imply that they may play regulatory functions in adults and during development. .

842B
New RNA-seq and RNAi data on the function of alternatively spliced exons in the complex Drosophila
dumpy gene. Amber Carmon, Ross MacIntyre. Dept Molec Biol & Genetics, Cornell Univ, Ithaca, NY.
Dumpy, the largest euchromatic gene in Drosophila, encodes a gigantic protein located in the extracellular
matrix. It has 78 exons. Dumpy mutations affect one or more of three different phenotypes: wing shape (oblique
or dp o mutants), tendon cell - cuticle attachment (vortex or dp v mutants) or viability (lethal or dp l mutants).
Almost all of the sequenced 48 dumpy mutants are nonsense mutations or lesions that generate downstream
nonsense codons, even in those mutants affecting only one or two of the three phenotypes. RNA-seq data from
adult females and males identified many alternatively spliced junctions, and wing disc tissue showed even more
unique splice junctions. But perhaps the most intriguing aspect of the data were the numerous back-splices we
discovered. We are currently determining if these back-spliced transcripts are important for the function or
regulation of the dumpy gene. With regard to RNAi, we have tested many different Gal4 drivers on RNAi’s
directed against exons 6, 7, 11, 15, 24, 34, 48, 68, and 77. Drivers expressed in embryos or the trachea, as
expected, kill the flies but at different developmental stages depending upon the exon being inactivated. Drivers
active in the wing disc produce viable adults with oblique wings. The RNAi’s expressed in the larval and pupal
wing disc reveal a new phenotype, namely pupal lethality. Also coexpressed RNAi’s against certain dumpy
exons and the mini-dumpy gene on the X chromosome. This is the only other Drosophila gene encoding the socalled dumpy domain. This may indicate if the products of the two genes interact during development.

843C
Analysis of alternative splicing in Drosophila using RNA-sequence data. Lauren Gibilisco, Qi Zhou,
Shivani Mahajan, Doris Bachtrog. University of California, Berkeley, Berkeley, CA.
Alternative splicing creates transcriptome and proteome diversity and has been widely studied in mammals and
Drosophila melanogaster, but much less is known about alternative splicing in other Drosophila species. Our
current work investigates alternative splicing in D. pseudoobscura, D. miranda, D. albomicans, and D. nasuta.
We aim to form a better understanding of the magnitude and evolution of alternative splicing in Drosophila by
using RNA-sequence data from different tissues, stages, and sexes to characterize alternative splicing within
and between species.

844A
Decreased expression of 9G8 and sex determination genes alter lipid droplet morphology and
1
3
2
3
triglyceride levels in larvae. Bijal C. Kakrecha , Robert M. Gingras , Spencer Ng , Justin R. DiAngelo , Alexis
2
Nagengast . 1) Biology, Widener Univ, Chester, PA; 2) Biochemistry and Chemistry, Widener Univ, Chester, PA;
3) Biology, Hofstra Univ, Hempstead, NY.
The fat body of Drosophila responds to different nutrient conditions and controls overall energy metabolism by
regulating long-term storage of triglycerides in structures called lipid droplets (LDs), thereby serving a function
similar to liver and adipose tissue in mammals. Previous genome-wide RNAi screens in Drosophila cells
identified mRNA splicing factors as playing a role in LD formation; their decreased expression results in the
production of fewer LDs. Using RNAi knockdown experiments under GAL4-UAS control in the fat body of larvae,
we have identified several splicing factors that control lipid storage in vivo. Knockdown of the SR protein 9G8 in
the larval fat body is male lethal and decreases triglyceride levels. To further probe the role of 9G8 in controlling
lipid storage, LD morphology was assessed by staining 9G8 RNAi fat bodies with the lipid stain BODIPY. Fat
body-specific knockdown of 9G8 results in smaller LDs compared to control fat bodies. Previous in vitro studies
have implicated 9G8 in the control of doublesex (DSX) splicing by binding to transformer (TRA) and
transformer2 (TRA2) to regulate sex determination. To determine whether DSX, TRA or TRA2 play a role in lipid
accumulation, triglyceride assays and LD staining was performed on fat bodies lacking these genes. Triglyceride
levels were comparable in control and DSX, TRA and TRA2 knockdown animals and TRA or TRA2 RNAi had
little effect on LD morphology; however, decreasing fat body DSX leads to an increase in LD size. Interestingly,
double mutants of 9G8 and the sex determination genes had a more drastic LD and triglyceride level phenotype
than 9G8 alone. Together, these results suggest a link between mRNA splicing, sex determination and lipid
metabolism and may provide insight into the mechanisms underlying tissue-specific splicing and nutrient storage
in the fat body.

845B
A phylogenetic study of Drosophila splicing assembly chaperone RNP-4F associated U4-/U6-snRNA: a
revised secondary structure. Jack C. Vaughn, Sushmita Ghosh, Jing Chen. Dept Biology, Miami Univ, Oxford,
OH.
The rnp-4f gene in Drosophila encodes nuclear protein RNP-4F. This protein is represented by homologs in
other eukaryotic species, where it has been shown to function as an intron splicing assembly factor. Here, RNP4F is believed to initially bind to a recognition sequence on U6-snRNA, serving as a chaperone to facilitate its

association with U4-snRNA by intermolecular hydrogen bonding. RNA conformations are a key factor in
spliceosome function, so that elucidation of changing secondary structures for interacting snRNAs is of
considerable interest. Among the five snRNAs which participate in removal of spliceosomal introns, U6-snRNA
is the most structurally dynamic and may constitute the catalytic core. Previous studies by others have
generated potential secondary structures for free U4- and U6-snRNAs, including the popular Y-shaped U4-/U6snRNA model. This model was based on study of RNAs from very few species, and remains to be
systematically re-examined with reference to the many new sequences generated by genomic sequencing
projects. We have utilized a comparative phylogenetic approach on 60 diverse eukaryotic species, which
resulted in a revised and improved U4-/U6-snRNA secondary structure. This general model is supported by
observation of abundant compensatory base mutations in every stem, and incorporates more of the nucleotides
into base-paired associations than in previous models, thus being more energetically stable. We have
extensively sampled the eukaryotic phylogenetic tree to its deepest roots, but did not find genes potentially
encoding either U4- or U6-snRNA in the Giardia and Trichomonas databases. Our results support the
hypothesis that nuclear introns in these most deeply rooted eukaryotes may represent evolutionary
intermediates, sharing characteristics of both group II and spliceosomal introns. An unexpected result of this
study was discovery of a potential competitive binding site for Drosophila splicing assembly factor RNP-4F to a
5’-UTR regulatory region within its own pre-mRNA, which has been proposed to play a role in negative feedback
control.

846C
A new non-spliceosomal nuclear intron class in Drosophila rnp-4f. Yaqi Wang, Sushmita Ghosh, Angila
Simone, Amy Feiber, Jack Vaughn. Biology, Miami University, Oxford, OH.
Introns are transcribed DNA segments which are excised from the primary transcript by splicing together the
flanking exons. Major eukaryotic intron classes include the GU/AG and AU/AC spliceosomal introns, selfsplicing group I and group II introns, tRNA introns, and the hac1 (yeast)/xbp1 (Drosophila and human) gene
intron class which plays a role in the unfolded protein response. Drosophila rnp-4f is a nuclear gene containing
nine classical spliceosomal introns which encodes an evolutionarily conserved protein functioning as a
chaperone enabling association between U4- and U6-snRNAs during spliceosome assembly. During an
extensive screen of polyadenylated EST clones from a cDNA library derived from D. melanogaster
developmental stages, we unexpectedly found transcripts containing an identically spliced 58-nt segment from
some 0-4 h embryo clones. Excision of this intron causes a frame-shift which completely changes the encoded
C-terminus and results in a long unique 83 amino acid sequence tract. This intron does not conform to any of
the major intron classes, and does not arise from a second rnp-4f gene. We have identified several correlations
between the Drosophila xbp1 gene intron and that of the novel rnp-4f intron: (1) both produce rare mRNA
transcripts; (2) intron splicing in both creates a frame-shift which results in a long unique C-terminal amino acid
sequence; (3) both are flanked by a short direct repeat (C-Y-G-C-N-G-C in xbp1 and C-C-C-A-C-C in rnp-4f); (4)
both excision sites occur in a single-strand region 3-nt from a conserved stem-loop at the 5’-splice junction; and
(5) a conserved intronic secondary structure in both brings the 5’- and 3’-ends into close proximity for
subsequent ligation. Intron excision in hac1/xbp1 mRNAs is via Ire-1 endonuclease (Drosophila CG45830),
while the putative rnp-4f endonuclease remains to be discovered. We have made an antibody specific to the
long unique C-terminal 83 amino acid sequence, which should enable locating sites within fly embryos where
this event occurs and to eventually determine its functional significance.

847A
The effect of ALS-associated TDP-43 mutations on active translation of specific RNAs using polysome
1
1
1,2,3
profiling and RNA-seq. Scott G Daniel , Antony Pearson , Daniela C Zarnescu . 1) Molecular and Cellular
Biology Dept, University of Arizona, Tucson, AZ; 2) Neuroscience Dept, University of Arizona, Tucson, AZ; 3)
Neurology Dept, University of Arizona, Tucson, AZ.
Amyotrophic Lateral Sclerosis (ALS) is a progressive, degenerative motor neuron disease with no known cure.
A hallmark pathological feature, found in over 90% of cases, is the presence of TDP-43 proteinaceous
inclusions. TAR-DNA binding protein - 43 kDa is a RNA/DNA binding protein that was discovered in 1995
through its role of transcriptional silencing of HIV. TDP-43 has subsequently been discovered to regulate the
alternative splicing of the Cystic Fibrosis disease-causing gene, CFTR. It is also known to be associated with
RNA transport granules in neurons and stress granules in all cells. While there have been hints that TDP-43 has
a role in translational control, no direct evidence exists at this time. To investigate the potential role of TDP-43 in
regulation of neuronal gene expression we set out to identify mRNAs that are dysregulated at the level of
translation in a Drosophila model of ALS. The model is based on TDP-43 overexpression using the Gal4-UAS
system. In motor neurons, TDP-43 overexpression leads to locomotor defects, reduced survival and altered
neuro-muscular junction morphology; these phenotypes bear remarkable similarities to the human disease.
Next, we fractionate flies into polysome-bound and non-polysome bound RNAs. Changes in levels of activelytranslating mRNAs are then being interrogated by RNA-seq. We expect specific mRNAs, especially those found

to be previously associated with neuronal disease, to be differentially translated in the context of TDP-43
overexpression. Additionally, these changes could be modulated by whether or not the overexpressed TDP-43
harbors mutations associated with ALS. Finally, we expect genetic and biochemical interactions already
discovered in our research to be confirmed by these translational changes. We are currently testing candidate
translational targets, including futsch, using qPCR and will present our progress.

848B
Orb and Wispy cooperate in the cytoplasmic polyadenylation of grk mRNA during oogenesis. Amanda
Norvell, Lauren Langbein, Kristen Randolph, Letitia Thompson. Dept Biol, Col of New Jersey, Ewing, NJ.
The pattern of the dorsal-ventral (D-V) axis of the egg and future embryo is dependent on the correct distribution
of Gurken (Grk) protein within the developing oocyte. Proper spatial and temporal expression of Grk protein is
achieved through several post-transcriptional mechanisms, including the cytoplasmic localization of grk mRNA
and regulation of its translation. During later stages of oogenesis, when the (D-V) axis is established, grk mRNA
and protein are tightly localized to the future dorsal-anterior corner of the oocyte, while unlocalized grk
transcripts are translationally repressed. One mechanism for regulating translation of other mRNAs is through
cytoplasmic deadenylation and polyadenylation. Indeed, the CPEB protein Orb is required for appropriate Grk
protein accumulation, suggesting that cytoplasmic polyadenylation of grk mRNA may have a role in its
translational regulation. Using a PCR based polyA tail length assay, we have found that grk mRNA is
underadenylated in orb mutants. Furthermore, females carrying mutations in wispy (wisp), a GLD-2 poly(A)
polymerase, lay eggs with slight patterning defects that are consistent with suboptimal levels of Grk protein at
the D/A corner of the oocyte. grk mRNA is also underadenylated in ovaries from wisp mutant mothers.
Mutations in wisp enhance the ventralizing effects of a dominant negative orb allele, suggesting that Orb and
Wisp function together in the cytoplasmic polyadenylation of grk mRNA once it has reached the dorsal anterior
corner of the oocyte. Finally, to assess whether the translational repression of unlocalized grk is achieved
through regulated deadenylation-adenylation, we have analyzed grk mRNA poly(A) tail length in a variety of
conditions. Initial experiments indicate that translationally-repressed grk transcripts, for example in spnF oocytes
or associated with the RNA-binding protein Squid (Sqd), are underadenylated. These findings suggest that
regulation of Grk protein translation is, in part, achieved through poly(A) tail length alterations.

849C
gurken (grk) mRNA is alternatively polyadenylated. Letitia Thompson, Amanda Norvell. Biology, The College
of New Jersey, Ewing, NJ.
During Drosophila oogenesis, the TGF-alpha protein Grk is responsible for patterning the dorsal-ventral (D-V)
axis of the egg and future embryo. Consequently, Grk distribution within the ovary is tightly controlled and the
spatial and temporal regulation of Grk protein activity is, in part, achieved through post-transcriptional
mechanisms. While investigating whether any aspects of Grk regulation are mediated through alterations in the
polyadenylation of grk mRNA, we found that there are two major polyadenylated grk transcripts in the ovary that
differ by approximately 15 nucleotides in the 3' UTR. The grk 3' UTR contains two polyadenylation signals,
which are both conserved in Drosophila simulans, suggesting that these transcripts may be the result of
alternative polyadenylation. Current efforts involve analyzing expression of the two grk transcripts during
oogenesis, in order to assess whether they are developmentally regulated, as well as detecting whether they
are differentially expressed in mutants known to have disrupted Grk activity. Finally, to determine whether there
are functional differences between these transcripts, we are generating flies carrying deletions of the individual
polyadenylation signals.

850A
The RNA export pathway and regulation of tissue specific gene expression. Simona Caporilli, Yachuan
Yu, Jianqiao Jiang, Helen White-Cooper. Sch Biosci, Cardiff Univ, Cardiff, United Kingdom.
The Nxf/Nxt (TAP/p15) RNA nuclear export pathway is important for export of most mRNAs from the nucleus.
This protein complex associates with RNAs after initial processing, and escorts the mature mRNA through the
nuclear pore to the cytoplasm. Nxt1 is essential for viability; using a partial loss of function allele we reveal an
unexpected role for this gene in tissue specific transcriptional regulation. Many Drosophila testis-specific
mRNAs require Nxt1 for their accumulation, and the transcripts are undetectable in mutant testes. This is
despite normal, cytoplasmic, accumulation of most transcripts in the mutant testes. We have found that
transcripts that require Nxt1 are a subset of those that require a testis-specific transcription complex, tMAC.
Loss of Nxt1 leads to male sterility as a result of reduced transcription of tMAC targets, and reduced stability of
the transcripts produced. A reporter transcript from a tMAC-dependent promoter is under-expressed in Nxt1
mutants, however the same transcript accumulates in mutants if driven by a tMAC-independent promoter. Thus,
in Drosophila primary spermatocytes, the transcription factor used to activate expression of a transcript, rather
than the RNA sequence itself or the core transcription machinery, determines whether this expression requires
the RNA export factor Nxt1. We propose a mechanism in which a feed forward - feed back loop between

transcription factors and transcript processing components increase activity of a tissue specific transcription
complex. Transcripts from intron-less genes are more sensitive to loss of Nxt1 function than those from introncontaining genes. We relate this to the finding that genes without introns are expressed at higher levels in testes
than genes with introns. Nxt1 partial loss of function also leads to pupal lethality, with a phenotype reminiscent
of defects in the response to ecdysone. Preliminary results suggest a defect in transcription of some ecdysone
responsive genes in these animals. We have also begun to investigate the underlying mechanism of female
sterility of Nxt1 mutants.

851B
Three-dimension magnetic resonance microscopy of the Drosophila brain at 10 micron isotropic
1,2
2
2,3
resolution. Pedro Fernandez-Funez , Choong Lee , Steve Blackband . 1) Dept Neurology, Univ Florida,
Gainesville, FL; 2) Dept. Neuroscience, Univ. of Florida, Gainesville, FL; 3) National High Magnetic Field
Laboratory.
Despite its late introduction in the 1970s, magnetic resonance imaging (MRI) has become a critical tool for
imaging internal structures and diagnosing disorders of soft tissues, particularly the brain. The major advantage
of MRI is that it is non-invasive and uses non-damaging magnetic fields, which has spurred an explosion of
clinical applications, including functional imaging. The typical clinical MRI uses 1.5T magnets that produce
moderate resolution of around 1 mm. High-resolution MRI or MR microscopy (MRM) using very potent magnets
(>10T) has found many applications in basic research, including longitudinal studies of mouse brains at 65 μm
and simple cultured cells at <5 μm. The Drosophila brain is an ideal model to further develop MRM technology
to image the complex architecture of small intact organisms. Two recent attempts to image Drosophila by MRM
delivered no details of the internal brain anatomy. By applying several technical upgrades, including highly
sensitive microcoils, we acquired MRM of a Drosophila head at 10 μm isotropic resolution using endogenous
contrast by two different imaging methods. MRM produced, for the first time, unprecedented detail of the
microarchitecture of the Drosophila brain and other internal head structures. 3D fast low angle shot (FLASH)
revealed strong signal of most internal structures, including retina, lamina, head muscles, and the brain.
Interestingly, FLASH produced a stronger signal in the brain cortex than in the neuropil. In contrast, diffusion
weighted imaging (DWI) demonstrated high contrast among neuropil subdomains, providing exceptional details
of the modular architecture of the neuropil. The improvements in MRM sensitivity described here produced the
highest resolution of an intact animal head reported so far, expanding the potential applications of MRM in
research with small animals. We are currently testing the ability of MRM to detect neuronal loss and tumorous
growth in the Drosophila brain.

852C
Computational tissue labeling: Tissue and Cellular Recognition in Developing Drosophila Embryos.
1
2
2
1
2
1
Soile V E Keränen , Jonathan T Barron , Pablo Arbeláez , Mark D Biggin , Jitendra Malik , David W Knowles .
1) Lawrence Berkeley National Laboratory, Berkeley, CA; 2) University of California Berkeley, Berkeley, CA.
A major challenge in building an in silico atlas of embryogenesis is identifying the components of each embryo
and quantifying differences in morphology between embryos. We have created a technique that uses images of
embryos stained only to label DNA as a guiding map to computationally detect tissues at cellular resolution
without the need for tissue-specific chemical labeling. The technique relies on a novel “Pyramid context” feature
algorithm that ascribes a unique set of spatial features to every image position. A set of 28 DNA-stained embryo
images were annotated by hand to outline the locations of ten tissues. Pyramid context features were then
calculated for 14 embryos for each tissue and used to train linear classifiers that recognize the same tissues in
the other 14 images. Once the tissues were located, tissue-specific segmentation algorithms were applied to
define the position and extent of each nucleus within each tissue. Our computational labeling correctly
recognizes 78% to 97% of nuclei in the test images, depending on the tissue. For each tissue, we find that there
is a significant variation in the number of nuclei between embryos that correlates with the volume of the tissue,
implying that much of this measured variation is due to biology and not due to errors in our methods. We also
find differences between the shape and morphology of the left and right salivary glands and the left and right
anal pads, but not between left and right pharyngeal muscles, suggesting tissue specific differences in body
asymmetry. Such morphological variation has not been measured previously, establishing that even relatively
simple interrogation of our embryo morphology atlas can provide revealing insights.

853A
Ultrastructural characterization of cytokinesis and abscission in polarized epithelia cells using
advanced TEM approaches. Irina Kolotueva, Emeline Daniel, Roland Le Borgne. IGDR, Rennes, France.
Unlike non-epithelial cells, little information is available on cytokinesis and abscission in polarized epithelial
cells. Adhesion between neighboring interphasic cells plays critical role in the positioning of the contractile ring
during epithelial cell cytokinesis. How adhesive interfaces are remodeled throughout mitosis maintaining
epithelial integrity? How midbody matures towards abscission? To overcome complications related to small size

of midbody and abscission remnant, we combine in vivo live-imaging microscopy with TEM. We developed new
TEM approaches to overcome caveats related to Drosophila TEM preparation: orientation and targeting of
region of interest (ROI). We combine chemical fixation, HPF-FS and Tokuyasu cryo-sectioning preparation
techniques to characterize the fine details of cytokinesis and abscission in epithelial cells of the wing imaginal
disc and pupal notum. Novel method of ROI localization permits more efficient preparation of sections and
acquisition of large sampling numbers in short time. We combine large volume acquisitions using block face
SEM system to reconstruct in 3D cell division intermediates at the ultrastructural level and serial sections
alignment and tomography to resolve high fine details of the process. To track abscission steps, we combine our
TEM data with live-imaging dynamics studies of the contractile ring and junctions components. We demonstrate
that the midbody (~600nm wide) forms apically where it is tightly connected to neighboring interphasic cells. As
it moves towards the basolateral pole, it matures into an intercellular bridge (~280nm wide) that still connects
divided cells and their neighbors. This bridge is internalized through the complex remodeling of the membranes
and is internalized into one of the cells. We use immuno-TEM cryo-sections to localize components of midbody
and intercellular bridges. Similarly, we analyze several mutants that were previously proposed to play a role in
abscission process. We believe that developed tools will make TEM analysis of Drosophila wild type and
mutants more accessible.

854B
Microfluidic culturing for studying morphogenesis and gastrulation in live Drosophila embryos. Thomas
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J Levario , Bomyi Lim , Jiyuan Ding , Stanislav Y Shvartsman , Hang Lu . 1) School of Chemical and
Biomolecular Engineering, Georgia Institute of Technology, Atlanta, GA; 2) School of Chemical and Biological
Engineering and Lewis-Sigler Institute for Integrative Genomics, Princeton University, Princeton, NJ.
Developing embryos undergo an array of intricate and highly coordinated cell movements during embryogenesis
in order to form the complex structures of the adult. In the Drosophila embryo, gastrulation is the first major
morphogenetic process wherein the ventral furrow invaginates to form the mesoderm and anterior endoderm.
Studies aimed at understanding how this process is regulated by the dorsal-ventral patterning system have
been limited, mainly due to technical difficulties associated with imaging the dorsal-ventral plane directly in live
embryos. Here, we present a microfluidic device that is capable of orienting hundreds of live embryos in an endon position for high-throughput imaging of gastrulation and morphogenesis. Using genetically-encoded,
fluorescently-labeled proteins we quantified the timing of several biological processes (e.g. nuclear cycle timing)
and therefore confirm that embryos develop at a normal rate within the microfluidic device. Using both singleand multi-photon confocal microscopy we imaged developing embryos for up to 6 hours within the device, and
demonstrate how the device can be used to study morphogenesis in general, and investigate the effects of
ethanol exposure on gastrulation.

855C
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The Transgenic RNAi Project (TRiP): new resources, online tools and validation data. Ian T. Flockhart ,
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Yanhui Hu , Charles Roesel , Richelle Sopko , Marianna Foos , Colleen Kelley , Noemie Ammeux , Norbert
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1
Perrimon , Stephanie E. Mohr , Lizabeth Perkins . 1) Harvard Med Sch, Boston, MA; 2) HHMI, Boston, MA; 3)
Northeastern U, Boston MA.
RNAi is an important tool in the researcher's toolbox. Mapping reagents to targets is an essential component of
RNAi experiments. However, as gene annotations are refined and updated, experimenters are faced with both a
growing list of targets that may be relevant to the current question and the need to continually re-evaluate
targets and potential off-targets of RNAi reagents. Moreover, when new data shows that reagents do not match
the intended target or do not confer robust knockdown, new reagents are needed. To help researchers identify
appropriate reagents for RNAi, we developed a set of complementary resources openly available to the
community. The Transgenic RNAi Project (TRiP, http://flyrnai.org/trip) generates transgenic fly lines for in vivo
RNAi screening. Currently 7600+ TRiP fly stocks targeting 5600+ genes are available at the Bloomington
Drosophila Stock Center. The RSVP (RNAi Stock Validation and Phenotypes, http://flyrnai.org/rsvp) provides
information about phenotypes and knockdown for transgenic RNAi stocks (TRiP, VDRC, NIG Japan), based on
experimental results contributed by our group and the community. For TRiP lines alone, RSVP already includes
results for 4800+ stocks (3500+ genes). Community data can be submitted directly via a web interface or, for
large data sets, submitted to RSVP staff for curation and upload. UP-TORR (Updated Targets of RNAi
Reagents, http://flyrnai.org/up-torr) is a continuously updated database of RNAi reagents based on the latest
FlyBase release. FlyPrimerBank (http://flyrnai.org/FPB) is a collection of qPCR primer designs with at least 3
primer pairs per gene. FPB provides sequence information coupled with details of the specific region targeted.
Community data about primer results is requested and displayed at FPB. Together, these resources help
researchers assemble collections of reagents for screening, as well as evaluate reagents and view results.

856A
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Development of novel CRISPR tools for genome editing in Drosophila. Benjamin E. Housden , Yanhui Hu ,
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Charles Roesel , Ian Flockhart , Shuailiang Lin , Colleen Kelley , Rong Tao , Michael Buckner , Laura
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Holderbaum , Stephanie Mohr , Norbert Perrimon . 1) Department of Genetics, Harvard Medical School,
Boston, MA; 2) Howard Hughes Medical Institute, Harvard Medical School, Boston, MA; 3) Northeastern
University, Boston, MA.
The CRISPR/Cas9 system is a recently developed technology that is revolutionizing our ability to edit genomes
in situ in many organisms. To take advantage of this technology in Drosophila, we have developed a number of
tools allowing simple design of CRISPR reagents and methods for efficient genome modification both in vivo
and in cultured cells. First, we have produced two online tools; one consisting of a library of all possible gRNA
target sites with associated off-target predictions and possible screening methods; and another allowing highthroughput analysis of high-resolution melt data for detection of genomic changes. The tools are available at the
Drosophila RNAi Screening Center (DRSC) website www.flyrnai.org and the DRSC is now offering services to
support genome engineering. We have tested many different gRNA sequences in order to optimize design
requirements for maximized efficiency whilst minimizing off-targets. Second, we have for the first time, produced
homozygous gene knockouts in Drosophila S2R+ cells, allowing for reduced false positive and negative rates
when compared to RNAi assays. Using these novel methods, we have produced a Drosophila cell culture TSC
related tumor model that displays many of the characteristics associated with mammalian tumor systems.

857B
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Genome engineering and RNAi resources at the Drosophila RNAi Screening Center. Stephanie E. Mohr ,
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Yanhui Hu , Ian T. Flockhart , Quentin Gilly , Michael Buckner , Benjamin E. Housden , Gerald Marsischky ,
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Charles Roesel , Shuailiang Lin , Bahar Yilmazel , Kirstin Rudd , Norbert Perrimon . 1) Dept Gen, Harvard
Med Sch, Boston, MA; 2) Northeastern University, Boston, MA; 3) Howard Hughes Medical Institute, Boston,
MA.
The Drosophila RNAi Screening Center (DRSC; www.flyrnai.org) supports RNAi screens and other projects
through reagent design and production; reagent and library distribution; off-site and on-site screen options;
screen data management and analysis; and development of online tools for functional genomics. Here we
present newly developed libraries, approaches and online tools at the DRSC. For cell-based RNAi screening,
we have added new focused libraries targeting autophagy-related genes, membrane-bound organelle-related
genes and genes encoding RNA binding proteins. The libraries have optimized plate layouts and multiple
reagent-per-gene coverage. In response to community input we have updated our ortholog prediction tools
DIOPT (www.flyrnai.org/diopt) and DIOPT-DIST (www.flyrnai.org/diopt-dist), worked to integrate tools (such as
by adding a button that ‘carries forward’ a list of results from DIOPT to our RNAi reagent identification tool UPTORR, www.flyrnai.org/up-torr), and developed additional new online tools. We will also discuss our rapidly
developing responses to new technologies for genome engineering, including a new online tool for search and
view of pre-computed CRISPR guide RNA designs (flyrnai.org/crispr) and new bench services for CRISPR and
TALEN approaches.

858C
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A versatile toolbox for CRISPR/Cas-mediated engineering of the Drosophila genome. Fillip Port , Hui-Min
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Chen , Tzumin Lee , Simon Bullock . 1) MRC Laboratory of Molecular Biology, Cambridge, United Kingdom; 2)
Janelia Farm Research Campus, HHMI, Ashburn, VA.
Traditional methods to precisely modify the Drosophila genome are time consuming and labor intensive.
CRISPR/Cas is a powerful system for precise genome engineering based on sequence specific double strand
breaks. Non-homologous end joining at these breaks can lead to site specific mutations, including deletions,
while homology directed repair can allow the incorporation of custom designed sequences. Here, we present a
toolbox for CRISPR/Cas-mediated genome engineering in Drosophila. We have generated a series of
transgenic Cas9 strains, as well as expression vectors for the delivery of guide RNA (gRNA) by either injection
of DNA, RNA or following transgene integration in the genome. We describe combinations of Cas9 and gRNA
sources that give different rates of mutagenesis and can be active in a ubiquitous or germline restricted fashion.
Whereas highly active ubiquitous CRISPR/Cas can reveal mutant phenotypes without the need to establish
mutant lines, lower activity and germline restriction enables transmission of mutations in essential genes. Our
reagents are freely available to the academic community (www.crisprflydesign.org).

859A
High performance gene expression profiling of D melanogaster, and host-parasite interactions. MM
1
1
1
1,2
Kańdula , S Shridhar , N Stralis-Pavese , DP Kreil . 1) Chair of Bioinformatics, BOKU University, Vienna,
Austria; 2) School of Life Sciences, University of Warwick, U.K.
Microarrays have become the standard for genome-wide expression profiling. While RNA-Seq excels at the
discovery of novel splice forms, microarrays have the advantage that probes can be designed for the most
informative sequence regions. In complex transcriptomes, this brings higher measurement precision. Optimal
probes jointly maximize sensitivity and specificity. We here report a novel high performance probe set for

expression profiling of D melanogaster, using a model-based global optimizing probe-design pipeline
established earlier. Taking advantage of the latest gene annotations and advances from next-generation
sequencing, we cover 53,546 unique targets with high specificity, profiling > 90% of all known D melanogaster
genes from the latest FlyBase release. We discriminate > 32,000 alternative transcripts, including many
thousand non-coding RNAs / lncRNAs. As a novelty vs standard microarrays, we also cover the known
parasites of Drosophila, including virus, Wolbachia, and other bacteria. This is of immediate interest to the study
of host-parasite interactions. Also for regular Drosophila expression profiling, this built-in test allows the
identification and removal of infections as external confounding factors. We also avoid interactions with RNAi
construct sequences of the VDRC for compatibility with profiling of RNAi knock-down experiments. Probes
match both the w1118 strain that is used as the genetic background for a number of popular libraries and the D
melanogaster reference strain. The array is currently employed in RNAi perturbation experiments, and is also
available pre-publication to collaborators. Please contact us.

860B
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New methods for translational profiling of sensory neurons of Drosophila larvae. Andrew Bellemer ,
2
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Sherry Tang , W. Daniel Tracey . 1) Department of Anesthesiology, Duke University, Durham, NC; 2)
Department of Biology, Duke University, Durham, NC; 3) Department of Neurobiology, Duke University,
Durham, NC; 4) Department of Cell Biology, Duke University, Durham, NC.
A major goal of sensory neurobiology is to identify the genes that govern the transduction of sensory stimuli. Of
specific interest is determining the mechanisms that allow different classes of neurons to respond to different
modalities of stimuli. For example, how do gentle touch receptors detect innocuous mechanical stimuli, and how
do these mechanisms compare to those that allow detection of noxious mechanical stimuli? These questions
are particularly relevant to the diverse sensory functions of the multidendritic (md) neurons of Drosophila larvae.
The class I md neurons (mdIs) mediate proprioception, the class III md neurons (mdIIIs) mediate responses to
gentle touch, and the class IV md neurons (mdIVs) mediate responses to noxious mechanical and thermal
stimuli. A major step in identifying those genes underlying sensory neuron function will be to obtain an
expression profile of each neuron class. In mammals, zebrafish, and Drosophila, affinity purification of tagged
ribosomal subunits has made it possible to extract polysomal RNAs from specific cells. We have extracted cellspecific RNAs from the multidendritic neurons of wild-type and mutant Drosophila larvae via affinity purification
of polysomes (and their associated RNAs) containing a VFP-tagged L10Ab ribosomal protein subunit expressed
in specific md classes using the GAL4/UAS system. The transcripts purified will be subject to RNA-seq and
quantitative real-time PCR analysis to identify translational profiles and quantify the relative levels of enriched
transcripts. These data will be cross-validated with previous transcriptomic analyses of the md neurons
conducted using laser capture microdissection and microarray. Enriched transcripts identified will provide
targets for further analysis of the molecular mechanisms of nociception, mechanosensation, and proprioception.

861C

1

2,3

A Synthetic Non-amplyfing RNAseq Carrier. Peter A. Combs , Michael B. Eisen . 1) Biophysics Grad
Group, UC Berkeley, CA; 2) Molecular and Cell Biology, UC Berkeley, CA; 3) HHMI, UC Berkeley, CA.
Our lab has invested much effort into sequencing progressively smaller mRNA samples, first from a time-course
of single embryos, and more recently from spatially-restricted sections of an embryo. We have pushed the limits
of current technology, but believe we are currently at an impasse due to unavoidable losses during library
preparation, rather than during sequencing itself. We have successfully demonstrated that pooling different
species with the RNA of interest can surmount the minimal RNA quantity requirements while preserving the
patterns of interest; however, this approach essentially dilutes the "interesting" sequence reads obtained.
To overcome this effective dilution, we have developed a synthetic, poly-adenylated carrier that mimics natural
mRNA, is compatible with standard Illumina mRNA sequencing protocols, but is able to be removed from the
final libraries prior to HT sequencing using a sequence-specific nuclease. We have demonstrated that this
carrier does not significantly bias the final measured gene expression levels. This carrier is cheap and simple to
generate, accommodates sample volumes at least an order of magnitude smaller than previous limits, and
should be broadly applicable to the study of mRNA expression within and between embryo sections or tissues
from individual flies.

862A
Large-scale identification of chemically induced mutations in Drosophila melanogaster . Nele A.
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Haelterman , Lichun Jiang , Yumei Li , Vafa Bayat , Berrak Ugur , Kai Li Tan , Ke Zhang , Danqing Bei , Bo
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Xiong , Wu-Lin Charng , Hector Sandoval , Shinya Yamamoto , Manish Jaiswal , Koen J.T. Venken , Rui
1,2
1,2,4,5
. 1) Developmental Biology Program, Baylor College of Medicine, Houston, TX; 2)
Chen , Hugo J. Bellen
Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, Tx; 3) Medical Scientist
Training Program, Baylor College of Medicine, Houston, Tx; 4) Program in Structural and Computational Biology
and Molecular Biophysics, Baylor College of Medicine, Houston, Tx; 5) Howard Hughes Medical Institute; 6)

Department of Biochemistry and Molecular Biology, Baylor College of Medicine, Houston, Tx.
Forward genetic, chemical mutagenesis screens have proven to be very successful in defining the function of
hundreds of genes in flies. The main drawback of this strategy is the tedious and time-consuming identification
of the molecular lesions that are causative of the phenotype and thus remain difficult to adopt for highthroughput screens. With the recent progress and cost reductions in Whole Genome Sequencing (WGS), it is
now possible to sequence hundreds of different mutant strains. Though this can be done in a fairly short time
span, detecting the causative mutation among thousands of polymorphisms remains a challenge. We have
sequenced 385 mutant strains, generated in a forward genetic chemical mutagenesis screen for essential genes
on the Drosophila X-chromosome. We developed algorithms and strategies to reduce the number of candidate
mutations from an average of ~54,000 to 35 single nucleotide variants per mutant chromosome. The developed
methods will facilitate mapping of genes on all chromosomes. By combining WGS with a rough mapping method
based on large duplications, we mapped 267 (69.4%) mutations. We show that these mutations are causative
using small 80kb duplications to rescue the phenotype. More than Eighty percent of the mutations identified
represent the first EMS-mutations for the affected genes. Our findings demonstrate that rough mapping with
WGS dramatically expands the toolkit necessary for assigning a function to all essential genes.

863B
Prediction of genetic interactions from high-throughput RNA-Seq of Drosophila deletion collections.
1
2
3
2
1
Hangnoh Lee , Dong-Yeon Cho , Steven Russell , Teresa Przytycka , Brian Oliver . 1) National Institute of
Diabetes, Digestive, and Kidney Diseases, National Institutes of Health, Bethesda, MD; 2) National Center for
Biotechnology Information, National Institutes of Health, Bethesda, MD; 3) Department of Genetics, University of
Cambridge, Cambridge, United Kingdom.
Screening for genetic modifiers, such as enhancers or suppressors, is a classic approach to identify genes
acting as near neighbors in pathways. Df kits have been particularly valuable for these studies, however, the
method is impossible to apply when there are no mutants for the gene of interest. In our study, we used gene
expression profiles as the phenotype and directly modeled the sensitized genetic background response in gene
networks. We performed mRNA transcriptional profiling on 99 hemizygotic lines (Df/+) from the DrosDel project
covering 68% of chromosome 2L. We traced the Df/+ perturbation to the rest of the transcriptome and extracted
functional modules summarizing the sensitized genetic background. Our study has predicted genetic
interactions of ~9K genes in adult females and males. For example, in females, we identified known modifiers of
Notch and Delta, such as lid, and predicted novel modifiers, including Ac3. The Df/+ flies with altered Notch and
Delta expression showed altered expression of ovary-biased modules in the network models, suggesting the
tissue where the interaction occurred. As another example, we identified Df/+ females with altered ovo and
D
ovarian tumor (an OVO target gene) expression. These Dfs also modify the phenotype of ovo /+ females,
suggesting that dominant genetic interactions can be predicted by expression profiling. This provides a powerful
tool to supplement forward genetic tests by creating testable catalog of predicted genetic interactions.

864C
High-speed robotic system for handling live non-anesthetized adult Drosophila melanogaster for
1,2
1,3
1,2
biological research. Joan Savall , Eric Tatt Wei Ho , Mark Schnitzer . 1) James H. Clark Center for
Biomedical Engineering & Sciences, Stanford University, Stanford, CA; 2) Howard Hughes Medical Institute,
Stanford University, Stanford, CA; 3) University Teknologi PETRONAS, Malaysia.
In many types of experiments with live fruit flies, the handling and preparation of the flies are commonly ratelimiting steps, as it is often important to example substantial numbers of flies regarding their anatomical,
morphological or physiological traits. Human operators can excel at manipulating individual flies without damage
and with sufficient precision to permit inspection of anatomical detail. However, the time required to manually
select, pick and tether the body of the fly often limits the number of experiments on individual flies that may be
performed. We present a high-speed robotic system for handling and preparing non-anesthetized adult
Drosophila Melanogaster for biological research. We created a specially designed robot that uses machine
vision algorithms to track and pick an individual fly and hold it by the thorax. The robot can find the targeted pick
position in ~100 ms and capture the fly in ~400 ms. Captured flies can move their legs and wings and respond
to sensory stimuli while tethered to the robot. The robot can rotate the fly around the yaw axis, translate it in
three spatial dimensions, or release it to freedom. Thus, the robot can pick and release multiple individual flies in
a rapid, serial fashion. These capabilities permit the automated execution of a wide array of tasks in the
preparation of fruit flies. To illustrate the capabilities of our instrumentation for automatically identifying fly traits,
the robot sorted flies by sex and achieved >99% accuracy. The robot can also perform high-throughput
behavioral assays, such as by picking and then holding individual flies while they fly in place or walk on a
trackball. Overall, our robotic tool should facilitate basic fly biology research by enabling new experiments, as
well as a concomitant improvement in the throughput of biological data acquisition.

865A
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Modeling a gene's expression from its intergenic sequence. Md A Hassan Samee , Tara Lydiard-Martin ,
3
1,2
Angela DePace , Saurabh Sinha . 1) Dept of Comp Sci, Univ of Illinois, Urbana, IL; 2) Institute for Genomic
Biology, Univ of Illinois, Urbana, IL; 3) Dept of Systems Biology, Harvard Med School, Boston, MA.
Modeling a gene's expression from its intergenic locus and trans-regulatory context is a fundamental goal in
computational biology. State of the art sequence-to-expression models of individual enhancers do not apply to
the entire locus flanking a gene of interest, owing primarily to the poorly understood mechanisms that integrate
such information across the locus. Here we report the first quantitative model of a gene’s expression pattern as
a function of its locus. The model automatically detects potential enhancers in the given locus (tens of Kbp
long), predicts their individual readouts using a thermodynamic treatment of protein-DNA and protein-protein
interactions, and learns a weighted combination of these readouts to fit the gene expression pattern. The new
model effectively captures the expression patterns of 27 genes - most of which are expressed in complex, multistripe patterns - in the anterior-posterior patterning system of early Drosophila embryo. We find that the
enhancers selected for each gene overlap strongly with its experimentally characterized enhancers, if known.
We also find, within the modeled loci, segments that may drive ectopic expression and hence are avoided by the
model. Our model can predict the specific TFs that pattern a given stripe of the gene and the inferred TF-stripe
networks agree remarkably with the experimental results known to date. We also analyze whether our assumed
independence between enhancers is necessary for the modeled genes. We find specific cases where model fits
are inferior when sites in one enhancer are allowed to influence another enhancer’s readout, hinting at unknown
mechanisms that ensure enhancer independence that actively avoid interference between enhancers. Finally,
we apply the model to unpublished data on a set of synthetic constructs where eve 3/7 and 4/6 enhancers are
fused with different orientations and spacing, to reveal new insights into information integration across and
within enhancers.

866B
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Automated Image Annotation of Drosophila Embryos. Qian Sun , Stuart Newfeld , Sudhir Kumar ,
1,2
Jieping Ye . 1) Center for Evolutionary Medicine and Informatics, Biodesign Institute, Arizona State University,
Tempe, AZ; 2) School of Computing, Informatics, and Decision Systems Engineering, Arizona State University,
Tempe, AZ; 3) School of Life Sciences, Arizona State University, Tempe, AZ; 4) Center of Excellence in
Genomic Medicine Research, King Abdulaziz Univ, Jeddah, Saudi Arabia.
With the rapid accumulation of available images generated by high throughput technologies, it is imperative to
design effective computational methods to analyze images capturing spatial patterns of Drosophila gene
expression, which is a prerequisite for efficient generation of biological insights into gene functions, interactions
and networks. The analysis of the spatial patterns of gene expression is most biologically meaningful when
images are taken under the same projection as well as during a similar development time point. Thus, the
critical first step is determining the embryo projection (e.g., lateral or dorsal) and the developmental stage of an
embryo, which are also needed to observe and analyze expression changes from stage to stage over
developmental time. In addition, to facilitate text based search of gene expression patterns, it is imperative to
build an automated system to annotate images with anatomical and developmental ontology terms using a
controlled vocabulary. We present an efficient classifier applying new machine learning algorithms to
automatically divide the embryo images into different projections. For each projection, we build an automated
computational system to annotate developmental stage for Drosophila embryos images. Our system is able to
determine the development timing of embryos de novo with high accuracy (79%) via the stage demarcations. It
also predicts more finely differentiated developmental sub-stages (e.g., Early versus Late periods for a given
stage), which informs about the relative timing of gene expression. To automatically annotate and compare
spatial patterns of individual genes at a particular developmental stage under certain projection, we also present
a computational framework to perform anatomical keywords annotation for Drosophila gene expression images
with high accuracy (75%).

867C
Annotation of genes on the Drosophila biarmipes dot chromosome using comparative genomics. Alison
Dubé, Benjamin Reid, Genevieve St Martin, Tiffany Turner, James E.J. Bedard. Department of Biology,
University of the Fraser Valley, Abbotsford, BC, Canada.
Through the Genomics Education Partnership undergraduate student research initiative we generated gene
models using evidence-based annotation of genomic sequences spanning 85 kb on the dot chromosome of D.
biarmipes. In Drosophila the distal portion of the dot chromosome is of interest due to having heterochromatic
characteristics but maintains a gene density similar to euchromatic regions. D. biarmipes contig 52 contained
two putative gene orthlogs: mGluRA and CG32016. The mGluRA gene is responsible for G-protein coupled
glutamate receptor signalling. Protein identity is well conserved with the D. melanogaster sequence at about
85% and the same number of isoforms is shared between species. CG32016 currently has no known molecular
function; and had the same number of isoforms as the D. melanogaster gene but the sequence was not as
highly conserved, with only around 70% protein identity and length differences of up to 10 amino acids. Contig

67 contained three putative gene orthologs: CG33521, Kif3C, and pho. CG33521 is involved in zinc ion binding
and its isoforms had a protein identity around 64%, with as much as a 28 amino acid difference compared with
D. melanogaster. The Kif3C gene is involved in ATP and microtubule binding. Kif3C shared five isoforms
between species with a 71% protein identity and length difference of 26 amino acids. The pho gene plays a role
in sequence-specific DNA binding transcription factor activity, as well as DNA and metal ion binding. It had a
protein identity of 64% and 11 more amino acids compared with D. melanogaster. Overall, the five putative
orthologs found in D. biarmipes showed high similarity with the D. melanogaster genes. These findings will help
contribute a better understanding of the characteristics and evolution of the dot chromosome within Drosophila.

868A
GeneSeer Aids Drug Discovery by Exploring Evolutionary Relationships Between Genes Across
Genomes. Douglas D. Fenger, Matthew Shaw, Philip Cheung, Tim Tully. Bioinformatics Department, Dart
NeuroScience, San Diego, CA.
Homologous relationships facilitate drug discovery by mapping gene/protein function between and within
species, allowing functional predictions of novel or unknown genes. Additional benefits of cross-species
mapping include the following: use of paralogs for selectivity/specificity screens to eliminate drug side effects,
translation of pathway information from model organisms to humans, and allowing comparison and combination
of data from different species. GeneSeer (http://geneseer.com) is a publicly available tool that leverages public
sequence data, gene metadata information, and other publicly available data to calculate and display
orthologous and paralogous gene relationships for all genes from several species, including yeast, insects,
worms, vertebrates, mammals, and primates including humans.
GeneSeer calculates homology relationships and its interface is designed to help scientists quickly predict
important attributes such as additional closely related family members and paralogous relationships. It is a
useful tool for cross-species translational mapping and enables scientists to easily translate hypotheses about
gene identity and function from one species to another. We have validated GeneSeer versus Homologene, the
homolog prediction tool from NCBI. The results show that GeneSeer is as good as, if not better than,
Homologene. Finally, a comparison of features shows GeneSeer to be the most feature rich when compared to
alternative homology tools.

869B
FlyExpress 6: Discovering cis-regulatory motifs by integrative analysis of sequence and spatiotemporal
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patterns of expression. Charlotte E. Konikoff , Bremen Braun , Maxwell Sanderford , Qian Sun , Thomas
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Brody , Jieping Ye , Sudhir Kumar . 1) Center for Evolutionary Medicine and Informatics, Biodesign Institute,
Arizona State University, Tempe, AZ; 2) School of Computing, Informatics, and Decision Systems Engineering,
Arizona State University, Tempe, AZ; 3) National Institutes of Health, Neural Cell-Fate Determinants Section,
Bethesda, MD; 4) School of Life Sciences, Arizona State University, Tempe, AZ.
The FlyExpress knowledge-base is a unique digital library of standardized images and a search engine to find
co-expressed genes in the developing embryo. We now translate the discovery of co-expressed genes into the
detection of candidate cis-regulatory motifs by means of our novel Quantitative Sequence Expression
Regression (QSER) method, which directly relates genomic sequences of co-expressed genes with their degree
of spatial expression similarity. As implemented in FlyExpress, we find this method produces excellent results,
especially when the frequencies of conserved motifs are contrasted in genes exhibiting low and high expression
overlap in developmental space and time. FlyExpress provides biologists with facilities to customize the
evolutionary conservation threshold and specify the length and quantity of motifs to find. Furthermore,
FlyExpress provides link-outs to a variety of sequence analysis tools (such as the MEME Suite) to aid in
downstream validation. QSER analyses will also be available via the myFX desktop software, which allows
biologists to automatically process and analyze images depicting embryonic gene expression. In summary,
these new computational methods and tools are meant to enable scientists to carry out integrative, data-driven
analysis of expression and sequence data and facilitate discovery of functional, genetic, and regulatory motifs
that underlie interactions among genes and genomic elements. FlyExpress can be accessed at
www.flyexpress.net and myFX can be downloaded from the same URL.

870C
A website consolidating multiple Drosophila species genome data. Virginie Orgogozo. Institut Jacques
Monod, CNRS UMR7592, Paris, France.
In addition to the first 12 Drosophila species whose genome has been sequenced, genomic data from eight
other species has recently been released (D. biarmipes, D. bipectinata, D. elegans, D. eugracillis, D. ficusphila,
D. kikkawai, D. rhopaloa, and D. takahashii). Due to the decrease in sequencing costs, a wealth of additional
Drosophila species are now being sequenced by individual laboratories. For example, we recently sequenced
the genome of four cactophilic fly species that belong to the nannoptera group. We will discuss the creation of a
new web site that will provide a compilation of the completed and ongoing genomic projects of fly species

(transcriptome or whole genome) that we are aware of. This web site will also host a BLAST server to search
within a few unpublished genomes generously provided by researchers. Biologists with ongoing genomic
projects involving unusual Drosophila species are invited to come and discuss the implementation of the web
site.
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A proposed standardized Drosophila thoracico-abdominal ganglion nomenclature. Douglas Armstrong ,
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Jana Börner , Gwyneth Card , Robert Court , Marta Costa , Michael Dickinson , Carsten Duch , Wyatt Korff ,
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Richard Mann , David Merritt , Rod Murphey , Shigehiro Namiki , Andrew Seeds , David Shepherd , Troy
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Shirangi , John Tuthill , James Truman , Darren Williams . 1) HHMI- Janelia Farm; 2) School of Informatics, U.
of Edinburgh; 3) School of Biol. Sci, Bangor University; 4) Biological Sciences, Florida Atlantic University; 5)
Dept. of Genetics, U. of Cambridge; 6) Dept. of Biology, U. of Washington; 7) Univ. of Mainz; 8) Biochemistry
and Molecular Biophysics, Columbia University; 9) School of Biological Sciences, The University of Queensland;
10) Department of Neurobiology, Harvard Medical School; 11) MRC Centre for Developmental Neurobiology,
King's College London.
Although there are published descriptions of the anatomy of the thoracico-abdominal ganglion (TAG) of adult
Drosophila, the recent resurgence of interest in this region of the fly nervous system coupled with the growth of
imaging technologies motivated our effort to provide an updated anatomical description and propose a
systematic nomenclature. Here we present a consensus view on the names and boundaries of morphologically
and developmentally distinct regions of the fly TAG, aka the Ventral Nerve Cord (VNC). We used multilayer
confocal images of the Janelia Gal4 driver-line collection and monoclonal antibodies labeling the neuropile to
align individual lines with a standard isotropic TAG then computationally reconstructed and defined the precise
anatomical structures and boundaries in 3D. In addition, we are collaborating with FlyBase to incorporate our
reviewed nomenclature into the Drosophila anatomy ontology they use in curation. Our close relationship with
FlyBase and Virtual Fly Brain will ensure that both our revised nomenclature and 3D anatomical models are
widely available and are integrated with other published data. Our goal is to facilitate the community’s continued
contributions to this framework and ensure this comprehensive resource is available to enable consistent
analysis of anatomical data from different studies.

872B
High rates of background mutagenesis induced by the hsFLP-FRT targeted deletion method. David R
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Andrew , Robert Kraft , Alvin J Clark , Judith Tello , Monica Chaung , Elise Blackmore , Frank Valdes , Linda
1,2
L Restifo . 1) Center for Insect Science, University of Arizona, Tucson, AZ; 2) Department of Neuroscience,
University of Arizona, Tucson, AZ.
During an effort to create a specific second-chromosome deletion by hsFLP-mediated recombination, we
inadvertently used a stock that was mislabeled in the Exelixis Collection. Based on the actual location and
orientation of the FRT sites in the parental chromosomes, no recombinant chromosomes could have been
recovered, yet among the progeny of 60 lines that were established, we identified eight lethal second
chromosomes. These map to five complementation groups, potentially representing five different essential
genes, with various lethal phases from early larval to late pupal. One complementation group includes two
independent alleles derived from different mothers, and another mother transmitted mutant alleles of two
different genes. In a subsequent experiment using the intended transposons, we recovered both the expected
deletion and duplication chromosomes, as well as lethal alleles of at least two additional complementation
groups. In other words, the commonly used hsFLP-FRT recombination method appears to have a very high rate
of background mutagenic activity. In an attempt to discover the molecular nature of this activity, we employed
whole-genome sequencing (WGS) of the original eight homozygous mutants and the transposon-bearing
parental strains. WGS yielded data with an average of 8.4-fold coverage for the 10 genomes. We used ~50,000
second-chromosome SNPs that differentiate between the parental lines to reveal compelling evidence of
excessive recombination. Moreover, several recombination breakpoints are common between different mutant
chromosomes, suggesting the presence of hotspots. Further analysis of the genomic DNA sequence data is
focused on discovering deletions or rearrangements that may disrupt essential genes. All investigators using the
hsFLP-FRT technique for making targeted deletions should be aware of the high level of background
mutagenesis inherent in the technique.

873C
Regulated, inducible Cre for spatio-temporal mosaic analysis in Drosophila. Sougata Roy, Songmei Liu,
Frank Hsiung, Thomas B Kornberg. Cardiovascular Research Institute, University of California San Francisco,
San Francisco, CA.
Site-specific recombination is a powerful tool for a large number of genetic strategies. Although extremely
efficient, site-specific recombination catalyzed by Cre recombinase (Causes recombination, from P1 phage) is
not widely used in Drosophila because its unregulated activity causes cell lethality. To facilitate Cre-mediated

mosaic analysis, two inducible Cre chimeras, CreERT2 (Cre-Estrogen receptor) and CreV336A PR650-914
(modified Cre-progesterone receptor) were created. Both Cre chimeras are designed for biphasic regulation - at
transcription and at nuclear import. In flies, these forms of Cre show sensitive dose-dependent induction without
appreciable background activity, and a minimal regimen of induction generates efficient mosaics in most tissues
at all stages that we tested. There was no detectable lethality. We also used this Cre system in combination with
the Gal4/UAS - Flipase/FRT system to study interactions between cells in separate and independently induced
clones. Efficient and dose-dependent induction of clones was also obtained in ex-vivo organ culture. A vector
“pFlox1” was developed that facilitates efficient cloning and mosaic expression of a gene-of-interest in a Credependent manner. These reagents for regulated Cre activity complement the existing site-specific
recombination tools in Drosophila, and should be useful for studies of cell behavior and lineage.

874A
RMCE in Drosophila tissue-culture cells. Amanda Simcox, Thomas Jacobsen, Sathiya Manivannan, Bhavani
Selvaraj. Dept Molec Gen, Ohio State Univ, Columbus, OH.
Recombination Mediated Cassette Exchange (RMCE) was developed by Bateman and Wu for the introduction
of transgenes at specific genomic locations using phiC31 integrase (Genetics 2006, 173:769). We adapted the
system for tissue-culture cells. Cell lines were generated from a genotype including an RMCE site by using
expression of activated Ras. We developed vectors that allow a positive-negative selection system to enable
recovery of populations, or clones of cells, with transgenes inserted at a single site by RMCE. Details of the
reagents and protocols will be presented.

875B
Visualization of Sqd-grk Interactions in Live Drosophila Oocytes Using Tri-molecular Fluorescence
Complementation. Nancy J. Levensailor, Steven J. Gangloff, Alicia R. Watson, Dane M. Buenton, Nathanael
R. Terwilliger, Scott B. Ferguson. Department of Biology, SUNY Fredonia, Fredonia, NY.
Gurken (Grk) is a developmental morphogen that is subject to strict translational control during Drosophila
oogenesis. grk mRNA is kept translationally silent until it achieves an appropriate localization in the oocyte
where it specifies the anterior/posterior and dorsal/ventral axes. Sqd is a protein that binds to grk mRNA and
precludes translation during transport from the nurse cells to the oocyte where it plays a role in establishing
proper axis polarity. Therefore it is important to determine the developmental dynamics of where and when this
interaction occurs in order to better understand the Grk pathway during development. The specific interaction
between grk mRNA and Sqd protein has been visualized in real-time using a novel approach, Trimolecular
Fluorescence Complementation (TriFC). As the name implies, TriFC is composed of three interacting
molecules; First a split fluorescent protein is fused to the MS2 Coat Protein (MCP). MCP interacts with a
stemloop engineered into an RNA of interest, thereby decorating the RNA with split fluorescent protein that is
not fluorescent on its own. Finally a candidate bait protein is fused to the complementary half of the fluorescent
protein. If the candidate protein interacts with the RNA of interest, fluorescence is detected. We previously
demonstrated proof of the TriFC principle between Sqd and grk using the Venus fluorescent protein. We see
fluorescence in the nurse cells, ring canals, and a transient anterior cortical ring that later relocalizes to the
dorsal anterior corner. We have now generated a Red Fluorescent Protein (mRFP1) version of the TriFC
reagents to permit visualization of the interaction in later oogenesis where yolk autofluorescence interferes with
the signal from Venus. This powerful technique should be broadly applicable to any protein-RNA combination
and can lend both spatial and temporal resolution to studies of these interactions.
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Analysis of temperature sensitivity of nine Rho1 alleles. Nicole K. Barnette , Lauren Stone , Laurence von
1
Kalm . 1) Biology, University of Central Florida, Orlando, FL; 2) Rollins College, Winter Park, FL.
Due to their involvement in regulation of cell shape change and cellular mobility the Rho GTPase family of
proteins has been heavily studied in connection to both organism development and cancer metastasis. There
are many members of the Rho family of GTPases, some of which have limited tissue specific functions and
some of which have more ubiquitous expression and function. In Drosophila Rho1 is a widely expressed
member of the Rho GTPase family and is commonly studied to better understand its involvement in the
development of various tissue types. Unfortunately, Rho1 mutant animals die as embryos making it difficult to
study Rho1 function in later developmental events. A temperature sensitive (ts) Rho1 allele would be a very
useful tool that could be used to circumvent early phase lethality. I examined 9 different alleles of Rho1 to
determine if any of them were ts alleles. One, Rho1[12-6] was found to have increased viability at lower
temperatures. We are currently determining if this allele has classical ts properties and can be used to
manipulate developmental events at permissive and non-permissive temperatures.

877A
Drosophila Habitat Developed to Support Research on the International Space Station. Sharmila

Bhattacharya, Matthew Lera, Ravikumar Hosamani. Space Biosciences Division, NASA Ames Res Ctr, Mail
stop 236-5. Moffett Field, CA 94035.
The Fruit Fly Lab is a hardware suite being designed to support research on the International Space Station
(ISS) for use by the entire Drosophila research community. A validation mission will launch and return on
SpaceX-5 in late 2014, followed by Principal Investigator-lead science flights thereafter. Space flight
experiments are selected via peer-reviewed proposals open to the Drosophila community. The cassettes
(containers) that will house the Drosophila cultures were successfully used to conduct an immunity study on the
Space Shuttle. Results showed that the innate immune system of Drosophila melanogaster was affected by
space flight with a reduction in phagocytosis function of plasmatocytes, changes in antimicrobial peptides and
other gene expression levels, as well as changes in development of the animals. Scientific research topics that
are of interest to NASA will be presented. Each cassette used to house the Drosophila has a removable food
tray that can be replaced to sustain the growth of the culture, or can be transferred to another cassette, along
with embryos and burrowed larvae, enabling multi-generational studies. The cassette can be frozen in the Minus
Eighty Laboratory Freezer for ISS to preserve samples until post-flight analysis, expanding the applications of
the hardware. Utilization of a centrifuge allows for on-orbit 1g controls for microgravity experiments, as well as
variable g-levels for lunar or Mars environment studies. The standard form factor used also allows for
implementation of modular upgrades. An observation system, circadian rhythm lighting system, and fixation
capability are upgrades currently in development for near-term implementation. This hardware suite, with its
flight-proven design and ability to utilize existing on-board facilities, offers the whole Drosophila research
community a platform to address several key areas of the National Research Council’s decadal survey,
supporting the utilization of ISS for science discovery.

878B
Characterization of histidine decarboxylase bearing an internal FLAG epitope in Drosophila
1
2
1
1
1,2
melanogaster . Anthony Hage , Maxwell Mianecke , Andra Trapp , Deb Burg , Martin G. Burg . 1) Biomedical
Sciences, Grand Valley State Univ., Allendale, MI; 2) Cell and Molecular Biology, Grand Valley State Univ.,
Allendale, MI.
Histamine (HA) is synthesized by the enzyme histidine decarboxylase (HDC) and the analysis of mutants
defective in HA synthesis has relied solely upon HA immunocytochemistry to identify HDC activity.
Characterizing the expression of HDC has been hampered due to the inability to detect HDC
immunocytochemically. HDC may also be post-translationally modified (i.e., removal of the N- and C-terminus
(ref.1)), preventing the use of conventional N- and C-terminal epitope-labeling techniques. Previously, internal
sites within the HDC gene structure were identified that can accept an insertion of a small epitope label, without
disrupting the protein’s function (ref. 2). Using this same approach, a FLAG epitope was placed in the same
internal site of the Hdc genomic structure, resulting in the FLAG-Hdc gene. The FLAG-Hdc gene was placed
into a transformation vector and transformed into Drosophila using standard injection techniques. Linkage of the
FLAG-Hdc transgene was determined and selected transformant-bearing flies were crossed into a mutant HDC
JK910
). These lines were analyzed for functional HDC protein
background lacking endogenous HDC activity (Hdc
by immunostaining larval brains with HA antibodies. A similar procedure was used to detect the epitope labeled
FLAG-HDC protein using the M2 FLAG antibody. Results for the FLAG-HDC epitope immunodetection yielded a
staining pattern very similar to the HA immunostaining, in a number of developmental stages. Co-localization
experiments for both HA and FLAG-HDC were completed in the larval CNS using the HA and FLAG antibodies
simultaneously, indicating that FLAG expression overlaps with HA localization. Future biochemical studies using
this epitope tagged FLAG-Hdc transgene will be completed to further our understanding of HDC biochemistry
rd
and cell biology. (1) Fleming and Wang (2000) Molec. Cell Biol. 20: 4932-4947. (2) Fair et al. (2012) 53
Drosophila Research Conference.

879C
Survey or Drosophila species on Santa Catalina Island. Joyce Y. Kao, Sergey V. Nuzhdin. Biological
Sciences, University of Southern California, Los Angeles, CA.
Santa Catalina Island could be a potentially interesting system for those studying the interactions of semiisolated populations several species. We conducted an island-wide survey of the Drosophila repleta species
group to determine which species were endemic to the island and how they were spatially distributed. From our
survey, we found that the most abundant repleta species on the island were Drosophila hamatofila, Drosophila
mainlandi, and Drosophila mettleri. Other repleta species encountered but not in great numbers include
Drosophila mojavensis and Drosophila wheeleri. Non-repleta species sighted on the island include Drosophila
melanogaster, Drosophila pseudoobscura, Drosophila simulans, and an unknown species. We also report that
some locations on the island had larger populations of flies than others despite the abundance of host cacti on
the entirety of the island. In addition, we performed seasonal collections at two locations on the island and
determined that species abundance and composition at these two sites vary between seasons and also
sampled one site in two different years to find species composition had drastically shifted between years as well.

We hope to have assembled useful sampling information for Drosophila researchers who wish to conduct field
studies on Santa Catalina Island.

880A

1

Novel vectors for tracking multiple transgenes within a single Drosophila strain. David Li-Kroeger , Hugo
1,2,3
Bellen . 1) Molecular and Human Genetics, Baylor College of Medicine, Houston, TX; 2) Graduate Program in
Developmental Biology, Baylor College of Medicine, Houston, TX; 3) Howard Hughes Medical Institue, Baylor
College of Medicine, Houston, TX.
The ability to manipulate the Drosophila genome via transgenesis is one of the biggest advantages of the fruitfly
as a model system, yet there still remain only a limited number of dominant markers available for use when
making transgenic constructs. This lack of markers has two main drawbacks: first, it hampers the ability to track
multiple constructs within a single fly strain, and second, the markers in use may have undesirable affects in the
organ being studied. For example, the vast majority of transgenic constructs used in Drosophila transgenesis
incorporate the miniwhite gene as a dominant marker. The miniwhite gene produces a red pigmentation in the
Drosophila eye and can have variable levels of expression allowing the tracking of multiple transgenes in some
cases. In studies of eye structure and function, however, the red coloration can have undesireable effects
including autoflourescence and varying degrees of protection from neurodegeneration depending on the amount
of pigmentation produced. As an alternative, some transgenic constucts use the yellow dominant marker, which
produces a dark pigmentation in the cuticle. It is generally not possible, however, to track multiple transgenes
with the yellow marker, as the increased expression does not seem to produce a detectable increase in
pigmentation. We have therefore created multiple vectors for site specific recombination in Drosophila by
cloning separately various enhancers of the yellow gene including the wing specific and body specific
enhancers. As these dominant markers have non-overlapping expression patterns it is easy to follow multiple
constructs within a single fly strain. Thus, we have generated separate markers from the yellow gene which
provide an alternative to miniwhite for tracking multiple transgenes within a single fly.

881B
New stocks at the Bloomington Drosophila Stock Center. Annette L. Parks, Kevin R. Cook, Thom C.
Kaufman, Kathy A. Matthews. Bloomington Drosophila Stock Center, Dept. of Biology, Indiana University,
Bloomington, IN.
The Bloomington Stock Center has expanded significantly in the last decade thru donations of stocks from both
individual labs and large-scale resource development projects. From ~14,000 stocks held in 2003, we currently
maintain and distribute over 50,000 stocks, an increase of over 250%. In the last few years, we have acquired
many new exciting and useful stocks, including (but certainly not limited to) models for human disease, tools for
studying genes on the X chromosome, new tools for neurobiology, TRiP RNAi lines for knocking out your
favorite protein, MiMIC and InSITE lines for generating a multitude of tools from a single insertion, two large sets
of GAL4 and lexA lines complete with image analysis, and more. We will provide an update on recent
acquisitions and highlight some important groups of new stocks. We hope this overview will give you ideas for
experiments or new ways to explore biological processes. Come and see us and let us know how we are doing
and how we can better help you find the stocks you need!

882C
Geometric morphometric analysis reveals opposing effects of PVR and JNK signaling on thorax
1
1
2
2
1
morphology. Lewis Baker , Rebecca Garlena , Trish Parsons , Seth Weinberg , Beth Stronach . 1) Dept Micro
& Mol Genetics, Univ Pittsburgh Sch Medicine, Pittsburgh, PA; 2) Dept Oral Biology, Univ Pittsburgh Sch Dental
Medicine, Pittsburgh, PA.
Jun Kinase (JNK) signaling is normally required for wing disc eversion, spreading, and fusion at the midline
during metamorphosis of the adult thorax. Using pnrGal4 to drive expression of SLPR kinase constructs, which
alter JNK activity via the JNK kinase HEP in the presumptive notum during these processes, results in
stereotypical thorax malformations. For instance, reduced JNK activity impairs morphogenesis, causing a
widened or ‘cleft’ thorax, whereas hyperactivity leads to narrowing or loss of tissues straddling the midline.
Previous studies have suggested that the receptor tyrosine kinase encoded by Platelet-derived and Vascular
endothelial growth factor Receptor (PVR) activates JNK signaling as a critical step in thorax closure. In revisiting
this hypothesis however, we observed that modulation of PVR signaling resulted in thorax defects reciprocal to
that of JNK signaling, in that knockdown of JNK activity phenocopied aspects of PVR activation, and vice versa.
To probe this inverse phenotypic variation quantitatively, we used a geometric morphometric approach. This
method involves collecting spatial coordinates (14 landmarks and 5 semilandmarks) from digital images of
specimens, aligning them to remove variation due to scaling and orientation, then analyzing the resulting values
using multivariate data reduction approaches (e.g. PCA) to quantify the major modes of shape variation and
discriminate differences in shape among the groups, which can be depicted as deformations in wireframe
diagrams. Preliminary analyses indicate that: 1) genotype-phenotype correlations are statistically robust, 2) the

first two principal components account for nearly 80 percent of the observed shape variation between groups, 3)
shape components reflecting JNK and PVR activities co-vary (inversely) along PC1, but separate according to
PC2, 4) shape changes associated with PVF1 ligand modulation do not account for all the variation observed for
PVR.

883A
An intersectional genetic approach that is interoperable with existing GAL4 lines. Shamprasad Varija
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Raghu , Claudia Barros , Farhan Mohammad , Joanne Lam , Sadhna Sahani , Adam Claridge-Chang . 1)
Program in Neuroscience and Behavior, Duke-NUS Graduate Medical School, Singapore; 2) Institute for
Molecular and Cell Biology, Singapore.
The identification of the neural substrates underlying behavior remains a major goal in neuroscience. In
Drosophila, Gal4-UAS system is a powerful binary approach in neural circuit mapping and genetic manipulation
assays. However, in some cases GAL4 expression is too broad for fine mapping of neural circuits. Here we
describe the development and application of a novel genetic Boolean AND operator that is convenient for use
with existing GAL4 lines. We implemented a fusion protein of GAL4 that replaces its existing DNA-binding
domain with two zinc fingers of the mouse transcription factor EGR1/Zif268. We hypothesized that this fusion
protein, termed Zinc finger-replaced GAL4 1 (ZAL1), could be useful as a standalone transcription factor with a
novel upstream activating sequence, termed UAS-Z. We also proposed that ZAL1 would be active as part of
heterodimer when co-expressed with GAL4 (i.e. GAL4-ZAL1) in the presence of a hybrid UAS-GZ. We tested
these hypotheses by generating and analyzing the expression patterns of ZAL1 transgenic flies driving
expression in cholinergic, glutamatergic and serotoninergic neurons. The Boolean intersectional expression
utility of these lines was tested by combining them with GAL4 drivers and a UAS-GZ-GFP responder. In flies
carrying the ternary expression system, we observe expression in a subset of neurons seen in each of the two
binary systems. We conclude that the ZAL1 transcription factor can be used in combination with the numerous
existing GAL4 drivers to refine targeted expression patterns and access specific neural circuits.

884B
Weak imaginal disc GAL4 drivers can be used to express toxic UAS responder constructs throughout
development. Minpei Wang, Mariah Pero, Laurence von Kalm. Department of Biology, University of Central
Florida, Orlando, FL.
The GAL4/UAS system is a powerful technique that allows the expression of a target gene in a tissue- and
developmental stage- specific manner. While many GAL4 drivers have been documented and are available in
the Bloomington stock center, frequently little is known about their temporal or spatial expression patterns or the
relative strengths of different GAL4 drivers expressed in the same tissue. The relative strength of a driver can be
an important factor when attempting to circumvent early developmental lethality caused by overexpression or
RNAi knockdown of a particular gene. We were interested in understanding the effects of RNAi knockdown and
overexpression of components of the Rho1 signaling pathway and EGFR in late third instar leg and wing
imaginal discs. However, some of the UAS responder constructs we wished to express have an embryonic
lethal phenotype with the commonly used 69B and T80 drivers. To address this problem we determined the
expression patterns of five GAL4 drivers (30A, 71B, 32B, 69B, and T80) expressed in late third instar leg, wing
and eye antennal discs, ranked their relative strength of expression, and assayed the ability of each driver to
permit development to the late larval stage and beyond in the presence of potentially toxic UAS responder
constructs. The five GAL4 drivers fell into three groups according to their expression strength. We also
demonstrated that weak drivers are useful to express toxic UAS constructs at later times in development. For
example, expression of a dominant negative Rho1N19 construct is embryonic lethal in combination with the 69B
or T80 drivers, but in the presence of the 30A and 71B drivers animals survive until the pupal stage permitting
studies of the effects of impaired Rho1 signaling during imaginal disc morphogenesis. Our study provides useful
reference points for choosing the appropriate GAL4 driver to study overexpression and RNAi knockdown of
genes required for imaginal disc development.

885C
National BioResource Project “Drosophila” --- Fly Stock Centers Consortium in Japan. Masayoshi
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Watada , Toshiyuki Takano , Muneo Matsuda , Ryo Akashi , Ryu Ueda . 1) Dept Biol, Fac Sci, Ehime Univ,
Matsuyama, Ehiem, Japan; 2) Drosophila Genetic Resource Center, Kyoto Institute of Technology, Japan; 3)
School of Medicine, Kyorin University, Japan; 4) Frontier Science Research Center, University of Miyazaki,
Japan; 5) Genetic Resource Center, National Institute of Genetics, Japan.
The purposes of this program are to comprehensively maintain, manage, and widely distribute to research
communities the genetic resources of Drosophila, such as (1) mutant strains of Drosophila melanogaster, which
are useful as a basis or platform for life science studies, and (2) mutant strains of the wild species of Drosophila
or related species of Drosophila melanogaster, which are important for evolution and biodiversity studies. To this
end, five organizations, the National Institute of Genetics, Kyoto Institute of Technology, Ehime University,

Kyorin University, and University of Miyazaki, are to constitute a consortium for the joint project. By the second
stage in the next 10 years, the consortium aims to assume international responsibility as the fully developed,
world’s largest stock center by collecting the resources and improving the quality according to the needs of the
times; thus we will contribute to the acceleration of leading-edge research activities in user communities.

886A

1
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Melanogaster...Catch the fly! The video game. Josefa Gonzalez , Roberto Torres . 1) Institute of Evolutionary
Biology, Barcelona, Barcelona, Spain; 2) Torresdecomunicacion, Barcelona, Spain.
We have developed a video game Melanogaster...Catch the fly based on real Drosophila research situations. It
focuses on fly collection in the wild and fly maintenance in the lab. The first challenge is to collect or “hunt”
Drosophila melanogaster fruit flies, which are depicted as a funny character, in one of three possible
geographical locations. The player starts with a "Grant " (credits), which amounts to the minimum necessary to
cover initial expenses of his/her scientific adventure such as equipment, transportation and logistics. To
continue playing, students can apply for more "Grants" by resolving scientific trivias. The website of the game
includes clues to solve the trivia, and the basic concepts underlying the research in which the game is inspired.
The efficient management of the resources allows players to move faster in the video game and successfully
complete their mission. While playing, students are instructed on the real protocols researchers follow to collect
flies in nature and they learn about the importance of Drosophila research. In future versions of the video game
the player will be able to create a profile as a researcher in a specific college between different options, thus
promoting the universities around the world where Drosophila is studied. The videogame will also allow players
to interact and collaborate on line with other players, reinforcing the idea of community and teamwork inherent in
science. Finally, the characteristics of the game also allow the implementation of new adventures based on
other related Drosophila research projects.

887B
An interdisciplinary project-based approach using Drosophila genetics and cell biology to improve
1
reasoning, problem solving and foundational knowledge in high school students. Sonia Hall , Camden
2
Hanzlick-Burton . 1) Molecular Biosciences, University of Kansas, Lawrence, KS; 2) Olathe Northwest High
School, Olathe, KS.
Mastery of foundational scientific concepts, problem solving, and reasoning skills are three areas that have been
recognized as needing improvement in both undergraduate and high school students. Here we describe an
educational initiative that uses an interdisciplinary approach between a science educator and research scientist
to improve student performance in these three areas using project-based instruction. We are using Drosophila
melanogaster to teach basic biological concepts related to genetics and cell biology to five classes of high
school students in the Olathe school district of Kansas. We will assess changes to the student’s conceptual
understanding using pre and post examinations. The project is structured around the integration of the new Next
Generation Science Standards and includes 7 core concepts: basic biochemistry, cell structure, cell division,
molecular genetics, Mendelian genetics, biotechnology, and informatics. In addition to these core concepts, the
project aims to improve student performance in the eight practices recognized as being essential for science
and engineering students in K-12 in the Next Generation Science Standards including: asking questions, using
models, planning and carrying out investigations, analyzing and interpreting data, using mathematics and
computational thinking, constructing explanations, using evidence to argue, and obtaining, evaluating, and
communicating information.
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A genetic screen for new dis3 alleles in Drosophila. Hemlata Mistry , Mark Snee , James Skeath . 1) Dept of
Biology, Widener University, Chester, PA; 2) Dept of Genetics, Washington University Medical School, St Louis,
MO.
The student body at Widener University is racially diverse and comprises all socioeconomic levels. We attract
non-traditional students, including first generation and mature students. To increase the educational and
research opportunities of students underrepresented in the biomedical sciences, we combined inquiry-based
learning with research experiences by integrating a collaborative research project investigating the regulation of
specific RNA processing factors in Drosophila spearheaded at WashU with relevant courses offered by the
Biology Department at Widener University. Dis3 is a 3’ to 5’ exoribonuclease subunit of the exosome. Dis3
functions in both the nucleus and the cytoplasm while its homolog, Dis3-like, is apparently restricted to the
cytoplasm. However the mechanism that determines the cellular and temporal specificity of RNA degradation is
unclear. Specifically, we have integrated genetic screens designed to identify alleles of dis3 and dis3-like into
laboratory classes to train students in classical genetic concepts, basic molecular techniques and the use of
bioinformatics tools. The EMS mutagenesis was performed at WashU and 2000 F1 males were sent to Widener
where students first screened for lines that failed to complement a deficiency that uncovers dis3 and 17 other
genes. Using a deficiency, rather than a gene-specific allele, largely ensured that students identified at least one

non-complementing line. Non-complementing lines were further analyzed using a previously isolated dis3 null
allele. Using this approach, students successfully isolated a new dis3 allele. Students also optimized PCR
conditions to amplify the entire dis3 locus from wild type genomic DNA and established a protocol to recover
sufficient product for sequencing. The partial sequence was used to identify the complete dis3 gene in D.
melanogaster. Finally, students used model organism databases to extract information about gene structure and
synteny between D. melanogaster and D. erecta, and compare the structure and function of homologous genes
in other insects and vertebrates.

889A
Using an undergraduate course to map and clone adult visible mutations. Eric P. Spana. Department of
Biology, Duke University, Durham, NC.
Undergraduate laboratory courses are typically where scientists are first exposed to University research.
Unfortunately, many laboratory courses are designed with activities that reinforce a concept from the lecture,
and not with testable experimental hypothesis. This course design can lead to students merely going through
the motions, rather than mirroring excitement of discovery in scientific research. Here I describe an open-ended
course that uses Drosophila to teach students basic genetics and developmental biology. In the course, teams
of three students are given adult visible Drosophila wing mutations with the goals of mapping these mutations to
a gene by complementation; carefully describing the phenotype and identifying the lesion in the genome by
whole genome sequencing. This approach creates students who have a vested interest in “their” mutation,
where toward the end of the semester, students have the ability to design their own experiments including
genetic interactions, RNAi, mRNA expression, etc. We have examined a number of adult visible wing mutations
in this way over the past three years and will describe how the course is designed, and some of the more
interesting results we have identified in cloning these mutations.

890B
The Genomics Education Partnership: Implementing a Research-Based Genomics Project for
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Undergraduates. S Elgin , C Bazinet , J Bedard , M Burg , J DiAngelo , C Jones , L Kadlec , J Leatherman , H
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15
1
Mistry , A Nagengast , L Reed , NL Reeves , J Sanford , C Small , S Smith , L Zhou , C Shaffer , W
1
16
Leung , D Lopatto . 1) Washington U St Louis, MO; 2) St John's U, NY; 3) U Fraser Valley, BC; 4) Grand Valley
St U, MI; 5) Hofstra U, NY; 6) Moravian Col, PA; 7) Wilkes U, PA; 8) U Northern Colorado, CO; 9) Widener U,
PA; 10) U Alabama-Tusc, AL; 11) Mt San Jacinto Col, CA; 12) Ohio Northern U, OH; 13) Medgar Evers Col, NY;
14) Arcadia U, PA; 15) U Pittsburg, PA; 16) Grinnell Col, IA.
The GEP provides undergraduates with an opportunity to participate in a large-scale genomics research project.
By incorporating genomics research into the undergraduate curriculum, GEP faculty members can provide a
research experience for a larger number of students than they could otherwise. Barriers to implementation
include campus acceptance of genomics in the curriculum, availability of computing facilities and IT support, and
personal expertise. A central core that provides initial and on-going professional development, project
management, and IT support, coupled with a network of like-minded faculty, can help overcome many of these
barriers. Our research goal has been to examine the evolution of the “dot” chromosome (Muller F element) of
Drosophila, an unusual domain that exhibits both heterochromatic and euchromatic properties. Student
members of the GEP have improved > 7 megabases of sequence and produced > 1,000 manually curated gene
models, as well as annotating other features. Participating students show significant gains on a quiz on genes
and genomes, and an increased appreciation of doing science, comparable to students who spend a summer in
the lab. Institutional characteristics have little impact, but instructional time devoted to the project is a major
factor in achieving positive outcomes. Faculty report that this approach enhances student learning. The results
indicate that such national projects are cost-effective, and could have a widespread impact on life-science
teaching, Supported by grant #52007051 from HHMI and by Washington U - St. Louis.

891C
Implementation of the Genomics Education Partnership (GEP) Project at a Community College. Nick L.
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Reeves , Céline Gerber , Astrid Russell , Gabriel A. Sanchez , Ursula Simonoski , Curtis C. Smith , Robert
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Haywood , Maureen Njuguna , Wilson Leung , Christopher D. Shaffer , Sarah C. R. Elgin . 1) Biological
Sciences, Mt. San Jacinto College, Menifee, CA; 2) Biology Department, Washington University, St Louis, MO.
Providing students with a research experience at a community college is a high impact educational practice but
it presents many challenges because community colleges do not traditionally engage in scientific research. Mt.
San Jacinto College (MSJC) is the first community college to utilize a GEP annotation research project as part
of the curriculum for a general introductory biology course. MSJC instructors received start-up faculty training at
a GEP workshop at Washington University, and technology improvements for our biology laboratories through a
STEM grant awarded to MSJC. For the course implementation we developed a digital laboratory notebook that
helped keep student's genomic observations organized and made the process of annotation more reproducible
for inexperienced undergraduates. Students in the general biology courses worked in groups for four 3-hour lab

sessions to annotate at least one newly sequenced Drosophila biarmipes gene. Several of our honors biology
students continued their genome annotation projects independently. These students spent several hours
throughout the semester working in their small honors group to completely annotate their claimed contigs from
the 4th chromosome of Drosophila biarmipes. The honors biology students will submit these results to our
collaborators at Washington University early next semester. This experience has provided our best biology
students the opportunity to participate in publishable undergraduate research that will be a lasting contribution to
the Drosophila community. Anecdotal and survey results from our first implementation of the GEP curriculum will
be reported along with examples of student work. Supported by grant #52007051 from HHMI and by
Washington University in St. Louis. The MSJC CCRAA STEM Project is supported the U.S. Dept. of Ed. Award
#P031C110177.

