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Keynote Address - Terry Orr -Weaver     Research taking flight from foundational biology.     T.L. Orr-Weaver  Whitehead 

Institute, Dept. of Biology, MIT.  

   Many exciting questions in biology remain to be solved.   In Drosophila there is a wealth of fascinating biological processes 

whose regulation and mechanisms can be deciphered, building from a ground work of powerful tools developed by the 

Drosophila commun ity for multidisciplinary approaches.   This biology and community provide an excellent training 

environment for PhD students and career opportunities for postdocs.   Examples will be provided from this lab of choices of 

problems and approaches to gain funda mental insights into the control of meiosis, the oocyte -to-embryo transition, and DNA 

replication.  

Plenary Session 1     Mechanisms and roles of tumor -suppressive cell competition.     T. Igaki  Graduate School of 

Biostudies, Kyoto University, Kyoto, Japan.   

   Normal epithelial cells often exert anti -tumor effects against nearby oncogenic cells. In Drosophila imaginal epithelia, clones 

of oncogenic cells mutant for apico -basal polarity genes scribble (scrib) or discs large (dlg) are actively eliminated by c ell 

competition when surrounded by wild -type cells. It has been shown that JNK signaling plays a crucial role in this cell 

elimination; however, the initial event occurring at the interface between normal cells and polarity -deficient cells remained 

unknown . Through a genetic screen in Drosophila, we identified the ligand Sas and the receptor -type tyrosine phosphatase 

PTP10D as the cell-surface ligand -receptor system that drives tumor -suppressive cell competition. At the interface between 

wild -type Ɉwinnerɉ and polarity -deficient Ɉloserɉ clones, winner cells relocalize Sas to the lateral cell surface while loser cells 

relocalize PTP10D to the lateral cell surface. This leads to trans-activation of Sas -PTP10D signaling in loser cells that restrains 

EGFR signaling, thereby enabling elevated JNK signaling in loser cells to trigger cell elimination. These findings uncover the 

mechanism by which normal epithelial cells recognize and eliminate oncogenic neighbors by cell competition. I will also 

discuss our recent d ata on the roles of tumor -suppressive cell competition in normal development and homeostasis, as well 

as on the mechanisms of other types of cell competition.  

Plenary Session 1     Lost in translation ɀ RNA processing defects impact synaptic metabolism in 

neurodegeneration.     D.C. Zarnescu  Dept Molec & Cell Biol, Univ Arizona, Tucson, AZ.  

   Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized by motor neuron death and muscle 

atrophy. Due to the presence of disease causi ng mutations and its association with pathological aggregates in 97% of ALS 

cases, the RNA binding protein TDP -43 has emerged as a major molecular denominator in disease. Using a systems approach 

we have uncovered TDP -43 dependent synaptic deficits caused by mRNA sequestration and translation inhibition in fly and 

patient derived motor neurons. Overexpression of specific mRNAs sequestered by TDP -43 in insoluble aggregates restores 

microtubule stability and the synaptic vesicle cycle at the neuromuscular jun ction, which in turn mitigates locomotor deficits 

and increases lifespan. Transcriptome and translatome profiling further support a model whereby synaptic and metabolic 

genes are dysregulated in degenerating motor neurons. Indeed, mitochondrial and ATP pro duction deficits appear to be 

compensated by increased glycolytic input, which mitigates ALS phenotypes across multiple models. Collectively, these 

findings indicate that RNA based mechanisms can explain key functional deficits in motor neuron disease and inform 

therapeutic strategies.  

Plenary Session 1     Mechanisms of Odor -coding and its Manipulation to alter Behavior.     A. Ray  Molecular Cell & 

Systems Biology, Univ California, Riverside, Riverside, CA.  

   There are several mysteries about how the sen se of smell guides behaviors like finding food, avoiding predators and 

mating. The olfactory system uses one of the most sophisticated arrays of chemical sensors in nature: numerous trans -

membrane receptors that detect tiny amounts of odorants with specifi city and generate complex patterns of neural activity in 

precisely wired circuits. We use Drosophila as a model to understand molecular and cellular coding principles underlying 

olfactory behavior. In order to do so we compliment genetics and neurophysiolo gy with computational approaches like 

Machine Learning that allows for a system -wide understanding of odor -coding. We find that different receptors and neurons 

contribute to different types of olfactory behaviors, which in turn gets modified with experienc e. This knowledge serves as a 

model to understand odor -coding in other insects like disease -transmitting mosquitoes and agricultural pests, enabling 

discovery of odorants that can act as next -generation repellents to protect against malaria and agricultura l loss. Using 

Drosophila we have also uncovered a parallel non -receptor pathway, which detects odorants that can be absorbed through 



the membrane into a cell. This pathway is slow -acting, more ancient than transmembrane receptors, and is highly conserved 

across eukaryotes.  

Plenary Session 1     Reproductive Capacity Evolves in Response to Ecology through Common Developmental 

Mechanisms.     Didem P. Sarikaya 3, Sam Church1, Laura P. Lagomarsino 4, Karl M. Magnacca5, Steve L. Montgomery 6, Don P. 

Price7, Kenneth  Y. Kaneshiro8, Cassandra G. Extavour1,2  1) Department of Organismic and Evolutionary Biology, Harvard 

University, Cambridge MA; 2) Department of Molecular and Cellular Biology, Harvard University, Cambridge MA; 3) 

Department of Evolution and Ecology, Uni versity of California, Davis CA; 4) Shirley C. Tucker Herbarium, Louisiana State 

University, Baton Rouge CA; 5) OɄahu Army Natural Resources Program, Schofield Barracks Hϥ; 6) Waipahu, Hϥ; 7) School of Life 

Sciences, University of Nevada Las Vegas, Las Vegas NV; 8) Department of Biology, University of Hawai'i at Manoa, Honolulu 

HI.  

   The process of evolution by natural selection relies on heritable variation in traits that confer differential fitness. One s uch 

trait is lifetime reproductive capacity, or t he total number of offspring that an individual can give rise to in its lifetime. In 

Drosophila reproductive capacity in females is determined in large part by the number of ovarioles, the egg -producing 

subunits of the ovary. Ovariole number is a quantitative trait that is highly variable across Drosophila, and is largely heritable, 

but also displays  some phenotypic plasticity under different environmental conditions, including nutritional input. The 

greatest variation in drosophilid ovariole number occurs in the Hawaiian Drosophila, where ovariole number can range from 

one to over 100 ovarioles per o vary. We report, for the first time, insights into the developmental mechanisms regulating 

ovariole number and its evolution among Hawaiian Drosophila. We find evidence that the developmental mechanism 

principally responsible for controlling ovariole numbe r in D. melanogaster also regulates ovariole number in natural 

populations of Hawaiian Drosophilids. Using comparative phylogenetic methods, we show that there is a trade -off between 

ovariole number and egg size, that reductions in ovariole number evolve c onvergently concurrent with habitat shifts to 

specific food sources, and that ovariole number variation among species with different food sources is best explained by 

adaptation to specific ecological niches.  

Plenary Session 1     The genomic basis of adap tation in Drosophila : sex, poison and other dramas.     A. Yassin  Institute of 

Systematics, Evolution and Biodiversity, CNRS - MNHN, Paris, FR.  

   Adaptation shapes natural genetic variation and determines the evolutionary fate of organisms. However, the underlying 

mechanisms that promote or constrain adaptation are still unclear. The great diversity of drosophilid flies offers a unique 

opportunity to genetically dissect ecologically relevant traits using  advanced tools. Here, I will focus on two traits th at have 

recurrently evolved in multiple Drosophila species. In D. erecta and more than 20 species of the montium  group, females have 

a contrasting color dimorphism with one morph potentially mimicking males. In D. sechellia and a subspecies of D. yakuba 

inhabiting different oceanic islands, flies are strictly associated with the toxic fruits of the same host plant ( Morinda citrifolia ). 

Such an association is a complex adaptation since it requires the simultaneous evolution on the same genome of preference 

and tolerance traits to Morinda  chemicals. In both cases, a combination of population genomics, genome mapping and 

functional analyses identified recurrent and idiosyncratic genetic changes underlying the evolution of convergent 

phenotypes. These findings p rovide new insights on the genetic mechanisms underlying the evolution of adaptive traits.  

Plenary Session 1     The guts of Wnt signal transduction.     Yashi Ahmed  Dept Molecular and Systems Biolo, Dartmouth 

Med Sch, HANOVER, NH.  

   The signal transduct ion pathway activated by the secreted ligands Wnt/Wingless is essential for growth and patterning in 

metazoans, and aberrantly activated in the vast majority of colorectal cancers. We use a Drosophila model to study core 

principles that underlie Wnt pathwa y activation and to identify novel therapeutic targets to combat Wnt -driven disease. We 

have focused on a central regulatory complex comprised of the key tumor suppressor Adenomatous polyposis coli (APC), the 

essential scaffold protein Axin, and a regulato r of Axin that is among the most promising therapeutic targets, the ADP -ribose 

polymerase Tankyrase. In addition, we are testing the long -held tenet that Wingless function requires spread from its site of 

synthesis to form a gradient that specifies distinc t cell fates as a function of ligand concentration. Surprisingly, this view was 

recently upended by the completely unexpected finding that tethering of Wingless to the membrane produces adults with 

nearly normal external morphology, indicating that the spr eading of Wingless is largely dispensable for tissue patterning. To 

confirm that Wingless spreading is also unnecessary for the patterning of internal organs, we are studying the adult gut, in 

which Wingless gradients are established during development and  persist through adulthood, despite the weekly turnover of 

the intestinal epithelium.  

Plenary Session II     Non -conventional autophagy in the prothoracic gland mediates a larval nutritional checkpoint 

through alteration of cholesterol trafficking.     M.B. O'Connor, Xueyang Pan  Gen, Cell Biol, Dev, HHMI, Univ Minnesota, 

Minneapolis, MN.  

   In Drosophila, the timing of post -embryonic developmental transitions is modulated by various environmental conditions 



such as nutrient availability. During the L3 stag e, starvation causes developmental arrest and /or death if larvae do not first 

pass through two nutrient -dependent checkpoint known as critical weight (CW) and minimal viable weight (MVW). The 

molecular mechanism responsible for inducing developmental arre st prior to, but not after, satisfying these checkpoints is 

not understood.  In this study, we demonstrate that starvation strongly induces an autophagy -like process within the PG prior 

to achieving CW/MVW, but this response is strongly muted as larvae pas s through the checkpoint.  We show that this 

autophagy -like process requires many Atg genes and can be suppressed by activation of the insulin/TOR pathway or 

knockdown of Atg gene expression in the PG leading to precocious pupariation and death. In contras t, if autophagy is hyper -

activated in the PG of well -fed larvae after CW/MVW it causes developmental delay.  Furthermore, we provide evidence that 

this autophagy -like process blocks production of the steroid hormone ecdysone by altering the trafficking of cholesterol, its 

primary precursor. The non -conventional aspect of this process is revealed by an apparent alteration in the fusion of 

autophagic vesicles with lysosomes. Instead, a dynamic Atg8 positive tubular network is induced in the PG before, but not  

after, passage through CW/MVW.  In addition to confirming non -conventional autophagy as a gatekeeper of metamorphosis, 

we further find that Anaplastic Lymphoma Kinase (Alk), a receptor tyrosine kinase, works as an autophagy suppressor in late 

L3 nutrition -restricted (NR) animals.  Alk expression in the PG is low during the early L3 stage and then increases as larvae 

surpass CW/MVW. Expression of constitutively active Alk in the PG prevents NR -induced autophagy in the early L3 stage, while 

knocking down Alk  enables autophagy to be markedly stimulated during late L3 NR animals.  In summary, our findings 

suggest that a nutritionally -regulated non -conventional autophagic -like process, spcifically in the major endocrine organ of 

larva, is one  mechanism by which  the CW/MVW checkpoints delay development if sufficient energy reserves have not been 

sequestered to ensure successful maturation of the juvenile larva into the adult fly.      

Plenary Session II     Sexual interactions and the evolution of species isolating  barriers.     L.C. Moyle1, D.M. Castillo1,2, J.S. 

Davis1  1) Biology, Indiana University, Bloomington, IN; 2) Molecular Biology and Genetics, Cornell University, NY.  

   Sexual selection is frequently proposed as a powerful driver of speciation. Nonetheles s, this role for sexual selection 

remains controversial; both empirical and theoretical work indicate that sexual selection can enhance or inhibit the evolutio n 

of reproductive isolation, depending upon genetic and ecological conditions.   

 

Drosophila offe rs a powerful model to examine the mechanistic associations between sexually selected traits and species 

isolating barriers, and the reproductive and ecological conditions that could shape both. Flies remain the exemplar model for  

speciation studies, inclu ding of reproductive isolation, and genetic and physiological mechanisms of pre - and postcopulatory 

sexual interactions are well understood in several species.  

 

Focusing largely on postcopulatory reproductive traits, we have been evaluating the role of sex ually selected traits in the 

expression of isolating barriers, using male competition assays, and genetic and genomic analyses. We find positive 

phenotypic and genetic associations between male sexual performance within and between species, two necessary 

conditions for sexual selection to drive speciation. In addition, we find evidence that stronger conspecific sperm precedence 

has evolved in response to reproductive contact with heterospecifics (reinforcing selection), with both phenotypic and geneti c 

consequences for sexual selection on male postcopulatory performance within species.  

 

Our data indicate that sexually selected postcopulatory traits, such as sperm precedence, can both enhance reproductive 

isolation between species and respond to selection on reproductive isolation, indicating these traits might play a critical role 

in connecting sexual selection to the evolution of new species.  

Plenary Session II     Regulation of stem cell number in the intestine.     Elena Lucchetta, Benjamin Ohlstein  Dept Genetics 

& Development, Columbia Univ, New York, NY.  

   Intestinal stem cells (ISCs) serve as the powerhouse of the intestinal epithelium, the most actively self -renewing tissue in 

mammals. High turnover organs such as the intestine rely on the function of  resident stem cells for survival in face of 

constant digestive, chemical and bacterial insults. As such, tissue homeostasis is intimately linked to stem cell number. Ste m 

cells, by definition, self -renew. Therefore, stem cell replacement is thought to be driven by symmetric divisions of existing 

stem cells. However, alternate secondary mechanisms to symmetric divisions have remained largely unexplored. To probe 

alternative modes of ISC replacement in the intestinal epithelium, we developed a physiologicall y relevant starvation assay 

that elicits a rapid and severe loss of ISCs in the Drosophila posterior midgut. Using our assay, we demonstrate that, in areas 

nearly void of progenitor cells, ISCs are rapidly replaced upon re -feeding by depolyploidization of enterocytes through the 

process of amitosis. Current work is directed at identifying underl ying mechanisms that are responsible for initiation and 

progression of amitosis.  

Plenary Session II     Highways for repair: nuclear actin filaments and myosins relocalize heterochromatic DNA breaks 

to the nuclear periphery.     Christopher P. Caridi, Carla  DɅAgostino, Taehyun Ryu, Grzegorz Zapotoczny, Laetitia Delabaere, 

Xiao Li, Varandt Y. Khodaverdian, Nuno Amaral, Emily Lin, Alesandra Rau, Irene Chiolo  Molecular and Computational Biology 



Department, University of Southern California, LOS ANGELES, CA.  

   Heterochromatin is largely composed of repeated DNA sequences prone to ectopic recombination. In Drosophila cells, ɄsafeɅ 

homologous recombination repair of heterochromatic double -strand breaks (DSBs) relies on a specialized pathway that 

relocalizes repa ir sites to the nuclear periphery before recruiting the strand invasion protein Rad51. The mechanism 

responsible for this movement was unknown. We discovered that relocalization is dependent on Arp2/3 -dependent dynamic 

actin filaments that start polymerizi ng at heterochromatic damage sites and reach the nuclear periphery. Relocalization also 

requires nuclear myosins and the myosin activator Unc45, which is recruited to repair sites in a Smc5/6 -dependent manner. 

These components are responsible for the direc ted motion of heterochromatic breaks from the heterochromatin domain to 

the nuclear periphery. Arp2/3, actin nucleation and myosins are also required to relocalize heterochromatin DSBs in mouse 

cells, revealing conserved pathways. Defects in nuclear actin polymerization and myosin motor function result in 

heterochromatin repair defects and widespread chromosome rearrangements, revealing the importance of the relocalization 

pathway in genome integrity. These findings identify the formation of de novo nuclear  actin filaments and associated myosins 

as effectors of chromatin dynamics required for heterochromatin repair in multi -cellular eukaryotes.    

Plenary Session II     Effects of the gut microbiota on host behavior and homeostasis.     julien Royet  IBDM, Aix Marseille 

University, Marseille, -, FR.  

   Since eukaryotes live in an environment heavily contaminated by microorganisms, it is not surprising that they have forged, 

over the times, extremely complex and intimate relationships. It is also expected that e ukaryotes have developed 

mechanisms to perceive the presence of bacteria and to adapt their immune response, their physiological status or even 

their comportment accordingly. Many reports have shown that bacteria can interact with eukaryote nervous system,  either 

for the benefit of the microbe that alters the host's behavior or to the benefit of the host that adapts its behavior to the 

infection. However, in most cases, the molecules and mechanisms underlying the dialog between bacteria and their host 

nervo us system were not identified and their mode of action poorly understood. We will present our latest data dissecting 

the cellular and molecular mechanisms by which one single microbiota -derived compound, called peptidoglycan, influences 

the behavior, the p hysiology and the homeostasis of its infected host.    

Plenary Session II     Looking at chromosomes.     J. Erceg1, J. AlHaj Abed1, A. Goloborodko 2, R. B. McCole1, G. Nir1, I. 

Farabella3, C. Perez Estrada4, B. R. Lajoie5, G. Fudenberg2,6, N. Abdennur 2, M. Imakaev2, S. C. Nguyen1, B. J. Beliveau1,7, H. M. 

Sasaki1,7, P. Yin1,7, E. Lieberman Aiden 4,8,9, M. A. Marti -Renom3,10,11,12, J. Dekker5,13, L. A. Mirny2, C-t. Wu1  1) Harvard Med Sch, 

Boston, MA; 2) MIT, Boston, MA; 3) Barcelona Inst of Science and Technolo gy, Barcelona, Spain; 4) Baylor College of Medicine, 

Houston, TX; 5) Univ Massachusetts Med Sch, Worcester, MA; 6) Univ of California, San Francisco, CA; 7) Wyss Inst, Boston, 

MA; 8) Broad Inst, Cambridge, MA; 9) Rice Univ, Houston, TX; 10) Centre for Geno mic Regulation, Barcelona, Spain; 11) Univ 

Pompeu Fabra, Barcelona, Spain; 12) ICREA, Barcelona, Spain; 13) HHMI, Worcester, MA.  

   Our studies of genome organization have led us in a number of directions. One involves the application of haplo -type 

resolved Hi-C to explore the structure of homolog pairing in Drosophila. Another has led to the development of two single -

molecule super -resolution imaging technologies (OligoSTORM and OligoDNA -PAINT). I will describe our progress in both 

these areas and, time p ermitting, touch on our exploration of sequence ultraconservation and its potential relevance to 

homolog pairing. This work was supported by NIH (C -tW, LM, JD, ELA, PY), HHMI (JD), ERC (MAM-R), the EMBO (JE), William 

Randolph Hearst (RBM), Damon Runyon (BB ), and Uehara Memorial (HS) Foundations/Organizations, and the Ministerio de 

Economía, Industria y Competitividad (IF), with the imaging work carried out in collaboration with Bruker Nano Inc. Finally, we 

apologize to our colleagues whose names could not b e included as authors due the guidelines for abstracts. Those colleagues 

are: Steven Callahan, Carl Ebeling, Mohammed A. Hannan, Eric F. Joyce, Soun Lee, Sheikh Russell, Wren Saylor, John Schreiner,  

T. Niroshi Senaratne, Jeff Stuckey, and Michael E. Talkow ski. *SCN is currently at University of Pennsylvania.  

1    Determination of the interaction of STAT92E, Zfh2 and Wingless to regulate regeneration after radiation damage 

in Drosophila melanogaster .    Shilpi Verghese, Tin Tin Su  Molecular Cellular and Developmental Biology, University of 

Colorado, Boulder, CO.  

   The wing imaginal disc in the developing Drosophila larvae which forms the presumptive adult wing consists of pouch, 

hinge and notum. The pouch gives rise to the distal structure wing blade, notum to the body wall and hinge to the structure 

that connects the two. We have been studying regeneration in Drosophila larval wing imaginal discs after damage by ionizing 

radiation. Our published work found that the hinge is the so urce of cells that help regenerate the pouch to restore the 

normal structure. We identified STAT92E (Drosophila STAT3/5 or ɄSTATɅ) and Wingless (Drosophila Wnt1 or ɄWgɅ) as activities 

required cell autonomously for the regenerative properties of the hinge cells (Verghese and Su, 2016).  Our recently published 

work shows that while most larvae regenerate normally after radiation damage, around 20% regenerate with gross 

abnormalities forming ectopic wings that arises from the notum (Verghese and Su, 2017). We  found that STAT activity 

increased after IR damage and that both STAT and Wg are also required for the formation of ectopic discs. The picture that 

emerges is one in which activities like STAT increase after radiation damage and fulfill essential roles in  rebuilding the tissue. 

But such activities must be kept in check so that one and only one wing disc is regenerated. Our current efforts center on 



understanding how STAT activity is controlled for faithful regeneration and the identification of downstream target(s) of STAT 

in regeneration. In this regard, we identified Nurf -38, which encodes a member of the Nucleosome Remodeling Factor 

complex, as opposing STAT to modulate the frequency of ectopic disc growth. We also detect the ectopic induction of Zfh2, a  

transcription factor that is normally expressed in the hinge, in the cluster of cells that resolve to form the ectopic discs.   Our 

preliminary data show that down -regulating Zfh2 reduces the ability to regenerate the pouch and to form ectopic wings, 

suggesting that Zfh2 plays an important and previously un -detected role during normal and abnormal regeneration. During 

wing disc development, Wg initially induces Zfh2 (Whitworth and Russell, 2003) but later in development, Zfh2 is required to 

maintain Wingles s expression in a subset of cells called the inner ring (Perea et al., 2013). Zfh2 was identified as an effector of 

STAT signaling in the Drosophila wing discs(Ayala -Camargo et al., 2013) and is induced in a STAT dependent manner during 

regeneration (Forte zza et al., 2016). We hypothesize that STAT92E, Zfh2 and Wg also interact to provide regenerative plasticity 

to the hinge cells during normal and abnormal regeneration. The results of ongoing experiments that address this hypothesis 

will be presented.  

2    High -dimensional microbiome interactions shape host fitness.     A. Gould1, V. Zhang1, L. Lamberti 2, E. Jones3, B. 

Obadia 1, A. Gavryushkin 2, J. Carlson3, N. Beerenwinkel 2, W. Ludington1  1) Molecular & Cell Biology Dept, UC Berkeley, Berkeley, 

CA; 2) Computational Biology Dept, ETH Zurich; 3) Physics Dept, UC Santa Barbara.  

   With hundreds of species interacting with each other as well as with specific proteins and cells in our body, the microbiome 

is a complex ecosystem within a complex organism, neithe r of which we fully understand on their own, let alone in 

combination. Central questions of this relationship are how high microbial diversity is maintained in the gut and how this 

diversity impacts host fitness. Here we show that interactions between bact eria are major determinants of host physiology 

and the maintenance of diversity. We performed a complete combinatorial dissection of the naturally low -diversity 

Drosophila gut microbiome using germ free flies colonized with each possible combination of the  5 core species of bacteria, 

forming a 5 -dimensional cube. We then measured the resulting microbial community abundances and fly fitness traits, 

including (i) development, (ii) reproduction, and (iii) aging. Notably, the fly gut environment promotes microb ial diversity, 

which accelerates development, reproduction, and aging. From these measurements we calculated the impact of microbial 

interactions on fly fitness as the triangulations of the 5 -cube, following the combinatorial geometry approach of 

Beerenwin kel-Pachter-Sturmfels. Single species are not predictive of host phenotypes such as aging when in diverse 

communities, contradicting KochɅs postulates where a single pathogen causes a disease. Furthermore, we find evidence that 

higher -order interactions ar e widely prevalent and contribute to the maintenance of microbial diversity, which ecologists have 

recently predicted. Important for evolution, a positive feedback exists between microbial community stability and host fitnes s, 

which may poise a population for divergence of hosts and the emergence of host -specific microbiomes.  

3    Plasmamembrane -localization of apoptotic caspases for non -apoptotic functions.     A. Amcheslavsky1, S. Wang2, C. 

Fogarty1, J. Lindblad1, Y. Fan3, A. Bergmann 1  1) Molecular, Cell  and Cancer Biology, UMass Med Sch, Worcester, MA; 2) 

Program in Developmental Biology,Baylor College of Medicine,Houston, TX; 3) University of Birmingham,School of 

Biosciences,Edgbaston,Birmingham, UK.  

   Caspases are best characterized for their functio n in apoptosis. However, they also have non -apoptotic functions such as 

apoptosis -induced proliferation (AiP) where caspases release mitogens for compensatory proliferation independently of their 

apoptotic role. We report that the unconventional myosin, My o1D, which is known for its involvement in left/right 

development, is an important mediator of AiP in Drosophila. Mechanistically, Myo1D translocates the initiator caspase Dronc 

to the basal side of the plasmamembrane where Dronc promotes the activation of  the NADPH-oxidase Duox for ROS 

generation and AiP in a non -apoptotic manner. We propose that the basal side of the plasmamembrane constitutes a non -

apoptotic compartment for caspases. In summary, we identified a novel function of Myo1D for AiP and tumorig enesis, and 

reveal a mechanism by which cells sequester apoptotic caspases in a non -apoptotic compartment at the plasmamembrane.  

4    Tango7 and dark  regulate mutually -exclusive subcellular domains of caspase activation during development.     S. 

Neuman1, Y. Kang1,2, A. Bashirullah 1  1) Pharmaceutical Sciences Division, University of Wisconsin -Madison, Madison, WI; 2) 

Vollum Institute, Oregon Health & Sciences University, Portland, OR.  

   Caspases perform critical functions in both living and dying cells; however, how caspases perform physiological functions 

without killing the cell remains unclear. Here we identify a novel physiological function of caspases at the cortex of Drosophila 

salivary glands. In living glands, activation of the initiator caspase dronc triggers cortical F -actin dismantling, enabling the 

glands to stretch as they accumulate secreted products in the lumen. We demonstrate that tango7, not the canonical Apaf -1-

adaptor dark , regulates dronc activity at the cortex; in contrast, dark  is required for cytoplasmic activity of dronc during 

salivary gland death. Therefore, tango7 and dark  define distinct subcellular domains of caspase activity. Furthermore, tango7-

dependent cortical dronc activity is initiated by a sublethal pulse of the in hibitor of apoptosis protein (IAP) antagonist reaper. 

Our results support a model in which biological outcomes of caspase activation are regulated by differential amplification of  

IAP antagonists, unique caspase adaptor proteins, and mutually exclusive sub cellular domains of caspase activity.  



5    Regulation of Wolbachia  by host autophagy across multiple cell -types in Drosophila melanogaster .    M. Deehan1, P. 

Fineis1, H. Frydman 1,2  1) Biology, Boston University, Boston, MA; 2) National Emerging Infectiou s Disease Lab NEIDL, Boston 

University, Boston, MA.  

   Autophagy is a conserved intracellular degradation pathway involved in recycling cytoplasmic constituents, including protein 

aggregates or damaged organelles such as mitochondria. Beyond its role in c ytoplasmic maintenance, autophagy has been 

shown to act as an innate immune response targeting intracellular pathogens to the lysosome for degradation. While much 

work currently investigates autophagic -pathogen interactions, little is known about how autop hagy interacts with 

endosymbionts. Wolbachia, a vertically transmitted obligate endosymbiont, is estimated to infect upwards of 40% of insect 

species including Drosophila. Previous studies showed that flies treated with rapamycin, a known autophagy inducer , led to 

decreased Wolbachia density in larva but increased density in the germline. This indicated that Wolbachia densities may be 

modulated by host autophagy in a cell -type dependent manner. Expressing RNAi against multiple autophagy proteins in a 

cell-type specific manner we show increased Wolbachia density in the hub and polar cells, a somatic cell population in the 

testis and female germline respectively. Furthermore, knockdown of autophagy in the germline reduced Wolbachia density in 

the germline. Fur ther investigation into how autophagy negatively regulates Wolbachia in the hub reveals multiple autophagic 

pathways which regulate Wolbachia density differently. Selective autophagy utilizing a specific subset of core autophagy 

proteins targets Wolbachia for degradation. Conversly, a subset of autophagy proteins described in canonical autophagy 

positively effects Wolbachia densities. We describe how Wolbachia, an obligate endosymbiont interacts with host autophagy 

differently across multiple cell types and  further describe how different types of autophagy within the same cell -type regulate 

Wolbachia density differently. This research provides novel insights into host -endosymbiont interactions including host 

degradation of endosymbionts by autophagy and how Wolbachia uses alternative forms of this process for their benefit.    

6    Stretch follicle cells utilize lysosomal machinery to eliminate nurse cells by phagoptosis.     A.A. Mondragon1,2, A. 

Yalonetskaya 1, A.J. Ortega1, Y. Zhang1, O. Naranjo 1, J. Elguero1, K. McCall1  1) Biology, Boston University, Boston, MA; 2) 

Molecular Biology, Cell Biology, and Biochemistry, Boston University, Boston, MA.  

   Apoptosis, autophagic cell death, and necroptosis are the most heavily studied types of regulated cell death;  however, there 

are many other forms of cell death. One such form is phagoptosis. In phagoptosis, one cell utilizes phagocytosis machinery to  

kill a nearby cell that would otherwise continue living. In the Drosophila ovary there are 15 nurse cells that sup port the oocyte 

throughout development. The nurse cells and oocyte are surrounded by a layer of follicle cells. In late stages of oogenesis t he 

nurse cells are encompassed by a subset of follicle cells called stretch follicle cells. Interestingly, we have recently shown that 

the stretch follicle cells utilize phagocytosis machinery (Draper, Ced -12, and the JNK pathway) to promote nurse cell death 

through phagoptosis; however, the exact mechanism of how the stretch follicle cells induce nurse cell death rema ined 

elusive. Through live imaging, an in vivo engulfment detector, and an RNAi screen, we have determined that the stretch 

follicle cells utilize lysosomal machinery to acidify and breakdown the nurse cells. Interestingly, live imaging of egg chamb ers 

wit h probes and GFP fusion proteins as well as an in vivo engulfment detector has demonstrated that nurse cells are not 

engulfed piece -wise despite the requirement of phagocytosis machinery, but are instead surrounded and acidified 

extracellularly. We have fo und that MITF, a transcription factor responsible for lysosomal biogenesis, is required for the 

enrichment of lysosomal machinery used for the acidification and breakdown process and V - ATPases are required in the 

stretch follicle cells for nurse cell acid ification. GFP fusion proteins and antibody staining show that V -ATPases become 

enriched in stretch follicle cells in late oogenesis and localize to the apical side of the plasma membranes of the stretch f ollicle 

cells to acidify the nurse cells that they surround. Following acidification, the stretch follicle cells release cathepsins, lysosomal 

proteases, to breakdown and process the nurse cells. We are exploring phagoptosis in other tissues by ectopically expressing 

these genes to determine if this machin ery is sufficient to induce phagoptosis. Altogether this work further characterizes a 

novel form of cell death and illustrates the importance of lysosomal components acting through a non -autonomous 

mechanism to control the death of neighboring cells.  

7    Peroxisomes join the fight against infection.     F. Di Cara1, A. Sheshachalam1, N. Braverman 2, R. Rachubinski1, A. 

Simmonds 1  1) Cell Biology, University of Alberta, Edmonton, Alberta, CA; 2) Research Institute of the McGill University 

ChildrenɅs Hospital, Montreal, Quebec, Canada.  

   Peroxisomes are conserved ubiquitous organelles deputy to complex lipid metabolism and reactive species turnover. Since 

lipids and reactive species are pivotal signaling molecules in innate immunity, we investigated the unex plored role for 

peroxisomes in innate immune responses against microbial infection in Drosophila and in the mouse system. Using genetic, 

genomic and cell biology approaches, we show the requirement for peroxisomes in microbe engulfment, in fly and mouse. 

Both cultured macrophages and adult flies with impaired peroxisomes have a reduced capacity to respond to pathogens, 

defects in immune signaling (as NF -kB and MAPK mediated responses) and reduced viability due to high microbial load and 

gut delamination. Me tabolomic analysis demonstrates that peroxisomes produce lipid species (as docosahexaenoic acid) and 

reactive oxygen species (as NO) to induce phagocytosis and activate the systemic immune responses. All together our finding 

demonstrate that functional per oxisomes are essential for the activation of, and defense by, the innate immune system in fly 

and mouse.  



8    Functional analysis of cAMP -producing toxins in Drosophila  identifies several chemical inhibitors.     Annabel 

Guichard1, Prashant Jain1, Ruth Schwartz 1, Mahtab Moayeri 2, Curtis Sera1, Jammal Abu-Kazneh1, Janet Liu3, Beatriz Cruz-

Moreno 1, Bernice Aguilar 3, Steven Chin1, Steven Leppla2, Victor Nizet 3, Ethan Bier1  1) Departmen of Biology, University of 

California, San Diego, 9500 Gilman Drive, La Jolla, CA92093 -0349, USA; 2) Microbial Pathogenesis Section, Laboratory of 

Parasitic Diseases, NIAID, NIH, Bethesda, Maryland 20892 -3202, USA; 3) Department of Pediatrics, University of California, San 

Diego, 9500 Gilman Drive, La Jolla, California 92093 -0687, USA.  

   cAMP-producing toxins such as anthrax Edema Factor (EF, a highly active adenylate cyclase) or Cholera toxin (Ctx, an ADP -

rybosyl transferase that stimulates e ndogenous adenylate cyclases) cause severe symptoms during infection, such as edema 

and profuse diarrhea, respectively. We have previously established transgenic  Drosophila lines expressing these toxins, and 

found that they both inhibit Rab11 -dependent tra fficking. Because Cadherins rely on Rab11 and its downstream effectors 

(such as Rip11 and Sec15) to reach apical site at the plasma membrane, inhibition of this small GTPase by EF or Ctx results i n 

weakened cell -cell junctions, thus contributing to disease  symptoms. Making use of an array of systems, including Drosophila 

wings and salivary glands, human endothelial cells and mice, we analyzed the mechanism by which cAMP overload results in 

Rab11 inhibition. We found that EF and Ctx act after the GTP loading  step, and block association with downstream factors. 

The cAMP effector Epac and its partner Rap1, but not PKA, are the predominant mediators of EF in this process. Interestingly,  

artificial stimulation of Arf6 -a small GTPase that controls junction disass embly through endocytosis - mimics EF-induced 

phenotypes. Conversely, inhibition of Arf6 expression partially blocks EF or Ctx -induced phenotypes. Further suggesting that 

Arf6 and Epac act as mediators of EF, chemical inhibitors of these two proteins block the effect of EF in human cells and mice. 

Thus, our study uncovered promising leads for the treatment of infectious pathologies involving cAMP overload.  

 

Reference: Anthrax edema toxin disrupts distinct steps in Rab11 -dependent junctional transport  

Annabel  Guichard, Prashant Jain, Mahtab Moayeri, Ruth Schwartz, Stephen Chin, Lin Zhu, Beatriz Cruz -Moreno, Janet Z. Liu, 

Bernice Aguilar, Andrew Hollands, Stephen H. Leppla, Victor Nizet, Ethan Bier  

Research Article  |  published 25 Sep 2017  PLOS Pathogens 

https:/ /doi.org/10.1371/journal.ppat.1006603  

9    Temperature sensitivity of GR28bD and its orthologs in Drosophila .    A. Mishra, A. Robinson, M. Amirshenava, B. 

Berigan, M. Milescu, L. Milescu, T. Zars   Biological Sciences, University of Missouri -Columbia, Col umbia, MO.  

   Extrinsic control of neuronal activity is essential to determine the neural circuits underlying behavior. Despite the extensi ve 

use of optogenetics in targeted activation of neurons, the limits of optogenetic tools necessitates the use of ot her modalities 

such as temperature to control neuronal activity. However, few known temperature sensitive proteins (e.g., transient receptor  

channels TRPA1 and TRPM8) operate in the physiological range of common preparations. The recent discovery of 

temper ature sensitivity of GR28bD indicates the potential for the orthologs of GR28bD in other Drosophila species to be 

temperature responsive, and thus be used as tools. We are studying the temperature response properties of orthologs of D. 

melanogaster GR28bD in 5 species of Drosophila that share 80 to 98% amino acid identity. To test thermosensitivity, we use 

the heat box, which can detect the temperature preference of flies with a resolution of 2 oC. We overexpressed each of the 

orthologs pan -neuronally using the nSyb-GAL4 driver and subjected them to temperature steps of 2  oC from 24 -40 oC. At the 

temperature of activation of the mis -expressed gene products, we expect a reversible paralysis of flies. Our results show that 

GR28bD is responsive from 34 -36 oC. The orthologs from D. simulans, D. yakuba and D. pseudoobscura which are 98, 96 and 

85% identical to D. melanogaster GR28bD, are responsive from 30 -34 oC. The ortholog from D. willistoni with 81% identity with 

GR28bD is responsive form 34 -38 oC. Finally, flies expressing the 80% identical D. mojavensis ortholog were not paralyzed up 

to 40  oC, and hence are not thermosensitive within the specified temperature range. We are also studying the molecular 

properties of GR28bD and its orthologs. We heterologously ex pressed the genes in Xenopus laevis oocytes. Results show that 

GR28bD conducts a cation non -specific temperature sensitive inward current upon expression in oocytes. Additionally, 

GR28bD alters the activity of D. melanogater motor neurons, and the effect c an be observed with co -expression of calcium 

indicator, GCaMP6f. Currently, we are assaying the temperature response properties of the orthologs in oocytes and in motor 

neurons to explore their possibilities of being used as independent tools in multiple c ell types.    

10    The Drosophila small conductance potassium channel (SK) negatively regulates nociception.     S.E. Mauthner1, K.C.E 

Walcott 2, A. Tsubouchi 3, J.L. Robertson2, W.D. Tracey1  1) Department of Biology, Indiana University Bloomington, 

Bloomington, IN; 2) Duke University Medical Center, Duke University, Durham, NC; 3) The University of Tokyo, Graduate 

School of Arts and Sciences, Tokyo, Japan.  

   Inhibition of nociceptor activity  is important for the prevention of spontaneous pain and hyperalgesia. To identify the critical 

K+ channels that regulate nociceptor excitability we performed a forward genetic screen using a Drosophila larval nociception 

paradigm. Knockdown of three K + channel loci, the small conductance calcium-activated potassium channel (SK), seizure and 

tiwaz, resulted in marked hypersensitive nociception behaviors. In more detailed studies of SK, we found that hypersensitive 

phenotypes could be recapitulated with a ge netically null allele. Importantly, the null mutant phenotype could be rescued 

with tissue specific expression of an SK cDNA in nociceptors. Optical recordings from nociceptive neurons showed a 



significant increase in mechanically activated Ca 2+ signals in  SK mutant nociceptors. SK showed expression in peripheral 

neurons. Interestingly, SK proteins localized to axons of these neurons but were not detected in dendrites. Our findings 

suggest a major role for SK channels in the regulation of nociceptor excitat ion and they are inconsistent with the hypothesis 

that the important site of action is within dendrites.  

11    Humidity sensing in Drosophila .    D. Frank1, A. Enjin2, E. Zaharieva1, G. Jouandet1, S. Mansourian 2, M. Stensmyr 2, M. 

Gallio1  1) Neurobiology,  Northwestern University, Evanston, IL; 2) Department of Biology, Lund University, Lund, Sweden.  

   Many terrestrial organisms can only prosper within a specific range of air humidity. For example, small poikilotherms 

like Drosophila melanogaster risk des iccation (and death) when exposed to hot, dry conditions even for relatively short periods 

of time. Hence, a fly's ability to detect and appropriately respond to humidity changes can be critical for survival. The 

Drosophila antenna is a hub for the senses,  containing receptor neurons for mechanical, olfactory, thermal and humidity 

stimuli. Neurons expressing the ionotropic receptor IR40a have been recently implicated in the selection of an appropriate 

humidity range, but while previous work indicates that i nsect hygroreceptors may be made up by a ɄtriadɅ of neurons (with a 

dry - a cold- and a humid -air responding cell), IR40a expression included only cold - and dry -air cells. Here, we report the 

identification of the humid -responding neurons that complete the hygrosensory triad in the  Drosophila antenna and express 

the ionotropic receptor IR68a. Next, we follow the projections of hygrosensory neurons to the brain, and show that they form 

distinct glomeruli in the posterior antennal lobe. Here, a spatial map of neural activity represents related features of the 

external environment, with adjacent ɄhotɅ, ɄcoldɅ, ɄdryɅ, and ɄhumidɅ glomeruli. This organization may allow for both unique and 

combinatorial sampling by central relay neurons, and we indeed find evidence  for each. Our results further our 

understanding of humidity sensing in the  Drosophila antenna, uncover neuronal substrates for the processing of temperature 

and humidity stimuli in the brain, and illustrate the logic of how ethologically relevant combinat ions of sensory cues can be 

processed together to produce adaptive behavioral responses.  

12    Multisensory integration in the Drosophila  mushroom body.     J. Li, I. Christofferson, S.J. Caron  Department of 

Biology, University of Utah, Salt Lake City, UT.  

   Multisensory integration is a function of all brains. Despite its fundamental importance, the mechanisms of connectivity 

underlying multisensory integration remain poorly understood. To unc over these mechanisms, we are using the numerically 

simple Drosophila melanogaster mushroom body, an associative brain center that consists of 2,000 neurons called the Kenyon 

cells. Recent evidence suggests that the mushroom body processes olfactory, visua l and gustatory information. From a 

preliminary screen through the FlyLight collection of GAL4 transgenic lines, we identified six projection neurons that connec t 

the visual, gustatory, olfactory, hygrosensory and thermosensory systems to the mushroom body . We used the GRASP 

technique to show that the identified projection neurons form synapses with a subpopulation of Kenyon cells called the 

Ƽ/ƽposterior  Kenyon cells. We are in the process of determining how individual  Ƽ/ƽposterior  Kenyon cells integrate in puts from this 

group of projection neurons. Thus far, our results suggest that the  Ƽ/ƽposterior  Kenyon cells are multimodal: they are not 

dedicated to a single sensory modality, rather they integrate inputs across different modalities. Given that many fund amental 

design principles are conserved from invertebrates to vertebrates, it is likely that the mechanisms of connectivity underlyin g 

multisensory integration in the Drosophila mushroom body will also apply to the more complex associative brain centers.  

13    On the ORigin of olfactory worlds.     M. Karageorgi1, S. Lebreton2, M. Paris2, C. Minervino 2, M. Cavey2, K.P. Siju4, I.C. 

Grunwald Kadow 4, T. Matsunaga1, N.K. Whiteman 1, N. Gompel 3, Benjamin Prud'homme 2  1) Integrative Biology, University of 

Californ ia, Berkeley, USA; 2) Developmental Biology Institute of Marseille (IBDM), France; 3) Ludwig -Maximilians University of 

Munich, Faculty of Biology, Biozentrum, Germany; 4) TUM School of Life Sciences Weihenstephan Technical University of 

Munich, Germany.  

   Behavior is among the first traits to evolve when insects adapt to new ecological niches. Olfaction is one sensory modality 

used to translate environmental signals into species -specific behaviors during this process. Yet, little is known about the 

geneti c basis responsible for the evolution of novel olfactory -driven behaviors. We leveraged an evolutionary transition to 

herbivory within the Drosophilidae, specifically we studied the reproductive shift from rotting to living plant tissues in  

Drosophila suzukii and Scaptomyza flava and their relatives as model systems to address how olfactory -driven behavior 

evolves. We first introduced neurogenetics and the CRISPR technology in D. suzukii and found that the odorant receptor 

subsystem is involved in the evolu tion of its egg -laying behavior. Interestingly, we also observed in D. suzukii a specific 

upregulation of orthologs of odorant receptors that detect fresh fruit odors in D. melanogaster. This transcriptomic signature 

suggests that targeted changes in the e xpression of chemoreceptor repertories could drive the evolution of novel adaptive 

olfactory -driven behaviors. The results of this work are compared with the evolution of olfactory -driven behaviors in another 

drosophilid that has transitioned to herbivory,  the leafminer Scaptomyza flava, in which targeted changes in its olfactory 

repertoire have also been observed. Together, these results will help us understand the role of olfaction in a fundamental 

ecological shift in insects, the evolution of herbivory.  



14    Sing me a new song - towards the neural basis of fly courthip song evolution.     Yun Ding1, Joshua Lillvis1, Jessica 

Cande1, Gordon Berman 2, Ben Arthur 1, Min Xu1, Barry Dickson 1, David Stern 1  1) Janelia Research Campus, HHMI, Ashburn, VA 

20147; 2) Rollins Research Center, Emory University, Atlanta, GA 30322.  

   The neural basis for behavior evolution is poorly understood. Since brain anatomy is often conserved, functional 

comparisons of homologous neural circuitry may illuminate behavior evolution,  but these experiments are difficult to 

accomplish in most animals. Here, we compare the function of homologous neurons driving fruit fly courtship song by 

exporting neurogenetic reagents that label and manipulate identified neurons in Drosophila melanogaster to Drosophila 

yakuba. We found that a homologous descending neuron with conserved electrophysiological properties can drive multiple 

song types in both species, but that its primary function is to drive different song types in each species. These diver gent songs 

are produced in a conserved social context, suggesting that this descending neuron may receive conserved inputs. Song 

evolution resulted from changes in the sensitivity of circuitry downstream of the descending neuron. This experimental 

approach  can be generalized to other neural circuits and therefore provides a framework for studying how the nervous 

system has evolved to generate behavioral diversity.  

 

 

   

15    A circuit for the experience of mating in Drosophila .    L. Shao1, P. Chung1, A. Wong1, C. Kent1,2, X. Long1, I. Siwanowicz1, 

U. Heberlein 1  1) Janelia Research Campus, HHMI, Ashburn, VA; 2) Department of Biology, York University, Toronto, ON, 

Canada.  

   The behavior of female Drosophila changes profoundly after mating due to the  effects of sperm and seminal fluid proteins 

transferred from males during copulation. Here, we describe and characterize the Ɉfemale mating experienceɉ, which is 

induced by the act of copulation per se. Mating with non -ejaculatory males transiently decrea ses receptivity and increases 

oviposition. We identify a three -layered circuit underlying this mating experience. Abdominal neurons expressing the 

mechanosensory channel Piezo convey the signal of copulation to a pair of female -specific ascending neurons, LSANs, in the 

ventral nerve cord. LSANs relay the mechanosensory information of copulation to neurons expressing Myoinhibitory Peptide 

in the dorsal brain. Females in which neurotransmission in any layer of this circuit is blocked behave as if they had not  mated, 

although they copulated with males that do not ejaculate. We speculate that the mating experience is a mechanism by which 

females evaluate the quality of matings in order to adjust future behavior.  

16    From perception to reaction: a novel neuron al pathway to encode motion and regulate forward walking speed in 

Drosophila .    J. Eliason, M. Isaacson, A. Nern, K. Shinomiya, G. Rubin, M. Reiser   Janelia Farm Research Campus, Ashburn, VA.  

   The major goal of neuroscience is to connect sensory input with behavioral output by ascribing function to neurons and 

neuronal circuits. The visual system of Drosophila melanogaster provides an excellent model to study the conversion of 

sensation into action. The anatomy of neurons in the visual system has been k nown for over one hundred years, and flies 

have a variety of interesting visually -guided behaviors. Vision is vital for exploration, courtship, navigation, and predator 

elusion. Yet it is only in the past decade or so that advancements in genetic tools, co llaborations, and technology have 

allowed researchers to make substantial progress and associate neuronal anatomy and connectivity with behavioral 

relevance.  

 

The neuronal infrastructure that makes motion vision possible is of particular interest. Motion v ision represents the brainɅs 

ability to make complex calculations from sensory stimuli. No one neuron or photoreceptor can perceive movement on its 

own or provide any information about speed or direction. But by coordinating within a network, neurons conve rt their simple 

photon signals to a perceived motion and refine the qualities and properties of the movement against a visually noisy 

background.  

 

By creating new genetic tools and using innovative anatomical and behavioral techniques, we have identified a nd 

characterized specific neural correlates which encode translational back -to-front motion and influence the behavioral output, 

Ɉwalking speed.ɉ The identified neuronal circuit includes a previously-unknown neuronal type we have named LPC1. LPC1 

encodes b ack-to-front and up translational motion, regulates forward walking speed, and regulates surge behavior during 

flight. This circuit also demonstrates important principles of motion vision mechanics, e.g. how the brain processes rotation al 

and translational  motion separately or how the brain interprets motion signals from varying directions. By mapping the 

function and connectivity of visual neurons, we demonstrate the greater understanding to be gained regarding how sensory 

neurons cooperate to encode stimu lus information and produce appropriate reactions.  

17    TDRD5P promotes germline differentiation through post -transcriptional gene regulation in cytoplasmic RNA 

granules.     Caitlin Pozmanter, Shekerah Primus , Mark Van Doren   Biology, Johns Hopkins University, Baltimore, MD.  

   The RNA-binding protein Sex lethal (SXL) is essential for sex determination in both the germline and the soma, however little 



is known about its targets in the germline. Previous work in our lab identif ied tudor domain -containing protein 5 -prime  (tdrd5p)  

as a novel germline target of Sxl. tdrd5p  RNA and protein levels are greatly enriched in males in a manner dependent on Sxl 

and TDRD5P protein levels are increased in females when putative SXL binding si tes in the tdrd5p  mRNA are mutated. 

Additionally, we demonstrated that tdrd5p  is capable of promoting male identity in the germline and loss of tdrd5p  causes 

male fertility defects. While this data suggested a role for tdrd5p  specifically in males, we have  recently found that tdrd5p 

functions in the female germline as well, although it appears to act later in female germline differentiation. Thus, tdrd5p  plays 

a role in male germline sexual identity but may also act to control germline differentiation in bo th sexes. 

TDRD5P contains a TUDOR domain most closely homologous to Drosophila tejas and mouse TDRD5. Like some other Tudor -

domain proteins, TDRD5P localizes to peri -nuclear cytoplasmic punctae in the germline, similar to RNA Ɉbodiesɉ that regulate 

RNA metabolism and post -transcriptional gene regulation. Interestingly, TDRD5P forms a hollow shell surrounding these 

bodies, suggesting it could act as a molecular gatekeeper or to organize distinct RNA bodies relative to one another. The 

ɈTDRD5P bodyɉ is localized adjacent to, but is distinct from, VASA -containing nuage. TDRD5P shows partial co -localization with 

the Processing (P)-Body protein RNA Decapping Protein 1 and exhibits genetic interaction with the Deadenylase twin  and the 

miRNA pathway member gawky, suggesting that TDRD5P may be involved in RNA degradation in P -Bodies. We also find that 

smaller TDRD5P-containing punctae co -localize with another Tudor -domain protein, Survival Motor Neuron (SMN), suggesting 

that TDRD5P might be involved in the biogenesis  or dynamics of RNPs. We are generating the reagents necessary for live 

imaging of TDRD5P punctae to test this hypothesis. We are also identifying other proteins with which TDRD5P associates in 

these bodies and searching for mRNA targets that are regulated  by TDRD5P.  

18    Distinct RNP Classes in the Drosophila  Germ Plasm Orchestrate Differential RNA Regulation.     C. Ruesch, E. 

Gavis  Molecular Biology, Princeton University, Princeton, NJ.  

   Post-transcriptional gene regulation plays an important role i n the establishment of cell fates, particularly during early 

embryogenesis. Formation of large ribonucleoprotein (RNP) granules serves to organize RNA molecules on the basis of their 

regulatory requirements. The Drosophila germ plasm is a specialized cytop lasm at the posterior of the embryo containing 

many large RNP granules containing factors that are required for establishing germline fate. At least two types of granules 

can be distinguished. The first, which we term founder granules, contains oskar (osk) mRNA along with Staufen protein. 

Founder granules provide for the local production of Osk protein, which recruits additional protein and RNA components to 

assemble the second type of granule, called germ granules. Germ granules are incorporated into the p rimordial germ cells 

(pole cells) as they bud from the posterior of the embryo and are required for germline development. In contrast, founder 

granules remain largely outside of the pole cells.  Aberrant targeting of osk to pole cells by packaging in germ granules 

impedes germline development, demonstrating the importance of segregating osk to founder granules. We have investigated 

how partitioning of mRNAs into different RNPs within the germ plasm regulates their fate, by characterizing the distinct 

behavi ors of germ granules and founder granules in the early embryo. We find that unlike germ granules, founder granules 

are not actively transported during pole cell budding. Instead, osk is degraded in the germ plasm by a mechanism that is 

distinct from the bu lk degradation of maternal RNAs, including the population of osk and germ granule transcripts that 

remains outside of the germ plasm. The use of an alternative degradation mechanism for osk in the germ plasm may serve to 

protect germ plasm -localized germ g ranule RNAs that are destined for the pole cells. In addition, we observe remodeling of 

founder granules, but not germ granules, that accompanies osk degradation in the germ plasm. We are currently investigating 

the link between founder granule remodeling and osk degradation to elucidate the cause -effect relationship between these 

two events and how they influence or are influenced by access of degradation machineries to osk.  

19    Dm Ime4 regulates  chic  splicing in Drosophila spermatogenesis.     Antonio Rockwell1, Cintia Hongay 2  1) Biology, 

Clarkson University, Potsdam, NY; 2) Biology, Clarkson University, Potsdam, NY.  

   A developmental strategy used by multicellular organisms is to divide cell populations into distinct functional units 

separat ed by physical boundaries.   Recent data from our lab show that Drosophila  Inducer of Meiosis 4 ( Dm ime4) expressed 

in somatic cyst cells plays a role in the integrity of germline cyst boundaries.   Dm ime4 encodes an evolutionarily conserved 

mRNA methyltran sferase that catalyzes the N 6mA non -editing modification of RNA.   This enzyme has been shown to be 

essential for Arabidopsis and murine embryonic development and our lab showed that its depletion in Drosophila leads to 

reduced viability and reduced fertili ty.  Using spermatogenesis as our model system, we show that Dm Ime4 is abundant in 

the pair of somatic cyst cells that envelop the developing germline cyst cells throughout spermatogenesis.   The somatic cyst 

cells are known to provide the germline cysts w ith a physical boundary known as the somatic permeability barrier .   Disruption 

of the barrier results in defects in germline differentiation, cell signaling, cell death, and infertility.   Our data show that 

reduced levels of Dm ime4 results in misregulati on of profilin ( chic), an essential protein for proper function of the somatic 

permeability barrier.  Our recent findings provide the first report of direct regulation of a transcript ( chic) by Dm Ime4 

and the biological consequences of incorrect splicing of this transcript in spermatogenesis.  

20    Zc3h13/Flacc is required for adenosine methylation by bridging the mRNA binding factor Rbm15/Spenito to other 

components of the m6A machinery.     Tina Lence1, Philip Knuckles 2,3, Irmgard Haussmann 4, Dominik Jacob5, Nastasja 



Kreim 6, Sarah Carl2,8, Irene Masiello 7, Tina Hares1, Rodrigo Villaseñor 2,3, Daniel Heiss2, Miguel Andrade -Navarro 1, Marco 

Biggiogera 7, Mark Helm 5, Matthias Soller 4, Marc Bühler 2,3, Jean-Yves Roignant1  1) Laboratory of RNA Epigenetics, Institute of 

Molecular Biology (IMB), Mainz, 55128, Germany; 2) Friedrich Miescher Institute for Biomedical Research, Maulbeerstrasse 66, 

4058 Basel, Switzerland; 3) University of Basel, Basel, Switzerland; 4) School of Bi osciences, College of Life and Environmental 

Sciences, University of Birmingham, Edgbaston, Birmingham, B15 2TT, United Kingdom; 5) Institute of Pharmacy and 

Biochemistry, Johannes Gutenberg University of Mainz, 55128 Mainz, Germany; 6) Genomic core facili ty, Institute of Molecular 

Biology (IMB), Mainz, 55128, Germany; 7) Laboratory of Cell Biology and Neurobiology, Department of Animal Biology, 

University of Pavia, Pavia, Italy; 8) Swiss Institute of Bioinformatics, Basel, Switzerland.  

   N6-methyladenosi ne (m6A) is the most abundant mRNA modification in eukaryotes, playing crucial roles in multiple 

biological processes. m6A is catalyzed by the activity of Mettl3, which depends on additional proteins whose precise function s 

remain poorly understood. Here w e identified Flacc/Zc3h13 as a novel interactor of m6A methyltransferase complex 

components in Drosophila and mouse. Like other components of this complex, Flacc controls m6A levels and is involved in 

sex determination in Drosophila. We demonstrate that Fl acc promotes the recruitment of the methyltransferase to mRNA by 

bridging Fl(2)d to the mRNA binding factor Nito. Altogether, our work advances our molecular understanding of conservation 

and regulation of the m6A machinery.  

21    Novel approach to quanti tative spatial gene expression uncovers cryptic evolution in the developing Drosophila  

eye.     S.A. Signor1, S. Ali1, K. Kozlov2, S. Nuzdhin1  1) University of Southern California, Los Angeles, CA; 2) St. Petersburg State 

Polytechnic University, St. Peters burg, Russia.  

   In the past quantifying natural variation in populations has been outside the purview of developmental biology. Work on 

variation in gene expression has similarly generally been limited to being spatial, or quantitative, but because of te chnical 

restrictions not both. Here we bridge these gaps by investigating replicated quantitative spatial gene expression using 

rigorous statistical models, in different genotypes, sexes, and species ( Drosophila melanogaster and D. simulans). Using this 

type of quantitative approach with developmental data allows for effective comparison among conditions, including health 

versus disease. We apply this approach to the morphogenetic furrow, a wave of differentiation that sweeps across the 

developing eye disc.   Within the morphogenetic furrow, we focus on four conserved morphogens, hairy , atonal , hedgehog, and 

Delta. Hybridization chain reaction quantitatively measures spatial gene expression, co -staining for all four genes 

simultaneously and with minimal effor t.  We find considerable variation in the spatial expression pattern of these genes in the 

eye between species, genotypes, and sexes. We also find that there has been evolution of the regulatory relationship 

between these genes. Lastly, we show that the sp atial interrelationships of these genes evolved between species in the 

morphogenetic furrow. This is essentially the first Ʉpopulation genetics of developmentɅ as we are able to evaluate wild type 

differences in spatial and quantitative gene expression at the level of genotype, species and sex.  

22    A gene network responsible for a male genital structure also patterns a potentially coevolving female genital 

trait.     E.W. McQueen1, W.J. Glassford2, M. Rebeiz1  1) University of Pittsburgh, Pittsburgh, PA; 2) Columbia University, New 

York, NY.  

   How novel morphologies arise and evolve is a fundamental question in evolutionary biology. Genetic origination and 

modification are particularly interesting when two or more functionally -related morphologies arise concomitantly. Animal 

genitalia evolve rapidly, and it is common to see interspecific differences in both male and female genital structures. When 

genital features of females and males are morphometrically correlated across species, the relationship is usu ally assumed to 

be driven by selective mechanisms. An oft -overlooked alternative explanation for concurrent changes in male and female 

genitalia is pleiotropic linkage. The degree to which coevolving genital structures are genetically independent has not b een 

elucidated in any species. We investigated the genetic underpinnings of two possibly coevolving genital structures in the 

Drosophila melanogaster subgroup. Males in the D. melanogaster subgroup possess a novel genital outgrowth called the 

posterior lob e, which is used to clasp females during mating. Females of this subgroup also have a novel feature on their 

ovipositors called the oviscapt pouch, which appears to contact the posterior lobe during copulation. The posterior lobe and 

oviscapt pouch correla te in size across species, suggesting a coevolutionary relationship.  

In a prior study, the gene network required for posterior lobe formation was found to have been co -opted from a larval 

structure during the origination of the male structure. Using gene k nockdown, in -situ hybridization, antibody staining, and 

enhancer analysis, we investigated whether this genetic network is shared between the posterior lobe the oviscapt pouch. 

Surprisingly, we discovered that patterning genes from the posterior lobe netwo rk, and even the enhancers of these genes, 

are also involved in the patterning of the oviscapt pouch during the development of this female structure. These data suggest  

that the necessarily -shared genetic history of males and females could in part explain the simultaneous origin and size 

relationship of these two sexual characters, in spite of the apparent morphological distinctness of male and female genitalia . 

This work highlights the need to consider the role of pleiotropy in coevolutionary relationships  between the sexes, a 

previously unexplored mechanism in the study of genital coevolution.  



23    Evolution of a new essential gene function in development via Alternative Transcription.     Y. Yoon, J. Klomp, U. 

Schmidt -Ott   Organismal Biology and Anatomy,  The University of Chicago, CHICAGO, IL.  

   Alternative Transcription (AT) expands transcriptome diversity by adding transcript isoforms to a single gene and 

affects a very large fraction of animal genes. Its misregulation has been attributed to human dis eases including 

cancer. However, whether AT plays an important role in the evolution of fundamentally new developmental gene 

functions remains largely unknown. We found that a conserved Zic family segmentation gene, odd-paired (opa ), 

evolved a new function in the specification of head -to -tail embryo polarity via AT. The sand fly -related midge Clogmia 

albipunctata lacks the unique genes that specify head -to -tail polarity in other dipteran insects, such as bicoid  in the 

fruit fly Drosophila melanogaster  or panish  in the midge Chironomus riparius . Using expression profiling of anterior and 

posterior embryo portions, we found that one of three alternative embryonic Clogmia opa  transcripts, Cal-opa C, is 

expressed maternally and localized  at the anterior pole of freshly laid eggs. Knockdown of Cal-opa C resulted in 

embryos with perfect tail -to -tail polarity (double abdomen) and duplicated germ cells. Conversely, ectopic expression 

of Cal-opa C mRNA at the posterior pole induced head -to -hea d polarity (double head). The other alternative 

transcripts, Cal-opa A and Cal-opa B, were expressed in a conserved pattern during the blastoderm stage. Of these, 

Cal-opa B was required for segmentation but also sufficient to induce head development when e xpressed posterior in 

preblastoderm embryos. Our findings demonstrate that a single gene can evolve a fundamental new gene function 

via AT. Given that AT is a widespread phenomenon, its role in gene evolution deserves more attention.   

24    Evolving double sex expression correlates with the origin and diversification of male sexual ornaments in the 

Drosophila immigrans  species group.     G.R. Rice1,2, O.Y. Barmina2, K Hu2, A.V. Kopp2  1) Biological Sciences, University of 

Pittsburgh, Pittsburgh, PA; 2) Evolut ion and Ecology, University of California at Davis, Davis, CA.  

   Male ornaments and other sex -specific traits present some of the most dramatic examples of evolutionary innovations. 

Comparative studies of similar but independently evolved traits are part icularly important for identifying repeated patterns in 

the evolution of these traits. Male -specific modifications of the front legs have evolved repeatedly in Drosophilidae and other 

Diptera. The best understood of these novel structures is the sex comb o f Drosophila melanogaster and its close relatives. 

Here, we examine the evolution of another male foreleg modification: the sex brush, found in the distantly related Drosophila 

immigrans  species group. Similar to the sex comb, we find that the origin of th e sex brush correlates with novel, spatially 

restricted expression of the doublesex (dsx) transcription factor, the primary effector of the Drosophila sex determination 

pathway. The diversity of dsx expression patterns in the immigrans  species group closely reflects the differences in the 

presence, position, and size of the sex brush. These observations suggest that tissue -specific activation of dsx expression may 

be a common mechanism responsible for the evolution of sexual dimorphism. In particular,  for the origin of novel male -

specific ornaments.  

25    Centromeres epigenetically mark Drosophila  germ line stem cell identity.     A.A. Dattoli, Ben Carty, Elaine 

Dunleavy   Biochemistry, National University of Ireland (NUI), Galway, Galway, GALWAY COUNTY , IE.  

   Background : Stem cells divide asymmetrically generating a self -renewing cell and a second daughter cell programmed to 

differentiate. The stem -to-differentiation switch, occurring during cell division, is disrupted in common human diseases, 

includ ing cancer and infertility. Epigenetic mechanisms were found to contribute to stem cell maintenance/differentiation. In 

this regard, Centromeres are epigenetically defined chromosomal domains crucial for genomic integrity and accurate 

chromosome segregatio n during cell division. An abundance of evidence in the last few years suggests that centromeres 

might play a role in stem cell maintenance. Centromeres are specified by the histone H3 variant, CENP -A, assembled in the 

centromeric nucleosome at the end of mitosis (between telophase and G1 in metazoan), with its loading dependent on the 

chaperone/assembly factor HJURP (Holliday Junction Recognition Protein).  

Hypothesis : Centromeric domains are arranged differentially upon division in stem and daughter cells and this differential 

organization is crucial to establish stem cell identity.   

Results : Confocal microscopy coupled to quantification analysis of CENP -A in combination with different cell cycle markers 

revealed that in female Drosophila germline stem cell s (GSCs) centromeres are assembled in G2 phase. Furthermore, co -

localisation mapping showed that a specific mitotic marker, phosphorylation of histone H3 at threonine 3 (H3T3P), is enriched  

on chromosomes that will be inherited by the daughter cell that wi ll differentiate (cystoblast). Conversely, chromosomes 

inherited by the GSC retain more CID ( Drosophila CENP-A) at centromeres. Finally, knock down analysis conducted through 

the GAL4-UAS system showed that the integrity of the centromere core is crucial i n the differentiation of GSCs into cystoblasts 

in Drosophila females. Particularly, this process is strictly regulated by the key centromere assembly factor CAL1 ( Drosophila 

homologue of HJURP). 

Conclusion : Collectively, our results suggest that centromere s play a pivotal role in the epigenetic pathway that specifies 

stem cell identity/maintenance in Drosophila melanogaster germline tissues.  

26    Multi -layered control of gene activities ensures timely exit from stemness during asymmetric neural stem cell 

division.     H. Komori1, D. Hamm 2, N. Rives-Quinto 1, E. Larson2, M. Harrison 2, CY. Lee1  1) Life Sciences Institute, University of 



Michigan, Ann Arbor, MI; 2) Department of Biomolecular Chemistry, University of Wisconsin School of Medicine and Public 

Healt h, Madison, WI.  

   Asymmetric stem cell division allows for the generation of a self -renewing stem cell and an uncommitted progenitor that 

commits to a progenitor identity and generates differentiated cell types. To transition from a stem cell state into a progenitor 

state, an uncommitted progenitor must exit from stemness by dismantling the stem cell regulatory network. However, the 

mechanisms controlling this critical transition remain poorly understood. The type II neural stem cell (neuroblast) lineage in 

the fly larval brain provides an excellent in vivo paradigm for unraveling the mechanisms that dissolve the self -renewal gene 

network in the uncommitted progenitor (immature INP) during the exit from stemness. By using regulation of the neuroblast 

self-renewal gene deadpan (dpn) as a paradigm, we show that  transcriptional control, mRNA decay and competitive 

antagonism function collaboratively to ensure rapid down -regulation of self -renewal gene activities and timely exit from 

stemness in the newly born immature INP. We identify two transcription factors Zel da (Zld) and Fruitless (Fru) that function 

together with Notch signaling to specify the precise level of dpn transcription necessary to sustain self -renewal in neuroblasts 

but not to impede timely exit from stemness in the newly born immature INP. Furtherm ore, Brat recognizes the 3ɅUTR of dpn 

mRNA and functions together with Tis11 and multiple deadenylase complexes to target dpn mRNA for decay. Additionally, we 

demonstrate that Insb decommissions excess Dpn activity by competing with its dimerization partne rs for binding the Orange 

motif. While reducing the function of an individual layer of the multi -layered control mechanism has little effect on the exit 

from stemness in the newly born immature INP, mild reduction in any two layers significantly hinders th is transition. Our 

findings provide a new conceptual framework for efficiently and robustly switching instructive mechanisms from the ɈONɉ 

state to the ɈOFFɉ state, driving critical transitions during development and homeostasis.    

27    Lin28 is a critic al factor in the aging of Drosophila testis stem cell niche.     Sreejith Perinthottathil 1,2, Changsoo Kim2, 

Benoit Biteau 1  1) Biomedical Genetics, University of Rochester Medical Center, Rochester, NY; 2) School of Biological Sciences 

and Technology, Chon nam National University, Gwangju, South Korea.  

   Age-related decline in stem cell function is observed in many tissues from invertebrates to humans. While cell 

intrinsic alterations impair stem cells, aging of the stem cell niche also significantly contr ibutes the loss of tissue 

homeostasis associated with reduced regenerative capacity. Hub cells, which constitute the stem cell niche in the 

Drosophila  testis, exhibit age -associated decline in number and activities, yet underlying mechanisms are not fully 

understood. Here we show that Lin28, a highly conserved RNA binding protein, is expressed in hub cells. We found 

that its expression dramatically declines in old testis and that lin28  mutant testes exhibit hub cell loss and defective 

hub architecture, reca pitulating the normal aging process. Importantly lin28  overexpression prolongs hub integrity 

in aged testes, supporting the notion that lin28  decline is a driver of hub cell aging. Mechanistically, we found that 

the level of upd , a stem cell self -renewal f actor, is reduced in lin28  mutant testis and that Lin28 protein directly binds 

and stabilizes upd  transcripts, in a let -7 independent manner. Finally, our data demonstrate that Lin28 can physically 

interact with the IGF -II messenger RNA binding protein (IM P), another factor known to protect upd  transcript. 

Altogether, our results suggest that Lin28 acts with IMP to protect upd  transcripts in hub cells, and reduction of both 

Lin28 and IMP in old testis leads to decreased upd  levels, hub cell aging and loss o f the stem cell niche.  

28    Stem Cell Cytokinesis is Disrupted with Age Due to Diminished Jak/STAT Activity.     K. Lenhart1, B. Capozzoli2, S. 

Dinardo 2  1) Biology Department, Drexel University, Philadelphia, PA; 2) Cell and Developmental Biology, University of 

Pennsylvania, Philadelphia, PA.  

   It is well established that many aspects of stem cell function, from rates of proliferation to the ability to s elf-renew, become 

disrupted with age. Defects in niche signaling and architecture, as well as changes in cytoskeletal dynamics, have been 

implicated in promoting age -related decline, yet many of the proximate causes of early -onset aging defects are unknown .  We 

have identified disruption of the modified cytokinesis program within germline stem cells (GSCs) of the testis as the earlies t 

known defect in stem cell behavior within the niche.   GSCs progressively fail to abscise, or physically separate from their  

daughter cells, beginning at 7 days after eclosion, with 30% of all GSC divisions resulting in failed abscission by 15 -21 

days.  This block to cytokinesis has severe consequences, as GSC daughters are no longer consistently released to 

differentiate and c ontribute to the tissue. Extensive live imaging and genetic analyses revealed that diminished JAK/Stat 

responsiveness in aged GSCs controls this age -related defect in the modified cytokinesis program, with this pathway 

regulating F -actin disassembly at the  intercellular bridge between GSC -daughter pairs. We found that increasing JAK/Stat 

activity, either generally in the niche or specifically within the GSCs themselves, significantly rescued the abscission defe ct in 

aged GSCs.  Depletion of Stat from aged G SCs led to a near complete block to abscission.   Interestingly, we found that loss of 

even a single functional copy of stat resulted in substantial defects in the GSC cytokinesis program. Young flies heterozygou s 

for a Stat mutation or a deficiency that in cluded the Stat locus exhibited abscission defects that were indistinguishable from 

those of 15 -21 day aged GSCs, indicating that diminished Stat is sufficient to precociously age stem cells.   Taken together, this 

work has identified the earliest age -relat ed defect in GSCs and has revealed a novel role for an established niche signaling 

pathway in controlling stem cell cytokinesis and in regulating stem cell behavior with age.  



29    Accelerated germline stem cell divisions in Drosophila males upon repeated  mating ɀ a novel role for G -Protein 

signaling.     M.M. Malpe1, Leon McSwain4, Benjamin Parrot 2, Karl Kudyba 1, Chun Ng1, Jennie Nicholson 1, Alicia Hudson 1, Vinay 

Choksi3, Cordula Schulz1  1) Cellular Biology, University of Georgia,Athens, Athens, GA; 2) Od um School of Ecology, University 

of Georgia,Athens, Athens, GA; 3) Duke University School of medicine, Durham , North Carolina; 4) Graduate Division of 

Biological and Biomedical Sciences, Emory University, Atlanta, GA.  

   Adult stem cells are extremely  significant  for  regenerative medicine due to their ability to  generate  specialized cells.  Most 

types of adult stem  cells are housed in  a specific cellular  microenvironment, the niche,  which  regulates and maintains  stem 

cell fate via a battery of mechanisms, including signaling and asymmetric localization of the mitotic spindle.  However,  little is 

known about the regulation of stem cell activity and  how stem cells respond to physiological cues.    

Our lab uses  the rate of  germline  stem cells  (GSC) divisions as a measure  of their activity.  We discovered 

that  males repeatedly  mated with virgin females,  display a significant increase in their division 

frequency.  This phenomenon  is age independent but gender specific.  We will present evidence  that  the increase in GS C 

division frequency  is dependent on G -protein signaling, a pathway conserved among all metazoan species. Expressing a 

dominant negative version of Gƾ1 or reducing the expression of GƼ-subunits in the  germline  via RNA-Interference (RNAi) 

eliminated the abi lity of males to accelerate their GSC divisions upon mating.    

Consistent with a role for G -protein signaling in this process, expressing RNAi  against any  of seven G-protein  coupled 

receptors (GPCRs) in the germline  also prevented the acceleration of GSC d ivisions in mated males. These were the Serotonin 

Receptors 5HT-1A, 5HT-1B and 5HT-7, Metuselah  (Mth), Metuselah -like5 (Mth -l5), Octopamineƽ 2R (Octƽ 2R), and 

CG12290. We hypothesize that GSCs are receptive to several GPCR ligands and that their activity i s regulated via  cross-

talk  among signaling  pathways  downstream of these GPCRs.  

30    Wingless promotes EGFR signaling in follicle stem cells to maintain self renewal.     Rebecca Kim, Todd 

Nystul   Anatomy, UCSF, San Francisco, CA.  

   Adult stem cell niche  boundaries must be precisely maintained to facilitate segregation of stem cell and daughter cell fates. 

However, the mechanisms that govern this process in epithelial tissues are not fully understood. In this study, we investigat ed 

the relationship betwee n two signals, Wnt and EGFR, that are necessary for self -renewal of the epithelial follicle stem cells 

(FSCs) in the Drosophila ovary, but must be downregulated in cells that have exited the niche to allow for differentiation. We 

found that wingless produc ed by inner germarial sheath (IGS) cells acts over a short distance to activate Wnt signaling in FSCs, 

and is restricted from moving beyond the FSC niche boundary. In addition, we show that Wnt signaling functions genetically 

upstream of EGFR signaling by activating expression of the EGF ligand,  spitz, and that constitutive activation of EGFR partially 

rescues the self -renewal defect caused by loss of Wnt signaling. Collectively, our findings support a model in which the Wnt 

and EGFR pathways operate in a s ignaling hierarchy to promote FSC self -renewal.  Ongoing studies utilizing long -term ex vivo 

live imaging of the Drosophila germarium will elucidate the dynamics of these signaling pathways in FSCs over time as well as  

give insight into how activation of si gnaling might be coupled with the requirements of the tissue during oogenesis.  

31    Vive la resistance: evidence from the Drosophila intestine that multidrug resistance is an ancient stem cell 

trait.     M. Markstein1, J. DiRusso1, H. Dayton 1, K. Kolbert 1, O. Williamson 1, E. D'Souza1, A. Balciunaite 1, S. Kondo2  1) Biology 

Department, University of Massachusetts, Amherst, MA; 2) Genetic Strains Research Center, National Institute of Genetics, 

Mishima, Japan.  

   A remarkable feature of adult stem cells is their ability to regenerate tissue in the wake of injuries that cause daughter cell 

loss. Most studies on regeneration have focused on ɈS.O.S.ɉ signals from injured tissue, such as inflammatory cytokines, that 

instruct stem cells to divide and differentiat e to replenish missing daughter cells. However, in order for stem cells to respond 

to these signals they must survive the injury in the first place. In virtually every mammalian tissue, stem cells have been 

shown to sustain chemical injuries better than th eir differentiated daughters by expressing higher levels of transmembrane 

efflux pumps. Interestingly, this same stem cell -daughter cell difference underlies the ability of cancer stem cells to survive 

chemotherapeutic drugs that effectively eliminate Ɉbulkɉ daughter cells, rendering the cancer stem cells multidrug resistant. 

Although this stem cell ɀdaughter cell difference is widely recognized in both normal and diseased mammalian tissues, the 

regulatory mechanisms underlying higher stem cell expression of  protective chemical efflux genes remain poorly understood.  

 

Here we show that the stem cell -daughter cell efflux difference observed across mammalian tissues is mirrored in the 

Drosophila intestine. Using a novel quantitative efflux assay, we show that st em cells in the fly intestine efflux small molecules 

more efficiently than their surrounding enterocyte and enteroendocrine daughter cells. Interestingly, the youngest enterocyte  

daughter cells, which recent published work shows can undergo amitosis to bec ome stem cells again, retain some of the 

efflux properties of the stem cells, underscoring the relationship between stemness and efflux ability. We show further that 

specific transporters are required for both efflux and the ability of stem cells to regene rate tissue in the wake of chemical 

injury. These results suggest that stem cell multidrug resistance may be an evolutionarily conserved stem cell trait and open  

the door to using the power of Drosophila genetics to dissect the molecular mechanisms underly ing how stem cells mount 

greater protective responses relative to their differentiated daughter cells.  



32    Adaptive genetic redundancy in Drosophila  is driven by a vast reservoir of large -effect alleles.     N. Barghi1, M. 

Dolezal1, A. Jaksic1,2, F. Mallard1, N. Nolte 1, K. Otte1, R. Tobler1,2,3, C. Schlötterer 1  1) Institut für Populationsgenetik, Vetmeduni 

Vienna, Vienna, Austria; 2) Vienna Graduate School of Population Genetics, Vetmeduni Vienna, Vienna, Austria; 3) Australian 

Centre for Ancien t DNA, School of Biological Sciences, University of Adelaide, Adelaide, SA, Australia.  

    

The genetic architecture of adaptive traits is of key importance to understand and predict the evolutionary response. Despite  

it is widely assumed that most traits have a complex architecture, most adaptive traits characterized so far have a simple 

genetic basis. We combined experimental evolution with whole genome sequencing to study the architecture of a complex 

trait in replicated Drosophila simulans populations. After more than 100 generations in a novel hot temperature regime all 10 

evolved populations converged to very similar phenotypes (fitness, metabolic rate and lipid content). On the genomic level, 

however, we noted a highly heterogeneous response with most  selected loci increasing only in half of the replicates. The 

dynamics of the 99 strongly selected loci are not compatible with classic population genetic models. Rather, genetic 

redundancy among the loci is more compatible with the genomic dynamics and ma tches the observed phenotypic 

convergence. With on average every second fly carrying a different adaptive allele, natural D. simulans populations could 

harbor a vast reservoir of adaptive loci facilitating rapid evolutionary responses. As this adaptive gen etic architecture is most 

likely not limited to temperature adaptation, but may be more common in natural populations, our results have major 

implications for the experimental design of studies on adaptive variation in natural populations.  

33    The micro biota influences life history variation in Drosophila melanogaster .    A. Wise1, M. Koyle1, R. Hughes1, J. 

Chaston 1, P. Schmidt2  1) Brigham Young University, Provo, UT; 2) University of Pennsylvania, Philadelphia, PA.  

   Organismal adaptation to spatiall y-varying selection is primarily attributed to environmental selection on an animal's 

genotype, a model that does not but should account for the role of associated microorganisms ('microbiotaɅ). In Drosophila 

melanogaster, a key model for understanding cli nal adaptation, the microbiota influence the magnitude of individual life 

history traits such as energy storage, development rate, and lifespan, but these effects have not previously been linked to 

spatially varying selection. Here, we present data to  supp ort that  D. melanogaster at different latitudes naturally bear different 

amounts of microbes that can substantially influence their adaptive traits.  We first show that an isogenic fly line individually 

reared with different bacterial species on a nutrient -rich diet  displays  life history strategies that favor either but not both of 

somatic maintenance or early reproduction. We also show that the abundance of key bacterial taxa in 

wild  Drosophila populations is correlated with the latitude at which the flies were sampled and that host genotype can select a 

latitude -specific microbiota. Finally, by eliminating or swapping the microbiota between fly lines derived from high - and low -

latitude wild populations, we reveal that both the microbiota and host genotype c ontribute to latitude -specific life history 

traits. For example, bacteria -free high latitude fly lines invested in somatic maintenance to a greater extent than bacteria -free 

low latitude fly lines; but the same fly lines bore the same somatic maintenance t raits when they were inoculated from birth 

with a high -latitude microbiota. Taken together, these findings establish the microbiota as an essential consideration in 

spatially adaptive processes.  

34    A genome -wide association study to identify genetic fa ctors affecting resistance allele formation in CRISPR gene 

drives.     J. Champer1,2, J. Chung1,2, C. Liu1,2, A. Luthra 1,2, R. Reeves1,2, Y.L. Lee1,2, J. Liu1,2, Z. Wen1,2, E. Yang1,2, P. Conley1,2, P. 

Messer 1, A. Clark1,2  1) Department of Biological Statistics & Computational Biology, Cornell University, Ithaca, NY; 2) 

Department of Molecular Biology and Genetics, Cornell University, Ithaca, NY.  

   Gene drives could allow for control of vector -borne diseases by directly su ppressing vector populations or spreading genetic 

payloads designed to reduce pathogen transmission. CRISPR homing gene drives work by converting cells heterozygous for 

the drive allele into homozygotes, increasing the frequency of the drive allele in a po pulation. However, all current CRISPR 

gene drives in insects form resistance alleles at high rates. Such alleles cannot be converted to drive alleles, and would ha lt 

the spread of a drive through a population. Furthermore, it seems likely based on previous  results that genetic variation in 

natural populations would include variation in the tendency to produce resistance alleles. We developed a CRISPR homing 

gene drive in Drosophila melanogaster and crossed it into the genetically diverse Drosophila Genetics Reference Panel (DGRP) 

lines, measuring several gene drive parameters. Successful drive conversion in the germline averaged 56±8%, with germline 

resistance allele formation at 39±10% among the lines. Most strikingly, resistance allele formation post -ferti lization in the 

early embryo averaged 40±19%, with variation in resistance rates among lines ranging from 6% to 81%. To uncover the 

potential genetic explanation for this variation, we performed a Genome -Wide Association Study (GWAS) using our results in 

the DGRP lines. We found genetic polymorphisms in 25 genes that were significantly correlated with differences in the 

embryo resistance allele formation rate. These include Camta, a calmodulin -binding transcription activator, enc, involved in 

germline mitos is, and Tis11, involved in RNA stabilization. Such genes may increase understanding of how natural variation is 

involved in resistance allele formation and be good target candidates for manipulation to develop gene drives with reduced 

rates of resistance a llele formation.  



35    Comparative analysis of centromeric DNA sequences in Drosophila species.     C-H. Chang1, J. Palladino2, A. Chavan2, 

C-C. Chen2, S. Cordi2, N. Martins 3, C.T. Wu3, B. Mellone 2, A.M. Larracuente1  1) Biology, University of Rochester, R ochester, NY; 2) 

Department of Molecular and Cell Biology, University of Connecticut, Storrs, CT; 3) Department of Genetics, Harvard Medical 

School, Cambridge, MA.  

   Single molecule long -read sequencing has significantly improved our ability to assemble repetitive genomic regions, 

including some complex satellite DNAs and regions of Y chromosomes. However in Drosophila, the sequences underlying the 

centromeres have remained enigmatic. Centromeres are defined by nucleosomes containing the centromeric histo ne variant, 

CENP-A.  Drosophila centromeres are embedded deep in simple satellite repeats and have been recalcitrant to genome 

assembly. We used long -read sequencing from Pacific Biosciences (PacBio) to create heterochromatin -enriched genome 

assemblies. We will describe how we used these assemblies to identify the putative centromeres of each chromosome in D. 

melanogaster. We discovered that each centromere contains simple satellite DNAs interrupted by islands of complex DNA 

consisting of transposable eleme nts and other AT -rich sequences. We validated our centromere assemblies using ChIPseq to 

confirm that these islands are enriched for CENP -A and fluorescence in situ hybridization to show that they are indeed 

centromeric. The centromeres of each chromosome are unique, but show similarities in composition and organization. This is 

especially true for the sex chromosomes and the dot chromosome Ɂan interesting observation given that previous research 

suggests that the dot chromosome is derived from an ancestral X chromosome. We used deep PacBio sequencing and our 

heterochromatin -enriched assembly methods in D. simulans, D. sechellia, and D. mauritiana  to identify candidate centromeric 

contigs in the simulans clade. We show that centromeric DNA changes rapidly bet ween Drosophila species. Long -read 

sequencing makes it possible to study the detailed structure of the most enigmatic regions of genomes. Our study reveals the 

genetic composition of Drosophila centromeres and how they evolve on long and short evolutionary  timescales, with 

important implications for understanding centromere drive.  

36    The Recombination Landscape of Drosophila virilis  under hybrid dysgenesis.     L.W. Hemmer, J.P. Blumenstiel  Ecology 

and Evolutionary Biology, University of Kansas, Lawrence, KS.  

   DNA damage in the germline is a double -edged sword. Induced double -strand breaks establish the foundation for meiotic 

recombination and proper chromosome segregation but can also pos e a significant challenge for genome stability. Within the 

germline, transposable elements are powerful agents of double -strand break formation. How different types of DNA damage 

are resolved within the germline is poorly understood. For example, little is  known about the relationship between the 

frequency of double -stranded breaks, both endogenous and exogenous, and the decision to repair DNA through one of the 

many pathways, including crossing over and gene conversion. We aim to use the Drosophila virilis  hybrid dysgenesis model to 

determine how recombination landscapes change under transposable element activation. In this system, a cross between 

two strains of D. virilis with divergent transposable element loads results in the hybrid dysgenesis phenotype,  which includes 

the germline activation of diverse transposable elements, reduced fertility, and male recombination. However, only one 

direction of the cross results in hybrid dysgenesis. This allows us to examine recombination in genetically identical F1 

females; those with baseline levels of programmed DNA damage and those with an increased level of DNA damage resulting 

from transposable element proliferation. We are using multiplexed shotgun genotyping to map crossover events to compare 

the recombination  landscapes of hybrid dysgenic and non -hybrid dysgenic individuals. Patterns of recombination appear to 

be robust during hybrid dysgenesis.  

37    Prophage WO genes that alter sperm and kill males in Drosophila.     S. Bordenstein1,2,3,4, J. Perlmutter 1, D. Shropshire 1, 

E. Layton1, H. Zhou1, B. Leigh1, A. Brooks1,4, T. Hill5, J. Martinez6, R. Unckless5, F. Jiggins6, S.R. Bordenstein1  1) Department of 

Biological Sciences, Vanderbilt University, Nashville, TN; 2) Department of Pathology, Microbiology, and Imm unology, 

Vanderbilt University, Nashville, TN; 3) Vanderbilt Institue of Infection, Immunology, and Inflammation, Vanderbilt Universit y, 

Nashville, TN; 4) Vanderbilt Genetics Institute, Vanderbilt University, Nashville, TN; 5) Department of Molecular Biosc iences, 

University of Kansas, Lawrence, KS; 6) Department of Genetics, University of Cambridge, Cambridge, UK.  

   The obligate intracellular symbiont,  Wolbachia pipientis, selfishly alters fly sperm and egg (cytoplasmic incompatibility) and 

male embryos ( male killing) to increase the fitness of infected females relative to uninfected females. These modifications 

enhance  Wolbachia's maternal spread through host populations and significantly  impact speciation and vector control in 

arthropods. However, the ge nes underlying the adaptations remain mostly elusive. In this presentation, we report the 

discovery of three genes in the eukaryotic association module of prophage WO that recapitulate  Wolbachia's capacity to cause 

cytoplasmic incompatibility and male kill ing in  Drosophila. The discovery of these three genes ( cifA, cifB, wmk) highlights the 

significance of phage genes in shaping intracellular symbiont adaptations and informs their potential use in suppressing or 

modifying pest and vector populations.    

38    Patterns of robustness and deregulation in gene expression networks under dietary stress.     L.F. Pallares, A. 

Schmittfull, S. Picard, J.F. Ayroles  Lewis-Sigler Institute for Integrative Genomics, Princeton University, Princeton, NJ.  

   Gene expression  is not only an intermediate step linking genotypic variation to higher -order phenotypic variation, but it is a 

complex trait that offers unique opportunities to study the regulation of phenotypic variation. The response to stressful 



conditions in terms of  gene expression variation has been previously explored from the perspective of individual genes. 

However, how gene expression networks -and therefore the system as a whole - respond to stressful conditions is still an 

open question. To date, key limitation s in Drosophila studies have been small sample sizes, the use of inbred lines, and a 

skewed allele frequency spectrum towards rare variants. This has not only limited the power to detect genotype -phenotype 

associations, but also the scope of our understand ing regarding the level of robustness of gene expression networks. We 

have addressed these limitations by creating a hyper -recombinant outbred population of Drosophila melanogaster. This 

community resource allows us to move away from inbred lines, and assa y individual outbred flies. At the same time, we have 

developed a new method for 3Ʌ TagSeq to generate gene expression data from single fly heads, at a fraction of the cost of 

existing methods. Here, we explore how gene expression in the brain responds to stressful conditions. We raised flies in two 

environments: standard and high sugar food. High sugar diet is a well -known stressor for flies, with well -known high order 

phenotypic consequences like longer developmental time, and reduced number of eggs. Here  we explore the consequences 

of high sugar diet at the gene expression level, and use this as a proxy to explore the robustness of gene co -expression 

networks. With this aim, we obtained RNAseq data for thousands of individual adult flies in each environme ntal condition. We 

built gene co -regulation networks for each environment, and took a systems genetics approach to study the general 

landscape of stress response. Our study is unprecedented not only in scale, but also in the genetic background of the study  

population, and therefore it offers the most comprehensive picture of gene expression robustness in Drosophila 

melanogaster.  

39    Phosphatidylserine externalization is associated with developmental and pathological neurite degeneration in 

Drosophila .    Maria Sapar, Hui Ji, Bei Wang, Chun Han  Weill Institute for Cell and Molecular Biology, Cornell University, Ithaca, 

NY.  

   Phagocytic clearance of degenerating neuronal processes is critical for preventing neuroinflammation and for maintaining 

tissue ho meostasis in the nervous system. Aberrant engulfment of neuronal membranes is also associated with early onset 

neurodegenerative pathology. How neurites are marked for phagocytic engulfment in vivo is poorly understood. Externalized 

phosphatidylserine (PS)  has long been postulated as an eat -me signal that triggers the recognition of degenerating neuronal 

tissues by phagocytes, but in vivo evidence for the association of PS exposure and engulfment of neuronal processes has 

been lacking. To determine if degen erating neuronal processes indeed expose PS, we developed an in vivo system in the 

Drosophila larva to visualize potential PS exposure on peripheral sensory neurons. We found that PS is dynamically exposed 

on the surface of degenerating dendrites both during developmental pruning and after physical injury. The PS exposure is 

spatiotemporally correl ated with the process of dendrite degeneration and is suppressed when dendrite degeneration is 

genetically blocked. To understand the functional consequences of PS exposure, we ectopically induced PS exposure in 

uninjured dendrites by knocking out PS flipp ases and by overexpressing mammalian phospholipid scramblase TMEM16F. 

Interestingly, ectopic PS exposure causes different modes of neurite degenerations that differ in larval sensory dendrites an d 

in adult olfactory axons. Lastly, we found that extracellul ar lactadherin potentiates Drosophila epidermal cells to destruct PS -

exposing dendrites and this function of lactadherin is independent of its N -terminal integrin -interaction domain, suggesting 

the existence of a previously unidentified bridging domain in the rest of the protein. Together, our study provides the first 

characterization of the in vivo dynamics of PS exposure on degenerating neurites and establishes a functional association 

between PS exposure and phagocytosis -dependent neurite degeneration in  vivo.  

40    Autophagolysosome disruption in a Drosophila  model of ALS/FTD caused by C9orf72 expansion 

mutation.     Kathleen Cunningham1, Ke Zhang1,4, Hyun Sung1, Mumine Senturk 2, Zhongyuan Zuo 3, Jeffrey Rothstein 4, Tom 

Lloyd1  1) Neurology, Johns Hopkins  University School of Medicine, Baltimore, MD; 2) Developmental Biology Program, Baylor 

College of Medicine, Houston, TX; 3) Department of Neuroscience, Baylor College of Medicine, Houston, TX; 4) Brain Science 

Institute, Johns Hopkins University School of  Medicine, Baltimore, MD.  

   A GGGGCC hexanucleotide repeat expansion (G4C2 HRE) in the first intron of the C9orf72 gene has been identified as the 

most common genetic cause of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). In a RN Ai screen for 

modifiers of HRE -mediated degeneration, our lab previously identified a key role of nucleocytoplasmic transport (NCT) 

disruption in C9 -ALS. We have now been investigating which key pathways may mediate neurodegeneration downstream of 

nucleocy toplasmic transport disruption. In our screen we identified two key regulators of autophagy, Ref(2)p/SQSTM1 and 

Mitf/TFEB, as modifiers of neurodegeneration. In a Drosophila model of C9 -ALS expressing (G4C2)30, we have found that 

Ref(2)p is upregulated and  forms large aggregates in motor neurons. Ref(2)p plays a key role in autophagy by binding 

ubiquitinated proteins and delivering them to the autophagosome for degradation via the lysosome. Surprisingly, we find 

that knockdown of Ref(2)p rescues degeneratio n in the fly eye and in motor neurons, while knockdown of Mitf enhances 

neurodegeneration. Immunofluorescence and western blot analysis of autophagy and lysosome markers demonstrates an 

expansion of lysosomes and decreased delivery to and digestion of auto phagic cargo in the lysosome. Using electron 

microscopy of the Drosophila eye, we observe a remarkable accumulation of expanded multilamellar bodies and 

autolysosomes that precedes neurodegeneration. Due to these lysosomal defects, we hypothesized that mis localization of 

Mitf from the nucleus downstream of NCT defects may cause dysregulation of lysosomes and autophagy. Indeed, we find by 



IF that Mitf is more strongly in the cytoplasm in G4C2 expressing cells. We also find that genetic and pharmacological 

induction of lysosomal genes downstream of Mitf rescues neurodegeneration. We propose that C9orf72 -HRE expression 

causes Mitf/TFEB mislocalization from the nucleus and contributes to a feed -forward loop between NCT disruption and 

protein aggregation. This st udy suggests that drugs targeting lysosomal proteostasis pathways may have therapeutic 

potential for C9orf72 -mediated ALS and FTD.  

41    Activation of BMP signaling in non -motor neurons rescues motor dysfunction in a Drosophila model of 

Amyotrophic Latera l Sclerosis.     Aaron Held 1, Asli Sahin1, Robert Reenan 1, Diane Lipscombe 2,3, Kristi Wharton1,3  1) MCB 

Department, Brown Univ, Providence, RI; 2) Neuroscience Department, Brown Univ, Providence, RI; 3) Brown Institute for 

Brain Science, Brown Univ, Provid ence, RI.  

   Several cellular mechanisms likely contribute to Amyotrophic Lateral Sclerosis progression, but determining which changes 

occur first, and which are secondary consequences has been difficult. At the point of diagnosis in humans, there is typi cally 

substantial motor neuron degeneration, limiting studies that might provide insight into the point of disease origin. Animal 

models of ALS are therefore invaluable for exploring disease progression. We made use of a Drosophila Superoxide Dismutase 

1 (dSod1) knock-in model that contains a mutation synonymous to the human SOD1 G85R mutation, and exhibits end -stage 

symptoms that parallel human ALS. End stage dSod1G85R animals display motor dysfunction, substantial neuromuscular 

junction degeneration, and die shortly after failing to emerge from the pupal case. Interestingly, earlier stage animals have  

motor dysfunction without defects in neuromuscular junction morpholog y or a decrease in neurotransmission to muscle. 

WeɅve found that defects in feedback from the peripheral nervous system to the central locomotion pattern generator 

account for this early locomotor change. This feedback defect could be caused by changes in proprioceptors and/or the 

integration of their output by interneurons. We were then able to alleviate locomotor phenotypes by activating the BMP 

signaling pathway in both proprioceptors and excitatory interneurons. This non -motor neuron activation of BMP s ignaling 

allows 20% of dSod1G85R animals to emerge from the pupal case and improves end stage motor neuron morphology. Our 

results suggest that non -motor neurons contribute to motor dysfunction, and that activating cellular processes under the 

control of B MP signaling in non -motor neurons can alleviate motor phenotypes. Future studies will 1) determine how circuitry 

changes influence the onset and progression of ALS -like phenotypes and 2) identify which cellular processes regulated by 

BMP signaling alleviat e motor dysfunction.  

42    Interaction of LRRK2 with Rab GTPases in vivo .    C.J.H Elliott, S. Petridi, A. Cording, C.A. Middleton   Biology, University of 

York, York.  

   A key question in Parkinson's is how mutations in LRRK2 lead to neurodegeneration. I t has been suggested that LRRK2 may 

interact with a Rab GTPase, but the exact Rab specified has varied depending on the assay. Previously, we identified an 

excitotoxic mechanism by which expression of mutant forms of LRRK2 in the dopaminergic neurons led t o  degeneration of 

the photoreceptors, and complete loss of visual signalling in old flies. Young flies show an increase in visual response when  

the mutant forms of LRRK2 are expressed.  

 

We now used the visual assay to screen for the Rab proteins which int eract with LRRK2. Our main hit is Rab10. In young flies, 

expressing Rab10 in the dopaminergic neurons reduces the visual response of the lamina (retinal) neurons, while expressing 

both Rab10 and LRRK2-G2019S increases the neural response ~20 fold. These ch anges in the neural response are independent 

of photoreception. Much smaller changes are seen in older flies, when neurodegeration may already have begun.  

 

Knockdown of Rab10 ameliorates the neurodegeneration seen in old flies expressing LRRK2 -G2019S in their dopamine 

neurons.  

 

Localisation with GFP expression/antibody staining suggests that the dopamine neurons innervating the visual lobes and 

lamina are Rab10+, but other dopamine neurons show no sign of co -localisation.   

 

LRRK2-G2019S is known to reduce n euronal outgrowth in cell culture and fly sensory neurons, so we hypothesise that 

expressing it in the dopamine neurons may reduce the branching that we have seen in the lamina. Rab10 has also been 

linked to neural outgrowth and to differentiation of axons  and dendrites.  

 

The interaction of these proteins in dopamine neurons in a physiological assay contributes to our understanding of the first 

steps in the toxic cascade in Parkinson's.  

43    Roles of CaMKII in neurodegeneration caused by depletion of pres ynaptic mitochondria.     K. Shinno1, M. Oka1, S. 

Hisanaga1, E. Suzuki2,3, K.M. Iijima 4,5, K. Ando1  1) Department of Biological sciencies, Tokyo Metropolitan University, 

Hachioji,Tokyo, Japan; 2) Gene Network Laboratory, National Institute of Genetics,Mish ima,Shizuoka,Japan; 3) Department of 

Genetics, School of Life Science, SOKENDAI,Mishima,Shizuoka,Japan; 4) Department of Alzheimer's Disease Research, National 



Center for Geriatrics and Gerontology, Obu, Aichi, Japan; 5) Department of Experimental Gerontol ogy, Graduate School of 

Pharmaceutical Sciences, Nagoya City University, , Nagoya, Aichi, Japan.  

   Mitochondria contribute to many cellular processes including ATP production and intracellular Ca2+ signaling. In neurons, 

mitochondria are actively transpo rted to the synapse to meet energetic demands for neurotransmission. Reduction in 

number or function of mitochondria at the synaptic terminals has been suggested to contribute to the pathogenesis of 

neurodegenerative diseases. However, how loss of synaptic  mitochondria leads to neurodegeneration is not fully understood.  

  Neuronal knockdown of milton, an adaptor protein for axonal transport of mitochondria, causes depletion of mitochondria 

from the presynaptic terminal.   We previously reported that depletio n of mitochondria from the presynaptic terminals in the 

retina or brain neurons causes age -dependent neurodegeneration. Ultrastructural analyses of these neurons indicate 

abnormalities in neurotransmitter vesicles. Since Calcium/calmodulin -dependent protei n kinase II (CaMKII) plays an important 

role in synaptic transmission, we investigated the role of CaMKII in neurodegeneration caused by depletion of presynaptic 

mitochondria.  

  We found that the levels of the autophosphorylated form of CaMKII were increas ed by neuronal knockdown of milton. 

Blocking CaMKII activity significantly suppressed neurodegeneration caused by milton knockdown. Furthermore, expression 

of a Ca2+-independent form of CaMKII induced age -dependent axon  degeneration. These results suggest that elevated 

CaMKII activity mediates neurodegeneration caused by depletion of presynaptic mitochondria.  

We previously reported that milton knockdown enhances neurodegeneration caused by microtubule -associated protein tau, 

which plays critical roles in se veral neurodegenerative diseases, including AlzheimerɅs disease. We found that knockdown of 

CaMKII also suppressed enhancement of tau toxicity caused by milton knockdown.   

   These results suggest that dysregulation of CaMKII may contribute to neurodegener ation triggered by mitochondrial 

abnormality. Further study will enhance our understanding of the relationship between distribution of mitochondria and 

synaptic transmission and their roles in brain structural integrity.  

44    Drosophila FMRP modulates energy metabolism and mitochondrial function.     E.D. Weisz1, A. Towheed2, R.E. 

Monyak 1, M.S. Toth1, D.C. Wallace1,2, T.A. Jongens1  1) Perelman School of Medicine at the University of Pennsylvania; 2) The 

Children's Hospital of Philadelphia.  

   Fragile X Syndrome (FXS) is the predominant form of inherited intellectual disability and the foremost monogenetic cause of 

autism. At the mol ecular level, FXS is caused by loss of expression of the fragile X mental retardation 1  (FMR1) gene. Given its 

high prevalence and known etiology, FXS is an ideal genetic paradigm for the study of the cellular and molecular 

underpinnings of multifarious fo rms of intellectual impairment and autism. The Drosophila model system is uniquely suited to 

facilitate the use of rapid genetic and biochemical approaches to probe the processes and pathways involved in FXS 

pathogenesis. Recently, work from our laboratory  implicated brain insulin signaling dysregulation in the development of 

behavioral and cognitive deficits in the Drosophila model of FXS. This finding, along with reports that FXS patients with 

metabolic disturbances have a higher prevalence of clinically defined autism, prompted us to explore the metabolic 

implications of loss of dfmr1  expression.  

            Here, we demonstrate that dfmr1  modulates the global metabolome. Despite our previous discovery of increased 

brain insulin signaling, the results fro m our metabolomics and biochemical assays indicate that flies with a loss -of -function 

mutation in the dfmr1  gene have reduced carbohydrate and lipid stores and are hypersensitive to starvation stress. The 

observed metabolic deficits cannot be explained by feeding behavior, as we found that the dfmr1  mutants eat more than 

their wild -type counterparts in the well -established capillary feeder (CAFÉ) assay. Rather, our data identify dfmr1  as a 

regulator of mitochondrial function. Specifically, we show that aber rant mitochondrial function and morphology are involved 

in FXS pathophysiology. Together, our results illustrate the importance of dfmr1  for proper maintenance of nutrient 

homeostasis and mitochondrial function.  

45    Transcriptomic and proteomic profilin g of an epilepsy fly model reveals cell non -autonomous downregulation of 

synaptic proteins.     K. Hope1,2, D. Johnson3, D. Kakhniashvili 4, L. Reiter1,5,6  1) Department of Neurology, University of 

Tennessee Health Science Center, Memphis, TN; 2) Integrated  Biomedical Scieces Program, University of Tennessee Health 

Science Center, Memphis, TN; 3) Molecular Bioinformatics Core, University of Tennessee Health Science Center, Memphis, TN; 

4) Proteomics and Metabolomics Core, University of Tennessee Health Scien ce Center, Memphis, TN; 5) Department of 

Pediatrics, University of Tennessee Health Science Center, Memphis, TN; 6) Department of Anatomy and Neurobiology, 

University of Tennessee Health Science Center, Memphis, TN.  

   Duplication 15q syndrome (Dup15q) is  caused primarily by maternally inherited duplications of the 15q11.2 -q13.1 region 

and has a high rate of treatment resistant epilepsy. Previous research focused on the neuronal overexpression of one gene 

located within 15q11.2 -q13.1, UBE3A, however none o f these mouse models have seizure phenotypes. Recently our lab 

generated a novel fly model that recapitulates the seizure phenotype of Dup15q where UBE3A is overexpressed in glial cells, 

not neurons, implicating glial cells in Dup15q epilepsy. To investiga te the differential effects of UBE3A overexpression in glia 

compared to neurons we employed global protein analysis through liquid chromatography coupled to high -resolution mass 

spectrometry and global transcriptome analysis through RNA -sequencing of whole  fly head extract in repo>Dube3a (the fly 



UBE3A homolog) vs elav>Dube3a animals. We reliably measured approximately 2,500 proteins at both the transcript and 

protein level. By comparing transcriptomic and proteomic datasets we were able to identify genes t hat were altered only at 

the transcript level, only the protein level, or both the transcript and protein level in neuronal or glial expressing lines.  Gene 

ontology analysis revealed an enrichment of 26 synaptic proteins downregulated at both the transcrip t and protein level 

following overexpression of Dube3a in glia (repo-GAL4), including Synapsin and Sap47. These synaptic proteins were relatively 

unchanged in neuronal Dube3a overexpression ( elav-GAL4), indicating synaptic proteins change in a cell non -autonomous 

manner upon overexpression of Dube3a in glia. Dysregulation of synaptic proteins may be an underlying cause of epilepsy 

and we are currently investigating whether altered synaptic protein levels are a common theme among other glia -driven fly 

seizure models. Glial specific knockdown of the classic Drosophila seizure genes ATPalpha and SesB generated seizure 

phenotypes, while lethality was observed upon glial -specific knockdown of Jitterbug, Letm1, and Zydeco. In summary, cell non -

autonomous downregulation of synaptic proteins may play a key role in Dup15q epilepsy and possibly other Ɉgliopathicɉ 

epilepsy cases.  

46    Exploring C(2)M and its ability to promote assembly of the synaptonemal complex.     Kim McKim, Justin Mathew, 

Mercedes Gyuricza , Nikunj Patel   Waksman Inst, Rutgers Univ, Piscataway, NJ.  

   A common error in meiosis is aneuploidy, where homologous chromosomes do not properly segregate from each other. 

This can cause various birth defects in hum an offspring, including Trisomy 21 (Down Syndrome) and Klinefelter Syndrome. In 

order to investigate the causes of aneuploidy, we study protein complexes called cohesins, which play an important role in 

synaptonemal complex (SC) formation and chromosome se gregation during meiosis. Cohesins are comprised of four 

subunits: one Stromalin, one kleisin, and two SMC proteins. In mitosis, there is one cohesin ring responsible for sister 

chromatid cohesion that uses the Rad21 kleisin protein. In meiosis, there are two types of cohesin rings, one required for 

sister chromatid cohesion that includes SOLO and SUNN and one required for assembly of the SC that uses the C(2)M kleisin 

protein and Stromalin. We are testing the hypothesis that formation of a ring with C(2)M,  Stromalin, SMC1 and SMC3, is 

required for SC assembly and thus important for accurate chromosome segregation in meiosis. In order to determine if and 

how C(2)M functions in a meiotic cohesin complex, mutations of C(2)M were made in sites that were hypothe sized to interact 

with the SMC1 or SMC3 subunits. Surprisingly, two point mutations F90A and F525A, were able to localize properly and rescue 

the SC assembly and nondisjunction phenotypes in a c(2)M null mutant background. In contrast, the L529A point muta tion 

was observed to localize properly in a c(2)M wild -type background, but was not able to localize properly nor rescue the SC 

formation and nondisjunction phenotypes in a c(2)M mutant background. These results suggest direct interactions between 

C(2)M and SMC1 are important for SC assembly.   Additional point mutations in hypothesized interaction residues between 

C(2)M and SMC1 or SMC3 are currently being analyzed. In addition, co -IP experiments are underway to determine if C(2)M 

physically interacts with the other subunits of the cohesin ring and how it regulates SC assembly.  

   

47    Separating the contribution of chromatin versus that of repetitive DNA in centromere specification.     J.T. 

Palladino1, A. Chavan1, A. Sposato1, B. Mellone 1,2  1) Department of Molecular and Cell Biology, University of Connecticut, 

Storrs, CT; 2) Institute for Systems Genomics, University of Connecticut, Storrs, CT.  

   Centromeres are essential regions of the genome that mediate the accurate segregation of chromosomes during mitosis 

and meiosis. In most eukaryotes, centromeres are composed of simple and complex repeats and transposable elements 

organized into a specialized type of chromatin that contains the histone H3 variant CENP -A. For decades, the centromere has 

been thoug ht to be specified epigenetically. Yet, the respective contributions of chromatin versus centromeric DNA 

sequences in centromere specification and function have remained elusive. Here, we test whether ectopic centromeres, 

which are devoid of centromeric DN A, can be transmitted through multiple cell divisions and whether they can compete with 

native centromeres in  Drosophila. We induced the formation of ectopic centromeres on integrated  lacO repeat -arrays to 

which the CENP-A assembly factor CAL1 is tethered via the Lac Repressor (LacI) tag. Ectopic centromeres formed at both 

euchromatin and heterochromatin. During tethering, ectopic centromeres sometimes prevailed, causing the inactivation of 

the endogenous centromere by centromeric DNA double -strand breaks t hat were sometimes followed by HP1 -dependent 

epigenetic silencing. Upon release of CAL1 -LacI, ectopic centromeres were retained throughout development, suggesting 

centromeric DNA is not required for centromere maintenance or function. These results emphasi ze the expendability of 

centromeric DNA in centromere specification and suggest that the presence of the CENP -A epigenetic mark is sufficient for 

sustained centromere function in the animal.  

48    A centrosome asymmetry switch in fly neural stem cells.     A. Ramdas Nair1,3, E. Gallaud1,2, A. Monnard 1,2, T. Pham1,2, 

P. Singh1,4, D. Salvador Garcia1,5, A. Ferrand1, C. Cabernard1,2  1) Biozentrum, University of Basel, Basel, Switzerland; 2) 

University of Washington, Department of Biology, Seattle, WA; 3) NYU Abu Dhabi, Saadiyat Campus, Abu Dhabi, United Arab 

Emirates; 4) Department of Bioscience & Bioengineering, Indian Institute of Technology Jodhpur, Rajasthan, India; 5) Division  

of Cell Biology, MRC Laboratory of Molecular Biology, Cambridge, UK.  

   Centrosomes, the main microtubule organizing centers (MTOCs) of metazoan cells, contain an older ɄmotherɅ and a younger 



ɄdaughterɅ centriole. Stem cells either inherit the mother or daughter centriole, providing a potential mechanism for biased 

delivery of cell fate determinants. However, the molecular mechanisms regulating centrosome asymmetry and biased 

centrosome segregation are unclear. Using 3D -Structured Illumination Microscopy (3D -SIM), we investigated the onset, 

mechanisms and function of centrosome asymm etry and identified a previously undiscovered centrosome asymmetry switch 

in fly neural stem cells (neuroblasts). We found that the centriolar protein Centrobin (Cnb) and its upstream regulator the 

mitotic kinase Polo relocalize from the existing mother to  the newly formed daughter centriole in early mitosis. Pericentrin 

(PCNT)-like protein, however, remains predominantly localized on the mother centriole. Loss of Centrobin, or of the 

microcephaly -associated protein Wdr62, affects PoloɅs transitioning to the daughter centriole. We further used nanobody 

technology to prevent the transitioning of Polo from the mother to the daughter centriole and assayed the functional 

consequences with live cell imaging. Disrupting the centrosome asymmetry switch in neuroblas ts perturbs asymmetric 

microtubule organizing activity, centrosome positioning and spindle orientation. We conclude that this centrosome 

asymmetry switch provides a mechanism to ensure that fly neural stem cells always retain the daughter centriole -contain ing 

centrosome. Furthermore, the switch might explain the differences in biased centrosome inheritance across stem cell 

systems.  

49    Diverse Roles of Actin -Microtubule Crosslinker Shortstop in Cell Division.     E. Dewey, C. Johnston  Department of 

Biology, University of New Mexico, Albuquerque, NM.  

   Properly executed cell division is crucial to development, maintenance, and longevity of multicellular organisms. Defects in 

both symmetric and asymmetric divisions can lead to improper developmental patte rning, as well as genomic instability, 

disruption of tissue homeostasis, and cancer. Our research focuses on understanding how regulators of the actin and 

microtubule (MT) cellular cytoskeleton communicate to orchestrate the orientation and stability of th e mitotic spindle, a 

critical component to proper cell division and key to maintaining tissue homeostasis. Shortstop (Shot) is a member of the 

spectraplakin protein family found previously to crosslink actin and microtubule filaments, playing a vital role in stabilizing 

interphase microtubules in both Drosophila and human cell models. We describe a role for Shot in oriented cell divisions, with 

both tissue culture and in vivo Drosophila epithelial models showing spindle misalignment in Shot knockdowns (KDs) . Further, 

we show a role for Shot in spindle assembly in these contexts, demonstrating that spindles do not contain tightly focused 

poles. Shot KDs also produce defects in chromosomal migration to spindle equator (congression) and chromosomal 

segregation.  We show these activities are mediated not only through traditional Shot roles in stabilization of spindle MTs 

through crosslinks to actin, but also through a direct interaction of Shot actin binding domain to dynein activator subunit 

actin -related protein  1 (Arp1) filaments. In line with this hypothesis, only the Shot isoform possessing both MT and actin 

binding activities is capable of rescue of Shot KD phenotypes. We hypothesize Shot interaction with Arp1 functions to 

crosslink it to spindle MTs, facilit ating activation and stabilization of the MT motor protein Dynein, and promoting its activity 

in spindle assembly, alignment, chromosomal congression, and chromosomal segregation. In support of this model, live cell 

imaging experiments show defects in cell  division timing under Shot conditions. These timing faults implicate involvement of 

the spindle assembly checkpoint (SAC), with inhibition of SAC components under Shot KD conditions leading to timing rescue. 

Further, Shot loss in epithelial tissue in vivo leads to an increase in apoptosis, in line with previous findings linking spindle 

regulators to cell death. Interestingly however, while previous studies have implicated induction of the Jun kinase (Jnk) 

apoptotic pathway under spindle regulator KD, Shot apoptosis does not implicate Jnk in this activity. Finally, when Shot KD -

induced apoptosis is inhibited, tumorigenic -like conditions result, underscoring the importance of Shot as a key component in 

development and maintenance of multicellular organisms.  

50    Examining chromatin in different states of G0.     Y. Ma1, S. Nystrom 2, D.J. McKay2, L. Buttitta 1  1) University of Michigan, 

Ann Arbor; 2) University of North Carolina, Chapel Hill.  

   States of cellular withdrawal from the cell cycle or G0 can range from readily reversible to permanently postmitotic. We are 

interested in how different states of G0 are controlled during development and why some are more reversible than others. 

Emerging evidence suggests a close relationship between a repressive chromatin structure and the silencing of cell cycle 

genes during the postmitotic state, but whether there are differences in the chromatin state between reversible and 

permanent cell cycle exit rem ains unclear. We have focused our studies on the Drosophila pupal wing at a stage where the 

cells transition from active proliferation to a postmitotic state. We find there are two stages of G0 in this tissue, a flexi ble G0 

period where cells can be induce d to re -enter the cell cycle under specific genetic manipulations and a state we call Ɉrobustɉ, 

where cells become strongly refractory to cell cycle re -entry. We are using this tissue to compare changes in chromatin 

organization during proliferation, flexi ble G0 and robust G0 using Formaldehyde -Assisted Isolation of Regulatory Elements 

(FAIRE)-seq. We find that upon robust G0, key enhancers of specific cell cycle genes become occupied by nucleosomes, likely 

blocking the access of transcription factors. This  emphasizes a role for nucleosome remodeling complexes in establishing and 

maintaining a robust G0 state. We therefore carried out a pilot screen for nucleosome remodeling factors essential for proper  

cell cycle exit in the wing and identified Mi -2, the ATPase component of Nucleosome Remodeling and Deacetylase (NuRD) 

complex, as a potential contributor to robust G0.  



51    An alternatively spliced form affecting the Marked Box domain of Drosophila E2F1 is required for proper cell cycle 

regulation during dev elopment.     M. Kim, J. P. Tang, N.-S. Moon  Department of Biology, Developmental Biology Research 

Initiative, McGill University, Montreal, Quebec, CA.  

   Across metazoans, cell cycle progression is regulated by E2F family transcription factors that can f unction as 

either  transcriptional  activators or repressors.  For decades, the  Drosophila E2F family has been viewed as a streamlined 

RB/E2F network, consisting  of one activator (dE2F1) and one repressor (dE2F2).  Although dE2F1 is largely viewed as a 

transcr iptional activator, previous studies have pointed  to  a role of dE2F1 in the repression of target genes, which  remains 

poorly understood. Here, we  report  that  an uncharacterized  isoform  of  dE2F1, hereon called dE2F1b, plays an important 

function during deve lopment and is  functionally  distinct  from the  widely -studied  dE2F1 isoform, dE2F1a. dE2F1b contains an 

additional  exon  that inserts 16 amino acids to the evolutionarily conserved Marked Box domain.  Analysis of  de2f1b-specific 

mutants generated via CRISPR/Cas9 indicates that dE2F1b  plays an important role in proper regulation of G1/S -target gene 

expression, and may play a repressive role in certain developmental contexts.   Key E2F target genes such 

as cyclin E are deregulated across  de2f1b mutant  tissues such as salivary glands  and imaginal  discs where the absence of 

dE2F1b results in de -repression of target gene expression. In addition, chromatin  immunoprecipitation  assays revealed that 

dE2F1b may mediate repression by  altering  RBF1/dE2F1 recruitment to prom oters. Collectively, our data  suggest that dE2F1b 

is a novel and essential member among Drosophila E2Fs, revealing  a previously unappreciated complexity in 

the  Drosophila RB/E2F network.   

 

   

52    Master regulators of the Minute phenotype: translation, g rowth, and cell competition depend on a regulatory 

pathway induced by ribosomal protein mutations.     M. Kiparaki1,2, C.H. Lee1,2, J. Blanco1, A. Kumar1, V. Folgado1, Z. Ji1, G. 

Rimesso1, N.E. Baker1  1) Departments of Genetics, Albert Einstein College of Medicine, Bronx, NY; 2) equal contribution.  

   Heterozygous inactivating mutations in ribosomal protein genes have been identified in several diseases, known as 

ribosomopathies, which have some shared defects including bone marrow failure and growth abnor malities. In Drosophila, 

heterozygous mutations in many of the ribosomal protein genes lead to the Minute syndrome, which includes smaller adult 

bristles, developmental delay, slow translation and growth and reduced cell competitiveness in genetic mosaics.  During cell 

competition, ribosomal protein heterozygous mutant cells (Rp/+, called Minute cells) are actively eliminated from mosaic 

tissues containing wild type cells. In our laboratory, previous genetics screens  identified two genes which affect the cel l 

competition between wt and Minute cells.   One of them is a ribosomal protein gene (RpS12) and the other one is a bZip -

putative transcription factor, called Xrp1. By employing genetic experiments, Click -chemistry and Northern analysis, we 

showed that both  proteins belong to the same regulatory pathway, which when is intact is activated in Rp/+ cells and reduces 

their translational rates, with subsequent effects on their growth and competitiveness. Interestingly, we have shown that Xrp 1 

is responsible for m uch of the developmental delay of Minute flies. In parallel, RNA -sequencing analysis revealed that the 

majority (>80%) of the transcriptome changes that occur in ribosomal protein mutant flies depend on this pathway. A 

conclusion of our study is that globa l translational rate defect does not have a primary role as a sensor of Rp mutation. 

Instead translation is regulated as a downstream consequence of this novel characterized RpS12 -Xrp1 pathway. This pathway 

may be advantageous, to eliminate the Rp mutant c ells (pathway ON) by cell competition before translation is affected non -

specifically or even allow Rp mutant cells to survive in different contexts (pathway OFF).  

53    Erk -dependent control of epithelial morphogenesis.     Heath Johnson1, Stanislav Shvartsman 2,3, Jared Toettcher1  1) 

Molecular Biology, Princeton University, Princeton, NJ; 2) Lewis Sigler Institute for Integrative Genomics, Princeton Univers ity, 

Princeton, NJ; 3) Chemical and Biological Engineering, Princeton University, Princeton, NJ.  

   The role of Ras/Erk signaling in cell growth, and differentiation has long been appreciated. In contrast, the roles of Erk 

signaling in cell motility, collective cell migration, and tissue -level morphogenesis are complex and remain poorly defined. 

Here, we set out to define the Ras/Erk pathway's role in orchestrating morphogenic movements during gastrulation in the 

early Drosophila embryo. Using an optogenetic input to Ras, we found that Erk activity is sufficient to induce cells to adopt  a 

contractile cel l fate at nearly any illuminated location within the embryo. This tissue mimics the gene expression and physical 

organization of the posterior midgut (PMG), a tissue normally patterned by the Torso receptor tyrosine kinase. We define the 

transcriptional ne twork by which Erk programs PMG cell fate, leading to the accumulation of apical myosin and tissue 

contraction at gastrulation. By systematically varying the timing and duration of Erk activity, we define the spatiotemporal 

features of the Erk signal that is required to program these fates. We find that the early embryo responds to the cumulative 

load of Erk activity delivered over a two hour window in early embryogenesis, revealing a previously unknown long -term 

memory of signaling that spans multiple nucl ear division cycles. Our work mechanistically defines an Erk -dependent cell fate 

choice and establishes a model system for interrogating how signaling pathway activity can program large -scale changes in 

tissue organization in vivo.  



54    Optogenetic contr ol of cell contractility during epithelial morphogenesis in Drosophila .    M. Herrera-Perez, K. 

Kasza  Mechanical Engineering, Columbia University, New York, NY.  

   Epithelial tissues undergo dramatic changes in shape during development. These changes are  driven in large part by 

contractile forces generated by the actomyosin cytoskeleton of cells. In addition to physically shaping cells and tissues, 

mechanical forces can also act as cues to influence cell behavior and potentially could help coordinate cell  behaviors across 

multicellular tissues. A major obstacle to dissecting the mechanisms of how mechanical forces shape tissues has been the 

lack of tools for precise manipulation of forces in vivo. To address this, we developed a collection of optogenetic t ools to 

locally and systematically modulate cellular actomyosin contractility in the Drosophila embryo. With these tools, we have 

demonstrated local, light -gated myosin recruitment and cell shape changes in targeted regions of epithelia in the developing 

embryo. We are optimizing these tools for precise, quantitative manipulation of force generation during epithelial 

morphogenesis in vivo. These studies will shed light on the roles of mechanical cues in coordinating cell behaviors both in 

development and in  a wide range of physiological processes.  

55    Redundancy in supracellular actomyosin networks yields robust tissue folding.     A.C. Martin1, Hannah Yevick1, 

Norbert Stoop 2, Jörn Dunkel2  1) Biology, Massachusetts Institute of Technology, Cambridge, MA; 2) Mathematics, 

Massachusetts Institute of Technology, Cambridge, MA.  

   Correct tissue shape is essential proper tissue function. In many developing systems myosin -driven contractions are 

harnessed to fold cell monolayers and sculpt shape. For example fo lding forms both the vertebrate eye and the neural tube. 

In Drosophila, a cell monolayer on the ventral side of the embryo undergoes myosin -dependent constriction to fold the tissue 

internalizing presumptive mesoderm cells. The ventral furrow establishes a  supracellular network of contractile actin -myosin 

fibers just prior to folding. While the cytoskeletal organization and mechanism of contraction in a single cell is understood , 

less is known about how the cytoskeleton is patterned across the tissue to ach ieve robust folding. We have integrated 

concepts from topological feature analysis to map the connectivity of the previously unquantified network spanning 

hundreds  of cells. Our framework allows us to explore stereotypic properties of the supracellular net work and investigate the 

need for reproducibility its of  mechanical connections. We apply both mechanical and genetic perturbations to degrade the 

network and have identified that there exists multiple network architectures that induce folding. Additionall y, we 

demonstrate the importance of redundant connections in ensuring the folding robustness.  

56    The scaffold protein Canoe and ZO1/Polychaetoid help link cell adhesion and the actomyosin cytoskeleton 

during tissue formation.     L.A. Manning, H. Ronk, M. Peifer   Department of Biology, University of North Carolina at Chapel 

Hill , Chapel Hill , NC.  

   During embryonic development, tissue establishment is made possible by cell shape changes and migration. Epithelial cells 

act as the building blocks for m ost tissues. They are organized into layered sheets with apical -basal polarity and are 

connected by adherens junctions near the apical end. During development, organ and tissues are shaped by epithelial cells 

participating in coordinated cell shape changes  and migration.  These changes require cells to communicate with each other 

and to remodel the cytoskeleton. The field has identified many proteins in cell -cell junctions, but their mechanisms of action 

remain an active area of study. I aim to understand t he mechanisms regulating the interaction between cytoskeletal and 

adhesion molecules in shaping epithelial tissue architecture. The actin binding protein Canoe and its mammalian homolog 

Afadin mediate adherens junctions and actomyosin linkage. Previous stu dies suggested Canoe mediates actomyosin linkage 

during gastrulation, with roles in shaping tissue architecture and maintaining integrity during apical constriction and 

convergent elongation. We are investigating the role of Canoe and its interaction with the ZO-1 homolog Polychaetoid to 

explore how the actomyosin cytoskeleton associates with adherens junctions during apical constriction, convergent 

elongation and collective cell migration during gastrulation. Using a cross disciplinary approach combining g enetic 

manipulations and super -resolution microscopy we determined that reducing canoe gene expression to different levels 

results in defects in distinct morphological events. Our super -resolution microscopy is beginning to provide us with a greater 

unders tanding of the architecture of adhesion molecules, actin and actin regulators in the lateral epidermis in wildtype and 

how they are altered after Canoe loss. Severe reduction of canoe markedly alters cell shape and therefore disrupts later 

critical develop mental events such as dorsal closure, head and segment formation.    Strikingly, reducing both polychaetoid 

and canoe gene expression results in even more severe effects, consistent with a cooperative function. These results are 

consistent with the notion t hat Canoe acts as an important cytoskeletal -junction linker protein during morphogenesis. This 

study will provide a deeper understanding how cells maintain tissue integrity while moving as an epithelial sheet, which coul d 

contribute insight into wound heal ing or human embryonic defect prevention.  

57    Epithelial rotation is preceded by planar symmetry breaking of actomyosin and protects epithelial tissue from 

cell deformations.     I. Viktorinova, I. Henry, P. Tomancak  Max Planck Institute of Molecular Ce ll Biology and Genetics, 

Dresden, Saxony, DE.  

   Symmetry breaking is involved in many developmental processes that form bodies and organs. One of them is the epithelial 

rotation of developing tubular and acinar organs. However, how epithelial cells move,  how they break symmetry to define 



their common direction, and what function rotational epithelial motions have remains elusive. Here, we identify a dynamic 

actomyosin network that breaks symmetry at the basal surface of the Drosophila follicle epithelium of acinar -like primitive 

organs, called egg chambers, and may represent a candidate force -generation mechanism that underlines the unidirectional 

motion of this epithelial tissue. We provide evidence that the atypical cadherin Fat2, a key planar cell polar ity regulator in 

Drosophila oogenesis, directs and orchestrates transmission of the intracellular actomyosin asymmetry cue onto a tissue 

plane in order to break planar actomyosin symmetry, facilitate epithelial rotation in the opposite direction, and direc t the 

elongation of follicle cells. In contrast, loss of this rotational motion results in anisotropic non -muscle Myosin II pulses that are 

disorganized in plane and cause cell deformations in the epithelial tissue of Drosophila eggs. Our work demonstrates  that 

atypical cadherins play an important role in the control of symmetry breaking of cellular mechanics in order to facilitate ti ssue 

motion and model epithelial tissue. We propose that their functions may be evolutionarily conserved in tubular/acinar 

vertebrate organs.  

58    The dynamics of the EGFR signaling activation in the follicular epithelium.     N. Revaitis1, N. Pouradier Duteil 1, R. 

Marmion 1, M. Niepielko 1, B. Piccoli1,2, N. Yakoby1,3  1) Center for Computational and Integrative Biology, Rutgers University, 

Camden, NJ; 2) Mathematics Department, Rutgers University, Camden, NJ; 3) Biology Department, Rutgers University, 

Camden, NJ.  

   Organogenesis is a complex process involving the dyna mic interaction among different cellular compartments. The 

Drosophila eggshell, the casing of the developing embryo, is an intricate structure derived from a monolayer of follicular 

epithelium engulfing the growing oocyte. The secretion of Gurken, a TGF - Ƽ like ligand, from near the oocyte nucleus, 

activates a uniformly expressed epidermal growth factor receptor (EGFR) in the overlying follicular epithelium. This is a 

dynamic process that depends on the position of the oocyte nucleus; initially at the poste rior end and later at the dorsal 

anterior of the oocyte. As the nucleus is positioned anteriorly across the follicle cells, the oocyte is continuously growing . Due 

to the relative location of the Gurken source to the overlying cells, the activation EGFR is  transient. We develop a 

mathematical model that integrates the shapes of the Gurken source and signaling activation (dpERK) during oogenesis. 

Parameters used are based on literature and experimental findings.   However, the rate of ligand -receptor complex (Kec) 

internalization, the diffusion of GRK in the perivitelline space ( D), and the quantity of EGFR (RO) remain elusive. Using CRISPR-

Cas9, we developed an EGFR-EGFP line that is phenotypically wild type. Using a combination of ELISA and qRT -PCR, we 

quant ified the levels of the receptor during different stages of oogenesis and early embryogenesis.  These flies were used to 

detect localized EGFR trafficking within cells. We detected significant changes in the distribution of the receptor in the 

presence of high levels of EGFR signaling.  These analyses aid to fine -tune the values for K ec, D, and RO levels. The model can 

be used to predict evolutionary changes that account for the diversity of EGFR activation among species.  

59    Differential lateral and bas al tension drives epithelial folding through two distinct mechanisms.     L Sui1, S Alt2, N 

Dye3, S Eaton3, F Juelicher4, G Salbreux2, C Dahmann1  1) Department of Biology, University of Technology Dresden, Dresden, 

Germany; 2) The Francis Crick Institute, London, UK; 3) Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, 

Germany; 4) Max Planck Institute for the Physics of Complex Systems, Dresden, Germany.  

   Epithelial folding transforms simple sheets of cells into complex three -dimensio nal tissues and organs during animal 

development. Epithelial folding has mainly been attributed to mechanical forces generated by an apically localized 

actomyosin network that drives pulsatile contractions leading to the apical constriction of cells. The c ontribution of forces 

generated at basal and lateral cell surfaces, however, remains largely unknown. Here we show that a local decrease of basal 

tension and an increased lateral tension, but not apical constriction, drive the formation of two neighboring folds in the 

developing Drosophila wing imaginal disc. Spatially -defined reduction of extracellular matrix density results in local decrease 

of basal tension, basal cell widening, and formation of the first fold. In the second fold, basal tension is unalte red, but 

fluctuations in F -actin lead to increased lateral tension and pulsatile contractions of the lateral cell edges that shorten cells 

and drive folding. Using a 3D vertex model of epithelial mechanics, we show that basal decrease and lateral increase in 

tension provide two distinct mechanisms that can both generate similar morphological changes during epithelial folding. Our 

combination of lateral and basal tension measurements with a mechanical tissue model reveals how simple modulations of 

surface an d edge tension drive complex three -dimensional morphological changes.  

60    Distinct properties of wasp germ plasm correlate with its divergent complement of localized RNA.     Honghu 

Quan, Jeremy A. Lynch  Biological Sciences, University of Illinois at Ch icago, Chicago, IL.  

   Many animals set aside primordial germ cells in the earliest stages of embryogenesis, using maternally provisioned and 

localized germ plasm. In holometabolous insects, germ plasm is assembled at the posterior of the oocyte. Typicall y, syncytial 

nuclei of the embryo that enter the germ plasm cellularize precociously (becoming pole cells), take on germ cell traits, and 

later migrate to the gonad. Surprisingly, germ plasm and pole cell features are quite diverse among the Holometabola. For 

example, the germ plasm (aka oosome)  in the wasp Nasonia is spheroid, moves freely in the posterior half of the egg, and 

then produces a single large bud at the posterior pole which then subudivides to give multiple pole cells. This contrasts wit h 

the  small, stationary polar granules and individual germ cell buds in Drosophila. Later, the Nasonia pole cells take a distinct 



migratory path to the gonads. To understand these differences, we have sequenced RNAs of anterior and posterior 

fragments of Nasoni a embryos, and have identified more than 30 posteriorly localized mRNAs potentially involved in germ 

cell determination. Only a handful of the fly orthologs of these transcripts are localized or have a described germ cell role . 

Functional analysis has conf irmed that several of the wasp specific transcripts are important for the unique properties of the 

Nasonia oosome. These include the release of the germ plasm from the cortex just after the first syncytial division, the 

coalescence of the germline material  into a spherical mass, and the cell biology of generating an extremely large posterior 

pole cell bud.    

61    Studying the cis- and trans -regulation of Sex lethal  in the germline of Drosophila melanogaster .    R. Goyal, E. Baxter, 

M. Van Doren   Department of Biology, Johns Hopkins University, Baltimore, MD.  

   In Drosophila, sex determination is under the control of the switch gene Sex lethal (Sxl). Interestingly, XY (male) germ cells 

expressing Sxl are able to produce eggs upon transplantation into an XX (female) somatic gonad [1], demonstrating that even 

in the germline, Sxl is sufficient for female identity. In both the germline and soma, the presence of two X chromosomes leads 

to Sxl expression. However, the mechanism of counting the X chromo somes in the germline differs at both cis- and trans-

levels, and we are investigating this mechanism.  

 

We are performing RNA -FISH against nascent transcripts to understand the dynamics of Sxl's transcriptional initiation in the 

embryonic germline. Interest ingly, we have found that unlike in the soma, SxlɅs late, non-sex-specific promoter ( SxlPL) is 

activated in the primordial germline at least as early as its early, sex -specific promoter ( SxlPE) - at stage 5 of embryogenesis. 

Further, the DNA elements regul ating SxlPE in the germline have not been identified. We are performing promoter analysis to 

investigate which regions of the Sxl gene locus are important for its germline expression. We  have found that no DNA 

elements upstream of SxlPE appear to be suffic ient to drive sex -specific SxlPE expression in the embryonic germline, 

suggesting that cis-regulation of Sxl in the germline is different from that in the soma.  

 

We are also identifying trans-acting factors that regulate Sxl in the germline. Based on previ ous studies, the X chromosome 

Ɉcounting genesɉ that activate Sxl in the soma were not thought to act in the germline. However, we found that knocking 

down one of these genes, sisterless A (sisA), in the female germline results in an ovarian tumor phenotype and germ cell loss, 

similar to masculinization of the germline due to loss of Sxl. Strikingly, Sxl expression is lowered in sisA RNAi ovaries and the 

germline loss phenotype can be rescued by Sxl cDNA. Using RNA-FISH, we have found sisA expression preceding that of Sxl in 

the germline. Put together, our data suggests that sisA lies upstream of Sxl in the germline sex -determination pathway as well.  

 

Through this work we aim to understand how int rinsic sex determination is regulated in the germline, and how sexual 

identity of the germline interacts with sex -specific somatic development to control proper gametogenesis.  

                                              

[1] Hashiyama, K et al. Drosophila Sex lethal gene initiates female development in germline progenitors. Science. 

333(6044):885-8. 2011.  

62    SETDB1/EGGLESS maintains female sex -identity in Drosophila germ cells.     A.E. Smolko, L Kulnane, H Salz  Genetics 

and Genome Sciences, Case Western Reserve University, Cleveland, OH.  

   In germ cells, the female versus male binary fate decision is initially guided by the sex of the developing somatic gonad. 

After embryogenesis, extrinsic control is lost and sexual identity is maintained by a cell -intrinsic mechanism. We have 

previously shown that Sex-lethal (Sxl) is the key cell -intrinsic regulator of female germ cell fate.  Here, we demonstrate that Sxl 

maintains female germ cell identity via an epigenetic regulatory pathway in which SETDB1 is the  required chromatin writer.  

 

Using germline -specific knockdown, we show that the H3K9 trimethyltransferase, SETDB1, and its partner protein, Wde, are 

required to repress spermatogenesis gene expression in female germ cells. We find that SETDB1 is required for deposition of 

repressive H3K9me3 marks on a number of spermatogenesis genes. In general, the H3K9me3 marks are limited to the gene 

bodies of the spermatogenesis genes and do not spread to the neighboring loci. Regional deposition is especially striking  at 

the phf7 locus, a gene with an ovary and a testis -specific transcription start site. In ovaries, H3K9me3 deposition is limited to 

the silent upstream testis -specific transcription start site. Furthermore, pathway analysis indicates that Sxl is required  for 

deposition of this repressive chromatin mark on these spermatogenesis genes. Together our new studies suggest that sex -

specific chromatin modifications ensure that sex -identity is preserved.  

63    The nuclear transport protein Tnpo -SR promotes cell p roliferation and oocyte specification in the early 

Drosophila  germline.     E.T. Ables, T.D. Hinnant   Dept. of Biology, East Carolina University, Greenville, NC.  

   Germ cell development requires a sophisticated interplay between factors that control cell fate and cell division. In the 

Drosophila ovary, germline stem cells (GSCs) reside at the anterior tips of strings of progressively more developed oocytes, 

termed ovarioles. GSCs complete asymmetric mitotic divisions giving rise to a differentiated daughte r cell (the cystoblast), 



while self -renewing to replenish the stem cell pool. The cystoblast divides four times with incomplete cytokinesis; fifteen 

daughter cells give rise to endocycling nurse cells, while the remaining cell is specified as the oocyte. G SCs thus provide a 

continuous source of oocyte precursor cells over the life of the female to ensure reproductive success. The molecular 

mechanisms that maintain mitotic divisions of the GSC and cytoblast and initiate oocyte differentiation, however, remai n 

unclear. In a genetic screen designed to identify novel regulators of GSC self -renewal and germ cell division, we identified 

Transportin Serine -Arginine Rich (Tnpo -SR) as a key regulator of germline development. Tnpo -SR has structural domains 

similar to ϥmportin ƽ proteins and has been implicated in protein transport across the nuclear membrane; however, its cell 

biological role is not well understood. Here, we demonstrate that Tnpo-SR is necessary for proper cell cycle regulation in GSCs 

and their differ entiating daughters. Tnpo-SR mutant germ cells exhibit longer cycle phases, and eventually fail to divide. Tnpo-

SR mutant germ cells also grow unusually large, suggesting that cell cycle control is uncoupled from cell growth. Tnpo-SR 

mutant GSCs fail to se lf-renew, likely as a result of altered cell cycle control. Intriguingly, Tnpo-SR mutant cysts fail to specify 

an oocyte, instead forming 16 nurse cells. Further, loss of Tnpo-SR also blocks endoreplication of differentiated nurse cells, 

suggesting that Tn po-SR regulates nucleocytoplasmic transport of a set of proteins that underlie multiple modes of cell cycle 

control. Taken together, our studies underscore the model that the cell cycle and cell differentiation are inextricably linke d, 

and suggest that Tnp o-SR may participate in the molecular mechanisms that regulate this balance in the mitotically dividing 

germline. Future studies will address the mechanism by which Tnpo -SR dictates these functions, providing further insight into 

the control of cell prolif eration and fate.  

64    Development of a CRISPR -based meiotic double -strand break repair assay provides insight into regulation of 

meiotic recombination.     Nicole Crown, Jeff Sekelsky  Integrative Program for Biological and Genome Sciences , University o f 

North Carolina Chapel Hill, Chapel Hill, NC.  

   An organismɅs genome must be accurately replicated and packaged into a new cell to faithfully propagate genetic material 

from one generation to the next. Aneuploidy, the state of having too many or too few  chromosomes, is a leading cause of 

developmental defects (e.g. DownɅs syndrome), miscarriages, and failed pregnancies using assisted reproductive technology; 

therefore, reproductive success is completely dependent on accurate chromosome segregation. Durin g meiosis, accurate 

chromosome segregation is ensured by using recombination to create crossovers (COs) between homologous chromosomes. 

Recombination is initiated by a DNA double -stranded break (DSB) that can be repaired either as a CO or a noncrossover 

(NCO) through a series of structural intermediates. The bifurcation in repair pathways is thought to occur early, likely at or 

before the time DSBs are formed, and the choice in repair outcome is a critical regulatory point in establishing the 

distribution o f crossovers across the genome. We have developed a CRISPR -based DSB repair assay as a new tool for 

understanding how repair outcome is decided. This tool has allowed us to probe what happens to repair outcome when 

genes that are essential for CO formation  are mutated, providing insight into the regulation of recombination.  

65    The TORC1 inhibitor GATOR1 regulates early meiotic events during Drosophila oogenesis.     Youheng Wei, Kuikwon 

Kim, Lucia Bettedi, Mary A. Lilly  National Institute of Child Health and Human Development, NIH, Bethesda, MD.  

   Meiosis must accomplish two seemingly incompatible goals. First, it must faithfully copy and distribute genetic material to 

the next generation. Second, it must promote genomi c diversity through meiotic recombination, a process initiated by the 

production of DNA double -stranded breaks. In Saccharomyces cerevisiae, an essential step in the transition to the meiotic 

cycle, as well as early meiotic progression, is the down -regulat ion of the nutrient -sensitive target of rapamycin complex 1 

(TORC1) by the GTPase-activating proteins toward Rags 1 (GATOR1) complex in response to amino acid starvation. We have 

determined that this conserved nutrient stress pathway has been incorporated into a developmental program that regulates 

early meiotic events in metazoans.   In Drosophila, the GATOR1 complex inhibits TORC1 activity to slow cellular metabolism 

and drive the mitotic/meiotic transition in developing ovarian cysts. Here we report that the GATOR1 complex promotes 

genomic stability through the regulation of meiotic double -stranded breaks in Drosophila and mouse. In Drosophila GATOR1 

mutant ovaries, increased TORC1 activity results in an increase in the steady -state number of meiotic doubl e-stranded breaks 

and the hyperactivation of p53 in the female germ line. Notably, epistasis analysis indicates the hyperactivation of p53 in 

GATOR1 mutants is down stream of meiotic double -stranded break machinery. Additionally, we determined that GATOR1 

mutant embryos are sensitive to gamma -irradiation. Taken together our data support the model that the TORC1 inhibitor 

GATOR1 facilitates the repair of meiotic double -stranded breaks and suggest a link between metabolism and genome stability 

during meiosis.   

66    Mitochondrial Fragmentation Drives the Selective Removal of Deleterious Mitochondrial DNA in the Drosophila  

Germline.     T. Hurd1, T. Lieber2, R. Lehmann2  1) Department of Molecular Genetics, University of Toronto, Toronto, Ontario, 

Canada; 2) Skirball Institute, Department of Cell Biology, NYU School of Medicine, New York, NY, USA.  

   Mitochondria are unusual among animal organelles in that they contain their own genomes. Unlike nuclear genomes, 

mitochondrial genomes are inherited only maternally , are subject to a high mutation rate and undergo little recombination. 

Therefore, if left alone deleterious mutations would accumulate from one generation to the next. However, special selection 

mechanisms exist in the female germline to prevent this accu mulation. Importantly, while strong purifying selection against 



mutant mitochondrial DNA (mtDNA) exists in the germline, it is largely absent in the soma. Hence, somatic mtDNA mutations 

often accumulate throughout life, causing severe disease in humans. Re markably, despite its fundamental scientific and 

medical importance, the molecular mechanisms underpinning mtDNA selection remain poorly understood. Here, using an 

allele-specific fluorescent in situ hybridization approach to distinguish wildtype from muta nt mtDNA, we have visualized 

germline mtDNA selection for the first time. Selection first manifests in the early stages of Drosophila oogenesis, specifically in 

differentiating germline cysts. We find that just prior, there is a dramatic decrease in mitoch ondrial fusion, induced by a 

reduction in the levels of the pro -fusion protein Mitofusin (also known as Marf in Drosophila). We show that the resulting 

fragmented phase is necessary to isolate mitochondria and prevent them from sharing their contents, whic h in turn reduces 

product complementation and allows mitochondria harboring mutant genomes to be selected against. Remarkably, not only 

is this prolonged fragmented phase necessary for selection in germline tissues, but promoting fragmentation is also suff icient 

to induce selection in somatic ovarian tissues where selection otherwise does not appreciably occur. Our results demonstrate 

that the key distinction underlying the female germlineɅs capacity to select against deleterious mitochondria is a 

developme ntally regulated period of isolation that germline mitochondria undergo during early oogenesis. Mutations in 

mtDNA are increasingly being recognized as a major cause of human disease. Understanding how the germline isolates 

mitochondria to select against d eleterious mtDNA mutations may allow for the development of somatic therapies to treat 

those suffering from mtDNA disorders.  

67    Synthetic biology in Drosophila : Engineering vitamin -producing flies.     Shu Kondo  National Institute of Genetics, 

Mishima,  Shizuoka, Japan.  

   Over the past three decades our knowledge of genes has expanded at a tremendous pace. Synthetic biology is an emerging 

field of biology that aims to apply this knowledge to building new biological systems by rewiring genetic circuitry . While 

current synthetic biology is largely limited to microorganisms, harnessing multicellular animals will no doubt provide an 

exciting opportunity to build more complex circuits in a multicellular context. Here I report my first attempt at synthetic 

biology using Drosophila melanogaster. ϥ developed transgenic flies that carried biosynthetic pathways of four vitamins: ƽ-

carotene and vitamins B2, B5 and B6. Each of the pathways comprised two to eight enzymes to synthesize a vitamin from a 

common metaboli te. Flies expressing these pathways indeed produced substantial amounts of each vitamin and were able to 

develop and survive on vitamin -deficient diets. Notably, the body color of ƽ-carotene -producing flies was as orange as 

carrots. The present results sug gest that it is a feasible strategy to use genetically engineered insects as a factory of organic 

compounds. It is also interesting to speculate that certain nutrient deficiencies may be cured by gene therapy just as I did for 

Drosophila.  

68    An expande d toolkit for CRISPR/Cas9 gene editing that complements MiMIC drive strategies.     D. Li-Kroeger1,3, S. 

Cowan5, M. Jaiswal6, Y. He3,4, H. Bellen1,2,3,4  1) Molecular and Human Genetics, Baylor College of Medicine, Houston, TX; 2) 

Department of Neuroscience , Baylor College of Medicine, Houston, TX; 3) Neurological Research Institute, Houston, Texas; 4) 

HHMI, Baylor College of Medicine; 5) Rice University, Houston Tx; 6) TIFR Centre for Interdisciplinary Sciences, Hyderbad, 

India.  

   The versatile MiMIC syst em for disrupting, tagging and manipulating endogenous genes relies on recombination mediated 

cassette exchange to replace a MiMIC cassette with a SA -GFP-SD tag.  This allows one to assess protein distribution as well as 

conditionally remove the endogenous ly tagged protein using the deGradFP.   It also permits insertion of the SA -T2A gal4-polyA 

sequence to drive any UAS transgene from the endogenous enhancers and promoters of the tagged locus.   A limitation of 

MiMIC and its CRISPR/Cas9 MiMIC (CRiMIC) counterpart is that suitable coding introns for insertion of the SA -GFP-SD need to 

be present. Unfortunately, 30% of genes cannot be targeted with this technology as the introns are too small and about 20% 

of those that can be tagged with GFP produce non -function al proteins. We therefore developed an efficient replacement 

strategy of the entire endogenous DNA sequences to create loss -of -function alleles with a simple dominant yellow wing 

marker.   Once made, the visibly marked loss -of-function lines allow efficient , scarless cassette swapping to incorporate any 

DNA sequence desired with reasonable frequency using CRISPR/Cas9 based Homology Directed Repair.    Additionally, we 

provide a series of donor vectors to streamline cloning for incorporation of protein tags an d Gal4 via this cassette swapping 

strategy.   We demonstrate the usefulness of this system in various applications including structure function analysis and 

replacement of loci with orthologous human genes and their putative disease causing variants.   Hence we provide an 

expanded toolkit for CRISPR/Cas9 gene editing that can target virtually any location in the genome for precise genetic 

modification as long as the genes are smaller than 5kb, which is almost always the case for genes with small or no introns .  

69    Pooled -format, genome -wide CRISPR/Cas9 screening in Drosophila  cells.     Raghuvir Viswanatha1, Zhongchi Li 1,2, Claire 

Hu1, Norbert Perrimon 1  1) Department of Genetics, Harvard Medical School; 2) School of Pharmaceutical Sciences, Tsinghua 

University.  

   In a pooled -format genetic screen in cultured cells, each cell receives one reagent (e.g. sgRNA) at random from a complex 

library of reagents.  Application of pooled screening in mammalian cells has provided a powerful method for the identification 

of fitness -essential genes and mutations causing drug resistance. Despite the availability of numerous insect cell lines and 



genetic perturbation reag ents, the field has lacked a method for pooled -format screening. We report the development of a 

ὲC31-based method allowing highly complex library delivery into Drosophila S2R+ cells. We have combined the method with 

CRISPR-Cas9 knockout and used the techni que to select for genes conferring resistance to the mTOR inhibitor Rapamycin 

(positive selection screen). In addition, we used the technique to identify fitness -essential genes under normal growth 

conditions (negative selection screen) resulting in identi fication of 1450 fitness -essential genes with a false -discovery rate of 

20% (800 genes with a false -discovery rate of 10%). Analysis of the 1450 genes reveals that 30% are uncharacterized in 

Drosophila and 85-95% have human orthologs. Moreover, 70% of the mammalian orthologs map to essential pathways as 

identified in mammalian pooled -format negative selection screens. Together, these results show that we have successfully 

extended pooled screening to Drosophila cell lines, providing as a rich source for dis covery of novel genes and pathways 

regulating basal and context -specific cell proliferation control. Performing the fitness essentiality screen in a mutant cell line 

would allow combinatorial screening, and our ongoing efforts are to use this approach for systematic dissection of genetic 

interactions.  

70    An apparatus for automated, high -throughput, and detailed assessment of individual Drosophila  free 

behavior.     W.R. Williamson, M. Peek, P. Breads, B. Coop, G.M. Card  Janelia Research Campus, Ashburn,  VA.  

   Recent advances in Drosophila genetics facilitate silencing or activation of small groups of neurons.   Such manipulations can 

elucidate neuronal circuitry involved in normal behavior.   However, resulting phenotypes may evade detection by 

conventio nal methods when occurring at small spatial or temporal scales.   Detection may also require many trials due to 

incomplete penetrance or stimulus specificity.   To solve these problems, a device should assay fly behavior quickly and 

automatically using a fle xible stimulus and recording individual fly responses with high -speed video at high 

magnification.   Here, we present FlyPEZ, a device for quantifying visually -driven behaviors.   In addition to visual stimuli, FlyPEZ 

can activate neurons optogenetically wit h multiple light patterns.   As proof of principle for identifying detailed behavior with 

FlyPEZ, we characterize head and body motion during the optomotor response, model the input -ouput function for 

directional jumping in response to a looming stimulus, a nd discover a new loss -of-function phenotype, which occurs on a 

millisecond timescale, from genetic silencing of a single visual projection neuron type.  

71    Long -term optical brain imaging in live adult fruit flies.     C. Huang1, J. Maxey1,2, S. Sinha1, J. Savall1,2,3, Y. Gong1,2,4, M. 

Schnitzer 1,2,3  1) James H. Clark Center, Stanford University, Stanford, CA; 2) CNC Program, Stanford University, Stanford, CA; 3) 

Howard Hughes Medical Institute, Stanford University, Stanford, CA; 4) Department of Biomed ical Engineering, Duke 

University, Durham, NC.  

   Time-lapse in vivo microscopy studies of cellular morphology and physiology are crucial for understanding brain function 

and plasticity, but long -term imaging in the fruit fly, a key model species, has bee n infeasible. To clear this hurdle, we used 

laser microsurgery to create a chronic fly preparation for imaging neural architecture, calcium and voltage dynamics for up t o 

50 days. After surgery, ninety percent of male flies survived ten or more days, and f emale flies had statistically 

indistinguishable lifespans from those of control flies that never had surgery. Control studies indicated that our surgical 

protocol has little to no effect on fly locomotor or odor -avoidance behaviors. To illustrate the utili ty of our methods, we 

tracked axonal boutons in the MBON -Ƽ3 mushroom body neuron for ten days. We also imaged odor-evoked calcium 

transients in mushroom body neurons and spontaneous spiking in a specific dopamine neuron for up to seven weeks. 

Further, by u sing long -term voltage imaging to resolve individual action potentials, we tracked spiking plasticity in dopamine 

neurons of flies that experienced mechanical stress. In flies subject to 24 hours of stress, PPL1 -ƼɅ3 but not PPL1-ƼɅ2Ƽ2 

dopamine neurons had higher spike rates than in unstressed control flies. Overall, our chronic preparation is compatible with 

a variety of recent optical imaging and optogenetic methods for use in head -fixed or freely moving flies. By combining our 

approach with recently devel oped robotic methods for automated fly handling, it might be possible in the future to 

incorporate long -term intravital imaging into large -scale genetic screens based on assessments of fly neurophysiological or 

behavioral traits. Given the powerful genetic  toolkits that already exist for use in fruit flies, our preparation for long -term 

imaging immediately opens new opportunities to investigate the molecular and cellular mechanisms of how individual 

neurons respond over time to environmental influences, cha nge across the adult fly lifespan, or alter their properties due to 

brain disease.  

72    PhotoGal4: a new multi -purpose light -dependent switch for spatiotemporal control of gene expression.     L. De 

Mena1, P. Rizk1, C. Cruz1, P. Trejo1, J. Nedimyer1, P. Fernandez -Funez2, D.E. Rincon-Limas1  1) Neurology, University of Florida, 

Gainesville, FL; 2) Biomedical Sciences, University of Minnesota, Twin cities, MN.  

   Tools that enable manipulation or perturbation of gene function in a spatiotemporal manner are critical to define its 

contribution to normal development and disease. Unfortunately, current inducible expression systems in flies preclude 

accurate spatiotemporal control of gene expression and do not allow for sub -territorial manipulations within a give n tissue. 

What if transgene expression could be manipulated a la carte with a switch triggered by light? To address this question, we 

developed a new and powerful photoactivable gene expression system in Drosophila referred to as PhotoGal4. The light 

Ɉswitchɉ itself is a sensitive and reversible photosensor called phytochrome B (PhyB), a cytoplasmic chromoprotein that 



controls growth and development in plants. In response to red light, PhyB is activated and moves to the nucleus, but it 

returns to the inacti ve state under far -red light. Thus, we assembled a single protein device consisting of several unrelated 

modules, based on the heterodimerization of PhyB with its cofactor Pif6. To test the system, we capitalized on the well -

characterized GMR enhancer to d rive specific expression to the Drosophila eye territory. Thus, we engineered flies containing 

all the elements required to induce transcription of genes by light, and crossed them with a UAS -GFP reporter line to test 

PhotoGal4 functionality. We found that  upon red light stimulation, PhotoGal4 efficiently triggers gene expression in long -term 

ex vivo cultures of eye discs at different developmental stages. We also found that manipulation of light intensity and 

duration of the stimuli gives control over repo rter dose response. Then, we used a 2 -photon microscope and a digital 

micromirror device (DMD) to specifically illuminate a defined group of cells within the GMR expression domain, while keeping 

the rest of the GMR territory in the dark. Strikingly, we fou nd robust GFP expression only within the restricted area of 

illumination. To our knowledge, this is the first time that a targeted personalized sub -pattern of gene expression is induced in 

a lightɀdependent manner within time and space dimensions. Thus, we  anticipate that PhotoGal4 will be a valuable resource 

for the Drosophila community to investigate complex and multistage biological, developmental and pathological processes 

with unprecedented resolution. This work was supported by the NIH grant NS088866 to DERL and by an HHMI -LSRF 

postdoctoral fellowship to LDM.  

73    Microgravity research platform for longitudinal and multigenerational studies in Drosophila.     Eugene Boland1, 

Andy Kurk 1, Carlos Chang1, Sharmila Bhattacharya 2  1) Techshot, Inc., Greenville, IN; 2) NASA Ames Research Center, Mountain 

View, CA.  

   A unique automated husbandry system has been developed by Techshot, Inc. for use onboard the International Space 

Station - National Laboratory.   This platform - called the Multi -use Variable -g Platform or MVP, consisting of 12 experiment 

modules on two independent carousels, allows an investigator to expose Drosophila to fractional gravity (0 -1 xG), unit gravity 

(1 G), or hyper gravity (1 -2 xG) within the same system and  environment.   The experiment modules, or specifically fly 

modules, consist of 3 independently controlled food cylinders and 2 flight chambers arranged in such a way as to direct two 

and a half generations to live automatically within the module.   Both fli ght chambers have day and night video as well as fully 

programmable lighting.   

     

Our initial validation flight in early 2018 should help open the door to the first obvious question of why Drosophila in 

space.  One answer is the study of immune response.   Spaceflight, specifically the microgravity environment, alters both 

cellular and humoral immune responses in humans.   There is a suppression of cell -mediated immunity by reducing 

production and distribution of leukocytes and activity of natural killer ce lls, neutrophils and macrophages.   Humoral effects 

include interruption of interferon and interleukin production.   The fruit fly model is useful to tease out these mechanisms 

because it has a highly conserved innate immunity but lacks the cell -mediated acq uired and adaptability of the human system 

although they can be primed to make them less susceptible to subsequent exposure.   These traits will be tested with wild -

type and immunosuppressed mutant strains at 0xg and 1xg for 34 days on orbit.   Egg and larva samples from F1 and F2 

generations will be preserved on orbit and live F2 flies and a second egg lay from F2 flies will be returned for both wild -type 

and mutant flies.   Previous work [Marcu, et al., 2011] by much of the same team conducted aboard the Spa ce Shuttle had less 

than half the time, smaller chambers and no on -orbit control produced the foundational work that we hope to build upon 

with this and future missions.  

 

With this demonstration flight we hope to prove both the validity of the hardware and  model for stress induced adaptation as 

measured in genetic and/or epigenetic markers upon return of live or preserved specimens.  

 

Marcu O, Lera MP, Sanchez ME, Levic E, Higgins LA, et al. (2011) Innate Immune Responses of Drosophila melanogaster Are 

Alter ed by Spaceflight. PLoS ONE 6(1): e15361.  

74    High -throughput System for Quantification of Food Consumption in Drosophila.     M.D.L.A Jaime1, S. Karott1, M. 

Garmendia -Cedillos2, T.J. Pohida2, B. Oliver1  1) National Institute of Diabetes and Digestive a nd Kidney Diseases, NIH, 

Bethesda, MD; 2) Signal Processing and Instrumentation Section, Center for information Technology, NIH, Bethesda, MD.  

   One concern when performing screens where flies are fed, are changes in intake due to palatability or individ ual variability. 

In order to detect these differences it is important to accurately quantify intake. Traditionally, quantification of food 

consumption is performed on a small set of animals, ranging from individual to 10s of animals, but as new high -throug hput 

whole animal screening systems are developed there is a need for an equally high -throughput method for quantifying 

consumption. For example, our previously described Whole Animal Feeding FLat (WAFFL), can house and feeds flies in a 96 -

well format. The  WAFFL uses liquid chemically defined food (CDF) that can be accessed through pores in the bottom of the 

plate, and allows up to 96 individual diets to be fed simultaneously, and diets can be change simply by moving the WAFFL to a  

different food plate. In order to quantify intake in this system we developed a novel high -throughput method ɈWAFFL ϥnsect 

Excrement Removal Nano -brushes systemɉ (WAFFL ϥERN). The WAFFL ϥERN is a handle with 96 brushes to enable the removal 



of the excrement left by the flies that underwent screening in the WAFFL. This system enables us to quantify how much food 

transited through the fly during a certain period. We use sulforhodamine B, a non -toxic fluorescent dye, as a dietary marker 

added to the CDF. This allows us to quantify foo d consumption by measuring fluorescence. We can accurately calculate the 

total amount of food ingested by the animal by adding the fluorescence measured inside the fly (after maceration) and the 

fluorescence in the excrement. For example, we quantified dif ference in consumption between male (n=144) and female 

(n=144) flies. We found that on average female flies ingested 2.09 µl and males 1.84 µl of CDF over 24 hr time period. The 

WAFFL IERN and WAFFL provide a convenient and accurate high -throughput method to quantify food ingestion in large scale 

diet based experiments.  

75    Tissue Organization in a Small Multicellular Structure.     Jasmin Imran Alsous, Matej Krajnc, Tomer Stern, Rocky 

Diegmiller   Lewis-Sigler Institute for Integrative Genomics, Princeton  University, Princeton, NJ.  

   The three -dimensional organization of growing structures that are comprised of several cell types is a defining feature of 

embryonic development. However, the number of tractable experimental systems that can be used to expl ore these 

collective dynamics is still very limited. The Drosophila egg chamber ɀ a precursor to the oocyte and a multicellular structure 

with two distinct cell types is such a system. Each egg chamber is composed of 16 stereotypically -connected germline c ells 

that are enveloped by a follicular epithelium. At its youngest, the egg chamber has ~ 50 follicle cells enveloping the germli ne 

cells. However, as the 16 -cell germline cluster grows by ~4 orders of magnitude through biosynthesis and uptake of 

extracel lular material, the follicle cells undergo several mitotic divisions and expand to maintain the intact envelopment of 

the germline cells: at its largest, the germline cluster is enveloped by ~ 1,000 follicle cells. How is the growth of these t wo 

tissues re gulated? Studies of the mechanics of proliferating epithelia have shown that stretching induces cell division, 

suggesting that epithelial proliferation is largely driven by growth of the underlying germline cluster. However, studies of 

mutants suggest that  follicle cells play a critical role in regulating the growth of the germline cluster: egg chambers with 

AMPKa mutant follicle cells are disproportionately larger than more posterior, hence older egg chambers. Furthermore, while 

our previous work has quant ified the spatiotemporal growth pattern of the germline cluster, thus revealing the allometric 

growth of its cells, it is unclear how this growth is coordinated with that of the overlying soma. To address this problem, w e 

have developed experimental approa ches for the collection and analysis (segmentation and single cell counting of epithelia) 

of 3D images of growing egg chambers. We will be using a recently developed computational framework, the 3D Dynamical 

Vertex Model, to model the evolving cell packing  on curved surfaces. In addition to distinguishing between the two scenarios 

outlined above, the mathematical model will have utility beyond the chosen experimental system in addressing how 

mechanical forces interplay with genetically predetermined develop mental pathways.  

76    Repression of a CDK1 - Myb - Aurora B network remodels mitotic cycles into polyploid endocycles.     M. Rotelli1, S. 

Chen1, R. Policastro1, G. Zentner 1, C. Walczak2,3, M. Lilly4, B. Calvi1,3  1) Dept of Biology, Indiana University, B loomington, IN; 2) 

Medical Science, Indiana University, Bloomington, IN; 3) Melvin and Bren Simon Cancer Center, Indiana University School of 

Medicine, Indianapolis, IN; 4) National Institute of Child Health and Human Development, National Institutes of He alth, 

Bethesda, MD.  

   The endocycle is a cell cycle variant that entails periodic duplication of the genome without cell division, which results in  

large polyploid cells. Specific cell types switch from mitotic cycles to endocycles during development. Ce lls also switch to 

endocycles during wound healing, in response to stress, and in cancer. It is still not well understood, however, how cell cyc le 

remodeling regulates the switch from mitotic cycles to endocycles in development and disease.  

 

To investigate  how the cell cycle is remodeled, we created induced endocycling cells (iECs) by knockdown of the mitotic Cyclin 

A (CycA) in S2 cells, and compared them to control mitotic cycling S2 cells. We found that Cyclin A knockdown iECs have 

dampened expression of genes that are required for mitosis and normally induced by the Myb transcription factor at G2/M. 

This result is similar to developmental endocycling cells in Drosophila tissues, which we previously showed also have a 

dampened Myb transcriptome. These find ings suggest that inhibition of a CycA / CDK1 ɀ Myb network promotes the 

transition from mitotic cycles to endocycles in both iECs and in development. In support of this model, knockdown of Myb in 

S2 cells and fly tissues repressed mitotic gene expression and induced endocycles. Moreover, RNA -Seq analysis showed that 

CycA and Myb knockdown iECs have in common a reduced expression of a large cadre of genes that are normally induced by 

Myb at G2/M and that are required for multiple steps of mitosis and cytoki nesis. We found that knockdown of one Myb 

target, Aurora B (AurB), was sufficient to induce endocycles in both S2 cells and fly tissues.  

 

Treating human cells with CDK and AurB kinase inhibitors also induced endocycles, suggesting that the status of a CDK1  - 

Myb - AurB mitotic network is relevant to the transition from mitotic cycles to endocycles in humans. Upon drug washout, 

these human iECs returned to a highly error prone mitosis, which resulted in genome instability and acquisition of resistance  

to che motherapeutics. This result raises the possibility that CDK1 and AurB kinase inhibitors that are being used in the clinic 

may actually promote therapy resistance of some cancer cells. Altogether, our study has defined a CycA / CDK1 - Myb - Aurora 

B mitotic  network, repression of which enforces the transition to endocycles in both development and disease.  



77    Variant cell cycles ensure a functional blood -brain barrier in Drosophila.     J.R. Von Stetina1, L.E. Frawley1, Y. 

Unhavaithaya 2, T.L. Orr-Weaver1  1) Orr-Weaver Lab, Whitehead Institute, Cambridge, MA; 2) Decision Resources Group, 

Boston, MA.  

   How different tissues coordinate growth during organogenesis is a poorly understood process.   In many tissues, large cells 

are required, and this is achieve d by increased ploidy.   Previous studies from our laboratory demonstrated that 

subperineurial glia (SPG) use polyploidization to enlarge cell size to accommodate the increasing underlying neuronal mass 

during brain growth, thus maintaining the integrity of  the BBB, without disruption of septate junctions by cell division and 

cytokinesis [1]. We also showed that the SPG are unique cells, as they increase their size via two variant cell cycles, the 

endocycle that produces polyploid cells with one nucleus and endomitosis, which results in multinucleate cells.   By exploring 

why both the endocycle and endomitosis are used by the SPG we have found that: 1) the transition into endomitosis is 

developmentally controlled; 2) Notch signaling and Cdc25/String phosphatas e activity are required for the proper endocycle 

to endomitosis ratio in SPG and a functional BBB; and 3) SPG in the brain exploit endomitosis to boost their cell size above 

that attainable by the endocycle in response to substantial brain growth during la rval development. In addition, we have 

made the unexpected finding that nuclear number rather than ploidy alone also affects cell size.   We are currently 

investigating how the multinucleation observed in endomitotic SPG leads to bigger cells by looking at global transcription in 

individual nuclei within multinucleate SPG and by altering the normal distribution of nuclei in these endomitotic 

cells.  Understanding the regulation and function of ploidy in SPG will shed light not only into how the BBB -forming g lia 

control the underlying neurons during normal brain development, but also into the fundamental differences between mono 

versus multinucleate polyploid cells.  

1.  Unhavaithaya, Y. and T.L. Orr -Weaver, Polyploidization of glia in neural development links tissue growth to blood -brain 

barrier integrity . Genes Dev., 2012. 26(1): p. 31-6.  

78    JNK and Yorkie cooperate to drive tumor progression by generating polyploid giant cells in Drosophila .    B.J. Cong, 

S. Ohsawa, T. Igaki  Laboratory of Genetices, Graduate School of Biostudies, Kyoto University, Kyoto , JP.  

   Epithelial cancer tissues often possess polyploid giant cells, which are thought to be highly oncogenic. However, the 

mechanisms by which polyploid giant cells are ge nerated in tumor tissues and how such cells contribute to tumor 

progression in vivo remain elusive. Here, we found in Drosophila imaginal epithelium that clones of cells deficient for 

endocytic Ʉneoplastic tumor-suppressorɅ genes such as rab5 , vps25, erupted/ tsg101, or avalanche/synataxin-7 induce polyploid 

giant cells. Our genetic analyses of Rab5 -deficient cells revealed that cooperative activation of Eiger -JNK and Yorkie generates 

polyploid giant cells via endoreplication. Furthermore, we found that mali gnant tumors induced by Ras activation and cell 

polarity defect also include polyploid giant cells. Strikingly, elimination of polyploid giant cells from such malignant tumo rs by 

blocking endoreplication strongly suppressed tumor growth and metastatic beha vior. The mechanism by which polyploid 

giant cells are generated in tumors will be presented.  

79    Investigating the interaction of inflammatory pathways in tumor microenvironment using Drosophila  cancer 

models.     K Snigdha1, A Singh1,2,3, M Kango-Singh1,2,3  1) Department of Biology, University of Dayton; 2) Center for Tissue 

Regeneration and Engineering at Dayton (TREND), University of Dayton; 3) Premedical Programs, University of Dayton.  

   Tumor microenvironment (TME) consists of the tumor cells and  the surrounding normal cells and plays a critical role in 

tumor survival and progression. Previous studies have shown presence of inflammatory components in the TME but how 

these components affect tumor progression it is still not well understood. The cor e inflammatory pathways like TLR , TNF etc. 

produce these components and are conserved in Drosophila. Since 90% of tumors are epithelial in origin , we used the wing 

imaginal disc of Drosophila melanogaster to study the interaction of these key inflammator y pathways in the TME. To model 

the TME, we created FLP-out clones of co -activated oncogenic forms of Yki or RasV12  in polarity deficient ( scribble mutant) cells 

marked by GFP surrounded by normal cells. These mosaic clones allow us to test changes in intercellular and signaling 

interactions within the tumor, surrounding its microenvironment and in distant normal cells. This clonal system recapitulate s 

the clonal origins of human cancer and provides a distinct advantage in analyzing intratumoral and other interactions that 

affect tumor growth. Using immunohistochemistry, we studied the   activity of TLR, TNF and JNK pathway. TLR component, 

Cactus and activated form of JNK, p -JNK were induced in the tumor cells whereas Drosophila TNF ligand, Eiger was 

upregulated in the surrounding normal cells. We hypothesized that a crosstalk between these key pathways in the TME 

promotes tumor survival and progression.  So we decided to study the genetic epistasis interaction between JNK and TNF 

pathways to assess the requirement and roles of these signals in the TME. Our preliminary data suggest specific and 

significant roles for the TNF and JNK pathways. We are current ly testing if TLR, TNF and JNK pathway genetically regulate each 

other or independently affect the TME and growth of tumors. Our progress from these studies will be presented. Our 

research will help unravel the correlation between inflammatory pathways and  tumor progression in an in vivo model.  

80    Deciphering the complexity of oncogenic Ras signaling.     C. Chabu1, Da-Ming Li 2, Tian Xu2  1) University of Missouri, 

Columbia, MO; 2) Yale University School of Medicine/HHMI, New Haven, CT.  

   Oncogenic Ras signaling is complex and involves multiple interacting signals that concertedly drive disease progression in 



ways we do not understand. Animal models have played an instrumental role in the dissection of complex signaling 

dynamics. We took advantage of ou r Drosophila Ras tumor model to address two puzzling observations related to oncogenic 

Ras signaling: on the one hand, oncogenic Ras signaling requires its upstream receptor, epidermal growth factor receptor 

(EGFR) in some cancers, which cannot be explaine d with our understanding of canonical EGFR/Ras signaling. On the other 

hand, oncogenic EGFR/Ras signaling cooperates with hedgehog (Hh) signaling in cancers. The underlying mechanisms for 

both of these observations are not well understood. We found that on cogenic Ras stimulates the transcription and secretion 

of EGF to recruit EGFR function. Rather than signaling via the known canonical EGFR signaling pathway, EGFR acts via the 

small G-protein and vesicle trafficking regulator ADP -Ribosylation Factor 6 (ARF6). ARF6 stabilizes Hh molecules on signaling 

competent endosomes, thereby stimulating Hh signaling in oncogenic Ras cells and establishing oncogenic 

synergy.  Consistent with this mechanism, inhibition of EGFR or ARF6 causes Hh protein to be routed to deg radation pathway. 

In addition, depleting EGF or blocking EGFR function suppresses oncogenic Ras tumor overgrowth. More importantly, ARF6 or 

Hh knockdown prevents oncogenic Ras -mediated overgrowth in both fly and human cancer cells. This work provides the f irst 

unifying mechanism that explains both, the surprising role for EGFR in oncogenic Ras -mediated overgrowth and the 

oncogenic cooperation between EGFR/Ras and Hh signaling. More broadly, the work illustrates how one oncogenic mutation 

can, independent of  any additional genetic lesions, trigger and incorporate other oncogenic signals in cancer cells to promote 

robust tumor growth.  

81    The CAF-1 complex couples Hippo pathway target expression and cell cycle progression.     W.B. Yee1, P.M. Delaney1, 

P.J. Vanderzalm 2, R.G. Fehon1  1) Department of Molecular Genetics and Cell Biology, The University of Chicago, Chicago, IL; 2) 

Department of Biology, John Carroll University, University Heights, OH.  

   The Hippo signaling pathway regulates tissue growth and o rgan development in vertebrates and invertebrates. Mutations in 

Hippo pathway components lead to tumorigenic diseases. For example, mutation of the human Neurofibromatosis  2 gene 

(called Merlin  in Drosophila) leads to Schwann cell -derived and other tumors.  Upstream components including Merlin interact 

to regulate a kinase cascade that controls the localization and thus activity of the transcriptional co -activator Yorkie. Through 

a genetic screen, our lab found that depletion of a CAF -1 complex subunit, p180 , leads to increased Hippo pathway target 

gene expression. The CAF-1 (Chromatin Assembly Factor -1) complex functions in replication -dependent histone deposition. 

Our subsequent experiments have shown that the CAF -1 complex preferentially regulates Hippo pa thway target expression 

in a cell cycle and Yorkie -dependent manner. We propose that CAF -1 and Yorkie function antagonistically to interact with 

naked, post -replication DNA. In the case of low Yorkie activity, CAF -1 quickly re -establishes the histone lands cape on newly 

synthesized DNA to prevent Yorkie interaction with target loci. Interaction between Yorkie and its target loci leads to not o nly 

increased Hippo pathway target transcription but also changes in the epigenetic landscape that further enhance 

tr anscription. These observations suggest a connection between cell cycle progression and Hippo pathway target expression, 

enhancing our understanding of Hippo pathway regulation. Since both the CAF -1 complex and Hippo signaling are highly 

conserved, we expe ct that understanding this mechanism in flies will lead to new insights into the mammalian Hippo pathway 

and its role in human tumorigenesis.  

82    Genetic analysis of invasive pathways engaged by the EcR -coactivator protein Taiman reveals requirement of 

Toll/Imd pathways and systemic immune response.     P.K. Byun, C Zhang, KH Moberg  Department of Cell Biology, School 

of Medicine, Emory University, Atlanta, GA.  

   In developing tissues and metastatic cancers, cells often migrate as a heterogeneous group in response to internal and 

external cues. In the Drosophila ovary, the steroid receptor transcriptional co -activator taiman (tai) promotes collective 

migration of border cells (BCs) through the adjacent cluster of nurse cells in response to the hormone ec dysone, but the 

mechanisms underlying this invasive effect are not well defined. Here we introduce a pathogenic model of Tai -driven tissue 

invasion that allows for rapid genetic screening for elements of the Tai -induced invasive program. Overexpression of tai  in 

non -motile pupal wing cells causes them to invade through adjacent thoracic cuticle and into internal tissues, leading to an 

easily scored phenotype of wing -tips embedded into the thorax. Using a coupled approach of a dominant -modifier screen 

and RNA-seq analysis, we identify the Toll and innate immunity pathways as necessary for Tai -driven wing invasion. 

Expression of Tai in wing cells leads to a systemic immune response in larvae and pupae. Multiple components of the Toll and 

IMD pathways are overe xpressed in Tai -wing cells and alleles of Toll/IMD components, such as Spatzle ligands ( spz), dl, myd88, 

dominantly suppress Tai -driven wing invasion. Tai -invasion is also suppressed by the H99 deletion, which removes the pro -

apoptotic RHG genes; in parall el, thoracic cells abutting Tai -expressing cells show increased hid expression. These data 

suggest that Tai overexpression can convert non -motile wing epithelial cells into an invasive group of cells by activating the 

innate immune system. More detailed me chanistic insight into the role of Toll/Imd signaling in this Tai -driven invasive model 

will be presented.  

83    Integrins act as mechanosensors to regulate cell survival in Drosophila wing imaginal disc.     A. Valencia Expósito1, 

M.J. Gomez-Lamarca 2, T.J. Widmann3, M.D. Martín -Bermudo 1  1) Centro Andaluz de Biología del Desarrollo, Universidad Pablo 

de Olavide/CSIC, Sevilla, ES; 2) Department of Physiology, Development and Neuroscience, University of Cambridge, England, 



UK; 3) Pfizer-University of Gr anada-Junta de Andalucía Centre for Genomics and Oncological Research (GENYO), Granada, ES.  

   Cellular mechanosensing is the ability of cells to sense physical forces transmitted by the adjacent extracellular matrix (EC M) 

or neighboring cells. Cells test  the properties of their environment using mechanosensory proteins and cellular structures. 

Integrins are the major membrane proteins mediating mechanical signaling between cells and the ECM. By binding to ECM 

fibrils and associating with intracellular act in filaments, via a variety of cytoskeletal linker proteins, integrins can sense and 

transmit contractile forces derived from the ECM or from inside the cell. This mechanosensing ability is key to regulate a wi de 

range of signaling pathways and genetic pro grams to control cell survival, adhesion, migration, proliferation and 

differentiation. However, despite the implication of integrins in mechanosensing and mechanotransduction, we are still at the  

beginning of understanding its importance in development an d in overall physiology. In this work we have used Drosophila 

wing imaginal disc as a model system to better understand the role of integrins as tension sensors during epithelial 

morphogenesis. We show that reducing integrin levels in the wing disc results  in caspase dependent anoikis, cell extrusion 

and ectopic folding of the epithelium. Moreover, although previous experiments has suggested that cell death results in 

tissue shape changes in wing disc, we find that blocking cell death in integrin mutant cel ls does not prevent the appearance of 

ectopic folds and cell extrusion. These results suggest that integrins regulate epithelial architecture independently of cell  

death. In fact, we have seen that elimination of integrin function results in increased acto myosin activity. Likewise, we show 

that increasing myosin activity per se phenocopies loss of integrin function. Previous work has demostrated that an increase 

in Rho1/Rok/Myosin activity results in JNK activation. In our work we show that removal of integ rins also results in JNK 

activation. Furthermore, downregulation of JNK activity rescues all integrin phenotypes. Altogether these results support a 

role for integrins in balancing internal actomyosin forces necessary for the maintenance of the epithelial morphology through 

the regulation of JNK activity.  

84    Ecdysone limits wing imaginal disc regeneration through Broad Z1.     Faith Karanja, Sara Weintraub, Subhshri Sahu, 

Adrian Halme   Department of Cell Biology, University of Virginia School of Medicine , Charlottesville, VA.  

   As tissues develop, their regenerative capacity is often diminished. For instance, Drosophila melanogaster imaginal discs lose 

regenerative capacity at the end of larval development. The timing of when discs lose regenerative cap acity coincides with the 

rapid increase in systemic levels of the steroid hormone ecdysone, a key coordinator of Drosophila developmental 

progression.  We have showed that increasing systemic ecdysone levels by feeding larvae ecdysone is sufficient to limit  

regeneration in their imaginal tissues . Based on these data, we hypothesized that ecdysone signaling promotes changes in 

the imaginal disc epithelium that interfere with activation of regeneration pathways. We find that the broad  splice variant Z1 

(br-Z1), an early transcriptional target of the pre -pupal ecdysone peak, begins to be expressed in the wing imaginal disc at the 

same time that discs lose regenerative capacity. The expression of Br -Z1 inversely correlates with the regenerative capacity of 

the wi ng imaginal disc. When regeneration competent imaginal discs are damaged, Br -Z1 expression is delayed, which is 

consistent with the extension of the regenerative period in these larvae. In contrast, feeding the larvae ecdysone, which lim its 

regenerative ca pacity, produces premature Br -Z1 expression. To determine directly whether Br -Z1 limits regeneration we 

overexpressed Br -Z1 early in the imaginal disc development and found it is sufficient to cell -autonomously suppress the 

expression of Wingless (Wg) and Dilp8 after damage. Inhibition of broad  expression in late third instar imaginal discs using 

broad RNAi allows tissues to activate regenerative pathways past the known regeneration restriction point. Our preliminary 

data suggests that Br -Z1 may be function ing downstream of the JNK signaling pathway to regulate Wg expression in damaged 

tissues. In summary, these results provide insight into how endocrine signals act on tissues to regulate their regenerative 

competence. We are currently exploring whether ecdy sone signaling also functions to shape the regenerative response and 

determine its duration through differential expression of broad splice variants.  

85    Regulation of the stability of selector gene expression by the Hippo pathway co -activator Yorkie.     J. Downes, I. 

Hariharan   Molecular and Cell Biology, UC Berkeley, Berkeley, CA.  

   Differentiated cells that become cancerous do so by inappropriately altering gene expression to allow for proliferation, 

evasion of the immune system, and invasion of sur rounding tissue. This can cause the cells to assume a more stem -like state, 

but can also lead to aberrant expression of developmental patterning genes normally never seen in that cellɅs lineage. How 

tumors alter patterning gene expression and what role the se patterning genes play in tumor growth and progression remains 

unclear. Since alterations of the Hippo pathway are observed in cancers, we examined the impact of increasing the activity of  

Yorkie (Yki), the transcriptional co -activator downstream of the Hippo pathway on cell fate determination in the wing -imaginal 

disc. Clones of cells expressing a constitutively active form of Yorkie (Yki CA) ectopically activate specific patterning genes 

outside their normal expression domains. Strikingly, a subset of Yk iCA clones in the posterior compartment begin to express 

the anterior selector gene Cubitus Interruptus (Ci), and anterior Yki CA clones appear to express even higher levels of Ci than 

surrounding wild type tissue. The posterior clones also express patterni ng genes downstream of Ci (e.g. dpp), suggesting that 

YkiCA clones have non -cell-autonomous effects on patterning in the wing disc. We observe reduced expression of the 

posterior selector gene engrailed (en) in posterior clones which can account for the ec topic expression of Ci at least in 

posterior clones. En downregulation and ectopic expression of Ci are more apparent in clones in the hinge of the wing disc 

than the pouch, indicating that destabilization of established patterns of selector gene expressio n occur more readily in some 



regions of the wing disc than others. ϥnterestingly, the hinge region has been previously postulated to be a Ɉtumor hot spotɉ 

and is important for regeneration of the pouch, suggesting that increased cell -fate plasticity might underlie some of these 

properties. We also observe changes in regulators of chromatin in these clones that potentially explain the changes in En and  

Ci expression. Thus, while Yki is generally thought to affect tissue growth by regulating the transcription  of specific regulators 

of growth and cell survival, our work links Yki to mechanisms that alter chromatin states and de -stabilize networks of selector 

gene expression.  

86    The architectural balance of the Ventral Nerve Cord depends on the level of JNK signaling activity.     K. Karkali1, G. 

Panayotou 2, T. E. Saunders3, E. Martin-Blanco1  1) Instituto de Biologia molecular de Barcelona, CSIC, Barcelona, ES; 2) BSRC 

Alexander Fleming, 34 Fleming Street, 16672 Vari, Greece; 3) Mechanobiology Institute, 5 Engineering Drive 1, National 

University of Singapore, 117411 Singapore.  

   The segmented nervous system of bilaterians is organized in structural and functional modules. Module s share across 

species a robust structural stability. How this robustness is acquired during development is currently unknown. Here, we 

investigate the sequence of events involved in the establishment of the architectural balance of the nervous system. We 

demonstrate that a unique robustness pattern is common to the arthropods nervous system plan. This pattern depends on 

the fine control of the JNK signaling in a subset of early -specified pioneer neurons. JNK activity affects the level of expression 

of cell  adhesion molecules (Fas 2), in part through the modulation of the transcription factor zfh1. A deficit in Fas 2 affects the 

fasciculation of the axons of primary neurons, leading to secondary bundling defects that result in a general reduction in 

spatial correlations. Failure to fasciculate affects both architectural robustness and tensional balance, ultimately impeding 

nervous system condensation.  

87    Programmed cell senescence is required for sensory organ development in Drosophila .    Y. Zang, M. Yoshimoto, T. 

Igaki  Laboratory of Genetics, Kyoto University Graduate School of Biostudies.  

   Cellular senescence, a state of irreversible cell cycle arrest, is often associated with tumor suppression and aging. Despite  

the extensive studies on the mechani sm of cellular senescence triggered by telomere shortening or oncogene activation in 

mammals, its physiological role has still been elusive. Here, we discovered that developmentally programmed cellular 

senescence occurs in Drosophila imaginal epithelium. I n the wing discs of the 3rd instar larvae, a cluster of cells showed highly 

elevated senescence -associated ƽ-galactosidase (SA-ƽ-gal) activity, cell cycle arrest, and increased heterochromatinization, the 

hallmarks of cellular senescence. The cluster of ce lls also showed highly elevated Ras signaling as well as increased oxidative 

stress, both of which are known to trigger cellular senescence in mammals. Intriguingly, we found that these senescent cells 

co-localized with proneural clusters, which develop in to the sensory organ Ʉcampaniform sensillaɅ in the dorsal radius of adult 

wing. To understand the role of programmed cell senescence in wing development, we searched for cellular signaling that 

can block cellular senescence. Interestingly, we found that fo rced activation of wingless (Wg) signaling strongly suppressed 

SA-ƽ-gal activity as well as cell cycle arrest in the senescent cell cluster. This suppression of programmed cell senescence 

resulted in morphological defects in the campaniform sensilla. Our d ata indicate that developmentally induced cellular 

senescence facilitates proper development of sensory organs in Drosophila wing.  

88    Roles of tricellular junctions and spindle orientation in tissue morphogenesis.     Eric van Leen, Isabelle Gaugué, 

Floris Bosveld, Yohanns Bellaïche   Institut Curie, Paris, FR.  

    

 

The orientation of cell division along the interphase cell long axis, the century old HertwigɅs rule, has profound roles in tissue 

proliferation, morphogenesis, architecture and mechanics. In  epithelial tissues, the shape of the interphase cell is influenced 

by cell adhesion, mechanical stress, neighbour topology, and planar polarity pathways. We have recently uncovered the 

mechanisms by which cells sense and memorize their interphase shape. W e found that in  Drosophila epithelia, tricellular 

junctions (TCJ) localize microtubule force generators, orienting cell division via the Dynein associated protein Mud (NuMa in  

vertebrates) independently of the classical Pins/Gai pathway. Moreover, as cells  round up during mitosis, TCJs serve as spatial 

landmarks, encoding information about interphase cell shape anisotropy to orient division in the rounded mitotic cells. Our 

work revealed that, in addition to their function as epithelial barrier structures, TCJs serve as polarity cues promoting 

geometry and mechanical sensing in epithelial tissues (Bosveld  et al., 2016). Yet it is still unclear how cell division orientation 

contributes to tissue scale morphogenesis. To address this question, we screened for p roteins that recruit Mud to TCJ. We 

found that the TCJ protein Anakonda (Aka) interacts with Mud and is required for the localization of Mud at TCJs. Moreover, 

the intracellular domain of Aka mediates mitotic spindle orientation in S2 cells via Mud. Curren tly, we are evaluating how 

CRISPR/Cas9 generated mutants affect spindle orientation and the impact of cell division misorientation at the scale of the 

entire tissue undergoing morphogenesis.  



89    Cell Size and Nuclear Scaling Relationships in Multinuclea ted Muscle Fibers.     S.E. Windner1, A. Manhart 2, A. Brown1, 

A. Mogilner 2, M.K. Baylies1  1) Developmental Biology, Memorial Sloan Kettering Cancer Center, New York, NY; 2) Courant 

Institute, New York University, New York, NY.  

   Optimal cell function dep ends on the size of a cell and the appropriate relative size, i.e. scaling, of its organelles. Specifically, 

scaling of the nucleus is characteristic for each cell type and reflects cell state and activity. Despite obvious correlation s, we 

know very little  about the intracellular mechanisms that regulate nuclear scaling to establish and maintain specific cell sizes. 

Cell size regulation is of particular interest for muscle biologists, as muscle size is directly linked to force production. However, 

individua l skeletal muscle fibers are among the largest cells and can contain hundreds of nuclei, which poses challenges to 

investigating global nuclear scaling relationships.  

Here we present a Drosophila in vivo system to analyze muscle cell size and nuclear scali ng, genetically manipulate individual 

cellular components, and quantify muscle function. Our data show that the number of nuclei, as well as their cumulative DNA 

content increase linearly with muscle cell size. However, the cumulative size of all nuclei in  the cell is the most precise global 

nuclear scaling parameter, indicating that size regulation is highly coordinated among all nuclei in a muscle syncytium. 

Advanced statistical analyses and mathematical simulations suggest that nuclei are positioned to e qually distribute 

cytoplasmic space and adjust their size based on the distance to neighboring nuclei. However, the relationship between 

individual nuclei and their surrounding cytoplasmic domain (local size scaling) varies within each cell. Differences in  nuclear 

size scaling correlate with changes in transcriptional/translational activity and are specific to cytoplasmic domains adjacen t to 

the myotendinous and neuromuscular junctions. Thus, individual nuclei within a muscle syncytium distinctly regulate c ell size. 

We propose that muscle fibers are composed of a heterogeneous population of cytoplasmic domains, which are established 

by the integration of local signals and the coordination of size scaling with nuclear activity. Genetic manipulations to alte r 

nuclear size and DNA content confirm these observations and further show that changes in muscle size or in nuclear size 

scaling correlate with reduced muscle function. Our study provides the first comprehensive approach to unraveling the 

intrinsic regulati on of size and nuclear scaling in multinucleated muscle fibers. Ultimately, identifying the underlying 

molecular mechanisms will provide insights to how disruption of sub -cellular organization results in muscle disease.  

90    Quantitative analysis of cell  organization in tracheal tubes reveals unexpected cell behaviors and suggests an 

alternative role for Src42 in tracheal morphogenesis.     R. Yang1, M. Mani 1,2, G.J. Beitel1  1) Dept. of Molecular Biosciences, 

Northwestern University, Evanston, IL; 2) Dept. of Engineering Sciences and Applied Mathematics, Northwestern University, 

Evanston, IL.  

   The architecture of biological tubes must be tightly regulated for an organismɅs survival.  Understanding the mechanisms of 

tube size control requires the ability to quantify many aspects of tube and cell geometry.  Although programs to analyze 

planar epithelia exist, they are unable to process the more complex problem of cells forming  highly curved 3D tubes.  We 

therefore developed greatly improved computational tools for measuring cell and tube morphology in the Drosophila 

trachea.  Whereas previous approaches measured tens of cells in several tracheal segments (Nelson et al., 2012; F orster et al., 

2012), the new workflow measures hundreds of cells from entire tracheal tubes.  

 

In this workflow, the tracheal dorsal trunk and the apical surfaces of tracheal cells are segmented from confocal images usin g 

Ilastik, a freely accessible image  analysis platform. Segmentation data are then imported to Matlab, and a marching cubes 

algorithm is used to define the centerline along the dorsal trunk and detect branches.  Cell boundaries are then mapped onto 

the tube surface, and cells are analyzed as  objects in 3D directly and as projections in 2D by unrolling and flattening the tube 

into a plane.  Importantly, the 2D projections are compatible with a broad array of analysis tools such as Voronoi modeling, 

which shows that unlike the regular hexagonal  cells seen in planar epithelia, the apical surfaces of tracheal cells are primarily 

shaped as irregular pentagons.  

 

Quantitative analysis of the expansion of trachea from a narrow diameter tube at stage 14 to a somewhat longer (20%) but 

much larger diamet er (100%) tube at stage 16 revealed three unexpected findings.   First, there is an anterior -to -posterior 

gradient of cell orientation along the dorsal trunk.  Second, comparison of computationally modeled cell orientation changes 

based on tube expansion pa rameters to actual cell orientations in WT revealed that after expansion, cell orientation changed 

in the opposite direction from that predicted by passive expansion.  In effect, WT cells rotate as if countering the radially 

expansive forces of luminal mat rix, which could potentially redirect radial force to elongate the tube.  Third, cell orientation in 

Src42 mutants was more similar to the predicted passive expansion than WT, suggesting that Src42 cells fail to reorient as 

much as WT cells.  Thus, Src42 may be required for executing cell rearrangements rather than directing polarized growth in 

tracheal cells.  

91    Unc -4 governs the identity of cholinergic neurons in the ventral nerve cord.     H. Lacin1, J.W. Truman1,2  1) HHMI 

Janelia Research Campus, Ashburn, VA; 2) Biology, University of Washington, Seattle, WA.  

   Every neuron in the nervous system is unique. Each synapses with a different set of neurons and express a unique 

combination of molecules. Ultimately, neurons of different fates come togethe r to form functionally meaningful circuits, 



which produce variety of behaviors. To investigate how such a complex system is assembled, we study the Drosophila ventral 

nerve cord (VNC). Like the mammalian spinal cord, the fly VNC is densely populated with n eurons so studying its organization 

is challenging. To overcome this, we have taken a lineage based approach to divide the VNC into developmentally and 

functionally related units. Over the last decade, we have laid the groundwork: (i) We identified all the  stem cell lineages that 

make up the nerve cord. (ii) We further divided each lineage into two hemilineages (A and B), which arise from the iterated 

asymmetric divisions of the stem cells. (iii) We identified transcription factors (TF) whose combinatorial expression identifies 

each hemilineage unambiguously. (iv) We generated genetic tools to visualize and manipulate neuronal classes within each 

hemilineage. (v) Lastly, we showed that hemilineages are major functional units of the VNC and responsible for a specific 

behavior. To further characterize functional organization of the VNC, we have mapped the neurotransmitter profile of mature 

adult neurons by using the genetic and molecular tools. Surprisingly, we found that neurotransmitter code in the VNC is 

simple: all neurons within a hemilineage use the same neurotransmitter. We identified 14 cholinergic, 12 GABAergic, and 7 

Glutamatergic hemilineages per thoracic ganglia (out of 33 major hemilineages). Moreover, we found that 7 of the 14 

cholinergic hemilinea ges express Unc-4, an uncharacterized homeodomain -containing TF and its expression is restricted to 

these lineages.  To investigate the Unc -4 function, we engineered the  unc-4 locus and generated null and conditional mutants 

as well as a variety of reporte r lines via CRISPR editing. Adult unc-4 mutant animals survive into adulthood but they are 

uncoordinated, flightless, and not able to jump. We analyzed morphology and neurotransmitter profile of  each Unc-4 + 

hemilineage in the mutant background and  found t hat loss of  unc-4 function results in a switch from cholinergic to GABAergic 

fate and defects in axonal projections. We observed these phenotypes only in a few lineages. 7B, one of these lineages, fails  

project its axons to the leg neuropil in unc -4 mutant  animals. To assay if defects in 7B are responsible for any of the 

behavioral phenotypes observed in null mutant animals, we removed unc -4 only in this lineage. The resultant animals 

showed jumping defects indicating 7B is required for jumping.  Overall, ou r results demonstrate that Unc -4 function in 

cholinergic neurons is necessary for proper fate acquisition.  

   

92    Phenotypic convergence in the brain: distinct transcription factors regulate common terminal neuronal 

characters.     N. Konstantinides1, K. Kapuralin 2, C. Fadil1,2, L. Barboza1,3, R. Satija1,3, C. Desplan1,2  1) Department of Biology, New 

York University, New York, NY 10003, USA; 2) New York University Abu Dhabi, Saadiyat Island, Abu Dhabi, UAE; 3) New York 

Genome Center, New York, NY 10013, U SA.  

   Transcription factors regulate the molecular, morphological, and physiological characters of neurons and are responsible 

for the generation of their impressive cell type diversity. Neuronal diversity is generated along two temporal scales: a) by cell 

type diversification over hundreds of millions years of evolution and b) by implementing neuronal identity during embryonic 

development. Altering transcription factor expression can lead to the evolution of new cell types. Therefore, how 

transcription f actors are recruited in diverse cell types to orchestrate their specification and differentiation is a key question 

in neurobiology. The Drosophila optic lobe is an ideal system to probe this process because of its large number of cell types  

that have been  exhaustively described. We used Drop -seq, a large-scale single-cell mRNA sequencing technique, to 

characterize the extensive cellular diversity in the Drosophila optic lobes and identify general principles that govern how 

transcription factors regulate ce ll type diversity. We sequenced 55,000 single neurons and glia and pooled them in 52 clusters 

of transcriptionally distinct cells. We validated the clustering and annotated the clusters using RNA sequencing of FACS -sorted 

single cell types, as well as know n and newly identified neuronal and glial markers. To identify transcription factors 

responsible for inducing specific terminal differentiation features, we used machine -learning to generate a Ʉrandom forestɅ 

model. The predictive power of the model was co nfirmed by showing that two transcription factors expressed specifically in 

cholinergic (apterous) and glutamatergic (traffic -jam) neurons are necessary for the expression of ChAT and VGlut in many, 

but not all, cholinergic or glutamatergic neurons, respec tively. We used a transcriptome -wide approach to show that the 

same terminal characters, including but not restricted to neurotransmitter identity, can be regulated by different 

transcription factors in different cell types, arguing for extensive phenotypi c convergence. Our data provide a deep 

understanding of the developmental and functional specification of a complex brain structure.  

93    The mechanism controlling stochastic photoreceptor specification in the fly eye.     Alexandra Neuhaus-Follini, Caitlin 

Anderson, Sang Tran, Mini Yuan, Robert J. Johnston, Jr.  Department of Biology, Johns Hopkins University, Baltimore, MD.  

   Stochastic gene expression diversifies cell fates in the nervous system and may contribute to individuality. Stochastic cell 

fat e specification is best understood in bacteria, where noisy gene expression and autoregulatory feedback randomly and 

transiently generate distinct cell fates across genetically identical organisms. How this process is regulated in animals and  

what general mechanistic features are shared across species remain poorly understood.  We study this question in the fly eye, 

where the random mosaic of color -detecting R7 photoreceptor subtypes is determined by the stochastic on/off expression of 

the transcription fact or Spineless (Ss). We identified two enhancer elements that are required for  ss expression: an Ɉearly 

enhancer,ɉ which drives expression in R7 precursor cells, and a Ɉlate enhancer,ɉ which drives expression in terminally 

differentiated R7 cells. Deletion o f the early enhancer causes a loss of both early and late  ss expression and modulating the 

strength of the early enhancer changes the on/off ratio of Ss expression in differentiated R7 cells. These data suggest that ss 



expression in R7 precursor cells is r equired for subsequent ss expression in terminal R7s and that the strength of 

ss expression from the early enhancer sets the ratio of Ss on:Ssoff  R7s in the adult. In addition, both early and late  ss expression 

are reduced in a  ss protein -coding null mutant , implying that autoregulatory feedback from Ss protein is required 

for  ss expression.  Together, these data suggest that priming gene expression and autoregulatory protein feedback are 

common features of stochastic cell fate specification across species. W e also identified two Polycomb response elements 

(PREs) that are required to repress ss expression and uncovered roles for chromatin modifiers in setting the on/off ratio of ss 

expression in R7 cells. Therefore, we propose a model in which 1) variation in expression from the early enhancer produces 

variable Polycomb spreading between the early and late  periods of  ss expression and 2) the extent of this spreading 

determines whether the late enhancer can re -activate  ss expression in differentiated R7s. In this way, variation in early ss 

expression could be converted into stochastic, alternative R7 fates.  

94    The Krebs cycle enzyme Isocitrate Dehydrogenase 3A couples mitochondrial metabolism to synaptic 

transmission.     B Ugur1, H Bao2, M Stawarski 4, LR Duraine5, Z Zuo6, YQ Lin7, G Neely7, GT Macleod4, ER Chapman2,3, HJ 

Bellen1,5,6,8,9  1) Developmental Biology, Baylor College of Medicine, Houston, TX, USA, 77030; 2) Department of Neuroscience, 

University of Wisconsin -Madison, Madison, WI, USA, 53705; 3) Howard Hughes Medical Institute, University of Wisconsin, 

Madison, WI, USA, 53705; 4) Department of Biological Sciences and Wilkes Honors College, Florida Atlantic University, Jupiter , 

FL, USA, 33458; 5) Howard Hughes Medical Institute, Baylor College of Medicine, Houston, TX, USA, 77030; 6) Department of 

Molecular and Human Genetics, Baylor College of Medicine, Houston, TX, USA, 77030; 7) The Dr. John and Anne Chong Lab for 

Functional Genomics, Charles Perkins Centre and  School of Life ; 8) Department of Neuroscience, Baylor College of Medicine, 

Houston, TX, USA, 77030; 9) Jan and Dan Duncan Neurological Research Institute, Texas Children's Hospital, Houston, TX, USA, 

77030.  

   The Krebs cycle is a conserved pathway that  plays a pivotal role in energy production and metabolism. The main function of 

the Krebs cycle is to generate electron carriers for the electron transport chain. However, loss of function mutations in 

different Krebs cycle enzymes cause different phenotyp es in humans. Very recently, a homozygous mutation in IDH3A has 

been associated with a severe encephalopathy and intractable epilepsy of infantile onset (Fattal -Valevski et al., 2017). 

Although the patient is clearly defined as a mitochondrial encephalopat hy, the symptoms are confined to the nervous system 

and differ from canonical mitochondrial cases. Overall, the relationship between metabolism, Krebs cycle and neuronal 

function is poorly characterized.  

In this study, we show that the loss of a core Krebs  cycle enzyme  isocitrate dehydrogenase 3a (idh3a), shares striking 

phenotypic similarities with loss of the synaptic Ca 2+ sensor, synaptotagmin1  (syt1) in Drosophila synapses. Our study reveals 

that reduced levels of the Idh3a product, alpha -ketoglutarate (ƼKG), causes synaptic transmission defects through an ATP-

independent mechanism in flies. Synaptic transmission is a fast and tightly regulated Ca 2+-dependent process. Upon a Ca 2+ 

influx, Synaptotagmin1 (Syt1) promotes fusion of synaptic vesicle (SV) with  the plasma membrane. Using an in vitro  model 

based on mouse proteins to pinpoint the mechanism of action, we show that ƼKG promotes Syt1-stimulated membrane 

fusion by enhancing the interaction between Syt1 and membrane lipids. The data reveal a novel, con served metabolic 

regulation of synaptic transmission via ƼKG and provide a link between mitochondrial dysfunction and some neuronal 

disorders.  

95    Combinations of DIPs and Dprs control olfactory receptor neuron axon sorting in Drosophila .    P.C. Volkan1, S. 

Barish 1, S. Nuss1, I. Strunilin 1, S. Mukherjee 3, C.D. Jones2  1) Duke University, Department of Biology, Durham NC; 2) University 

of North Carolina - Chapel Hill, Integrative Program for Biological & Genome Sciences, Chapel Hill, NC; 3) Duke University, 

Department of Mathematics, Durham NC.  

   In Drosophila, 50 classes of olfactory receptor neurons (ORNs) connect to 50 class -specific glomeruli in the antennal lobe. 

Despite identification of cell surfa ce molecules regulating axon guidance, how ORN axons sort to form 50 stereotypical 

glomeruli remains unclear. Here we show that the heterophilic binding proteins, DIPs/Dprs, are expressed in ORNs as 

glomeruli start to form. Each ORN class expresses a uniqu e combination of DIPs/Dprs, with neurons of the same class 

expressing ligand -receptor pairs. Mathematical analysis of DIP/Dpr expression clusters of ORN classes, which mimics their 

glomerular positioning in the antennal lobe, suggesting a role in ORN axon sorting. Perturbations of  DIP/dpr  gene function 

result in invasions of neighboring glomeruli. Our results suggest that context -dependent adhesion through DIP/Dpr 

combinations sort ORN axons into different glomeruli. Mammalian orthologues of DIPs/Dprs inclu de Kirrel2/3, which sort 

mammalian ORN axons into separate glomeruli, suggesting convergent mechanisms of glomerular formation in mammals 

and flies.  

96    Basigin regulates peripheral glia function and morphology.     L.M. Petley-Ragan, A. Hunter, M. Das, V.J. Auld  Zoology, 

University of British Columbia, Vancouver, B.C., CA.  

   Glial cells in the peripheral nerve wrap axons to insulate them and cover the peripheral nerve to generate the blood -nerve 

barrier and structural integrity. Glia -extracellular mat rix interactions need to occur to enable efficient glial esheathment, 

however not much is known about how glial cells adhere and communicate with each other or the ECM. The Drosophila larval 



nervous system is surrounded by an outer layer of perineurial gli a that are in turn covered by the neural lamella, which is 

comprised of extracellular matrix proteins such as laminin and perlecan. The function of perineurial glia and their interacti on 

with the neural lamella is just beginning to be elucidated.   We found  that Basigin, a transmembrane Ig domain protein, is 

highly expressed in perineurial glia surrounding the central and peripheral nervous systems of third instar larvae. Much of 

the research on Basigin has focused on its role in cancer, however other studie s have found that Basigin is also involved in a 

wide range of developmental processes. Here, we investigate a developmental role for Basigin in Drosophila glia.  We show 

that Basigin is specifically expressed in perineurial glia and is found in close proxi mity with integrin based focal adhesions. 

Knock down of Basigin in perineurial glia using RNAi results in a significantly shorter ventral nerve cord and ruffles in the  

peripheral nervous system and results in disruption of larval locomotion. We examined th e domains within Basigin that are 

required for association with integrin, the changes to glial morphology and larval locomotion. We also examined the effect of  

Basigin knockdown on integrin -associated proteins, the cytoskeleton and the effect on the basal lamina. Overall we have 

identified a clear role for Basigin in mediating perineurial glia function in the peripheral nervous system.  

97    dCORL expression and function in insulin producing cells reversibly influences adult longevity.     S.J. Newfeld, N.L. 

Tran, N.T. Takaesu, S.L. Goldsmith, E.F. Cornell  Sch Life Sci, Arizona State Univ, Tempe, AZ.  

   CORL proteins (SKOR in mice and Fussel in humans) are a family of CNS -specific proteins related to Sno/Ski oncogenes. 

Their developmental and adult roles a re largely unknown. We analyzed a series of dCORL (fussel in Flybase) reporter genes 

that revealed numerous stage -specific interactions between intertwined activators and repressors spread over 12kb. The 

most robust reporter AH.lacZ is expressed in all dIL P2 insulin producing cells (IPCs) of the larval and adult pars intercerebralis 

(PI). The transcription factor Drifter (Drf) is also expressed in the PI, in a subset of dILP2 IPCs and in non -dILP2 cells. dCORL 

mutant adult brains display a 35% reduction in the number IPCs. A specific subset of cells is absent, the dILP2 cells that do not 

express Drf, as Drf expression in the PI is unaffected. dCORL mutant female virgins have a significantly shorter lifespan that 

wild type but his defect is completely reverse d by mating (lifespan doubles). Taken together, our analysis of dCORL suggests a 

previously unknown connection between reproductive activity, insulin signaling and longevity. The CNS -specificity and 

sequence conservation of all CORL family members suggest that this connection may be conserved in mammals.  

98    Neto - the obligatory subunit of glutamate receptors, functions in both pre - and post -synaptic compartments to 

enable synapse development and homeostasis at the Drosophila  neuromuscular junction.     TH Han1, C Ramos2, R 

Vicidomini 1, SD Choudhury 1, M Jarnik1, M Serpe1  1) NICHD/ NIH, Bethesda, MD; 2) Institut de Genomique Fonctionnelle de 

Lyon, France.  

   Synapse development is a highly orchestrated process coordinated by intercellular communication b etween the pre - and 

postsynaptic compartments, and by neuronal activity itself. Here we use the Drosophila NMJ to dissect the mechanisms of 

synapse assembly and homeostasis. We have recently discovered the obligatory auxiliary protein, Neto, essential for 

ionotropic glutamate receptors (iGluRs) clustering and NMJ functionality. Neto belongs to a family of highly conserved 

auxiliary proteins that regulate glutamatergic synapses. Drosophila neto encodes two isoforms, Neto -Ƽ and Neto-ƽ, which 

share the extrace llular and transmembrane domains, but have different cytoplasmic parts, generated by alternative splicing. 

Both intracellular domains are rich in putative phosphorylation motifs and docking sites. Our previous studies reveal that 

Neto isoforms engage in ex tracellular interactions that stabilize iGluRs at synaptic sites and trigger postsynaptic 

differentiation. In addition, Neto -ƽ, the predominant isoform at the fly NMJ, mediates intracellular interactions that anchor 

postsynaptic density (PSD) components an d sculpt iGluRs postsynaptic composition. In the absence of Neto -ƽ, the NMJs are 

short, with enlarged boutons, and drastically reduced levels of P21 activated kinase (PAK), a PSD protein which stabilizes ty pe-

A iGluRs. Our current studies focus on identify ing the Neto -ƽ motifs important for the assembly and maintenance of PSDs; to 

this end we have generated an allelic series that progressively truncates its 350 -residue intracellular domain.  

All neto-ƽ mutants have normal evoked potentials due to a robust pr esynaptic compensatory response. In contrast, our 

recent studies indicate that loss of Neto -Ƽ (which represents Drosophila NMJ. In the absence of Neto -Ƽ, the glutamate 

receptors fields/ PSDs appear enlarged and the sharp boundaries between PSDs and Dlg/PSD -95 are lost. Knockdown and 

rescue experiments indicate that presynaptic, and not postsynaptic, Neto -Ƽ modulates neurotransmitter release. ϥn addition, 

neuronal Neto -Ƽ is required for synapse homeostasis. Chronic or acute/pharmacological reduction of postsynaptic iGluRs 

activities trigger increased presynaptic release in control, but not in neto-Ƽ null mutants, or in animals where Neto -Ƽ is 

perturbed in the presynaptic compartment. Our studies demonstrate that Neto proteins function in both motor neurons and 

muscles to enable synapse assembly and to coordinate synapse development and function.  

99    Examination of Perception and Performance in an Undergraduate Genetics Flipped Classroom.     J.L. Leatherman1, 

L. Cleveland2  1) School of Biological Sciences, University of Northern Colorado, Greeley, CO; 2) MAST Institute, University of 

Northern Colora do, Greeley, CO.  

   Education literature clearly demonstrates the importance of active learning strategies for student success in undergraduate 

STEM courses. It is less clear, however, which type of active learning is most effective at promoting student l earning.   One 

educational innovation that is receiving much attention currently is the Flipped Classroom, where students learn the didactic  



material  outside of class, often in the form of online lectures, then the class time is used for application and di scussion of the 

material.   In this study, we compared undergraduate Genetics courses that both had active learning components: one (non -

flipped course) had about 80% lecture with 20% of the class period used for active learning, while the other (the flippe d 

course) had nearly 100% of the class time dedicated to active learning, and students watched videos of the material before 

class.  

 

Comparison of exam scores between the active -learning non -flipped and flipped courses showed no significant differences 

between the two delivery methods. Thus, an increase in the amount of time spent on active learning did not provide any 

benefit to student performance beyond that observed with active learning.   We also used a survey to collect data on studentsɅ 

perceptions o f the flipped learning environment. Survey results revealed that 56% of the students were satisfied, and 39% 

were dissatisfied with the flipped learning environment (the remaining 5% were neutral). We found that studentsɅ perceptions 

of the flipped learnin g environment were not correlated to their performance on exams. Correlation analysis of survey 

responses to the satisfied versus dissatisfied student groups revealed that the clearest defining characteristic of dissatisf ied 

students was not that they disl iked classroom active -learning activities, but rather that they disliked and had trouble learning 

the course material from videos.  

100    Inspiring Genetics Classroom Innovation with the Journal CourseSource.    M. Smith1, E. Vinson1, J. Blum2  1) 

Univers ity of Maine, Orono, ME; 2) University of Minnesota, Saint Paul, MN.  

   Fostered by national reports such as Vision and Change, changes in the way colleges and universities are approaching their 

undergraduate STEM courses can be observed nationwide. Chang e has come in the form of initiatives dedicated to advancing 

evidence -based science education practices, research -based undergraduate courses, and other efforts that aim to provide 

educators with the tools and strategies needed to transform their classroom s. 

 

One stumbling block in the process of this transformation is the time and energy commitment, which can be substantial, 

needed to produce evidence -based active -learning materials. In response to this need, and recommended in the Vision and 

Change report , a peer-reviewed, open access journal of student -centered biology education resources was created: 

CourseSource. 

CourseSource is an open -access, online journal of peer -reviewed undergraduate biological teaching materials that: 1) 

incorporate student -cente red, evidence -based pedagogy; 2) focus on professional society -developed learning goals including 

those developed by the Genetics Society of America; and 3) are organized and formatted so that use in other classrooms can 

easily occur.  

 

We will familiarize the audience with CourseSource and provide examples of effective genetics instructional activities that can 

be used in the classroom. In addition, we will show how CourseSource provides authors with the  opportunity to publish 

teaching materials in a high -quality, peer -reviewed format that  documents their scholarly teaching efforts, accomplishments, 

and innovations. Often these activities are created by multiple authors; furthermore, publishing in CourseSource can foster 

new collaborations and provide opport unities to try student -centered instructional practices in the classroom.  

101    The Genomics Education Partnership: Infusing Genomics into the Undergraduate Curriculum through Course -

Based Research Experiences.     J. DiAngelo1, A. Arsham2, J. Braverman3, A. Haberman 4, M.L. Johnson5, C. Jones6, L. Kadlec7, J. 

Kagey8, J. Kennell9, S.C. Silver Key10, J. Leatherman11, J. Mierisch12, H. Mistry 13, A. Nagengast13, D. Paetkau14, S. Parrish15, J. 

Sanford 16, R. Spokony17, M. Wawersik 18, L. Reed19, Faculty and Students of the Genomics Education Partnership   1) Penn State 

Berks, Reading, PA; 2) Bemidji State University, Bemidji, MN; 3) St. Joseph's University, Philadelphia, PA; 4) University of San 

Diego, San Diego, CA; 5) Notre Dame College, South Euclid, OH; 6) Moravian College, Bethlehem, PA; 7) Wilkes University, 

Wilkes-Barre, PA; 8) University of Detroit Mercy, Detroit, MI; 9) Vassar College, Poughkeepsie, NY; 10) North Carolina Central 

University, Durham, NC; 11) University of Northern Colorado , Greeley, CO; 12) Loyola University Chicago, Chicago, IL; 13) 

Widener University, Chester, PA; 14) St. Mary's College, Notre Dame, IN; 15) McDaniel College, Westminster, MD; 16) Ohio 

Northern University, Ada, OH; 17) Baruch College, CUNY, New York, NY; 18 ) College of William and Mary, Williamsburg, VA; 19) 

University of Alabama, Tuscaloosa, AL.  

   The Genomics Education Partnership (GEP; http://gep.wustl.edu) is a consortium of faculty members from over 100 

institutions who are involving students in Cours e-based Undergraduate Research Experiences (CUREs) and independent 

research courses in genomics. Currently students participate in improving the genome sequence and annotating the small, 

heterochromatic F element (dot chromosome) and a comparable portion o f the euchromatic D element in a group of 

Drosophila species. Assessments show that GEP students from very diverse schools learn about genes and genomes, and gain 

an appreciation of the research process.  To broaden the scope of scientific projects underta ken, GEP has partnered with 

Galaxy to produce G -OnRamp (http://gonramp.org), a suite of software and training materials that enables biologists to 

create UCSC Assembly Hubs or JBrowse Genome Browsers for annotation of any eukaryotic genome. GEP faculty are  

beginning to use the browsers produced by G -OnRamp to study the evolution of biochemical pathways such as triglyceride 



production in parasitoid wasps.   If interested in participating in the Summer 2018 G -OnRamp training workshops, sign up for 

mailings at http://gonramp.org/signup or contact S. Elgin (selgin@wustl.edu).   Supported by NSF IUSE #1431407, NIH 

R25GM119157, and Washington University in St. Louis.  

102    Frontiers for Young Minds - Fruit Fly Genetics in Science Communication.     M.T. Juarez  Biomedical Education, City 

College of New York, New York, NY.  

   Scientific writing is a communication tool for disseminating research and an important skill to develop for our trainees. The  

broader impacts of our research depend on effectively communicat ing our discoveries. In an effort to promote trainee 

communication skills, I made a student writing exercise into a pilot project to develop a revised version of my previously 

published research article on Drosophila genetics and wound repair.   Frontiers f or Young Minds serves as an open -access 

resource that not only creates science literature for a younger audience but also brings kids into the review process. 

Specifically, scientists write kid -friendly versions of their articles, which are then reviewed b y young people in the target age 

range for the pieces (ages 8 ɀ15). Authors Ɉtranslateɉ the main ideas in the articles through the use of keywords as well as a 

glossary section to define any scientific nomenclature. A science mentor ɀother than the authors ɀguides the young reviewer 

through the review process. In an online discussion forum curated by the Frontiers for Young Minds editors, the authors and 

mentors discuss the comments from the young reviewers and work together to identify components of the art icles that spark 

the curiosity of the kids and concepts that need further clarification. Frontiers for Young Minds uses two article formats: 1 ) 

new discoveryɁto introduce a recent development in science by highlighting a previously published and peer -reviewed 

article; and 2) core concept Ɂto provide a kid -friendly explanation of a fundamental scientific idea. The final product of our 

writing exercise serves, ɈHow does a fruit fly say ouchɉ, as a resource to share with new students as they join the lab.  My 

future goals are to translate this writing exercise into an undergraduate course through using small groups and discussions 

with invited speakers.   Another application of this writing exercise is being incorporated into a graduate level seminar series 

in wh ich a final report can include a section written in a Frontiers for Young Minds style. Upon reflection of this writing 

exercise, I encourage all research scientists to expand the impact of their discoveries and share their knowledge with societ y. 

Improving  science communication will not only benefit scientific training but also promote scientific literacy within 

communities with limited access to STEM fields.  

103    dOCRL maintains immune quiescence by regulating endosomal traffic.     S.J. Del Signore1, S.A. Biber1, K.S. 

Lehmann 1, S.R. Heimler1, B.H. Rosenfeld1, T.L. Eskin1, S.T. Sweeney2, A.A. Rodal1  1) Biology, Brandeis University, Waltham, MA; 

2) Biology, University of York, York, UK.  

   Lowe Syndrome is a developmental disorder characterized by eye, k idney, and  neurological pathologies, and is caused by 

mutations in the phosphatidylinositol -5-phosphatase OCRL. OCRL plays diverse roles in endocytic and 

endolysosomal  trafficking, cytokinesis, and ciliogenesis, but it is unclear which of these cellular  functions underlie specific 

patient symptoms. Here, we show that mutation of Drosophila OCRL causes aberrant activation of hemocytes, which are 

macrophage -like cells of the innate immune system. Tissue specific rescue of OCRL expression in either hemocytes o r 

muscles, but not lymph gland or fat body, was sufficient to rescue immune -cell activation, suggesting that OCRL acts in 

multiple immune -relevant tissues. Here, we analyzed the direct role of OCRL on hemocyte physiology. We identified many cell 

biological  defects consistent with other systems, including cytokinesis defects, aberrant actin assembly, and broad defects in 

endosomal structure and function. Specifically, we found defects in endocytosis and lysosomal trafficking, and accumulation 

of Rab7 and Lysotracker positive compartments. Among these many phenotypes, we pinpointed the cause of innate immune 

activation to reduced Rab11 -dependent recycling traffic and concomitantly increased Rab7 -dependent late endosome traffic. 

Specifically, we found that expr ession of Rab11 DN or Rab7CA in hemocytes was sufficient to induce immune cell activation in 

otherwise normal larvae. Conversely, expression of Rab11 CA or Rab7DN in hemocytes suppressed immune cell activation in 

OCRL mutant larvae. Notably, rescue with Rab7 DN, but not Rab11 CA, rescued the aberrant accumulation of F -actin and 

lysosomes, suggesting distinct mechanisms of rescue. Further, we found that loss of docrl amplifies multiple immune -relevant 

signals, including Toll, Jun kinase, and STAT, and leads to Rab11-sensitive mis -sorting and excessive secretion of the Toll ligand 

Spåtzle. Thus, docrl regulation of endosomal traffic maintains hemocytes in a poised, but quiescent state, suggesting 

mechanisms by which endosomal misregulation of signaling may contrib ute to symptoms of Lowe syndrome.  

104    A morphogenetic switch that reprograms membrane trafficking from recycling to degradation.     S. Laiouar, V. 

Riechmann, N. Berns   Department of Cell and Molecular Biology, Medical Faculty Mannheim, Heidelberg University, 

Mannheim, DE.  

   Maintenance of cell -cell adhesion in epithelial tissues involves constant endocytosis and recycling of adhesion proteins. The 

removal of these adhe sion proteins is required for cell shape changes that occur during development and disease. How this 

removal is facilitated and how this process relates to membrane trafficking is unknown. Here we shed light on a mechanism 

that reprograms membrane traffick ing during morphogenesis of the follicular epithelium. We show that RabX1, the V -ATPase 

proton pump and the Ser/Thr kinase Tao act in concert to redirect adhesion protein trafficking from recycling to lysosomal 

degradation.  



Before morphogenesis, the adhesi on proteins E -cadherin, Fasciclin2 and Fasiclin3 are endocytosed and recycled to maintain 

epithelial cell adhesion. We show that RabX1 orchestrates their recycling in an endosomal sorting compartment that connects 

the domains of Rab5, Rab11 and Rab7. Prior  to morphogenesis, recycling ceases and adhesion proteins are degraded in 

lysosomes. This allows shrinking of the lateral membrane and leads to a transition from a cuboidal to a squamous 

epithelium. Our data indicate that morphogenesis is initiated by a sw itch in the RabX1 compartment, which redirects 

adhesion proteins into the endolysosomal pathway. The switch leads to the formation of dynamic RabX1 tubules that connect 

the sorting compartment with lysosomes. Interestingly, formation of these tubules is de pendent on V -ATPase regulation 

within the RabX1 compartment. Interfering with this regulation by overexpressing its regulatory subunit Vha44 blocks RabX1 

tubulation. This leads to a dramatic accumulation of E -cadherin, Fasciclin2 and Fasiclin3 within an en larged RabX1 

compartment, which reflects a block in lysosomal degradation. Intriguingly, co -overexpression of an activated form of Tao 

suppresses this phenotype completely. This suggests that Tao kinase controls the membrane trafficking switch. Thus, our 

data support a model in which a Tao induced V -ATPase activation leads to the formation of dynamic RabX1 tubules that 

redirect endosomal sorting from recycling to lysosomal degradation.  

105    Self -organization of the actin cytoskeleton drives secretion in Drosophila salivary glands.     E.D. Schejter1, D. Segal1, 

A. Zaritsky2, D. Meyen1, T. Rousso1, B. Shilo1  1) Dept Molec Gen, Weizmann Inst Sci, Rehovot, IL; 2) Dept Molec Cell Biol, 

Weizmann Inst Sci, Rehovot, IL.  

   Coordinated formation and disassembly of contractile actin -based structures has been shown to underlie diverse settings of 

tissue morphogenesis. Here we propose that such a mechanism mediates the contractile activity necessary for content 

release from large secretory vesicles. A common feature  of these systems is formation of an actin coat around each vesicle 

following their fusion with the apical cell membrane and recruitment of myosin, which together mediate the forces necessary 

for vesicle contraction. Using live imaging of cultured Drosophila larval salivary glands, an established model for such 

secretory systems, we have followed the dynamics of actomyosin coat formation and content release from glycoprotein 

(Ɉglueɉ)-filled vesicles into the gland lumen.  

We previously demonstrated critical regulatory roles for the Rho1 GTPase in both actin coat formation (via activation of the 

Formin -family protein Diaphanous) and Myosin II -based contraction (via Rho kinase) in this system. Surprisingly, we have now 

found that disassembly of the actin coat, which accompanies vesicle content release, is necessary for contraction of the 

actomyosin network. This process was monitored using secretion -arrested vesicles, and found to be dependent on Rho1 

inactivation, mediated by a dedicated RhoGAP and branched -actin polymerization. The sequential temporal recruitment of 

active Rho and its inhibitors is evident by cycles of active Rho1 and actin coat accumulation and depletion in such vesicles,  

implying that a feedback -based mechanism regulates actin coat disassembl y from the vesicle surface. Contraction -driven 

content release, the final step of this form of exocytosis, is therefore achieved by coordinating formation and disassembly o f 

the contractile machinery.    

106    Phosphatidylinositol 4,5 -bisphosphate (PIP2) is essential for cilium assembly and function in Drosophila.     J.A. 

Brill1,2, A. Gupta1,2  1) Department of Molecular Genetics, University of Toronto, ON, CA; 2) Cell Biology Program, The Hospital 

for Sick Children, Toronto, ON, CA.  

   Cilia are antenna -like sensory organelles whose malfunction underlies many genetic disorders in humans. Recent studies 

have found that dephosphorylation of phosphatidylinositol 4,5 -bisphosphate (PIP2) by the inositol 5 -phosphatase INPP5E is 

necessary for cilium assembly and  function. Here, we present evidence against a simplistic model for the PIP2 code of cilia. 

Specifically, we show that PIP2 is essential for both formation and proper function of chordotonal cilia in Drosophila 

melanogaster. We report the presence of a tig htly localized pool of relatively high PIP2 levels within the chordotonal cilium, 

suggesting that the notion of cilia as organelles devoid of PIP2 should be reconsidered. We also observe that neuronal clones  

mutant for the phosphatidylinositol 4 -phosphate 5-kinase ortholog Skittles ( sktl) do not assemble cilia. Moreover, in contrast 

to overexpression of Sktl in chordotonal neurons [1], RNAi -mediated sktl knockdown does not affect localization of the Tubby 

domain protein Tulp. Instead, sktl RNAi induces defe cts in intraflagellar transport, which is unaffected in inpp5e mutants that 

contain high intraciliary levels of PIP2 [1]. We further report a novel role for PIP2 in transition zone length control: sktl RNAi 

induces aberrant elongation of transition zone -associated Cep290. This phenotype is mimicked by loss of PIP2 in the ciliated 

male germline of Drosophila. Our observations reveal unappreciated complexity in the functional relationship between PIP2 

and cilia.  

 

References 

[1] Park, J., Lee, N., Kavoussi, A., Seo, J. T., Kim, C. H., & Moon, S. J. (2015). Ciliary phosphoinositide regulates ciliary protein 

trafficking in Drosophila. Cell reports, 13(12), 2808-2816.  

107    Coordinated contractility initiates cell dispersal at the onset of migration.     Benjamin Lin Lin1, Beatriz Garcia1, Ruth 

Lehmann 1,2  1) Kimmel Center for Biology and Medicine at the Skirball Institute, NYU School of Medicine, New York, USA; 2) 

Howard Hughes Medical Institute.  



   External signals can shape tissue architecture during development by initiating single cell migration programs, which 

stimulate subsets of cells to individualize and migrate to defined locations. In adulthood, these programs can be re -engaged 

to aid in tis sue repair, but chronic activation can contribute to fibrosis and improper activation can drive cancer metastasis. 

Thus understanding the molecular mechanisms initiating individual motility has widespread significance for a variety of 

human diseases. Droso phila primordial germ cells (PGCs) undergo a distinct, external cue driven migratory transition from an 

adhesive clustered population to individual migrating cells before their subsequent invasion of the endoderm, and thus serve 

as a model system for disse cting the signaling pathways driving cellular dispersal. Using live cell imaging, we show here that 

efficient PGC dispersal requires coordinated contractility between PGCs along the cluster periphery and central PGCs. 

Peripheral PGCs polarize a contractile  signaling network, comprised of Rho1, Rock, F -actin, and non -muscle myosin II, at cell 

interfaces contacting central PGCs. This contractile signaling network is activated basally but its orientation is dependent on 

Tre1, a G-protein -coupled -receptor (GPCR) we previously identified as being essential for PGC scattering. Central PGCs resist 

deformations imposed by the local contraction of peripheral PGCs by generating a stiff, isotropic actomyosin cortex tied to 

mitotic rounding. Breaking the contraction sym metry between central and peripheral PGCs by removing Tre1 or by depleting 

maternal pebble protein, a Rho1 guanine exchange factor involved in mitotic rounding, causes PGC migration defects. Based 

on these observations, we propose that the resistance provi ded by the stiff isotropic actomyosin cortex surrounding central 

PGCs enables tugging peripheral PGCs to break away and individualize.  

108    Multiple feedback mechanisms fine -tune Rho signaling to regulate morphogenetic outcomes.     Katy Ong, Camille 

Collier, Stephen DiNardo   University of Pennsylvania, Philadelphia, PA.  

   Rho signaling is a conserved mechanism for generating forces through activation of contractile actomyosin. How this 

pathway is tuned to produce different morphogenetic outputs is poor ly understood. In the embryonic epithelium, we 

investigate how Rho signaling controls force asymmetries to drive morphogenesis in tissues.   Specifically, we study a 

distinctive mid -embryogenesis event termed Ɉalignmentɉ in which coordinated cell shape changes result in a unique 

geometry of rectilinear cells separated by aligned cell -cell contacts.   We found that this rearrangement is driven by 

contractility of actomyosin cables that elevates the local tension along select interfaces. Our data show that duri ng alignment 

there is polarization of two branches of Rho signaling, Rho Kinase (ROK) and Diaphanous (Dia).   Both of these branches 

cooperate in the formation of actomyosin cables.   Constitutive activation of these Rho effectors caused aligning cells to 

instead invaginate.  These observations support emerging evidence that Rho signaling needs to be moderated to achieve the 

proper morphogenetic outcome. We therefore tested for potential feedback regulation within the pathway.   We discovered a 

mutual dependen ce between F-actin and Myo -II that is critical for enrichment of each of these cytoskeletal components to 

aligning interfaces. Furthermore, disruption of F -actin led to upregulation of Rho signaling, suggesting that F -actin 

polymerization results in negati ve feedback to Rho. Myo -II knockdown had no impact on Rho signaling activation or polarity, 

indicating that contractility does not initiate feedback. However, inhibiting ROK caused depletion of Dia from aligning 

interfaces.   This indicates the ROK has a My o-II independent interaction with Dia. Taken together, our work suggests that 

multiple feedback mechanisms factor in to determining Rho signaling outcomes and that the functional significance of 

feedback is context dependent.  

109    The Role for Microtubu les in Organizing Actomyosin Contractility during Ventral Furrow Formation.     C. Ko, A. 

Martin   Department of Biology, Massachusetts Institute of Technology, Cambridge, MA.  

   While the regulation and organization of actomyosin during cell shape change h as been well studied in a variety of tissue 

morphogenetic processes, how the microtubule (MT) cytoskeleton regulates actomyosin behavior to promote cell shape 

change is less well understood. We sought to investigate the organization and function of the MT cytoskeleton and its 

associated proteins during ventral furrow formation in early Drosophila embryos, where cells undergo actomyosin -dependent 

constriction of cell apices in order to fold the tissue. We found that the localization of GFP -tagged Patronin, a  MT minus end -

binding protein, exhibited a dynamic pattern of localization in ventral cells. Patronin first localized to intercellular junc tions at 

the end of cellularization, but later concentrated in the middle of the cell apex at the start of apical con striction. The transition 

in Patronin localization from the junctions to the middle of the cell apex was correlated with the appearance of apical myosi n. 

In addition, this pattern of localization was abrogated upon injection of drugs that disrupt actomyosi n contractility, suggesting 

that an intact actomyosin network is necessary for Patronin localization. In embryos depleted of Patronin, we observed a 

disruption of E -cadherin (Ecad) localization and abnormal myosin network dynamics. Because Patronin has two  distinct 

localizations in the cell leading up to tissue folding, we suggest a model whereby the MT network may first be organized at 

the junctions to establish apically -polarized Ecad clusters and then in the middle of the cell to help regulate and/or org anize 

the actomyosin network. Currently, we are testing this model and working to elucidate the molecular mechanism by which 

the MT network promotes apical constriction.  

110    Role of lipid droplets in  Drosophila  models of kidney disease.     A. Lubojemska1, M. Irina Stefana 2, Alex. P Gould1  1) 

The Francis Crick Institute, London, GB; 2) The Wellcome Trust Centre for Human Genetics, Oxford, GB.  

   A common feature of kidney diseases such as diabetic nephropathy is the accumulation of lipid droplets (LDs) 1. However, it 



remains unclear how renal LDs are induced and whether their functions are harmful or beneficial. We have established 

several different Drosophila dietary models of impaired renal function, all of which are associated with the presence of ect opic 

LDs in nephrocytes (cells analogous to mammalian podocytes). Using these models, nephrocyte -specific knockdowns 

demonstrate that, in contrast to LD induction in other contexts 2,3, renal LD accumulation does not require ROS -induced JNK 

signalling. Inst ead, we find that manipulations that decrease triglyceride synthesis or enhance triglyceride catabolism can 

block renal LDs efficiently. Interestingly, however, depending upon whether these manipulations act primarily upstream or 

downstream of triglyceride  synthesis, they either further deteriorate or enhance the ability of nephrocytes to endocytose 

extracellular cargo molecules. Together these findings provide evidence supporting the hypothesis that LDs can play a 

beneficial role in kidney disease, helping  to protect nephrocyte functions from nutritional stress.  

 

1.        Bobulescu, I. A. Curr. Opin. Nephrol. Hypertens. 19, 393ɀ402 (2010). 

2.        Bailey, A. P. et al. Cell 163, 340ɀ353 (2015). 

3.        Liu, L. et al. Cell 160, 177ɀ190 (2015).  

111    In terphase localization of Abnormal Spindle to the nucleus is important for proper brain size.     Todd Schoborg, 

Lauren Smith, Samantha Smith, Carey Fagerstrom, Nasser Rusan   Cell Biology & Physiology Center, Naitonal Heart, Lung and 

Blood Institute, NIH, Bethesda, MD.  

   Autosomal recessive primary microcephaly (MCPH) is a neurodevelopmental disorder characterized by reduced brain size 

and life span. While the clinical aspects of the disord er are well characterized, the molecular mechanism remains poorly 

understood. Previous models favored cell division defects induced by mitotic spindle errors as the cause of the disorder, 

leading to reduced neuron/glia numbers and a smaller brain. The most  commonly mutated gene in human MCPH patients, 

Abnormal Spindle-Like, Microcephaly Associated (ASPM) is known to be important for proper centrosome and mitotic spindle 

function during mitosis.  However, our recent analysis of the Drosophila melanogaster ort holog, Abnormal Spindle (Asp), showed 

that mitotic spindle & cell division defects are not the primary cause of MCPH in Asp mutant animals, suggesting the current 

model needs to be revised. We now provide evidence that Asp contributes to proper brain size through a novel role in the 

interphase nucleus. Using a combination of transgenic rescue assays and high resolution microcomputed tomography 

(micro -CT) of intact animals, we have identified the minimal fragment of AspɅs N-terminus (Asp MF, 597 aa) required for proper 

brain size and morphology. Subcellular localization of Asp MF within the developing larval & adult brain revealed an 

unexpected localization to the interphase nucleus of distinct neural stem cell populations and mature neurons. This nuclear 

localization is controlled through a conserved cluster of nuclear localization sequences, whose deletion leads to cytoplasmic 

accumulation of Asp MF during interphase and drives the full -length protein onto microtubules, leading to disruption of the 

microtubule cytoskeleton. Intriguingly, RNA -Seq analysis of Asp mutant brains revealed a significant downregulation of actin -

related genes, including myosin heavy chain (Mhc) and the troponin complex member wupA, whose expression could be 

restored to wildtype levels i n the AspN MF background . Collectively, these data suggest two possible models for AspɅs nuclear 

localization: either Asp has a direct nuclear role (i.e., transcriptional regulation) or is sequestered there to keep it from  

disrupting normal interphase funct ion of the cytoskeleton. We are currently testing these two models. Together, our data 

highlights the first interphase role for Asp and suggests that other MCPH genes may contribute to the disorder through non -

canonical pathways that funnel through the nuc leus.  

112    Notch induced tumorigenesis in a Drosophila  transition zone model.     S. Yang, W. Deng  Department of Biological 

Science, Florida State University, Tallahassee, FL.  

   Transition zones are regions in the animal body where two types of epithe lial tissue meet. Many transition zones are also 

high -risk sites for tumorigenesis. However, little is known on why transition zones are more susceptible for tumor formation. 

Here we report that the Drosophila salivary gland imaginal ring can be used as a model to study tumorigenesis in transition 

zones. We found that constitutive activation of Notch signaling in the imaginal ring during the third larval instar is suffic ient to 

induce overproliferation and tumor formation. Interestingly, tumorigenesis alway s occurs at the posterior end of the imaginal 

ring, which is a transitional area between the polyploid giant cells and diploid imaginal ring cells. These Notch -induced tumors 

grow rapidly and metastasize once implanted in the abdomen of adult flies, sugges ting that they have the characteristics of 

malignant neoplasm. Further studies revealed that the posterior end of the salivary gland imaginal ring has high Jak/Stat and  

JNK activities that are necessary for tumor growth, and JNK -activated MMP1 is required for tumor formation in this transition 

zone model. Furthermore, we found that ectopic MMP1 expression can transform the anterior end of the salivary gland 

imaginal ring into a tumor hotspot. Together, these studies reveal how JNK and Jak/STAT pathways prom ote Notch -induced 

neoplastic tumor formation at the Drosophila transitional zone model, and identify the salivary gland imaginal ring as an in 

vivo model for site -specific tumorigenesis.  

113    A genetic screen in Drosophila uncovers functional modulators  of the NUP98 -HOXA9 human oncoprotein.     C. 

Baril, G. Gavory, M. Therrien   IRIC, University of Montreal, Quebec, CA.  

   Acute myeloid leukemia (AML) represents one third of blood cancers diagnosed each year and is associated with the lowest 



rate of survi val. Several chromosomal aberrations altering a large number of genes have been discovered in primary AML 

samples. Yet, a unified view of the underlying cause(s) leading to the disease is still unclear. Intriguingly, a significant number 

of translocations detected in AML involves the NUP98 gene, which is a core component of the nuclear pore complex. NUP98 -

HOXA9 (NA9) is the first translocation of this category to be discovered. It fuses the N -terminal part of NUP98 to the C -

terminal DNA binding domain of HO XA9. How NUP98-HOXA9 expression in bone marrow progenitor cells causes leukemia is 

not understood. Since NUP98 and HOXA9 are conserved in Drosophila, we sought to use flies to identify key factors relevant 

to NA9 activity by conducting a dominant modifier screen in the eye. Human NA9 expression during eye development 

generates a dose -sensitive abnormal eye phenotype. Consistent with a specific HOX -mediated effect, the phenotype can be 

suppressed by depleting key HOX co -factors, namely, HTH (Meis ortholog) o r EXD (PBX ortholog). Conversely, HTH 

overexpression strongly collaborated with NA9 during eye development. We also found that NA9 activity depended on an 

intact PBX interacting motif and HOXA9 DNA -binding domain. Together, these findings recapitulate key features observed in 

mouse NA9 leukemia models. We next conducted the screen, which enabled us to isolate 102 recessive -lethal dominant 

modifiers that respectively fell into 16 and 11 complementation groups of suppressors and enhancers. Deficiencies, P -

elements, and genomic sequencing were then used to map and identify the various groups. Interestingly, two genes encoding 

known physical interactors of NUP98, namely, Rae1 and emb, were identified as enhancers. Importantly, previous studies in 

mammals suggest ed that their homologs, Rae1 and Crm1/Xpo1, are contributing to NA9 -mediated leukemogenesis. The 

screen also uncovered mutations in genes related to epigenetic regulation (( E(Pc) and  grappa), planar cell polarity ( grh, stan 

and ed), as well as translation initiation ( eIF3B and eIF3I). The characterization of these new genes will bring a new level of 

understanding as to how NA9 promote AML development in human.  

114    Branchless mediates muscle wasting in obesity -enhanced tumorigenesis.     H. Newton1,2, L. Camplese1,2, S. 

Hirabayashi 1,2  1) Metabolism and Cell Growth Group, MRC London Institute of Medical Sciences, London, UK; 2) Institute of 

Clinical Sciences, Imperial College London, London, UK.  

   Epidemiological studies have demonstrated that obesi ty increases the risk and progression of various cancers. Cancer 

induces cachexia, a multi -factorial wasting syndrome characterized by the progressive loss of skeletal muscle tissue with or 

without loss of adipose tissue. However, muscle wasting in cachexi a is often hidden in the context of obesity. As a result, the 

molecular mechanisms underlying muscle wasting in the presence of both obesity and cancer remain poorly understood.  

 

Our previous work demonstrates that co -activation of the oncogenes Ras and Sr c in the eye epithelial tissue of Drosophila 

larvae raised on a control diet (CD) leads to benign tumor growth. In contrast, raising the same animal on a high sugar diet 

(HSD) is sufficient to induce obesity, and convert transformed tissue from benign grow ths into aggressive tumors 1. Strikingly, 

we also observe that even in the presence of obesity, HSD -enhanced tumorigenesis is accompanied by the progressive 

wasting of peripheral muscle tissue.  

 

We have used this model of muscle wasting in obesity -enhanced tumorigenesis to identify tumor -secreted factors which may 

be responsible. We identify Branchless (Bnl; dFGF) as one of the most highly expressed tumor -secreted factors in HSD -

enhanced Ras/Src tumors. Increased expression of Bnl was also observed in the fa t body of HSD -induced obese animals. 

Tumor -autonomous knockdown of Bnl partially rescues muscle wasting. Conversely, tumor -autonomous overexpression of 

Bnl promotes muscle wasting in animals raised on CD, and HSD -induced obesity further enhances this effec t. We propose Bnl 

- secreted from both the tumor and fat body - as a mediator of muscle wasting in obesity -enhanced Ras/Src tumorignesis.   

 

1. Hirabayashi S, Baranski TJ & Cagan RL. (2013). Transformed  Drosophila Cells Evade Diet-Mediated Insulin Resistanc e 

through Wingless Signaling.  Cell, 154, 664-675.  

115    Optogenetic Control of Drosophila Cardiac Function with Red -light Excitation.     J. Men1, A. Wyzlic1, L. Gopfert 1, A. 

Li2, R. Tanzi2, C. Zhou1,3,4  1) Department of Bioengineering, Lehigh University , Bethlehem, PA, USA; 2) Genetics and Aging 

Research Unit, Department of Neurology, Massachusetts General Institute for Neurodegenerative Diseases, Massachusetts 

General Hospital and Harvard Medical School, Boston, MA -02114, USA; 3) Department of Electrica l and Computer Engineering 

and Bioengineering Program, Lehigh University, PA, USA; 4) Center for Photonics and Nanoelectronics, Lehigh University, 

Bethlehem, PA, USA.  

   Cardiac optogenetics is a promising alternative to traditional electrical stimulation s in controlling activity of cardiac tissues 

non -invasively. In recent years, cardiac functions of animals such as rat, zebrafish, and fruit fly, have been controlled through  

excitation of opsin expressed cardiac tissues using patterned light. In this stud y, we expressed red -shifted excitatory and 

inhibitory opsins (ReaChR and halorhodopsin) in the heart of Drosophila melanogaster, and used red -light stimulation for deep 

penetration into the myocardial structures. M -mode images acquired with a custom optica l coherence microscopy (OCM) 

system demonstrated controlled heart function in vivo and in real time throughout the Drosophila life cycle (larva, early pupa, 

late pupa, and adult). Fast kinetics, low stimulation power, and broad heart -rate adjustable range were demonstrated using 

red light pacing. Cardiac function inactivation was performed with low power red light excitation. Drosophila heart rate can be 



reduced compared to its resting heart rate, and reversible long pause of heart function can be achieved at various 

developmental stages. The effects of extensive pacing at early developmental stages on the fly heart development were also 

studied. This study demonstrated non -invasive cardiac control through activating and inhibiting heart functions of an inta ct 

animal, which is promising for nondestructive study of cardiac diseases, such as congenital heart disease, posteriority 

bradycardia, tachycardia, and regional mechanical dys -synchrony.  

116    The multifaceted mechanisms of mitochondrial DNA selective i nheritance in Drosophila .    Z. Chen, H. Xu  National 

Heart, Lung and Blood Institute, NIH, Bethesda, MD.  

   Although mitochondrial DNA (mtDNA) is prone to mutation and few mtDNA repair mechanisms exist, deleterious mutations 

are exceedingly rare. The mec hanisms of how the transmission of detrimental mtDNA mutation is restricted remain 

debatable. So far, mitochondrial genetic bottleneck, Balbiani body mediated purifying selection and selective replication of 

wild -type mtDNA have been the most prevailing me chanisms proposed for selective mtDNA inheritance. Recent development 

of Drosophila models of mitochondrial DNA deficiency has proved Drosophila a valuable tool for investigating mtDNA 

inheritance. Some mechanisms in the germline selecting against mtDNA mu tations have been found conserved in metazoans, 

however, it is to be determined what selecting mechanisms dominate in Drosophila and how these mechanisms operate at a 

molecular level. In this study, we used the heteroplasmic fly containing both wild type a nd mt:CoIT300I mtDNA to address the 

above questions. We found that in Drosophila, an effective mitochondrial bottleneck caused by reduced mtDNA nucleoid in 

germline development is absent. However, bottleneck could be strengthened artificially by reducing the number of 

mitochondrial genetic segregation units. A purifying selection, whi ch involves the selective transportation of healthy 

mitochondria to the structure of Balbiani body is existed, but play a limited role in mtDNA selection. We provided direct 

experimental evidences that selective propagation of functional mtDNA at germarium  region 2B plays a major role in mtDNA 

selective inheritance in Drosophila oogenesis. At region 2A, the preceding region of region 2B, the mtDNA copy number per 

mitochondrion is reduced to prepare for effective selection on organelle level based on individ ual fitness. Selective replication 

of wild -type mtDNA and Balbiani body mediated purifying selection could act synergistically to secure the functional mtDNA 

being transmitted through Drosophila oogenesis.  

117    Metazoan Nuclear Pores provide a scaffold for poised genes and stabilized induced Enhancer -Promoter 

contacts.     Pau Pascual1,2, Shawn Little 1, Maya Capelson1,2  1) Cell and Developmental Biology, University of Pennsylvania, 

Philadelphia, PA; 2) Epigenetics Institute, University of Pennsylvania, P hiladelphia, PA.  

   Understanding how patterns of gene expression are established, maintained, and transmitted during cell division is crucial 

to decipher how cells initiate and preserve their developmental identity. A growing number of components of gene  

expression machinery are known to be non -randomly arranged in the nucleoplasm and located in distinct nuclear 

compartments and scaffolds. Interactions between individual chromosomal regions and these various nuclear scaffolds have 

been shown to contribute  to the initiation or maintenance of gene expression programs. One of the most prominent nuclear 

scaffolds is the Nuclear Pore Complex (NPC), which is embedded in the Nuclear Envelope, and consists of approximately 30 

different subunits, called Nucleoporin s (Nups). This large protein complex mediates nucleo -cytoplasmic transport of 

macromolecules, but it has also been implicated in the regulation of gene expression via direct binding to the genome. In 

Drosophila culture cells and in isolated larval tissues,  we have identified genome -wide presence of multiple Nups at 

regulatory DNA elements, including promoters, enhancers, and insulators. Strikingly, we discovered that the NPC component 

Nup98 facilitates the looping contacts between promoters and enhancers, r evealing Nups as a new class of architectural 

proteins that organize the 3D architecture of the genome and influence gene regulation. Consistent with this idea, we 

characterized the role of Nups in developmental transcriptional memory, in which ecdysone ho rmone -induced genes are 

activated more robustly in cells that have previously experienced the presence of the hormone. Interestingly, loss of Nup98 

does not affect transcription during initial induction, but results in slower activation during re -induction , demonstrating a loss 

of transcriptional memory. To further characterize this phenomenon, we used single -molecule RNA FISH to measure 

activation dynamics of ecdysone -induced genes during the state of initial induction versus during the primed state after the 

establishment of transcriptional memory. Our results suggest a functional relationship between priming of transcriptional 

states and stabilization of enhancer -promoter loops by nuclear pore proteins.  

118    Pairing TADs (PairiTs) drive homologous chro mosomes together to promote interchromosomal gene 

regulation.     Kayla Viets, Michael Sauria, Sang Tran, Caitlin Anderson, Raghav Goyal, James Taylor, Robert J. Johnston 

Jr.  Department of Biology, Johns Hopkins University, Baltimore, MD.  

   Homologous DN A elements communicate between chromosomes to regulate gene expression in processes including 

genetic imprinting and X -inactivation, but the mechanisms driving these interactions are poorly understood. In flies, 

homologous chromosomes pair throughout devel opment, promoting an interchromosomal gene regulatory mechanism 

known as transvection. Despite over a century of study, the sequence and structural features that drive chromosome -wide 

pairing in Drosophila are unknown. We identify topologically associated domains (TADs) across the fly genome that drive 

pairing with their endogenous loci when inserted onto other chromosomes. Our data suggest that these specialized TADs, 



which we call Pairi ng TADs (PairiTs) are interspersed along chromosomes to facilitate hom ologous pairing.  

 

Focusing on a PairiT containing spineless (ss), a gene whose stochastic expression in the Drosophila retina is controlled by a 

transvection -like process, we find that the intact ss PairiT drives pairing from multiple genomic sites, wherea s fragments of 

the ss PairiT do not drive pairing. We force pairing by inserting fragments of ss into genomic sites that naturally loop to 

endogenous ss and find that pairing is necessary but not sufficient for cross regulation between ss alleles. Pairing driven by 

the ss PairiT is cell-type -specific, allowing interchromosomal gene regulation in the retina but not in other tissues. Thus, 

strongly interacting TADs such as ss button chromosomes together to facilitate interchromosomal regulation in a cell -type -

specific manner.  

119    Phase separation drives heterochromatin domain formation.     A.R. Strom1,2, A. Emelyanov3, M. Mir 1, D. Fyodorov 3, X. 

Darzacq1, G.H. Karpen1,2  1) UC Berkeley, Berkeley, CA; 2) Lawrence Berkeley National Laboratory, Berkeley, CA; 3) Albert 

Einstein College of Medicine, New York, NY.  

   Compartmentalization is a theme used throughout all kingdoms of biology to create functionally distinct units wi thin a 

complex cellular environment. In addition to membrane -bound organelles, compartments can exist in the cell that are not 

membrane bound, yet are still physically distinct from surrounding space. The cell contains a number of these membraneless 

organe lles (nucleoli, stress granules, PML bodies, etc.), which are thought to be formed by liquid -liquid phase separation. We 

find that in early  Drosophila embryos, heterochromatin forms by nucleating multiple HP1a foci that grow individually, then 

fuse togethe r into the final domain. This formation process is reminiscent of liquid -like fusion of nucleoli, which led us to 

comprehensively study whether heterochromatin could also be a phase -separated system within the nucleus. We utilized 

Fluorescence Correlation Spectroscopy (FCS) methods to investigate protein diffusion dynamics and determine if 

heterochromatin displays characteristics associated with phase separation. We find that, similar to other membraneless 

organelles, the heterochromatin domain is indeed ca pable of liquid -like fusion, is selectively permeable, and the hetero -

euchromatic interface has surface tension. Additionally, Drosophila HP1a protein is capable of liquid demixing in vitro and 

mediates domain formation in vivo. This work is the first to  demonstrate that the heterochromatin domain is subject to phase 

separation principles, which suggests that phase interaction, rather than steric hindrance due to chromatin compaction, 

defines accessibility of heterochromatic areas. It has been suggested t hat phase separation could be a general organizing 

property for many membraneless organelles; therefore this model has broad implications for understanding the mechanism 

of nuclear organization.    

120    Small RNA and the epigentics of X recognition.     N. Deshpande, V. Meller  Biological Sciences, Wayne State University, 

Detroit, MI.  

   Eukaryotic genomes are organized into large domains of coordinated regulation. The role of small RNAs in formation of 

these domains is largely unexplored. An extraordinary  example of domain -wide regulation is X chromosome compensation in 

Drosophila melanogaster males. This process occurs by hypertranscription of genes on the single male X chromosome. 

Extensive research in this field has shown that the Male Specific Lethal ( MSL) complex binds X -linked genes and modifies 

chromatin to increase expression. The components of this complex, and their actions on chromatin, are well studied. In 

contrast, the mechanism that results in exclusive recruitment to the X chromosome is not u nderstood. Prior studies have 

found that the siRNA pathway contributes to X -localization of the MSL complex.   Interestingly, siRNAs generated from 

repetitive sequences on the X chromosome promote X recognition. Insertion of DNA from these repeats on an aut osome 

induces compensation of nearby autosomal genes. These findings implicate the siRNA pathway in dosage compensation, but 

no evidence of a direct interaction between the siRNA and MSL complex has been detected. This suggests that siRNA 

influences X -recognition by an indirect, novel mechanism. For example, Ago2 -containing complexes could bind nascent RNAs 

from the X chromosome and recruit activities that alter chromatin structure or interphase chromosome organization in a 

manner that facilitates MSL recru itment. To test this model, I performed a genetic screen that identified numerous Ago2 

interactors, including Su(var)3 -9, that participate in dosage compensation. This suggested the possibility that repeats on the X 

are enriched for H3K9me2 through a siRNA -dependent mechanism. Using Chromatin Immunoprecipitation (ChIP), I 

demonstrated that H3K9me2 enrichment at X -linked repeat sequences depends on Su(var)3 -9, but not the H3K9 

methyltransferases SetDB1 or G9a.  Genetic manipulations of the siRNA pathway disr upt H3K9me2 at and around repeats on 

the X chromosome without changing the global levels of H3K9me2. Similar disruptions are observed in chromatin 

surrounding insertions of X -linked repeats on an autosome.   My research suggests a mechanism through which si mple 

repeats can exert a profound effect on chromosome behavior and gene expression.   As repeats make up a large proportion 

of eukaryotic genomes, similar regulatory pathways may be widespread.  

121    The addition and removal of chrY in D. melanogaster  fe males can alter expression of rDNA -associated sequences 

with phenotypic consequences.     K. Silkaitis1, A.T. Branco1,2, B. Lemos1  1) Molecular and Integrative Physiological Sciences 

Program, Dept of Environmental Health, Harvard T.H. Chan School of Public  Health, Boston, MA; 2) Universidade Federal do 

Espirito Santo, Vitoria, Espirito Santo, Brazil.  



   The Drosophila melanogaster X and Y chromosomes are about the same size at ~40Mb, yet the X chromosome has more 

than 2,000 genes while chrY has only ~15. D espite this paucity of genes, the Y chromosome affects gene expression and 

regulation in trans. Here, we further investigate the regulatory role of the Y chromosome by introgressing a free chrY into 

males and females carrying attached sex chromosomes (X^Y and X^X) in an isogenic background. We find that X^XY females 

show increased fertility compared to X^X females. Yet, when the free chrY from X^XY females is removed via outcrossing, we 

find the loss -of-Y female offspring display reduced viability and ferti lity compared to both the X^XY maternal strain and X^X 

progenitor females. These loss -of -Y females also display other characteristics typical of the rRNA -deficiency bobbed 

phenotype. Further indicating a causal role for the rDNA locus, we find rDNA -associated sequences are dysregulated between 

these three genotypes. When we expand our observations to additional X^XY strains, we find similar physiological and gene -

expression responses in F1 females that have lost the free chrY in comparison to their mother. Together, our data indicate 

that a Y chromosome in females can alter the structure and expression of the X -chromosome rDNA locus in trans.  

122    rDNA -specific retrotransposons maintain rDNA copy number in the Drosophila  male germline.     J.O. Nelson1,2, 

Y.M. Yamashita1,2  1) Life Sciences Institute, University of Michigan, Ann Arbor, MI; 2) Howard Hughes Medical Institute, 

University of Michigan Ann Arbor, MI.  

   Transposable elements (TEs) are considered genetic parasites that exploit hostsɅ genomes for their own propagation. 

Suppression of TE activity is thus believed to be paramount for protecting against accumulated genetic disruptions created by  

TE insertion, particularly in the germline. Despite this notion, here we provide evidence that activity of  the highly conserved 

R1 and R2 retrotransposons in the Drosophila male germline is critical for maintaining germ cells during aging.  

Although unrelated by sequence homology, R1 and R2 share a common feature to exclusively insert within ribosomal DNA 

(rDNA) in a sequence-specific manner. The rDNA gene encodes the RNA components of the ribosome, and is tandemly -

repeated hundreds of times to comprise the rDNA loci. rDNA is inherently unstable due to the potential for intra -

chromosomal exchange, and we have re cently shown that rDNA copies are progressively lost during aging in Drosophila male 

germline stem cells (GSCs). Surprisingly, we find that inhibiting R1 or R2 expression by RNAi exacerbated rDNA copy loss 

during aging, and found a concomitant decrease in GSC numbers. We show that R1 and R2 expression is normally 

suppressed in the GSCs of young animals with robust rDNA copy number, but their expression is derepressed in GSCs both 

during aging and when rDNA copies are reduced. We had previously characterized  that GSCs with reduced rDNA content are 

capable of restoring the lost rDNA abundance, similar to the phenomenon of rDNA magnification. Based on these 

observations, we hypothesize that R1 and R2 expression in these cells may contribute to the expansion of rDNA copies in 

GSCs required to normally maintain rDNA copy redundancy and GSC viability during aging. rDNA copy number is thought to 

be increased by unequal sister chromatid exchange (USCE) of misaligned rDNA copies during the restoration of double -

strand ed DNA breaks (DSBs) in rDNA by homologous recombination -mediated repair. Our preliminary results indicate that R1 

and R2 may be required to create DSBs that initiate USCE at rDNA in GSCs with reduced rDNA copies, perhaps through their 

own endonuclease act ivity, to promote rDNA copy expansion and maintain GSC rDNA copy number. Together, we propose 

that R1 and R2, and potentially other highly conserved TEs, are domesticated to serve the host, and thus should be 

investigated as symbionts rather than genetic p arasites.  

123    Inaccessible chromatin and transcriptional repression cooperate to promote late replication during S 

phase.     R. Armstrong1, T. Penke1, B. Strahl1,5,6, A. Matera 1,2,3,4,6, D. McKay1,2,3,4, D. MacAlpine 7, R. Duronio 1,2,3,4,6  1) Curriculum in 

Genetics and Molecular Biology, University of North Carolina, Chapel Hill, NC; 2) Integrative Program for Biological and 

Genome Sciences, University of North Carolina, Chapel Hill, NC ; 3) Department of Genetics, University of North Caroli na, 

Chapel Hill, NC ; 4) Department of Biology, University of North Carolina, Chapel Hill, NC ; 5) Department of Biochemistry and  

Biophysics, University of North Carolina, Chapel Hill, NC ; 6) Lineberger Comprehensive Cancer Center, University of North 

Carolina, Chapel Hill, NC ; 7) Department of Pharmacology and Cancer Biology, Duke University, Durham, NC.  

   How origins of DNA replication are specified and activated in the context of an intact metazoan genome remains poorly 

understood. In contrast to Saccharomyces cerevisiae, replication initiation in metazoan genomes is not directed by well -defined 

sequence motifs. Rather, local chromatin environments have emerged as critical regulators of replication, resulting in 

asynchronous replication initiation tha t yields early and late replicating regions of the genome. Transcriptionally active, 

accessible euchromatin typically replicates early during S phase, whereas transcriptionally repressive, inaccessible 

heterochromatin typically replicates late. Current mod els of replication posit a stochastic process in which a higher density of 

specified origins in accessible euchromatin compared to inaccessible heterochromatin increases the probability of replication  

initiation, resulting in the earlier replication of euc hromatin relative to heterochromatin. Despite strong genome -wide 

correlations between replication and chromatin, a true causal relationship between the two has yet to be determined.  

 

We are determining how chromatin organization impacts replication in Drosophila  using our genetic platform in which 

endogenous histone genes are replaced with transgenic histone genes encoding mutations that prevent modification of 

specific histone residues. Using this platform, we demonstrated that H3K9R mutation disrupts cons titutive heterochromatin 

organization. To determine whether perturbation of heterochromatin affects replication initiation, we implemented a whole -



genome sequencing method to produce genome -wide replication timing profiles from wild type and H3K9R mutant d iploid 

wing imaginal discs. We identified regions of the genome with altered replication in H3K9R mutants, including earlier 

replication of the normally late replicating pericentromeric heterochromatin. Our data indicate that open chromatin is 

necessary bu t not sufficient for early replication in animal cells. Furthermore, we provide evidence that transcription 

stimulates early replication in regions of open chromatin. Together, our data support a model in which inaccessible 

heterochromatin and transcriptio nal repression cooperate to promote late replication of pericentromeric heterochromatin.    

124    Store -operated calcium entry functions downstream of Oamb  in mature follicle cells for Drosophila  

ovulation.     L. Deady1, A. Beard1, T. Tucker1, J. Sun1,2  1) Physiology and Neurobiology, University of Connecticut, Storrs, CT; 2) 

Institute for Systems Genomics, University of Connecticut, Storrs, CT.  

   Octopamine mushroom body receptor ( Oamb), an alpha adrenergic -like GPCR, is an octopamine (OA) receptor and  is 

involved in many aspects of Drosophila behavior, including learning and memory, reward behavior, sleep -wake cycles, 

courtship behavior, oviduct contraction, and ovulation. Oamb can induce Ca 2+ increase and cAMP production in heterologous 

cell systems; however, the signal transduction in vivo has not been characterized. Our recent work has demonstrated that OA 

activates Oamb on mature follicle cells to increase intracellular calcium and stimulate follicle rupture/ovulation. In the cu rrent 

study, we use g enetic/pharmacological tools and calcium imaging to demonstrate the signal transduction pathway 

downstream of Oamb in mature follicle cells. We identified the GƼ protein transducing the Oamb signal as GƼq, whose 

activation is sufficient to induce Ca 2+ increase and follicle rupture. In addition, we showed that IP3 receptor (encoded by 

CG1063) and Stromal interaction molecule (Stim, encoded by CG9126), which mediates store -operated calcium entry (SOCE), 

functions downstream of Oamb and GƼq to mediate Ca2+ increase and follicle rupture. Our results suggest that OA/Oamb in 

mature follicle cells activates the GƼq-coupled and SOCE-mediated pathway to induce follicle rupture/ovulation, and this 

signal transduction may be used in other Oamb -mediated cellular process es. ϥt is interesting to note that GƼq has also been 

implicated in mammalian follicle rupture with no clear molecular mechanism. Our work suggests a similar adrenergic signal 

coupled with GƼq may function in mammalian ovulation.  

125    Emei Regulates ER C a2+ storage to Drive Hippo -mediated Tumorigenesis.     X. Ma1, J. Lu1, A. Moraru 2, A. Teleman2, T. 

Xu1  1) Genetics, Yale School of Medicine, New Haven, CT; 2) German Cancer Research Center (DKFZ), Heidelberg, Germany.  

   Calcium iron (Ca 2+) is a versatile second messenger that regulates various cellular and physiological functions, including 

contraction, secretion, gene expression and proliferation. However, the  in vivo molecular mechanisms by which Ca 2+ 

alternation contributes to tumorigen esis remain poorly understood. Here we show in Drosophila eye imaginal epithelial that 

loss of Emei, a novel ER localized novel tumor suppressor, synergizes with Ras V12 to induce tumor progression via JNK -

mediated Hippo inactivation. Emei disruption reduce s ER Ca2+ storage and subsequently activates JNK signaling by increasing 

cytosolic Ca2+ level. Importantly, genetically increasing cytosolic Ca 2+ concentration cooperates with Ras V12 to drive 

tumorigenesis via inactivating the Hippo pathway. Our findings p rovide a mechanistic basis for Ca 2+ signaling in regulating 

tumor progression, and further highlight the power of Drosophila as a model system to address human cancer biology 

questions.  

126    A Yorkie -inhibitory checkpoint downstream of the tumor suppres sor dFbw7.     J. Wardwell-Ozgo1, J. Kupsco2, K. 

Moberg 1  1) Department of Cell Biology, Emory University School of Medicine, Atlanta, GA; 2) Woodruff Health Sciences 

Center, Emory University, Atlanta, GA.  

   The Hippo signaling pathway is a central regula tor of organ growth and tissue homeostasis and is highly conserved between 

Drosophila and mammals. It controls growth by integrating intrinsic and extrinsic cues to limit nuclear import of the oncogenic 

transcriptional co -activator Yorkie. In the absence o f inhibitory signals, Yorkie enters the nucleus and promotes expression of 

genes involved in cell proliferation and survival. The importance of this conserved pathway is highlighted by a  growing body 

of evidence suggesting that dysregulation of the Hippo p athway underlies various human cancers.  

While the role of the Hippo pathway in growth control is fairly well defined, less is known regarding the extent to which oth er 

pathways and checkpoints also impinge on its regulation of Yorkie. Here we describe evid ence of an anti -growth checkpoint 

linking Yorkie and the conserved tumor suppressor dFbw7 (archipelago). dFbw7 is the substrate adaptor of SCF -type E3 

ubiquitin ligase that stimulates turnover of Cyclin E and dMyc. Thus, in most contexts, loss of dFbw7 leads to tissue 

hyperplasia caused by dMyc and Cyclin E hyper -accumulation. However, we find that loss of dFbw7 in a small group of cells in 

the developing wing epithelial sheets leads to paradoxical undergrowth that is associated with reduced Yorkie protein levels 

and activity. These effects are phenocopied by overexpression of Cyclin E, which appears to inhibit Yorkie by triggering its 

endolysosomal routing and turnover. Additional genetic interactions between dFbw7 and Hippo components provide further 

suppo rt for a Yorkie -inhibitory checkpoint engaged in dFbw7-deficient cells that slows growth and elevates apoptosis.  

Insight into the functional relevance of this checkpoint could shift current research paradigms and offer potential therapeut ic 

opportunities t o the large cohort of Fbw7-deficient tumors in humans. Current work is focused on defining the relationship 

between dFbw7, Cyclin E, and Yorkie trafficking and turnover in wing disc cells.  



127    The transcriptional corepressor CtBP functions antagonistic ally to the JNK pathway to control tissue growth via 

regulation of the pro -growth microRNA bantam .    T.M. Sumabat, M.I. Worley, S. Wang, I.K. Hariharan   Molecular & Cell 

Biology, UC Berkeley, Berkeley, CA.  

   Strict control mechanisms are needed to ensure the proper growth of an organ, yet the molecular nature of these 

mechanisms remains a fundamental question of biology. In an unbiased mosaic screen for genes involved in growth 

regulation, we identified a loss -of -function allele of the gene CtBP that conferred a growth advantage to homozygous 

mutant  tissue. CtBP encodes a widely conserved transcriptional corepressor with a critical function in development, yet its 

role in regulating tissue growth is unclear. To  determine how CtBP might affect growth, we surveyed a range of reporters for 

known growth regulatory pathways for a response to CtBP manipulation. We find that expression of the growth -promoting 

microRNA bantam (ban) is distinctly sensitive to changes in CtBP activity. ban is a known target of the Hippo pathway effector 

Yorkie (Yki), yet the expression of two other Yki target genes,  expanded and diap1, are not affected by CtBP, suggesting that 

CtBP is not a general modulator of the Hippo pathway. In fact, we observe that even a minimal enhancer reporter of ban is 

highly responsive to CtBP inactivation, and this effect can occur independent of Yki. Instead, this response appears to be 

expressly dependent on activity of the conserved Jun N -terminal Kinase (JNK) pathway. While JNK signaling has been broadly 

studied as a stress -response pathway, with key roles in regenerative and tumorous growth, its function in developmental 

growth is less understood. We find that JNK activity is necessary and sufficient to dri ve expression of the minimal ban 

enhancer. Intriguingly, the Drosophila ortholog of Fos, a component of the downstream JNK pathway effector AP -1, contains a 

predicted CtBP -binding motif in its protein sequence, indicating that AP -1 may switch from a transc riptional activator to a 

repressor by recruiting CtBP. Taken together, our findings support a critical role for JNK signaling in promoting development al 

growth by ensuring proper levels of ban during tissue development and that CtBP restricts growth by ant agonizing ban 

expression.  

128    Polyploid cell growth is required for wound repair to prevent mitotic induced cell death.     J. Grendler, V.P. 

Losick  MDI Biological Laboratory, Bar Harbor, ME.  

   Cells can either grow in size by becoming polyploid or d ivide during tissue repair. The molecular mechanism limiting cell 

division and promoting polyploid growth however remains poorly understood.   Here we found that injury to adult fly 

epithelium causes cells to enter S phase through activation of Yki -dependen t cell cycle genes: myc, cycE, and  e2f1.  Cells then 

fail to express mitotic cyclins and constitutively express the ubiquitin ligase Fzr, which targets the mitotic cyclins for 

proteolytic degradation.   As a result, cells grow instead of dividing during wou nd repair similar to developmentally 

programmed polyploidy. The mitotic cell cycle program can be re -activated by simultaneously expressing the mitotic 

activator, Stg, while knocking down fzr.  However, forcing the mitotic cell cycle is detrimental to woun d repair resulting in cell 

death and loss of epithelial integrity.  In conclusion, Yki -dependent gene expression drives polyploid cell growth to enable 

wound repair when cell division is not a viable option.  

129    Two distinct actin regulations are contr olled by Annexins, RhoGEFs, and Rho family GTPases to orchestrate 

actomyosin ring dynamics in cell wound repair.     M. Nakamura, J.M. Verboon, A.N. Dominguez, S.M. Parkhurst   Basic 

Sciences Division, Fred Hutchinson Cancer Research Center, Seattle, WA.  

   Single cells composing tissues and organs are subjected to damage caused by daily wear and tear and 

environmental/physiological stresses. To survive this damage and remain functional, cells have a robust repair mechanism 

comprised of rapid membrane reseal ing/remodeling and dynamic cytoskeletal repair at the cell cortex. Rho family GTPases 

are known to be one group of proteins that dynamically regulate the recruitment of actin and myosin to the wounds and their 

subsequent assembly into an actomyosin ring ne cessary for wound closure. For these processes, the activities and 

localization of Rho family GTPases are spatiotemporally regulated and dependent on the pre -patterning established by three 

RhoGEFs (RhoGEF2, RhoGEF3, and Pebble) that are known to be major upstream regulators of these GTPases. We find that 

AnnexinB9 (AnxB9) responds to a calcium influx and mediates actin stabilization required for RhoGEF recruitment to wounds. 

Thus, our results suggest that two distinct actin regulations mediated by AnxB9 an d RhoGEFs/Rho family GTPases are 

required for cell wound repair: actin stabilization mediated by AnxB9 allows RhoGEFs to establish pre -patterns and then Rho 

family GTPases contribute to the assembly and translocation of the actomyosin ring. To further eluc idate the mechanisms of 

early actin regulation and how RhoGEF3 and Pbl patterns are established, we examined the roles of the other two fly 

annexins: AnxB10 and AnxB11. We find that all three Anxs are required for cell wound repair and accumulate around th e 

wounds in discrete localization patterns such that they form a pre -pattern to which the RhoGEFs respond. Surprisingly, this 

pre -pre -pattern for Rho family GTPase functions is established in less than 10 seconds. We are currently investigating the role 

of  calcium and other early cell wound repair factors on   Anxs spatiotemporal patterning dynamics.  

130    The regulation of E -cadherin endocytosis by p120 -catenin is dependent on RhoA and Arf1.     J. Greig, N. 

Bulgakova   Biomedical Science, University of She ffield, Sheffield , South Yorkshire, GB.  

   Adhesions between cells are vital for the formation of multicellular structures and cell -cell communication. E -cadherin is the 

principal transmembrane protein which provides such adhesions between cells in the e pithelium. The correct regulation of E -



cadherin localization, in space and time, is indispensable for proper development. Similarly, the dysfunction of E -cadherin is 

implicated in multiple disease processes, particularly cancer metastasis.  

E-cadherin is a highly dynamic protein which is constantly being turned over at the plasma membrane by endocytosis and 

recycling. The p120 -catenin protein (p120ctn) has been identified as the key regulator of E -cadherin presentation and stability 

at the membrane, with eme rging evidence that p120ctn can both prevent and promote E -cadherin internalization via the 

endocytotic system. However, the precise mechanism of how p120ctn regulates E -cadherin turnover has yet to be elucidated.  

To investigate the mechanism, we examined the effect that the loss of p120ctn has on clathrin. Under such a condition we 

found that clathrin forms larger and less mobile puncta at sites of cell adhesion. Suggesting that p120ctn activity is requir ed 

for the abscission of the lattice from the membra ne during endocytosis. Through a screen of candidate intermediaries 

between p120ctn and clathrin, we discovered that the loss of p120ctn leads to the downregulation of two GTPases: RhoA 

(measured through the localization and amounts of Rho -kinase, and cort ical non -muscle myosin II) and Arf1. Arf1 is known to 

promote abscission of clathrin vesicles through local remodelling of actin cytoskeleton, whereas RhoA regulates many aspects 

of actin dynamics. We have further discovered that suppression or perturbatio n of either GTPase results in a significant 

reduction of E -cadherin amounts at cell membranes.  

Our results support a model whereby p120ctn has a dual function in the regulation of the endocytotic turnover of E -cadherin, 

by recruiting and activating RhoA an d Arf1. Activation of Arf1 would facilitate the cytoskeletal rearrangements required during 

invagination of the membrane and the formation of vesicles. At the same time, activation of RhoA would increase cortical 

tension through activation of non -muscle my osin II, thus counteracting membrane deformation.  

   

131    Defining the solution space for the even-skipped  expression pattern suggests regulatory plasticity in 

Drosophila.     Ben Vincent1, Meghan Bragdon 1, Garth Ilsley 2, Tara Lydiard -Martin 1, Clarissa Scholes1, Zeba Wunderlich 1, Javier 

Estrada1, Angela DePace1  1) Department of Systems Biology, Harvard Medical School, Boston, MA; 2) Okinawa Institute of 

Science and Technology Graduate University, Onna, Okinawa 904 -0495, Japan.  

   Development al genes are regulated by multiple enhancer elements, each of which generates a portion of the total 

expression pattern necessary for correct cell type specification. Within enhancers, transcription factor binding sites can 

change over evolutionary time wh ile maintaining enhancer function. Here, we investigate whether the function of individual 

enhancers can change while maintaining the expression pattern of the whole locus. We use the Drosophila gene even -

skipped as a case study, which is expressed in seve n stripes along the anterior -posterior axis in the blastoderm embryo. Are 

there different ways to partition the seven eve stripes among a set of modular enhancers? This question has been the subject 

of speculation since the eve locus was first dissected. H ere, we define computational and experimental methods to address it 

directly. To predict alternative solutions for the seven -stripe eve pattern, we use computational models of enhancer function 

to predict how different eve stripe combinations can be genera ted from endogenous enhancers. We then validate these 

predictions by measuring the output of engineered enhancers in embryos.  Our work suggests that there may be many ways 

to build a complex developmental expression pattern, which may influence how develop mental genes evolve.  

132    Nuclear microenvironments modulate transcription from low -affinity enhancers.     J. Crocker1, A. Tsai1, A. 

Muthusamy 2, L.D. Lavis2, R.H. Singer2, D.L. Stern2  1) EMBL, Heidelberg; 2) Janelia Research Camps, HHMI.  

   Transcript ion factors bind low -affinity DNA sequences for only short durations. It is not clear how brief, low -affinity 

interactions can drive efficient transcription. Here,  we report that the transcription factor Ultrabithorax (Ubx) utilizes low -

affinity binding si tes in the  Drosophila melanogaster shavenbaby (svb) locus and related enhancers in nuclear 

microenvironments of high Ubx concentrations. Related enhancers colocalize to the same microenvironments independently 

of their chromosomal location, suggesting that  microenvironments are highly differentiated transcription domains. 

Manipulating the affinity of  svb enhancers revealed an inverse relationship between enhancer affinity and Ubx concentration 

required for transcriptional activation. The Ubx cofactor, Homot horax (Hth), was co -enriched with Ubx near enhancers that 

require Hth, even though Ubx and Hth did not co -localize throughout the nucleus. Thus, microenvironments of high local 

transcription factor and cofactor concentrations could help low -affinity sites overcome their kinetic inefficiency. We further 

discuss ongoing effects to understand the underlying mechanisms of microenvironments. Mechanisms that generate these 

microenvironments could be a general feature of eukaryotic transcriptional regulation.  

133    Assessing the role of Hox -cofactor interactions in vivo .    Siqian Feng1, Chaitanya Rastogi2, Harmen Bussemaker 2, 

Richard S. Mann 1  1) Jerome L. Greene Science Center, Columbia University, New York, NY; 2) Department of Biological 

Sciences, Columbia Un iversity, New York, NY.  

   Hox proteins determine segmental identities along the anterior posterior body axis in metazoans. How Hox proteins specify 

the morphology of different body segments presents a paradox: Different Hox proteins display specific in vivo functions, yet 

have very similar DNA binding profiles as monomers in vitro . One hypothesis to explain this paradox is that Hox proteins 

interact with cofactors, and different Hox -cofactor complexes bind to unique DNA sequences. Indeed, it has been show n 

previously that Extradenticle (Exd) is a common cofactor for all 8 Drosophila Hox proteins, and different Hox -Exd 



heterodimers show distinct DNA binding preferences in vitro using a mechanism known as latent specificity. However, the 

extent to which Hox DNA binding and function is modulated by Exd in vivo is still unknown.  

To address this question, we have engineered several endogenous Hox loci to create 3xFLAG tagged WT alleles and 3xFLAG 

tagged (YPWM-AAAA) alleles, which have the canonical Exd interaction motif mutated. For the Hox gene Sex combs reduced 

(Scr), we characterized the phenotypes of the YPWM -mutated allele, which is embryonic lethal as a homozygote, in embryos, 

imaginal discs and adults. We find that mutating the YPWM motif affects some, but not all Scr functions. We next compared 

the DNA binding profiles of wild type and YPWM mutant Scr using ChIP -seq in T1 leg discs, and iden tified hundreds of YPWM -

dependent Scr peaks, which we hypothesize are cofactor -dependent binding events. Consistently, the centers of these peaks 

show a strong enrichment for Hox -Exd heterodimer DNA motifs. Interestingly, Antp ChIP experiments show that th is Hox 

protein is depleted from these cofactor -dependent Scr peaks in both T1 and T2 leg discs, suggesting that many of the Scr 

cofactor -dependent binding events are specific to this Hox protein. To further test this idea, we analyzed a subset of these 

cofactor -dependent Scr binding regions in lacZ reporter gene assays. In many cases, we find that Hox -Exd binding site 

predictions correlate with expression specificity in vivo.  Taken together, these results represent an important step towards 

understanding h ow cofactors modulate the binding specificities and functions of Hox proteins in vivo.  

   

134    Changes in a Hox gene and its downstream regulatory network drive microevolution.     Y. Liu1, M. Ramos-

Womack 2, K. LaRue2, W. Rogers3, T. Williams3, P. Andolfatto 2,4, D. Stern5, M. Rebeiz1  1) Department of Biological Sciences, 

University of Pittsburgh, Pittsburgh, PA; 2) Department of Ecology Evolution and Behavior, Princeton University, Princeton NJ ; 

3) Department of Biology, University of Dayton, Dayton, OH;  4) Lewis-Sigler Institute for Integrative Genomics, Princeton 

University, Princeton, NJ; 5) Janelia Farms Research Campus, Howard Hughes Medical Institute, Ashburn, VA.  

   A major objective of evolutionary biology is to derive a realistic understanding o f how traits arose in the distant past 

through the genetic examination of recent phenotypic change. Hox genes play highly conserved roles in the organization of 

animal body plans, yet it has been difficult to measure their relative contribution to the evol ution of body plan phenotypes. 

Here, we describe how mutations in a Hox gene and its downstream network generated differences in abdominal 

pigmentation between Drosophila yakuba and D. santomea. In D. santomea, regulatory mutations in  the Hox gene Abd-B shifted 

its expression along the body axis. In parallel, regulatory changes at pdm3, encoding a pigment -repressing transcription 

factor , temporally extended its expression during pupal development. In two pigment -producing enzymes, we attribute the 

loss of yellow primarily to upstream changes, while the gain of ebony resulted from a transposon insertion that disabled a 

silencer element. We have confirmed the contributions of these loci by CRISPR -Cas9 induced mutations in hybrid animals. 

Our results highlight how the dissection of a microevolutionary trait regulated by these body plan genes uncovers a much 

more complex genetic composition of Hox genes and their downstream networks. Thus, by extension we envision that our 

findings set a precedent for anticipatin g such complexity when small changes are compounded over hundreds of millions of 

years.  

135    Transcriptional bursting of segmentation gene expression in living Drosophila  embryos.     B. Lim1,2, T. Fukaya1,3, M. 

Levine1  1) Lewis-Sigler Institute for Integrative Genomics, Princeton University, Princeton, NJ; 2) Chemical and Biomolecular 

Engineering, University of Pennsylvania, Philadelphia, PA; 3) Institute of Molecular and Cellular Biosciences, The University  of 

Tokyo, Tokyo, Japan.  

   Past studies on gene regulation in development have emphasized the spatial limits of gene expression.   Newly developed 

quantitative live imaging methods offer the first opportunity to explore the temporal limits of gene expression. We have 

characterized the transcriptional dynamics of even-skipped (eve) and fushi tarazu (ftz) expression in living Drosophila 

embryos.   The endogenous loci were tagged with MS2 and PP7 stem -loop RNAs using genome editing methods. Highly 

dynamic patterning of eve and  ftz is observed, whereby nascent transcripts are initially expressed throughout the embryo and 

rapidly refined into sequential stripes. Surprisingly, the strongest early sites of ftz expression correspond to the inter -stripe 

regions of the mature patt ern, suggesting a substantial reorganization in expression.   Moreover, different stripes show 

distinct transcriptional kinetics, such that posterior nuclei within a stripe produce more mRNAs than anterior nuclei.   Both eve 

and ftz display transcriptional b ursting, and spatial refinement appears to occur by silencing gene expression during the 

refractory period between bursts. This implies that transcriptional bursting can be used as a mechanism to facilitate dynamic  

repression of gene expression. In summary , we propose that transcriptional bursting facilitates dynamic gene control in 

development.  

136    Mechanisms regulating Grainy head activity during development.     M. Nevil, K. Schulz, C. Bartolutti   Department of 

Biomolecular Chemistry, University of Wi sconsin - Madison, Madison, WI.  

   Metazoan development requires dramatic changes in cell identity to generate the diversity of cells that comprise the adult 

organism. These changes are orchestrated largely by shifts in gene expression, which have been pr oposed to be controlled by 

temporally dynamic transcription -factor binding. To further investigate the dynamics of transcription -factor binding, we 

focused on the highly conserved, master regulator of epithelial cell fate, Grainy head (GRH). Drosophila melanogaster possess 



a single grh geneɁthe founding member of the GRH family. Using a genomics approach, we determined both where GRH 

binds in the genome and the effects of GRH depletion on gene expression through embryonic development. Our results 

showed tha t GRH DNA occupancy remains largely unchanged through embryonic and larval development, but that DNA 

binding is not predictive of whether GRH is required for target gene expression at any single developmental time point. Thus,  

temporally dynamic binding is  not responsible for stage specific GRH activity, and events subsequent to DNA binding are 

responsible for the regulation of GRH target gene expression. Previous studies have suggested several mechanisms that may 

function together or independently to regul ate GRH activity, including variation in cofactor interactions, post -translational 

modifications, and changes in chromatin accessibility. We are investigating the roles of these various pathways in controllin g 

GRH function during development. From our geno mic analysis of GRH, we proposed that GRH might modulate chromatin 

accessibility to define cis-regulatory regions. Preliminary data support this hypothesis at a subset of loci. This GRH -mediated 

accessibility might be controlled through interactions with c hromatin remodelers. Thus, we are currently investigating the 

hypothesis that GRH activity is modulated through the cofactors it recruits. In addition, phosphorylation regulates GRH 

activity during wound healing. To determine the role of this modification in development, we identified a novel site of 

phosphorylation and are characterizing its functional significance. To better understand the function of this conserved 

transcription factor in development and disease, we have demonstrated that GRH activity is  not regulated at the level of DNA 

binding and are currently determining the pathways that control the activity of this essential factor during development.  

137    The Ecdysone Hormone Receptor directs genome -wide changes in gene expression and chromatin accessibility 

during wing morphogenesis.     C.M. Uyehara1,2,3,4, D.J. McKay1,2,4  1) Department of Biology; 2) Department of Genetics; 3) 

Curriculum in Genetics and Molecular Biology; 4) Integrative Program for Biological and Genome Sciences, University of  North 

Carolina at Chapel Hill, Chapel Hill, NC.  

   A remarkable feature of insect development is the complete transformation of the body during metamorphosis. Decades of 

research have established the central role that pulses of the steroid hormone ecdyso ne play in promoting this process. At the 

genetic level, ecdysone acts through its receptor, EcR, which has been shown to induce a diverse array of transcriptional 

responses that vary between tissues and over time. However, although it has been known for m any years that EcR promotes 

changes in gene expression, our understanding of how it effects these changes genome -wide in vivo remains incomplete. To 

investigate this ability, this project focuses on how EcR directs gene expression changes in the developing  wing during the 

late-larval ecdysone pulse, which triggers the transition from the larval to pre -pupal stage. To determine EcRɅs role in 

promoting wing morphogenesis, we used a tissue -specific RNAi driver to knockdown EcR throughout wing development. We 

find that while EcR is not required for patterning the wing prior to the late -larval ecdysone pulse, it is essential to promote the 

majority of gene expression changes that follow this pulse. To identify direct targets of EcR in the developing wing, we used  

the recently developed technique CUT&RUN to generate genome -wide DNA binding profiles just prior to the late -larval 

ecdysone pulse and 6hrs following this pulse. We find that EcR binds to many thousands of sites genome -wide, including near 

many genes that  have not been previously identified as direct targets of EcR. We also find that EcR binding is highly dynamic ɀ 

a subset of its binding sites are unique to each time point. Lastly, to determine whether EcR promotes changes in the 

accessibility of DNA regu latory elements, we performed FAIREseq in WT and EcR knockdown wings. Surprisingly, we find that 

there are thousands of sites that change accessibility in WT wings during this time period, and nearly all of these fail -to -occur 

in EcR knockdown wings. Overa ll, these findings indicate that EcR shapes the response to hormone through multiple 

mechanisms, including by directly acting at thousands of DNA regulatory elements across the genome.  

138    Protein valuation modulates aging under a complex nutritional e nvironment.     Y. Lyu1, H. Shaukat2, M. Plumhoff 2, 

J. Eagy2, K. Wei2, S. Pletcher1  1) Department of Molecular and Integrative Physiology and Geriatrics Center, Biomedical 

Sciences and Research Building, University of Michigan, Ann Arbor, MI, USA; 2) Colle ge of Literature, Science, and the Arts, 

University of Michigan, Ann Arbor, MI, USA.  

   Reduced caloric intake had long been considered a powerful method for lifespan extension. This traditional view has 

recently been challenged, however, as accumulating evidence suggests that the levels of each macronutrient is important in 

modulating aging. Using Drosophila melanogaster, we discovered that when animals are presented with a diet in which 

macronutrients (sugar and yeast) have been separated (i.e., a choice  diet) mortality rate and physiology are significantly 

impacted within 12 hours compared to siblings housed on a fixed diet of equivalent caloric and nutrient composition. In 

short, when flies are presented with a choice diet and allowed to direct their ow n nutrient intake, their reproductive rate is 

increased, lifespan is decreased, and internal fat and carbohydrate stores are rapidly, and significantly, altered. Important ly, 

flies given a choice diet do not consume different amounts of protein, and our da ta establish that a small set of neurons in 

the brain which mediate hunger and satiety are sufficient to modulate lifespan and physiology by influencing environmental 

macronutrient sensing. Flies that cannot synthesize serotonin, lack signaling through ser otonergic neurons, or have loss of 

function in a single serotonin receptor, are immune to the effects of a choice diet and live nearly twice as long as wild -type. 

Our data suggest that specific neuronal assemblies, which evaluate internal and external nutr ient availability and initiate 

physiological changes associated with neurological states such as hunger and satiety, play important roles in the modulation 

of lifespan. We hypothesize that protein valuation regulates lifespan by potentiating a protein hung er-satiety cycle, which 



induces neuronal states reflective of the dynamics of both external and internal protein availability. These dynamics require  

serotonin signaling as well as other neuronal substrates. Understanding the neuronal mechanisms of aging i n this short -lived 

model organism will likely provide new ideas for anti -aging interventions and illuminate how mechanisms of aging are 

influenced by motivational drives that are common to nearly all organisms.  

139    Regulation of lifespan by dSirt6 in Drosophila melanogaster .    Jackson Taylor1, Jason Wood2, Chengyi Chang3, 

Matthew Finn 4, Julianna Liu5, Stephen Helfand 6  1) Department of Molecular Biology, Cell Biology, and Biochemistry, Brown 

University, Providence, RI; 2) Department of Molecular Biology, Cell Biology, and Biochemistry, Brown University, Providence,  

RI; 3) Department of Molecular Biology, Cell Biology, an d Biochemistry, Brown University, Providence, RI; 4) Department of 

Molecular Biology, Cell Biology, and Biochemistry, Brown University, Providence, RI; 5) Department of Molecular Biology, Cell  

Biology, and Biochemistry, Brown University, Providence, RI; 6)  Department of Molecular Biology, Cell Biology, and 

Biochemistry, Brown University, Providence, RI.  

   Sirtuins (SIRT1-7 in mammals) are a family of NAD+ dependent deacylases which regulate multiple cellular pathways 

involved in the aging process. SIRT6, in particular, has emerged as a key regulator of longevity, with roles in DNA repair, 

metabolism, and chromatin modification. Sirt6 knockout mice are short lived, while overexpression of SIRT6 extends lifespan 

in male mice. Despite its involvement in many age-related pathways, the precise molecular mechanisms by which SIRT6 

extends lifespan are not known. Here, we use the powerful genetic tools of Drosophila melanogaster to investigate the role of 

SIRT6 (dSirt6 in Drosophila) in regulating lifespan. We find  whole -body overexpression of dSirt6 extends lifespan in flies, up to 

38% in males and 40% in females. This lifespan -extending effect is repeatable in multiple overexpression systems, including 

both constitutive and inducible driver lines. dSirt6 OE flies exhibit reduced expression of H3K9ac and H3K56ac histone 

modifications at both young and old ages. Sirt6 overexpression also extends survival of flies treated with paraquat, an 

inducer of DNA damage, in young and aged flies. Together, these data suggest th at dSirt6 overexpression robustly extends 

lifespan in Drosophila, and may promote longevity via both epigenetic mechanisms and through improvement in DNA repair.  

140    The translation inhibitor 4E -BP regulates the effect of ambient temperature on Drosoph ila  metabolism and 

lifespan.     I. Drago1,2, G.B Carvalho1,2, S. Hoxha1,2, R. Yamada1,2, O. Mahneva 3, K.D. Bruce1,2, A. Soto Obando 1,2, B. Conti1,2,4, 

W.W. Ja1,2  1) Department of Neuroscience, The Scripps Research Institute, Jupiter, Florida, USA; 2) Cent er on Aging, The 

Scripps Research Institute, Jupiter, Florida, USA; 3) Department of Biological Sciences, Florida Atlantic University, Boca Ra ton, 

Florida, USA; 4) Department of Molecular Medicine, The Scripps Research Institute, La Jolla, California, USA.   

   Studies on the biology of aging have revealed genetic and environmental factors that affect lifespan in different 

experimental models. Genetic factors include the insulin -signaling pathway, the GTPase Ras, and the histone deacetylase Sir2. 

Environment al factors include ambient temperature and nutrition. Temperature is the most potent environmental factor 

identified thus far: in Drosophila, a drop in ambient temperature from 25 °C to 18 °C doubles lifespan. While thermodynamic 

effects likely contribute to longevity in poikilotherms, physiological thermoresponsive mechanisms also play a role.   It was 

recently discovered that the thermosensitive channel TRPA -1 is required upstream of DAF -16/FOXO to extend C. elegans 

lifespan at lower temperatures. Here, we  show that in Drosophila, although lower ambient temperature decreases global 

protein translation, cold activates the eIF4E binding protein 4E -BP, a genetically conserved translation inhibitor, to selectively 

maintain mitochondrial protein synthesis and ac tivity. Using both genetic and pharmacological manipulations, we 

demonstrate that higher levels of active 4E -BP increase mitochondrial activity and blunt cold -mediated lifespan extension. 

Conversely, downregulating 4E -BP dampens metabolic responses to cold  and extends life at cooler temperatures. 4E -BP is a 

nutrient sensor that has been implicated in lifespan extension by dietary restriction. Although previous studies have 

suggested that diet and temperature affect Drosophila aging through independent mecha nisms, our results instead suggest 

that 4E-BP acts as a central regulator of lifespan and metabolism in response to environmental conditions.  

141    A genetic program for germline quiescence.     Ethan Greenblatt, Allan Spradling   Department of Embryology,  Carnegie 

Institution for Science, Baltimore, MD.  

   Germ cells alternate between periods of proliferation and quiescence in many animals, and some germ cells, such as those 

found in primordial follicles in humans, can be maintained in an arrested state f or up to five decades prior to activation. How 

germ cells maintain their viability during extended periods of quiescence while remaining capable of responding rapidly to 

external cues is unclear.  We established Drosophila as a model system for understandi ng the genetic requirements of 

extended cellular quiescence and identified dFmr1, a homolog of Fragile X Mental Retardation Protein 1 ɀ a gene linked to a 

prominent human disorder resulting in premature reproductive failure  ɀ as a factor essential for the maintenance of arrested 

Drosophila oocytes. While arrested oocytes remain viable for up to several weeks following their production, those lacking 

dFmr1 become rapidly inviable, producing embryos with severe neuronal defects. We found that dFmr1 functions as a 

translational activator of a specific subset of genes during oocyte arrest, including the N -recognin Purity of Essence (Poe), as 

well as a number of genes with known neuronal functions. Poe is required for sustained oocyte arrest, and its expression i s 

induced in an Fmr1 -dependent manner starting in the final stages of oocyte maturation. These data indicate that the process 

of germline arrest is far more active than previously thought, requiring a set of Ɉpilot lightɉ genes whose continual translation 



is essential for the maintenance of viability. Some pilot light genes, such as Fmr1, orchestrate the expression of factors th at 

are especially important for embryonic neural development.  

142    A Virus -acquired host cytokine controls systemic aging by antagonizing apoptosis.     M. Mlih, M. Khericha, J. 

Karpac  Texas A&M University Health Science Center, College Station, TX.  

   Aging is characterized by degeneration of unique tissues. However, ti ssues do not age in isolation, and dissecting the 

interconnectedness of tissue aging remains a challenge. Here, we employ a muscle -specific DNA damage model in Drosophila 

to reveal secreted factors that influence systemic aging in distal tissues. Utilizing  this model, we uncovered a cytokine, Diedel, 

that when secreted from muscle or adipose can attenuate age -related intestinal tissue degeneration by promoting 

proliferative homeostasis of stem cells. Diedel is both necessary and sufficient to limit tissue d egeneration and extend 

lifespan. Secreted homologs of Diedel are also found in viruses, having been acquired from host genomes. Focusing on 

potential mechanistic overlap between cellular aging and viral -host cell interactions and, we found that Diedel is a  functionally 

conserved inhibitor of apoptosis and thus acts a systemic rheostat to limit apoptosis -induced degeneration of the aging 

intestine. These results highlight a key role for secreted antagonists of apoptosis, distinctively those acquired by viral  

genomes, in the systemic coordination of tissue aging.  

143    Increasing glucose uptake prevents age -dependent reductions in local ATP levels in brain neurons and 

suppresses declines in locomotor functions in Drosophila .    M. Oka1, E. Suzuki2,3, S. Hisanaga1, KM. Iijima 4,5, K Ando1  1) 

Department of Biological Sciences, Tokyo Metropolitan University, Hachioji, Tokyo, JP; 2) National Institute of Genetics, 

Mishima, Shizuoka, JP; 3) Department of Genetics, Graduate Univesity for Advanced Studies (SOKENDAI) , Mishima, Shizuoka, 

JP; 4) Department of Alzheimer's Disease Research, National Center for Geriatrics and Gerontology, Obu, Aichi, JP; 5) 

Department of Experimental Gerontology, Graduate School of Pharmaceutical Sciences, Nagoya City University, Nagoya, A ichi, 

JP.  

   Aging is associated with metabolic changes at system and cellular levels. Neurons are highly energy -demanding cells and 

require local management of metabolism due to their polarized structures. Disruption of local energy homeostasis in 

neuron s has been associated with neurodegenerative diseases. However, whether and how ATP levels changes in different 

parts of the neuron in the brain during normal aging, and whether it plays a causative role in the age -associated decline in 

neuronal functions,  are not fully understood.  

In this study, we analyzed the age -dependent changes in ATP levels in the cell body and axon of brain neurons in Drosophila 

by using a genetically encoded fluorescent ATP biosensor. We found that ATP levels reduced in the cell bo dy, but not in the 

axon, during aging. To gain insight into underlying mechanisms, we analyzed the processes of ATP production in young and 

aged brain neurons. Ultrastructural analyses revealed that the number of mitochondria was not reduced, while mitocho ndria 

without normal cristae were more often observed, in the cell body in the aged brain neurons. We also found that mRNA levels 

of glycolytic enzymes were reduced during aging. Furthermore, mRNA levels of neuronal glucose transporter were reduced 

during aging. Flies with suppression of glycolysis by knockdown of a glycolytic enzyme did not show age -dependent changes 

in ATP levels in the cell body, suggesting that reduction in expression of glycolytic enzymes contributes to reduction in ATP  in 

the cell bod y during aging. Interestingly, enhancement of glucose uptake by overexpression of glucose transporter in neurons 

suppressed age -dependent reduction in the ATP levels, suggesting that intracellular glucose levels may limit ATP production 

in neurons in the a ged brain. Importantly, overexpression of glucose transporter rescued the age -dependent decline in 

locomotor functions, suggesting that reduction in ATP levels in neurons may contribute to decline in neuronal functions 

during aging.  

In summary, our results  indicate that ATP levels decrease in the cell body of brain neurons during aging and that changes in 

neuronal glucose uptake may contribute to this process. These findings may help understanding mechanisms underlying 

decline of brain functions during agin g and the pathogenesis of age -associated neurodegenerative diseases.  

144    An ABC transporter regulates aging -induced intestinal stem cell dysplasia in the midgut of Drosophila.     A. 

Sasaki1, T. Nishimura 2, S. Yoo1  1) Yoo physiological genetics laborat ory, RIKEN, Kobe, Hyogo, JP; 2) Laboratory for Growth 

Control Signaling, RIKEN CDB, Kobe, Hyogo,JP.  

   How homeostasis of stem cells becomes disrupted during aging is a fundamental and unresolved question. Intestinal stem 

cells (ISCs) overproliferate duri ng aging, leading to tissue dysplasia in Drosophila. The ISC overproliferation was proposed to 

be a key mechanism for aging -induced deterioration of health and its regulation is different between males and females. 

Here we identify an ABC transporter that regulates the aging -induced intestinal stem cell proliferation in the midgut of 

Drosophila. The ABC transporter mutation completely suppresses the aging -induced ISC overproliferation and also regulates 

ISC responses to oxidative stress, one of the importan t processes that occur during aging. The ABC transporter is expressed 

strongly in the specific compartments of the midgut. A metabolomics analysis of the ABC transporter mutant indicates that 

there are defects in tryptophan and riboflavin metabolisms in th is mutant. We also found that the ABC transporterɅs biding 

partner also regulates the aging -induced ISC proliferation and metabolic profiles in a similar manner to the ABC transporter. 

Furthermore, we elucidated that this ABC transporter is critically invo lved in the recently found sex difference of the intestinal 



stem cell behavior during aging. Our findings provide unexpected, new insights into stem cell and aging biology. This is the 

first observation, to our knowledge, of an ABC transporterɅs role in the aging-induced ISC proliferation.  

145    Role of the adherens junction protein Ƽ-Catenin in the regulation of tissue growth.     Lidia Kazakova, Victoria Yan, 

Ritu Sarpal, Ulrich Tepass   Cell and Systems Biology, University of Toronto, Toronto, Ontario, C A.  

   Epithelial cells are connected by intercellular adhesion complexes called adherens junctions (AJs), which couple the 

cytoskeletons of neighboring cells. In addition to adhesion, AJs affect signaling pathways that contribute to growth and tiss ue 

size regulation. We analyze -Catenin, an essential AJ component that links F -actin to the E -cadherin/ ƽ-catenin complex, both 

directly and indirectly through other actin -binding proteins. -Catenin acts as a tumour suppressor in flies and mammals 

through the i nhibition of oncogenic pathways including Hippo/Yap and JNK. We have further investigated -CateninɅs function 

in growth regulation of the Drosophila wing disc epithelium. Notably, analysis of a phenotypic series for -Catenin shows that 

-Catenin has gene tically separable functions in growth regulation and epithelial integrity. (i) Moderate loss of -Catenin 

causes a cell-autonomous tissue overgrowth while wing discs retain junctional and epithelial integrity, and an activation of 

Hippo/Yap and JNK pathways. (ii) A stronger loss of Ƽ-Catenin in conjunction with a suppression of cell death causes the 

formation of solid multilayered tumors where cells do not exhibit overt protrusive activity. Finally, (iii) cells of the wing  disc 

that completely lack -Catenin die. If cell death is suppressed, -Catenin null cells are found below the epithelium and exhibit 

long protrusions suggesting that they have undergone an epithelial -mesenchymal transition. A similar phenotypic series can 

be seen for loss of DE -cadherin f unction. This, together with the finding that a DE -cadherin - -Catenin fusion protein can fully 

rescue the -Catenin mutant defects, suggests that -Catenin regulates growth as an AJ proteins rather than as a cytosolic 

factor as was proposed by a number of studies. We are currently exploring the roles of different -Catenin domains, the 

ability of -Catenin to act as a mechanosensor, and how -Catenin binding partners contribute to growth regulation.  

146    Class III PI3K (PI3K -III) controls epithelial inte grity through endosomal LKB1 regulation.     F. O'Farrell, VH. Lobert, 

M. Sneegen, A. Jain, N. Katheder, EM. Wenzel, SW. Schultz, K. Tan, A. Brech, H. Stenmark, TE. Rusten  Molecular Cell Biology, 

Institute for Cancer Research, Oslo, NO.  

   Intracellular t rafficking is known to control epithelial cell polarity and vice versa, but the molecular mechanisms 

underlying this interdependence remain poorly understood. The Class III phosphatidylinositol 3 -kinase (PI3K -III) 

produces phosphatidylinositol 3 -phosphate (PI3P) on endosomal and autophagic membranes. We show that PI3K -III 

inactivation disrupts epithelial organisation, causing dysplasia -like growth and invasive behaviour provoked by 

activation of the JNK pathway. Liver Kinase B1 (LKB1), a regulator of cellul ar metabolism and polarity, is found on 

plasma - and endosomal -membranes. Upon PI3K -III inactivation LKB1 localisation is disturbed and its activity 

increased. Co -depletion of LKB1 and PI3K -III suppressed JNK activation and restored epithelial integrity. 

Furthermore, PI3K -III inactivation cooperated with Ras V12 to promote tumour growth in vivo  in an Lkb1 -dependent 

manner. The endosomal, but not autophagic, function of PI3K -III is required for regulated LKB1 activity.  Screening 

for conserved PI3K -III effector proteins (containing PX or FYVE domains that bind PI3P) that recapitulated the PI3K -III  

phenotypes identified the endosomal protein WDFY2. We define WDFY2 as an LKB1 regulator that directs epithelial 

organisation in both Drosophila  tissues and human organoids. Thus, we define a novel Class III PI3K regulated 

endosomal signalling platform of LKB1, the dysregulation of which endows LKB1 with tumour -promoting properties.  

Available online https://www.nature.com/articles/ncb3631   

147    Characterization of a putative prion -like phosphatase, CG5830, in Drosophila melanogaster .    Zelha Nil1,2, Kausik 

Si1,2  1) Stowers Institute for Medical Research, Kansas City, MO; 2) Department of Molecular and Integrative Physiology, 

University of Kansas Medical Center, Kansas City, KS.  

   Prions are toxic self -perpetuating protein aggregates known to cause seve ral neurodegenerative diseases in mammals. In 

yeast and more recently in multicellular eukaryotes proteins with prion -like (PrL) domains, which act as regulatory switches 

controlling normal physiological functions such as metabolism, immune response and me mory, have been identified. The fact 

that non -pathogenic PrL proteins are distributed across multiple phyla raises the possibility that proteins with self -sustaining 

conformational states are part of an evolutionarily conserved regulatory mechanism involve d in normal physiological 

functions. In a systematic screen for novel PrL proteins in Drosophila, we identified CG5830, a putative phosphatase. CG5830 

encodes a 329 amino -acid protein with a   PrL domain at N terminal end. We find N -terminal domain of CG583 0 is important 

for its oligomerization and membrane localization. We have identified substrates of CG5830 phosphatase using proteomics. 

Using one of these substrates, discontinuous actin hexagon (Dah) and purified CG5830, we find oligomerization enhances 

phosphatase activity. In cells, the PrL domain is important for phosphatase activity in addition to membrane localization and 

oligomerization. We also find CG5830 is expressed ubiquitously throughout embryonic development. In early embryos 

CG5830 is diffuse d in the membrane and in late segmented embryos it becomes punctate. The punctate appearance of 

CG5830 coincides with dephosphorylation of Dah and in CG5830 mutant embryos development does not proceed after 

segmentation. We postulate that regulated higher -order assembly of CG5830 via the PrL domain controls its phosphatase 



activity and embryonic development.  

   

148    Extracellular adenosine as a cytoprotectant and growth regulator.     Michal Zurovec1,2, Lucie Kucerova1, Roman 

Sidorov 1, Vaclav Broz1  1) Dept Physiology, Biology Centre, Inst Entomology, Ceske Budejovic, CZ; 2) University of South 

Bohemia, Ceske Budejovice, CZ.  

   Extracellular adenosine (Ado) is a signaling molecule that is central to the maintenance of the metabolic balance of cells 

within a tissue. We previously showed that mutations in the Drosophila Ado receptor  (AdoR) or silencing of the equilibrative 

Ado transporter 2 (Ent2) by RNAi cause a  severe reduction in the frequency of hyperplastic wts and  dco epithelial outgrowths 

(Sidorov et a l 2015, doi: 10.1007/s11302 -014-9435-2). 

Here we performed detailed clonal analysis and followed the flipase -induced GFP-labeled mosaic clones during larval 

development. We observed that the AdoR null clones (with or without the additional wts mutation) in itially appear at the same 

rate as the control clones. The null clones have difficulties with survival in a heterozygous background and are eliminated b y 

apoptosis.  

We demonstrate that not only the hyperplastic wtsx1 mutant clones but also the control neutral clones require functional 

AdoR; otherwise, they are gradually eliminated. The elimination of wtsx1 AdoR1 double  mutant clones, however, is more 

effective, so the cytoprotective effect of AdoR on wtsx1 cells is mor e obvious than on wt cells. Our results suggest that Ado 

signaling differentially affects populations of cells with different genotypes and might be involved in the regulation of mut ant 

cell susceptibility to apoptotic stimuli.  

149    Activation -induced s ubstrate engagement in ERK signaling.     S. Paul1, L. Yang1,2, H. Mattingly 2, Y. Goyal2, S. 

Shvartsman 2, A. Veraksa1  1) Department of Biology, University of Massachusetts Boston, Boston, MA; 2) Department of 

Chemical and Biological Engineering and Lewis -Sigler Institute for Integrative Genomics, Princeton University, Princeton, NJ.  

   The extracellular signal regulated kinase (ERK) pathway is an essential component of developmental signaling in 

multicellular organisms. As a final element of the highly con served Raf-MEK-ERK kinase cascade, ERK phosphorylates multiple 

substrates, including transcription factors, resulting in a fine -tuned control of target gene expression. The dissociation of 

activated dually phosphorylated ERK (dpERK) from MEK, a kinase that  phosphorylates ERK, and other cytoplasmic anchors has 

been suggested as a primary regulatory mechanism that allows access of ERK to its substrates. Here, we report that the 

interaction of ERK with its substrate Capicua (Cic) is also controlled at the leve l of ERK phosphorylation, where Cic has 

preferential binding affinity for dpERK, compared to unphosphorylated ERK. Cic -dpERK interaction forms a positive regulatory 

feedback loop with the mechanism of substrate competition, in which binding to Cic shields dpERK from the action of 

phosphatases. Mathematical modeling suggests that preferential association of Cic with dpERK serves two functions: first, it 

prevents unproductive competition of Cic with the unphosphorylated form of ERK, when Cic, ERK and dpERK ar e localized in 

the same cellular compartment; second, it contributes to signal amplification and allows for efficient signal propagation whe n 

only a small proportion of ERK is converted to dpERK. We propose that high -affinity interactions between activated  ERK and 

its substrates are an important component of this signal transduction cascade. These activation -dependent interactions 

contribute to robust pathway output along with the induced dissociation of dpERK from MEK and other anchors.  

150    Ras-depende nt control of tissue morphogenesis.     H.E. Johnson1, S.Y. Shvartsman2,3, J.E. Toettcher1  1) Molecular 

Biology, Princeton University, Princeton, NJ; 2) Chemical and Biological Engineering, Princeton University, Princeton, NJ; 3)  The 

Lewis Sigler Institute  for Integrative Genomics, Princeton University, Princeton, NJ.  

   The direct role played by Ras/Erk signaling in cell growth and differentiation has long been appreciated. In contrast, the 

relationship between Ras signaling, cell motility and tissue -level morphogenesis is complex and has remained poorly defined. 

Here, we set out to precisely map how the Ras/Erk pathway contributes to one morphogenetic event: collective cell 

movement during gastrulation in the early Drosophila embryo. Using precise optogen etic control of Ras we found that its 

pathway is sufficient to induce cells to adopt a contractile cell fate at nearly any illuminated location within the embryo, and 

where contraction is precisely timed to the onset of gastrulation. Light -stimulated tissu e mimics the gene expression and 

physical organization of the posterior midgut (PMG), a tissue normally patterned by the Torso receptor tyrosine kinase. We 

define the transcriptional network by which Erk programs PMG cell fate, leading to the accumulation of apical myosin and 

tissue contraction at gastrulation. By systematically varying the timing and duration of Erk activity, we found that PMG cell  

fate is determined by the cumulative load of Erk activity delivered over a two hour window in early embryogen esis, revealing 

a previously unknown long -term memory of signaling that spans multiple nuclear division cycles. Our work mechanistically 

defines an Erk -dependent cell fate choice and establishes a model system for interrogating how signaling pathway activi ty can 

program large -scale changes in tissue organization in vivo.  

151    Dynamic 3D tissue architecture directs BMP morphogen signaling during Drosophila  wing 

morphogenesis.     Martin Kracklauer 1, Jinghua Gui1, Daniel Toddie -Moore 1, Yunxian Huang 1, Kenji Kikushima 1, Stephanie Nix 2, 



Yukitaka Ishimoto 2, Osamu Shimmi 1  1) Biotekniikan Instituutti, Helsingin Yliopisto, Helsinki, FI; 2) Department of Machine 

Intelligence and Systems Engineering, Akita Prefectural University, Akita, Japan.  

   At the lev el of organogenesis, tissue morphogenesis drives developmental processes in animals, often involving the 

formation of complex three -dimensional tissue architectures from simpler two -dimensional structures. These processes can 

be directed by growth factor s ignaling pathways. However, little is known about how morphological changes affect the 

spatiotemporal distribution of growth factor signaling. Using live and fixed tissue imaging and in algorithmo  modeling 

approaches in the Drosophila pupal wing, we addres s how Decapentaplegic (Dpp) / Bone Morphogenetic Protein (BMP) 

signaling and three -dimensional wing morphogenesis are linked. Our data indicate that Dpp, expressed in the longitudinal 

veins (LVs) of the pupal wing, spreads laterally throughout both dorsal and ventral epithelia during wing inflation to regulate 

wing size. Thereafter, the Dpp signal becomes refined to the LVs within each epithelium, and actively trafficks between the 

two epithelia to further refine vein patterning when the two epithelia appos e. Our data suggest that the three -dimensional 

architecture of the wing epithelia directs the switch from lateral to interplanar Dpp signaling, providing novel insights int o 

how three -dimensional morphogenesis occurs during organ development.  

152    ɄTetheredɅ Wingless (Nrt-Wg) is released and signals at a distance, consistent with Wg function as a 

morphogen.     S. Petshow, M. Wehrli   Integrative Biosciences, Oregon Health and Science University, Portland, OR.  

   Cell-cell communication by the Wnt signali ng pathway is critical during development, stem cell maintenance, and 

pathogenesis.   A key question about how Wnts function is whether Wnt -secreting cells only signal to their immediate 

neighbors or whether in some instances Wnt must signal at a distance. Alexandre et al. (Nature 505, 180 -185) used 

membrane -tethered Wingless (Nrt -Wg) inserted into the wg locus to address this question. Surprisingly, with Nrt -Wg as the 

only source of Wg, animals were reportedly fully rescued. The authors concluded that long -range signaling by diffusible Wg 

was not required at any stage of development.   

However, for this conclusion to be correct, Nrt -Wg expressing cells must not release any fragments of Nrt -Wg or, if released, 

Wg must not be functional. As neither of these que stions was stringently explored, we examined Nrt -Wg expressed from the 

endogenous locus, as well as expressed ectopically. Immunostained imaginal discs were cryosectioned and subjected to high -

resolution imaging to reveal the protein distribution across th e entire depth of the epithelium.   As reporters for signaling, we 

used the Wg -target genes Distal -less (Dll) and Senseless (Sens). We also utilized bi-molecular fluorescence complementation 

(BiFC) as a more sensitive and rapid indicator for Wg pathway acti vation developed in the lab, wherein inactivation of the 

Armadillo/ƽ-catenin destruction complex induces fluorescence.  

We find that Nrt -Wg induces Sens and Dll in adjacent cells but not beyond, consistent a previous report (Zecca et al. Cell 87, 

833-844). We then tested for release of Wg by Nrt -Wg expressing cells. Extracellular Wg was detected, as well as intracellular 

Wg, which co-stained for Wg (antibody 4D4) and the HA -tag contained in Nrt -Wg. Importantly, our BiFC reporter indicates that 

Wg pathway act ivation occurs away from Nrt -Wg expressing cells. We conclude that Nrt -Wg is not strictly confined to 

expressing cells but functional Wg is released allowing for long -range signaling. Nrt -Wg ɄrescueɅ flies display aberrant 

patterning, reduced viability and  sterility, indicating that normal development requires higher levels of secreted Wg and 

supports the notion that Wg/Wnts function as morphogens.  

153    Damage -Activated Regeneration Enhancers (DAREs) permit control of regenerative capacity independent of  the 

developmental program in imaginal discs.     R. Harris1, I.K. Hariharan 2  1) School of Life Sciences, Arizona State University, 

Tempe, AZ; 2) University of California, Berkeley, CA.  

   Many organisms lose the ability to regenerate as they mature. Dama ged Drosophila imaginal discs regenerate efficiently 

early in the third larval instar (L3), but progressively lose this ability as they proceed through development. This loss of 

regenerative capacity correlates with reduced damage -responsive expression of multiple genes, including those regulating 

the regrowth and re -patterning of the tissue, such as Myc, MMP1, and WNT signaling. These genes also have essential roles in 

the development of the imaginal disc, and so until recently it was unclear how their reg enerative response can be selectively 

inhibited without compromising their normal developmental expression in undamaged discs. Our previous work found that 

the expression of two WNT genes, wg and WNT6, during regeneration requires a bipartite Damage -Activated Regeneration 

Enhancer, or DARE, whose activity declines during L3 as a result of highly localized epigenetic silencing at the enhancer, 

leading to a progressive loss of regenerative WNT expression. As the silencing is localized specifically to the DARE , this 

mechanism limits their activation solely in the context of regeneration, without affecting WNT expression directed by normal 

developmental signals.  

 

Here we extend these findings, revealing that MMP1 is a key regeneration factor that is regulated by  an equivalent DARE. This 

enhancer has a comparable bipartite structure and is inactivated by a similar localized loss of chromatin accessibility in 

mature tissue. Using a novel ablation system that allows direct genetic manipulation specifically of blaste ma cells, we show 

that alteration of MMP1 levels can augment the regenerative response, while knockdown of certain epigenetic silencing 

regulators in regenerating cells significantly improves regeneration of mature tissues. Analyzing whole -genome chromatin  

accessibility and transcriptional changes using ATAC -seq and RNA-seq we further show that potential DAREs are widespread 



throughout the genome, and likely regulate multiple factors that, similar to MMP1 and the WNT genes, have essential roles in 

both deve lopment and regeneration.  

 

Thus, we propose a model in which the expression of multiple genes under the control of their cognate DAREs enables an 

organism to activate a coordinated program of gene expression that leads to regeneration. A mechanism of epige netic 

silencing that is localized to the DAREs, and therefore does not affect coding regions and developmentally -regulated 

enhancers, enables an organism to shut off the capacity to regenerate while preserving the functions of those same genes in 

normal de velopment  

154    M1BP, a master regulator of housekeeping genes, functions with TRF2 and a coactivator that has glutathione S 

transferase activity.     D.S. Gilmour, D.G. Baumann  Biochemistry and Molecular Biology, Penn State University, University 

Park, PA.  

   M1BP is a transcriptional activator that associates with core promoter region of approximately 3000 actively transcribed 

genes in Drosophila. The majority of these genes are ubiquitously expressed throughout development and have elevated 

levels of paused Pol II in the promoter proximal region. In addition, their gene bodies are highly occupied by an ordered array 

of nucleosomes. Given that these genes account for almost 40% of the active genes in Drosophila, metagene analyses that fail 

to take into account the unique features of M1BP -associated genes could lead to erroneous conclusions. To gain insight into 

mechanisms by which M1BP activates transcription, we have identified and characterized proteins that interact with M1BP. 

This lead to the discove ry that M1BP functions at ribosomal protein genes to recruit the TBP -related factor, TRF2, to the 

promoters. Moreover, ChIP -exo analysis reveals that TAF1, the largest subunit of TFIID, co -occupies ribosomal promoters with 

TRF2 suggesting that TRF2 might substitute for TBP in a TFIID -related complex. We have also discovered an M1BP coactivator 

called GFZF. GFZF has been detected as a hit in numerous genetic and RNAi -mediated screens. ChIP -exo analysis reveals that 

GFZF binds the promoter region of over one thousand actively expressed genes and that almost all of these genes are co -

occupied by M1BP. Reporter gene assays and chromatin immunoprecipitation (ChIP) experiments following RNAi -mediated 

depletion of GFZF reveal that GFZF functions as a transcriptiona l co-activator. In addition, we demonstrate that GFZF is a 

glutathione S -transferase with affinity for glutathione at a physiologically relevant level. GFZF is the first transcriptional co -

activator with intrinsic GST activity to be identified, and its ide ntification as a transcriptional co -activator provides an 

explanation for its role in numerous biological processes. GFZF might also provide means by which the cell can link the 

oxidation state of the cell to expression of housekeeping genes such as the ri bosomal protein genes.  

155    Promoter proximal pausing as a possible mechanism for transcriptional regulation by HP1 paralogs.     S. John, 

N.C. Riddle  Biology, University of Alabama -Birmingham, Birmingham, AL.  

   Developing a comprehensive understandin g of the components of heterochromatin is key in appreciating inheritance of 

chromatin states. The protein HP1a is central in the formation of heterochromatin through its role in the propagation of H3K9  

methylation and establishing a phase -separated enviro nment between heterochromatin and euchromatin. However, HP1a 

and its paralogs are also observed to have transcription regulating properties and are known to bind transcription start site s. 

These additional functions of HP1 proteins likely contribute to the  differential expression in a subset of genes between wild 

type and HP1 paralog knockout mutant Drosophila strains. Here, we investigate one possible mechanism for how HP1 

proteins regulate transcription by studying their relationship with RNA polymerase I I. We found significantly increased 

promoter proximal pausing in transcripts bound by HP1 paralogs in wild type third instar larvae and S2 cells using available 

ChIP-Seq, ChIP-chip and GRO-Seq data. Furthermore, transcripts bound by HP1 paralogs had dimini shed pausing in relevant 

knockout strains when compared to wild type, suggesting HP1 paralogs may interact with RNA polymerase II to regulate gene 

expression. These results help to broaden current understanding of the function of HP1 paralogs through chara cterizing their 

activity at transcription start sites.  

156    Context matters: chromatin context effects Polycomb domain formation and function.     Sandip De, Yuzhong 

Cheng, Ming-an Sun, Judith Kassis  NICHD, NIH, BETHESDA, MD.  

   Polycomb group proteins  (PcGs) are critical for genome organization, development and stem cell regeneration. PcG proteins 

were first identified in Drosophila as repressors of homeotic genes and form large repressed chromatin domains marked with 

H3K27me3. Polycomb group response elements (PREs) are DNA-elements that recruit Polycomb proteins (PcG) to chromatin 

and are thought to initiate PcG domain formation. One big question in the chromatin field is how large domains are formed, 

maintained and organized within in the 3D structur e of the nucleus.  

     In vivo deletion of the four -characterized strong PREs from the PcG regulated invected-engrailed (inv-en) gene complex did 

not disrupt the formation of the Polycomb domain and did not affect inv-en expression in embryos or larvae. Fu rther, the 3D -

structure of the inv-en domain was only minimally altered by the deletion of the strong PREs. ChIP -seq with PcG proteins 

identified many small but statistically significant PcG peaks that function as weak PREs in the genome. These weaker PREs  are 

sufficient to establish and maintain the Polycomb domain over the endogenous locus. This shows the redundancy and 

resiliency of PcG recruitment at the endogenous locus. In contrast, PcG recruitment to a 79kb -inv-en transgene depends on 



the strong PREs; the H3K27me3 level was reduced when the strong PREs were deleted from the transgene. We also observed 

severe abdominal defect in the transgenic line in the absence of the en strong PREs and due to the tissue specific mis -

expression of en. In the presence of strong PREs, the 79kb -inv-en transgene was able to set up a 3D PcG domain similar to 

endogenous inv-en PcG domain. In the endogenous locus, spreading of the H3K27me3 mark is stopped by the ubiquitous 

transcription of flanking reporter genes.  In contrast, the transgenic H3K27me3 repressive mark spreads over flanking genes, 

except where there is active transcription. Further, unlike in the endogenous locus, genes flanking the inv-en DNA come to be 

regulated like en.  Our data show that g ene organization plays a key role in regulating gene expression in development.  

157    Multiple roles for insulator complex LBC in regulating gene expression in Drosophila at the local and global 

levels.     A. Kurbidaeva1,2, E. Schedl1,2  1) Princeton Uni versity, Princeton, NJ; 2) Institute of Gene Biology, Russian Academy of 

Sciences, Moscow, Russia.  

   Chromatin structure influences gene expression on a local level by regulating the expression patterns of individual genes, 

and on a global level by chang ing the activity of large gene domains or even entire chromosomes. Local regulation depends 

upon pairing interactions between boundary elements (insulators) that modulate the topology of individual chromatin 

domains to either prevent or facilitate regulato ry interactions.   Globally, multi -gene complexes or even entire chromosomes 

can experience coordinated epigenetic changes. Examples of global regulation include repression of the fly homeotic gene 

complexes by PcG silencing and the upregulation X -chromosom e gene expression by MSL complexes. Like the formation of 

local chromatin domains, these global mechanisms depend upon chromosome architectural elements.  

MSL complexes exploit the pre -existing X-chromosome topological organization. This organization depend s special elements 

called Chromatin Entry Sites (CES) that are distributed along the X -chromosome. While CES were initially shown to orchestrate 

MSL X-chromosome recruitment, recent studies indicate that CES are boundaries of topological domains. Likewise,  a large 

network of contacts between Polycomb response elements (PREs) in different PcG target loci has been discovered in genome -

wide studies. Like the CES, this 3D architecture is thought to facilitate the recruitment and/or functioning of PcG proteins.  

Thus, the MSL and PcG chromatin modifying complexes would appear to share a similar dependence upon chromosome 

architecture and chromosome architectural elements.  

While it has been proposed that pairing interactions between CES or PREs determines the highe r-order organization of their 

regulatory targets, the mechanism mediating the pairing of these elements is unknown. In fact, the core MSL and PcG 

proteins donɅt have architectural functions, and donɅt even bind directly to DNA.  For this reason we sought t o identify the 

factor(s) that confers the architectural functions of CES and PREs. We find that a large 1000 kD complex, called the LBC, is 

responsible for the architectural functions of CES and PREs. The LBC has previously been shown to be required for th e 

architectural functions of two BX -C boundaries, Fab -7 and Fab-8.  The LBC binds to a subclass of CES that have multiple Msl 

Recognition Sequences (MREs).  Mutations that disrupt LBC binding in vitro abrogate CES function in vivo. T The LBC also 

binds to PREs from BX-C, engrailed and eve, and mutations which disrupt LBC binding in vitro abrogate PcG dependent 

silencing in vivo.   We propose that the architectural functions of LBC provide a scaffold for the efficient recruitment and 

subsequent spreading of t he MSL and PcG complexes, facilitating the epigenetic regulation of transcription.  

158    A DNA/RNA dual activity topoisomerase regulates transcription through distinct mechanisms .     S. Lee1, Y. Xue1, 

W. Shen1, Y. Zhang1, Y. Joo1, S. Su1, M. Chinen 2, W. Ku3, Y. Ding3, K. Becker1, E. Lei2, K. Zhao3, A. Sharov1, W. Wang1  1) National 

Institute on Aging, NIH, Baltimore, MD; 2) National Institute of Diabetes and Digestive Kidney Diseases, Bethesda, MD; 3) 

National Heart, Lung and Blood Institute, National In stitutes of Health, Bethesda, MD.  

   Topoisomerases are essential enzymes that resolve topological stress during DNA metabolism. We have recently 

demonstrated that many Type IA topoisomerases from all three domains of life are dual -activity topoisomerases  that can 

catalyze reactions on not only DNA, but also RNA. ϥn animals, one of the two Type ϥA topoisomerases, Top3ƽ, possesses dual 

activities. Top3ƽ is the major mRNA-binding topoisomerase, and it stably associates with mRNA translation machinery. 

Current evidence suggests that Top3ƽ forms a complex with TDRD3 (Tudor domain containing 3); and this complex can 

facilitate DNA transcription by reducing formation of R -loops, as well as regulate mRNA translation by interacting with mRNA -

binding proteins, FMRP (Fragile X Mental Retardation syndrome Protein) and exon -junction complex. Mutation of Top3ƽ has 

been linked to schizophrenia, autism, and intellectual disorders. However, how Top3ƽ acts in DNA or RNA metabolic reactions 

remains largely unclear. Here we an alyzed Top3ƽ function in Drosophila, and found that it regulates transcription through 

distinct mechanisms.  

ϥn the first mechanism, we found that Top3ƽ biochemically and genetically interacts with the RNAi-induced silencing complex 

(RISC). Position effect variegation assay (PEV) shows that Top3ƽ and RISC mutants are both defective in heterochromatin 

formation and transcriptional silencing; and this defect is largely suppressed in their double mutants. Moreover, ChIP -seq 

assay shows that both Top3ƽ and RISC single mutant flies exhibit reduced levels of heterochromatin protein HP1 in 

pericentric and telomeric heterochromatin; and the reduction in pericentric heterochromatin is also suppressed in their 

double mutant. Furthermore, expression of several genes and  transposable elements within telomeric heterochromatin is 

increased in the Top3ƽ mutant. Our data demonstrate that a dual -activity topoisomerase can work with siRNA machinery to 

promote heterochromatin formation and transcriptional silencing. In the secon d mechanism, our ChIP -seq assay revealed 



that Top3ƽ directly bind specific genes in euchromatin, and its binding sites often overlap with those of FMRP and RNA 

Polymerase II (PolII). Notably, many genes co -bound by Top3ƽ and FMRP in fly heads show reduced Pol II binding and lower 

levels of transcripts in Top3ƽ mutant flies, indicating that Top3ƽ enhances transcription of these genes. Together, our data 

demonstrate that a dual -activity topoisomerase can regulate transcription through two distinct mechanisms:  to silence gene 

expression by interacting with the siRNA machinery to promote heterochromatin formation, and to enhance gene expression 

by increasing amount of Pol II on DNA.  

159    Activating and repressing stochastic gene expression between chromosomes .    E. Urban, C. Chernoff, K. Viets, S. 

Tran, R. Johnston  Biology, Johns Hopkins University, Baltimore, MD.  

   Cell fate specification during development is often thought of as a highly reproducible process, such that tight regulation o f 

gene expression determines precise cell fates. Cellular diversity can also arise from stochastic gene expression, as in the 

specification of bacterial competence states, visual and olfactory receptors, motor neuron subtypes, immune cells and stem 

cells. In flies, a stochastic fate choice in the R7 photoreceptors of the retina is controlled by the transcription factor Sp ineless 

(Ss). Stochastic expression of ss is controlled by a complex cis-regulatory logic including a promoter, two activating enhancers, 

and two repressing silencers, resulting in a Ss ON state in 65% of R7s. Homologous chromosome pairing in flies enables 

interchromoso mal communication (InterCom), in which alleles of ss act between chromosomes to upregulate or 

downregulate  ss expression frequency. However, the mechanisms that regulate gene expression between chromosomes are 

poorly understood. Here we show that InterCom between natural variants of ss with high or low ss expression frequencies 

yields intermediate ratios of Ss ON to SsOFF cells, providing a biological role for transvection -like regulation in ensuring proper 

generation of the photoreceptor mosaic. Interchromo somal activation is mediated by an intact enhancer and promoter on 

the same chromosome, suggesting that looping in cis promotes gene activation in trans. In addition, the ss silencer represses 

endogenous ss expression when translocated to the X chromosome.  This repression requires the presence of intact X and 3 rd  

chromosomes, indicating that trans-repression is achieved through a chromosomal paring mechanism. Our findings provide 

mechanistic insight into how activation and repression between chromosomes ave rages stochastic on/off gene expression 

between alleles.  

160    LlamaTags: A genetic tool to visualize rapid transcription factor dynamics in living embryos.     Jacques Bothma, 

Matthew Norstad, Hernan Garcia   UC Berkeley, Berkeley, CA.  

   Embryonic cells have their fates defined by transcription factors that are rapidly deployed, yet attempts to visualize these 

factors in vivo often fail because fluorescent protein fusions mature too slowly. To overcome this limitation we pioneered a 

protei n tag, LlamaTag, which circumvents this maturation limit by binding already mature fluorescent proteins, making it 

possible to visualize transcription factor concentration dynamics in living embryos. Implementing this approach in Drosophila  

melanogaster, w e discovered stochastic bursts in the concentration of the Fushi Tarazu protein that are caused by bursts in 

transcription. We further used LlamaTags to show that the concentration of protein in a given nucleus depends on 

transcription of that gene in neig hboring nuclei; we speculate that this is an important mechanism for producing robust gene 

expression patterns in the fly embryo. Thus, LlamaTags now make it possible to quantify the flow of information along gene 

regulatory networks, at the single -cell level, in living embryos.  

161    VEGF/Pvf1 mediated muscle -oenocyte communication regulates systemic lipid homeostasis.     Arpan Ghosh, 

Norbert Perrimon   Genetics, Harvard Medical School, Boston, MA.  

   Physical activity and improved skeletal muscle health  can both prevent and ameliorate the pathophysiological effects of 

obesity. Somatic muscle (SM) -derived signaling molecules (myokines) are proposed to play a central role in mediating these 

beneficial effects. Yet the identity of many muscle -derived hormon al signals, their physiological roles and mechanistic details 

of their action(s) remain poorly understood. The vertebrate VEGF ligands VEGF -A/B encode for putative myokines. Both VEGF -

A/B have been implicated in regulating lipid metabolism by affecting vas cularization of white adipose tissue (WAT) and lipid 

transport across endothelial cells. However, whether muscle VEGFs can regulate lipid metabolism by directly signaling to 

metabolically active organs like the WAT and liver, or by mediating cross -talk bet ween these organs is not known. Here we 

report that the Drosophila PDGF/VEGF orthologue Pvf1 is an activity -induced myokine that regulates systemic lipid 

homeostasis by signaling to the fly liver like cells called oenocytes. Muscle specific knock down of pvf1 causes increased 

accumulation of neutral lipids in the fly adipose tissue and oenocytes indicating a role for muscle -derived Pvf1 in systemic 

lipid homeostasis. Pvf signaling in flies is mediated by a single VEGFR ortholog, PvR. Anti -PvR immunostaining  show that the 

protein is most abundantly present in the oenocytes. Interestingly, inhibiting PvR signaling only in the oenocytes, and not i n 

the adipose tissue or muscle, by expressing a dominant -negative PvR (PvRDN) can phenocopy both the adipose tissue and 

oenocyte lipid accumulation phenotypes. These results show that muscle Pvf1 most possibly signals to the oenocytes to 

regulate systemic lipid homeostasis. Anti -Pvf1 staining of fly leg muscles show that Pvf1 is abundantly stored in the leg 

muscles and is localized at the H/Z bands. Such localization has been reported for transcription factors that can sense muscle 

activity and therefore indicates a role for muscle activity in Pvf1 release. Consistently, flies over -expressing pvf1 in the muscle 

showed in creased sensitivity to exercise mediated loss of stored lipids, indicating that muscle Pvf1 is released in response to 



activity and subsequently affects systemic lipid metabolism. These results, along with any new data further characterizing th e 

muscle -oenocyte Pvf1 signaling axis and determining the mechanism by which oenocyte Pvf1 signaling regulates lipid 

metabolism, will be presented.  

162    Lipid droplets: Novel mediators of antibacterial immunity in Drosophila .    S. Harsh, Y. Ozakman, I. 

Eleftherian os  Biological Sciences, George Washington University, Washington, DC.  

   Lipid droplets (LDs) are specialized organelles which are mainly involved in lipid metabolism. Recent evidence indicates that  

LDs perform additional functions through participating in certain interactions with pathogenic microbes. However, the exact 

nature of these interactions and the role of LDs in promoting host immune protection remain currently unexplored. 

Drosophila has served as an outstanding model for dissecting the molecula r basis of innate immunity and lipid metabolism 

and analyzing the relationship between these important biological processes. Here we show that bacterial infection impairs 

lipid metabolism in Drosophila adult flies. The impairment is characterized by enlargement of LDs in the primary immune 

organ, the fat body, enhanced accumulation in the gut, and ectopic accumulation in the Malpighian tubules. The bacterial -

induced accumulation of LDs can be mimicked by  constitutive activation of the immune signaling pathways Toll, Imd and 

Jak/Stat, which are responsible for the induction of antimicrobial peptides and other effector molecules upon infection. The 

enhanced accumulation of LDs is further linked to the misre gulated expression of lipolytic machinery in both flies infected 

with bacteria and flies with genetically activated immune signaling. Finally, we show that flies with reduced lipid accumulat ion 

display increased bacterial burden, which is accompanied by en hanced susceptibility to bacterial infection. Our results show 

for the first time that the immune role of LDs is also conserved in Drosophila. Such findings generate novel insights into the 

capacity of the innate immune system and lead to the identificatio n of previously unknown regulators of the host 

antibacterial immune response.  

163    Mechanisms underlying peripheral insulin resistance and metabolic dysfunction caused by chronic immune 

activation.     B.A. Martinez, R.G. Hoyle, M.L. Bland  Pharmacology,  University of Virginia, Charlottesville, VA.  

   Innate immune signaling through Toll receptors in the larval fat body inhibits insulin signaling and shifts metabolic 

pathways to decrease nutrient storage, perhaps to channel energy toward fighting infecti on. Insulin signaling promotes 

nutrient storage and whole -animal growth, while activation of Toll receptors during infection or genetic manipulation 

stimulates anti -microbial peptide synthesis. Chronic immune activation via expression of constitutively -active Toll10b receptors 

in the larval fat body decreases whole -animal growth and triglyceride levels while increasing fat body glycogen levels with no 

change in hemolymph trehalose or glucose. We measured transcript levels of genes that encode important lipo genic 

enzymes in fat bodies isolated from larvae with active fat body Toll signaling and GFP -expressing controls. Transcript levels of 

the master lipogenic regulator, Sterol Regulatory Element Binding Protein 1 (SREBP1), were doubled in fat bodies with act ive Toll 

signaling compared with controls. We detected similar levels of fatty acid synthase (FAS) and acetyl-CoA carboxylase (ACC) 

transcripts in both groups. Surprisingly, transcript levels of easily shocked (eas), an ethanolamine/choline kinase homolog,  

were increased six -fold in fat bodies with active Toll signaling. These data suggest that reduced triglyceride levels in larvae 

with Toll signaling are not due to impaired fatty acid synthesis, but that fatty acids are incorporated into phospholipids at  the 

expense of triglyceride synthesis. Thin layer chromatography of isolated lipids from Toll 10b- or GFP-expressing fat bodies show 

reduced triglyceride but elevated phosphatidylcholine in the Toll samples. We hypothesize that the reason for this metabolic 

switch leading to lipid incorporation into phospholipids rather than triglycerides is due to the demand of the endoplasmic 

reticulum (ER) to grow in size. The ER must produce antimicrobial peptides to mount an immune response for survival. This 

increase in  ER size to accommodate the increase of inflammatory molecules is similar to mammalian B cells maturing into 

plasma cells to produce antibodies during infection. Due to the evolutionary conservation between the Toll and insulin 

signaling pathways in flies and mammals, it makes sense that the induction of ER biogenesis requires a high metabolic 

demand from the animal. In summary, our goal is to understand how chronic immune activation in the fat body can lead to 

metabolic dysfunction.  

164    Non -canonical a utophagy controls steroid hormone synthesis and developmental timing by regulating 

cholesterol trafficking.     Xueyang Pan1,2, Michael O'Connor 1  1) Department of Genetics, Cell Biology and Development, 

University of Minnesota, Minneapolis, MN; 2) Molecula r, Cellular, Developmental Biology and Genetics Program, University of 

Minnesota, Minneapolis, MN.  

   Endocrine system producing steroid hormones takes dominant control on the juvenile -to-adult transition like puberty in 

mammals and metamorphosis in insec ts. However, how nutritional status affects this process is not fully understood. 

Macroautophagy (hereafter autophagy), a common effector responding to systemic nutrient level, has been proved crucial for 

the development and function of endocrine organs, b ut no functioning mechanism was studied. Here we show that non -

canonical autophagic process occurs in the major endocrine organ of Drosophila larva, the prothoracic gland (PG), and 

modulates metamorphic timing by regulating cholesterol trafficking. Autopha gy in PG (APG) is stimulated by nutrient 

restriction (NR) at early L3 stage, but later turns uninducible in late L3 stage. Blocking APG causes precocious pupariation and 

higher systemic ecdysone (E) level during NR, while forced APG induction abrogates E p roduction and delays pupariation in 



well -fed larvae. This proves that APG disrupts E production and pupariation activity. To our surprise, the developmental 

defects caused by forced APG induction can be rescued by cholesterol feeding. Further, the autophag osomes contain 

cholesterol and colocalize with cholesterol trafficking effector NPC1a, suggesting that APG is involved in cholesterol 

metabolism. Using live imaging approach, we saw dynamic formation of Atg8 marked tubular network upon NR treatment, 

which is not commonly observed in autophagy process. Further, the autophagosomes overlap with Rab7 -marked late 

endosomes but not LAMP -marked lysosomes, and blocking auto -endolysosome trafficking does not disrupt the acidification 

of autophagosomes, suggesting a non -canonical autophagic flux. In all, our findings uncover a novel form of autophagy that 

processes cholesterol metabolism in steroid hormone producing endocrine organ and thus modulates hormone synthesis 

and development.  

165    Pigment -dispersing factor  signalling functions in the Drosophila  prothoracic gland to regulate body size and 

developmental timing.     M.J. Saligari1, M.A. Henstridge 1, T.K. Johnson1,2, C.K. Mirth1, C.G. Warr1,2  1) School of Biological 

Sciences, Monash University, Clayton VIC, Aus tralia; 2) Australian Research Council Centre of Excellence in Advanced 

Molecular Imaging, Monash University, Clayton VIC, Australia.  

   The rate and duration of growth in animals is coordinated by endocrine systems which produce secreted peptide hormones  

and steroid hormones. In insects, developmental transitions are regulated by pulses of production of the steroid hormone 

ecdysone in the larval prothoracic gland (PG). Multiple environmental factors and signaling pathways regulate ecdysone 

production. To find new regulators of growth we used RNAi to knockdown a set of candidate neuropeptide and growth factor 

receptors in the PG using phantom -Gal4. We found that knocking down Pigment -dispersing factor receptor (PdfR) caused a 

severe developmental delay and increased adult weight. PdfRnull mutants are also developmentally delayed and have 

increased body size, but these phenotypes are much less severe than with PG -specific PdfR loss. PdfR is the receptor for 

pigment -dispersing factor (Pdf), a neuropeptide well known as a regulator of fly circadian rhythms. Although it is known that 

the Pdf neurons innervate the PTTH neurons to supply circadian input into PTTH release 1, this does not explain the delay we 

observed, which suggests that PdfR has a separate role in the PG. We investigated whether PdfR function is required in the 

PG to regulate ecdysone biosynthesis by several methods. Firstly, the developmental delay of phm>PdfRRNAi larvae is 

completely rescued by feeding larvae ecdysone (20E). In addition, ecdysone titres in phm>PdfRRNAi larvae are significantly 

reduced, between 34 hr and 50 hr after L3 ecdysis (AL3E), when compared with both phm-Gal4 and UAS-PdfRRNAi controls. 

Finally, the transcription of at least one of the ecdysone biosynthetic genes (dib) is perturbed in phm>PdfRRNAi larvae compared 

with time -matched controls. Overall, these results reveal a novel function for PdfR in regulating ecdysone biosynthesis in 

Drosophila, which is independent of the well -characterised role for PdfR in regulating circadian rhythms.  

1. Myers, EM, Yu, J, Sehgal, A (2003) Circadian control of eclosion: Interaction between a central and peripheral clock in 

Drosophila melanogaster. Current Biology 13, 526-33.  

166    Allatostatin -A promotes larval developmental progression.     N.M. Romero1, D. Deveci1, F.A. Martin2, P. Leopold1  1) 

University Côte dɅAzur, CNRS, ϥnserm, ϥnstitute of Biology Valrose, Nice, FR; 2) Cajal ϥnstitute, Madrid, Spain.  

   The onset of puberty occurs in response to the integration of many internal homeostatic and external signals. However, it 

remains largely unknown which internal sensory mechanisms are involved in coupling those signals. In mammals, onset of 

puberty is ass ociated with high GnRH pulsation leading to a peak of steroid hormones. The Kisspeptin system is a pivotal 

upstream regulator of GnRH producing neurons. In Drosophila melanogaster a peak of prothoracicotropic hormone (PTTH) is 

the first signals to activate  the cascade of events leads to the production of the insect steroid hormone ecdysone. If PTTH 

production is blocked, a delay is observed in the onset of the transition from juvenile to adult whereas precocious maturatio n 

occurs upon PTTH over -expression, denoting an important role for PTTH neurons in the integration of cues.  

In order to uncover signals integrated by the PTTH neurons we have conducted a RNAi screen in the PTTH neurons. We 

identified the GPCR Allatostatin -A receptor (AstA -R) as a positive regulator of the PTTH neurons. AstA -R is express not only on 

the PTTHn but also on the Drosophila insulin producing cells (IPCs). AstA -R knock-down on PTTHn delays maturation whereas 

knock -down on the IPC leads to smaller pupas due to a reduction on its grow th rate. We found that its ligand, Allatostatin -A 

(AstA) is produced in the central brain by a bilateral pair of neurons that extend their axons towards the PTTH and IPCs 

dendrites. Down regulation of AstA on the brain is also affecting timing and growth r ate suggesting that AstA neurons 

promote larval developmental progression by stimulating initially growth and after maturation timing. Unexpectedly, AstA -R 

and AstA peptide genes share a common evolutionary origin with Kisspeptin receptor and ligand, sugge sting a common 

mechanism between insects and mammals for integrating signals that control the onset of puberty.  

167    The Drosophila mitochondrial citrate transporter regulates L -2-hydroxyglutarate accumulation by coupling the 

tricarboxylic acid cycle with glycolysis.     Hongde Li, Alexander Hurlburt, Jason Tennessen   Department of Biology, Indiana 

University, Bloomington, IN.  

   The two enantiomers of 2 -hydroxyglutarate (2HG) have emerged as potent regulators of metabolism, chromatin 

modifications, cell differentiation, and immune cell fate. While these compounds are commonly associated with tumor 

metabolism and referred to as oncometa bolites, neither D -2HG nor L-2HG is tumor specific and both molecules are also 



synthesized under physiological conditions. The metabolic mechanisms that control 2HG accumulation in healthy cells, 

however, remain poorly understood and most studies focus on ectopic 2HG accumulation in cancer cells, where neomorphic 

mutations in isocitrate dehydrogenase 1/2 induce D -2HG accumulation. In order to study endogenous 2HG metabolism, we 

recently demonstrated that Drosophila larvae accumulate very high levels of L -2HG, thereby establishing the fly as a new 

genetic model for studying these oncometabolites. In this regard, our current studies are focused on an inborn error of 

metabolism known as the combined D - and L-2HG aciduria, which is caused by mutations in the mit ochondrial citrate 

transporter (MCT).   Patients with MCT mutations accumulate high levels of both D - and L-2HG, and exhibit severe 

developmental defects. The mechanism by which MCT controls 2HG metabolism, however, remains unknown. Here we used 

a targeted metabolomic approach to demonstrate that 2HG levels are also elevated in Drosophila MCT mutants, indicating 

that we can use the fly to study the mechanisms that underlie this disease. Indeed, our studies revealed that Drosophila MCT 

mainly regulates L -2HG accumulation by controlling glycolysis. MCT mutants exhibit enhanced glycolytic flux and lactate 

production. As a result, elevated lactate levels promote L -2HG synthesis and inhibit L -2HG degradation, leading to increased 

L-2HG accumulation. Thus, our find ings reveal a novel mechanism that regulates L -2HG buildup and hints at a potential 

metabolic therapy for treating patients with 2HG aciduria caused by MCT deficiency.  

168    Regulation of Mitochondrial Complex I Biogenesis in Drosophila Flight Muscles.     C Garcia1, J Khajeh1, E Coulanges1, 

E Chen2, E Owusu-Ansah1,3  1) Department of Physiology and Cellular Biophysics, Columbia University Medical Center; 2) 

Department of Pharmacology, Columbia University Medical Center; 3) The Robert N. Butler Columbia Ag ing Center, Columbia 

University Medical Center.  

   The flight muscles of Drosophila are highly enriched with mitochondria, but the mechanism by which Mitochondrial 

Complex I (CI), which has over 40 subunits, is assembled in this tissue has not been descri bed. We report the mechanism of CI 

biogenesis in Drosophila flight muscles; and show that it proceeds via the formation of ~315 -, ~370-, ~550-, and ~815 kDa CI 

assembly intermediates. Additionally, we define specific roles for several CI subunits. In parti cular, we show that NDUFS5 is 

required for converting a transient CI assembly intermediate (an ~700 kDa assembly intermediate) into the ~815 kDa 

assembly intermediate. Importantly, incorporation of NDUFS5 into CI is necessary to stabilize or promote incorp oration of 

NDUFA10 into the complex. Our findings highlight the potential of studies of CI biogenesis in Drosophila to uncover novel 

mechanisms of CI assembly, and establish Drosophila as a suitable model organism for addressing questions relevant to CI 

biogenesis in humans.  

169    Phosphorylation of septin protein Pnut is important during early stages of embryonic development in 

Drosophila .    K. Akhmetova1,2, M. Balasov1, I. Chesnokov1  1) University of Alabama at Birmingham, Birmingham, AL; 2) The 

Insti tute of Cytology and Genetics, Novosibirsk, Russia.  

   Septins belong to a family of polymerizing GTP binding proteins that are essential for cytokinesis in many organisms and are 

recognized as important components of the cytoskeleton.  Drosophila melanogaster has five septins, three of which, Pnut, Sep1 

and Sep2, form a heteromeric complex. We found that septin Pnut is phosphorylated during the first two hours of Drosophila 

embryo development. Mass spectrometry has identified that the phosphorylation occur s at the extreme C -terminus of the 

protein on amino acids T509 and S517. Using the method of P -element excision we obtained new pnut  null allele ɀ pnutmut1 ɀ 

that allowed us to investigate the role of Pnut phosphorylation during embryogenesis. Drosophila strains carrying non -

phosphorylatable (T509 and S517 are substituted to alanines) and phospho -mimetic (T509 and S517 are substituted to 

serines) pnut  transgenes were established. Both transgenes were able to rescue the lethality associated with pnutmut1  null 

allele. However, non -phosphorylatable mutant was semi -lethal, and immunostaining revealed abnormal localization of the 

protein in early Drosophila embryos. Phospho -mimetic pnut  mutant showed survival rates and protein localization similar to 

wild type, suggesting the importance of Pnut phosphorylation during embryogenesis. Recombinant septin complexes 

containing wild type or phosphorylation mutations in Pnut subunit were reconstituted using baculovirus expression system. 

We found that phospho -mimetic mut ant form of Pnut disrupted the assembly of a functional septin complex (as shown by 

pull -down experiments) and septin filament formation (as shown by electron microscopy) in vitro . Overall, our findings 

indicate that phosphorylation of Pnut plays an import ant role in regulating septin complex functions during organism 

development. We hypothesize that Pnut phosphorylation may facilitate septin structures disassembly during specific stages 

in Drosophila embryo development.  

170    Myosin regulation during Drosophila  salivary gland invagination.     S. Chung1,2, S. Kim2, D.J. Andrew2  1) Department 

of Biological Sciences, Louisiana State University, Baton Rouge, LA; 2) Department of Cell Biology, Johns Hopkins University 

School of Medicine, Baltimore, MD.  

   The formation of three -dimensional tubes from flat epithelial sheets is a fundamental process in forming organs. To achieve 

this dramatic tissue shape change, cells must change their shapes and/or positions. A key molecule that generates the force 

to drive s uch changes is non -muscle myosin II (hereafter referred to as myosin). Using Drosophila embryonic salivary gland 

(SG) as a model system, we elucidate the mechanism for regulating apicomedial myosin during tissue invagination. 

Apicomedial myosin forms in th e center region of the apical end of cells and generates force to drive apical constriction, a 



major cell shape change during tube formation. We show that the FoxA transcription factor Fork head (Fkh) regulates SG 

expression of folded gastrulation (fog) to  accumulate Rho -associated kinase (Rok) in the apicomedial region of cells during SG 

invagination. Cells with high apicomedial accumulation of Rok form a pulsatile apicomedial myosin structure, which provides 

a contractile force for apical constriction of cells. Surprisingly, we demonstrate that neither loss of spatially coordinated apical 

constriction nor its complete blockage prevent internalization and tube formation, although such manipulations affect the 

geometry of invagination. When apical constricti on is disrupted, compressing force generated by a tissue -level myosin cable 

contributes to SG invagination. We further show that fully elongated polarized SGs can form outside the embryo, suggesting 

that  tube formation and elongation are intrinsic properti es of the SG. We are currently addressing the question of how the 

invagination process is localized by exploring the spatial control of Fog activity.  

171    Characterization of a novel actin regulator, HtsRC.     J. Gerdes1, A. Hudson1, K. Mannix 1, L. Cooley1,2,3  1) Genetics, Yale 

University School of Medicine, New Haven, CT; 2) Cell Biology, Yale University School of Medicine, New Haven, CT; 3) 

Molecular, Cellular and Developmental Biology, Yale University, New Haven, CT.  

   Development of eggs and sperm  occurs in clusters of sister cells that are formed through incomplete cytokinesis. These 

cells remain connected by intercellular bridges called ring canals (RCs), which replace the cytokinetic cleavage furrows. In the 

Drosophila melanogaster female germli ne, RCs acquire a robust filamentous actin cytoskeleton that supports the dramatic 

increase in RC lumen diameter over the course of egg chamber development. F -actin accumulation requires the Kelch -Cullin3 

RING ubiquitin ligase, which regulates protein turn over by the proteasome. We have recently demonstrated that HtsRC, one 

of the products of the hu-li tai shao  gene, is the target of the Kelch -Cullin3 RING ubiquitin ligase. To understand the role of 

HtsRC, we used CRISPR gene editing to create mutations in the exon encoding HtsRC and recovered nonsense mutations 

early in the coding region that cause premature termination. Homozygous mutant females have decreased fecundity and 

produce small, malformed eggs. RCs lack F -actin, demonstrating that HtsRC is essent ial for F-actin accumulation. RCs are 

smaller than normal and contain Filamin but not Kelch, consistent with our previous analysis of the cheerio gene that encodes 

Filamin: RCs in cher mutants lack HtsRC and Kelch. Ectopic expression of HtsRC in the somati c follicle cells using the UAS/Gal4 

system results in accumulation of filamentous actin aggregates, which do not colocalize with the RCs present in this tissue. 

These results support the conclusion that HtsRC protein is both necessary and sufficient for re cruiting F -actin assemblies.  

 

The predicted HtsRC protein is conserved only in the Drosophila family and contains no known functional domains.  In vivo 

structure -function analysis with transgenic fragments of  HtsRC did not identify a subdomain of HtsRC sufficient for recruiting 

F-actin. As recombinant HtsRC is insoluble and therefore not amenable to in vitro  F-actin biochemistry, we are leveraging the 

for mation of HtsRC -actin aggregates to characterize the role of HtsRC in recruiting F -actin to RCs, and to probe the 

relationship of HtsRC with known actin regulatory proteins using a range of genetic tools. Using genetic mosaic analysis, we 

found that the ec topic F-actin aggregates do not require the Arp2/3 complex, ruling out a role in activating Arp2/3 -dependent 

nucleation. Further analysis of HtsRC function will enhance our understanding of actin regulatory mechanisms and provide 

new insights into the regu lation of F -actin structures.  

   

172    The polarity protein kinase Par -1 promotes Diaphanous activity for cleavage furrow ingression in the syncytial 

Drosophila embryo.     T. Jiang, T. Harris  Cell and Systems Biology, University of Toronto, Toronto, CA.  

   Par-1 regulates a variety of processes during animal development by phosphorylating a range of substrates for cell 

polarization. Although cell polarization often involves the cytoskeleton, little is known about how Par -1 regulates the actin 

cytoskeleto n. Drosophila early embryo cleavage provides an ideal model to study actin networks. Actin caps grow rapidly and 

form pseud -cleavage furrows with actomyosin networks at their base. We previously found that Par -1 is required for cleavage 

furrow formation fo r embryos examined at cellularization. In this study, we investigated Par -1 RNAi phenotypes in earlier 

syncytial embryos by live imaging cytoskeleton markers. Individual MT spindles seem to be intact at metaphase. However, 

ingressing furrows were partially  lost. The earliest detected defect was reduced cap growth and failures to form furrows 

between the diminished caps. We found that Par -1 kinase activity is required for this process, as expressing full length Par -1 

can fully rescue Par -1 RNAi defects, whil e kinase-dead Par-1 can not. Analyses of known targets of Par -1 such as Mbs, Dlg, and 

Baz suggest they are not involved. Instead, we identified the actin nucleator Diaphanous (Dia) as a candidate effector of Par -1. 

Knocking down Dia showed similar phenotyp es in both syncytial and cellularizing embryos. Reducing Par -1 by half in Dia RNAi 

embryos enhanced the actin cap and furrow defects. Reciprocally, expressing full -length Par -1 but not kinase -dead Par-1 can 

suppress Dia RNAi defects. Strikingly, in additio n to MT and furrow localization, Par -1 also localizes to actin caps, where it 

overlaps with Dia in distinct patches within caps. Par -1 and Dia also colocalize at actin networks of the cap and furrows as the 

networks reorganize during the cleavage cycle. Th ey also colocalize at furrows through cellularization. We propose a model of 

Par-1 kinase activity promoting Dia for actin polymerization, actin cap growth, and cleavage furrow ingression in the syncytial 

Drosophila embryo.  



173    Microtubules and microtu bule plus end -binding proteins EB1 and CLIP -190 are essential for the spatiotemporal 

regulation of actin cable initiation and for the organization of the actin cable array during oogenesis.     A.E. Leslie1, O. 

Molinar 1, R. Jaiswal2, J. Henty-Ridilla2, B. Goode 2, B.M. McCartney 1  1) Biological Sciences, Carnegie Mellon University, 

Pittsburgh, PA; 2) Biology, Brandeis University, Waltham, MA.  

   The actin and microtubule (MT) cytoskeletons contribute to a wide range of processes including wound healing, subc ellular 

localization of organelles, and cell motility. Actin and MTs have mostly studied as independent networks. However, crosstalk 

between these networks clearly occurs, and a growing number of proteins that regulate one cytoskeletal network are being 

discovered to collaborate with the other as well. While many associations are known, the underlying molecular mechanisms 

that govern this crosstalk are poorly understood. We are using actin cable assembly in Drosophila nurse cells as a model for 

dissecting a ctin -MT interactions. At stage 10B of oogenesis, actin cables emerge from the cortex and elongate toward the 

nucleus just prior to the onset of cytoplasmic dumping. This enormous array of actin cables continues to elongate after 

nuclear contact, pushing th e nucleus away from the ring canals to prevent their obstruction during dumping. We have shown 

that the formin Diaphanous (Dia) and the nucleation -promoting factor Adenomatous polyposis coli -1 (APC1) promote actin 

cable assembly. Furthermore, MTs co -align with actin cables and disruption of MTs using nocodozole strongly inhibits early 

stages of initiation of actin cable assembly. In addition, knockdown of MT plus -end binding proteins EB1 and CLIP -190 results 

in premature cable initiation and a highly disorg anized array, arguing that MTs have multiple points of regulatory control over 

the actin cable network. Interestingly, we have shown that EB1 and CLIP -190 are potent regulators of Dia and APC1 in vitro : 

EB1 strongly inhibits Dia -APC1 mediated actin assembl y, while CLIP-190 significantly enhances DiaɅs elongation rate. To begin 

to probe the regulatory interactions between MTs, MT -binding proteins, actin cables, and their regulators we are employing 

an optogenetic form of EB1 to allow acute and reversible dis ruption of EB1 activity during cable initiation and cable 

elongation.   We have shown that in the absence of blue light in S2 cells   ǋ-EB1 localizes to MT plus -tips as expected. When 

exposed to blue light, ǋ-EB1 rapidly dissociates from MTs (t1/2=700 ms) an d when the blue light is removed it rapidly recovers 

MT localization (t1/2=30 s).   We are currently implementing this optogenetic technique in nurse cells, coupled with live 

imaging of the cytoskeleton, to dissect the regulatory interactions underlying act in-MT crosstalk during actin cable 

assembly.       

174    Spatiotemporal precision of actin cable production is regulated by actin assembly factors and microtubule 

crosstalk in nurse cells of the Drosophila egg chamber.     G. Logan-Graf1, O. Molinar 1, R. Jaiswal2, B. Goode2, B. 

McCartney 1  1) Biological Science, Carnegie Mellon University, Pittsburgh, PA; 2) Biology, Brandeis University, Waltham, MA.  

   Within a single cell, simple actin monomers assemble into structures with a remarkable range of geometrie s, dynamic 

properties, and subcellular distributions, yet how this is achieved is poorly understood. Accumulating evidence suggests that  

regulated assembly of diverse actin networks requires a variety of actin assembly factors and crosstalk with microtubul es. We 

are using assembly of actin cables during Drosophila oogenesis as a model to dissect these mechanisms. One of the last 

events in oogenesis is cytoplasmic dumping where nurse cells contract to expel their contents into the developing oocyte. At 

stage 10B just prior to dumping, the assembly of an array of actin cables initiates at the cell cortex and elongates toward the 

nucleus in each nurse cell. Once nuclear contact is made, the cables continue to elongate, pushing the nuclei away from the 

ring cana ls to prevent obstruction during dumping. We have shown that the formin Diaphanous (Dia), and its interactors 

Adenomatous polyposis coli -1 (APC1) and APC2 are required for proper assembly of actin cable arrays. Interestingly, while 

APC2 is necessary to initiate cables, loss of APC2 also results in premature cable assembly that is dependent on Dia activity. 

This suggests that APC2 may play a dual role in actin assembly: inhibiting a Dia -APC1 complex before proper temporal cues 

are received, and promoting act ivity of that complex after those cues are received. Consistent with that model, we find that 

APC2 can inhibit APC1Ʌs actin assembly activity in vitro, and that a phosphomimetic form of APC2 that mimics 

phosphorylation by GSK3ƽ enhances this inhibition. Similar to loss of APC2, knockdown of GSK3ƽ in nurse cells promotes 

premature cable assembly, without interfering with the normal cable initiation at stage 10B. In addition to the role that act in 

assembly factors play in regulating actin cable formation, we found that microtubules co -align with the cables and that 

nocodozole inhibition of MTs blocks actin cable assembly. MT plus -end binding proteins EB1 and CLIP190 are also necessary 

for the proper spatiotemporal pattern of cable initiation. Taken together, t hese results suggest a complex network of protein 

control the spatiotemporal regulation of actin cable assembly during oogenesis. Currently, we are developing new imaging 

paradigms for this system including multicolor live imaging, electron microscopy, and  superresolution approaches. These 

approaches will help us to achieve a more detailed understanding of the interactions between the proteins and cytoskeletal 

networks that create this striking array of actin cables.  

175    Novel concepts of microtubule re gulation during neuronal growth, maintenance and degeneration.     Ines Hahn, 

Yue Qu, André Voelzmann, Jill Parkin, Andreas Prokop  Faculty of Biology, Medicine & Health, The University of Manchester, 

Manchester, GB.  

   Axons are cable -like processes of ne urons electrically wiring the nervous system. They are key lesion sites in trauma, 

neurodegenerative diseases and ageing, but need to be maintained for decades. Parallel bundles of microtubules (MTs) form 

their structural backbones and life -sustaining tran sport highways, the formation/maintenance of which is a key factor of axon 



development/longevity. The underlying mechanisms are little understood.  

 

Using Drosophila primary neurons we have studied >50 actin and MT regulators, which has led to the hypothesi s of "local 

axon homeostasis" explaining how different MT regulators act together to form and maintain organised MT bundles 

(Voelzmann, 2016, BrainResBulletin 126, 226ff.). We now identified a cortical MT collapse factor which provides an important 

check point, eliminating MTs that break bundle organisation by going off -track. Bundle maintenance also requires continued 

regulation of MT polymerisation, and we provide here new insights into complex machinery that drives this process, including 

cortical actin and the spectraplakin Shot (Qu, 2017, Mol Biol Cell 28, 296ff.), a ménage -à-trois of Eb1, Msps and Tau, as well as 

the complex tubulin provision machinery with Stathmin as an important gate keeper.  

 

Our systematic dissection of the regulatory networks that underpin axonal MT bundles provide new concepts for axonal 

biology with important implications for axon formation, ageing, regeneration and degeneration.  

 

Supported by BBSRC  

176    Echinoid Negativ ely Regulates Actomyosin network during Epithelial Morphogenesis.     Rahul Rote, Arsida Nocka, 

Laura Nilson   Department of Biology, McGill University, Montreal, Quebec, Canada.  

    

Echinoid (Ed) is a homophilic cell adhesion molecule required in normal ep ithelial morphogenesis during embryonic dorsal 

closure and ovarian follicular epithelium development. Both processes are characterized by loss of Ed from a defined group 

of cells, followed by formation of an actomyosin cable and smooth contour at the inter face between Ed -negative and Ed -

positive cells. The Ed -positive cells also lose Ed from this interface, due to the lack of homophilic interaction, generating a 

planar polarized distribution of Ed in these cells. To test whether the global loss of Ed or the  planar polarization of Ed leads to 

elevated levels of actomyosin, we characterized the ectopic Ed -positive/Ed -negative interfaces generated by ed loss of 

function clones in the ovarian follicular epithelium. We observed significant enrichment of F -actin, Myosin -II and Rho-kinase at 

the smooth interfaces between wild type and ed mutant cells at the clone border, and also at the regular interfaces in the 

clone interior. These observations suggest that Ed functions as a negative regulator of actomyosin networ k. Consistent with 

this interpretation, using differentially labeled markers for actomyosin in WT and ed mutant cells, we also observed that 

actomyosin is increased in the Ed -positive cells at the ed clone border, at the interface with the adjacent ed muta nt cell, 

generating a polarized distribution complementary to that of Ed. Unpolarizing Ed in these WT cells is sufficient to rescue th e 

smooth contour of the ed mutant clones, but not the elevated levels of actomyosin network components in the ed mutant 

cells. These data show that abolishing Ed polarization in these cells non -autonomously affects the shape of the ed mutant 

neighbour, and imply that the enrichment of actomyosin network components/contractility markers at ed mutant interfaces 

does not contrib ute to the smooth clone border. These results suggest that the cell shape change leading to the smooth Ed -

positive/Ed -negative interfaces is a result of planar polarization of Ed and, thus, of the contractile actomyosin network in the 

Ed-positive cells.  

177    Proximity -dependent biotinylation as a tool to identify ring canal protein interactomes in the Drosophila 

ovary.     Rebecca Starble, Katelynn Mannix, Ronit Kaufman, Lynn Cooley   Yale University, New Haven, CT.  

   During Drosophila oogenesis, germlin e cells are connected through intercellular bridges called ring canals (RCs).   RCs are 

composed of a robust actin cytoskeleton that enables these structures to grow in diameter throughout oogenesis to support 

the development of the oocyte.   While multiple proteins have been identified to play a role in RC assembly, the interaction 

networks with which these proteins associate to regulate RC cytoskeleton organization require further elucidation.   However, 

the identification of RC protein -protein interactions (PPIs) is limited by the fact that RCs are highly insoluble, thus making it 

impossible to identify RC protein interactomes with conventional methods. One technique that can be used to identify PPIs is 

proximity -dependent biotinylation, a method in which pr oteins of interest are fused to enzymes that produce highly reactive 

biotin molecules that covalently react with and biotinylate proximal proteins.   In this study, we have utilized this technique to 

overcome the limitation of RC insolubility, since the ext remely strong interaction between biotin and streptavidin enables RC 

proteins to be solubilized with denaturing lysis conditions and biotinylated proteins to be captured with streptavidin beads 

and identified via mass spectrometry.  We have created constru cts in which the RC proteins htsRC, Kelch, and Pav were fused 

to ascorbate peroxidase (APEX), an enzyme that produces reactive biotin molecules in the presence of biotin phenol and 

hydrogen peroxide.   Through immunofluorescence and western blotting, we hav e shown that APEX fusion constructs localize 

to RCs and biotinylate RC proteins.   Our mass spectrometry results indicate that individual RC proteins exhibit unique protein 

interactomes consisting of both known RC proteins and previously uncharacterized pro teins, which we have validated 

through multiple approaches.  We show that proximity -dependent biotinylation is a valuable tool for identifying RC protein 

interactomes and further understanding the mechanisms through which the RC cytoskeleton is maintained,  including actin 

regulatory mechanisms and substrates of E3 ubiquitin ligases.   Furthermore, this technique has enabled us to examine PPIs 

in previously inaccessible contexts and in live, developing tissue.  



178    Identification of components of Abl signa ling pathways that direct cell migration during morphogenesis.     M. 

Ward, T. Stevens  Biology, Randolph -Macon College, Ashland, VA.  

   The complex body plan of multicellular organisms is shaped into tissues and organs through the directed migration of ce lls 

and coordinated cell shape changes. Dynamic rearrangements of the actin cytoskeleton, which underlies the cell membrane, 

are the driving force behind these intricate cell behaviors. Abl non -receptor tyrosine kinases are key regulators that promote 

and coordinate cytoskeletal remodeling and regulate cell migration during morphogenesis. Abl has been linked to several 

types of cancer, and inappropriate activation of Abl in cell culture has been found to promote invasiveness and lead to 

defects in actin str uctures and cell migration. The pathways that regulate and are regulated by Abl during normal 

development and by the activated version of Abl in the disease state have not been clearly defined, and thus it is critical t o 

continue to identify new components  of these complex signaling networks. We use Drosophila embryos  that express Bcr -Abl, 

an activated version of Abl that has been linked to chronic myelogenous leukemia in humans, as a model system to dissect 

the pathways by which Abl regulates cell migratio n in vivo. Expression of this activated form of Abl in the embryonic 

epithelium is lethal, with defects in cell shape, actin dynamics, and cell migration. In order to identify novel components o f the 

pathway by which Abl regulates cell migration, we are do ing a screen 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. From this screen, we have identified several modifi ers of activated Abl -dependent phenotypes. In 

order to extend these studies to normal Abl signaling pathways that regulate development in vivo, we are examining the 

effects of mutant alleles of these activated Abl -interacting genes on the phenotypes associ ated with overexpression of wild -

type Abl in the epithelium. Mutant alleles of nearly all of these alleles modified Abl -dependent phenotypes, suggesting that 

the products encoded by these genes both function during morphogenesis and are mis -regulated in th e presence of 

activated versions of Abl. Taken together, these genetic studies provide insights into the pathways by which Abl directs cell  

migration in vivo.  

179    Zasp52 LIM domains mediate protein recruitment to the Z -discs.     Y. Xiao, N. Gonzalez, F. Schoeck  Department of 

Biology , McGill University, Montreal, Quebec, CA.  

   Striated muscles are vital for movement. Muscle striation is caused by the serial arrangement of thousands of small 

contractile units, termed sarcomeres. The sarcomere consists  of  interdigitating  myosin thick  filaments 

and actin  thin  filaments,  with  actin  filaments  anchored to the Z -disc and myosin filaments anchored to the M -line. Most 

human myopathies are related to mutations in Z -disc proteins.  However, the initial assembly a nd maintenance of Z -discs 

are still  not well characterized.  Drosophila indirect flight muscles are striated muscles  and share many similarities with human 

skeletal muscles. Previous studies show that the first steps of Z -disc formation are orchestrated by the cooperative action of 

alpha -actinin and Zasp/Alp/Enigma family proteins. The main member of this family in Drosophila is Zasp52, which localizes  to 

the Z-disc and is required for Z -disc formation. We hypothesized that Zasp52 is required for protein rec ruitment at the Z -disc. 

To test this, we  performed  protein co -evolution analysis  to  discover  potential binding partners of Zasp52.  One of those, 

Zasp66, we analyzed in more detail.  We used quantitative confocal image  analysis of  Zasp52 mutants to show that  Zasp66 

localization depends on Zasp52. Then, we show that Zasp52 recruits Zasp66 through specific LIM domains using yeast -two -

hybrid and  immunoprecipitation assays.  In addition, in vivo overexpression  of  certain  LIM domains  in indirect flight 

muscles  indu ces aggregate formation and  flightlessness.  Based on the above results, we propose  that  specific LIM domains 

of  the  Drosophila Alp/Enigma family protein Zasp52 recruit  some of its binding partners and thereby  contribute to  Z-disc 

assembly.    

180    Collisi on of expanding actin caps with actomyosin borders for cortical buckling and mitotic rounding in a 

syncytium.     Y. Zhang, T. Jiang, C.G. Yu, T. Harris  Cell and Systems Biology, University of Toronto, Toronto, CA.  

   The early Drosophila embryo is a larg e, single, syncytial cell. Its cortex is remodelled to form furrows that compartmentalize 

dividing nuclei. Before furrow ingression, Rac -induced Arp2/3 networks generate an apical actin cap and Rho -induced 

actomyosin networks encircle each cap. How these t wo networks transform a flat cortex into a honeycomb -like, 

compartmental array remains unclear. With centrifugal growth, each apical cap meets its actomyosin border and furrow 

ingression begins. Through genetics and live molecular imaging, the cap guanine nucleotide exchange factor Sponge, a Rac -

GTP sensor, and Arp3 coated the forming cap and then spread down the lateral furrows, as part of a continuous actin 

network. The adjacent actomyosin zone maintained its segregation from the growing cap network, form ing a thin 

circumferential border at the base of furrows. By increasing or decreasing myosin activity genetically, the actomyosin border s 

were found to restrict and organize cap growth. Inversely, actin cap perturbation experiments revealed that each growi ng cap 

seems to push physically against the actomyosin border and compress its components as the furrow ingression occurs. 

Overall, the growing actin caps appear to collide physically with actomyosin borders, buckle, and continue growing for furrow  

ingression. This mesoscale mechanism seems to bud small compartments from a large cell for mitotic cell rounding in a 

syncytium.  



181    Endosomal vacuoles of the prepupal salivary glands of Drosophila  play an essential role in the metabolic 

reallocation of iron.     R. Farkas1, Denisa Benova-Liszekova1, Lucia Mentelova 1,2, Milan Beno 1, Klaudia Babisova 1,2, Ludmila 

Trusinova 1, Otakar Raska3, Ivan Raska3, Bruce Chase4  1) Inst Experimental Endocrinology, Slovak Academy Sciences, 

Bratislava, SK; 2) Department of Genetics, Faculty of Science, Comenius University, Bratislava, SK; 3) Institute of Biology a nd 

Medical Genetics, 1st Faculty of Medicine, Charles University, Prag ue, CZ; 4) Department of Biology, University of Nebraska, 

Omaha, NE, USA.  

   The generally accepted view of the developmental importance of the Drosophila salivary glands (SGs) is the one for which 

they are exceptionally well known: the production and sub sequent release of a glycoprotein -secretory glue used to affix a 

newly formed puparia to a substrate. After pupariation, the SGs were considered to be doomed for programmed cell death 

(PCD) which culminates ~16 hr after puparium formation (APF). Their noto riety for these processes resulted in a gap in our 

understanding of any processes occurring between the time immediately after pupariation until the time in the early pupa 

when PCD is executed. Recently we demonstrated that a great deal is going on in the SGs in this interval: the early -to-mid 

prepupal SGs undergo extensive endocytosis with widespread vacuolation of the cytoplasm followed by massive apocrine 

secretion. Here we describe additional novel properties of these endosomes. Vital pH -sensitive probe s provided confirmatory 

evidence that these endosomes have acidic contents and that the endocytosis in the prepupal glands are of two types. The 

SGs simultaneously generate mildly acidic, small, basally -derived endosomes and strongly acidic, large and apic al endosomes. 

Staining of the large vacuoles with vital acidic probes was possible only after there was ambipolar fusion of both basal and 

apical endosomes. While iron was not detectable directly due to limited staining sensitivity, we found increasing flu orescence 

of the glutathione -sensitive probe Cell -Tracker-Blue CMAC in large vacuoles, which appeared to depend on the amount of 

iron released by ferrireductase. Small basal endosomes were uniquely recognized by PNA lectin, whereas apical large 

vacuoles bo und DBA lectin. Experimental evidence shows that heterologous iron -bound transferrin is viably internalized to 

prepupal SG cells by endocytosis from the basal surface, and once internalized, it undergoes intracellular trafficking as mig ht 

be expected of an  Fe3+-carrier protein. We used both the homozygous viable Mvl97f loss-of -function allele of Malvolio  encoding 

specific transmembrane -divalent -metal -ion transporters (DMT), and the Mvl RNAi transgenic construct. Manipulation of Mvl 

function caused a loss of  Cell-Tracker-Blue CMAC fluorescence signal in the majority of vacuoles, and the presence of dark 

green signal in only a few vacuoles, which indicates that there was very low or no activity of endosomal ferrireductase enzym e 

due to the lack of systemic Fe 3+ iron.  

(Supported by the VEGA 2/0103/17, COST ENBA-CA15216 grant, EEA & NFM Norwegian Fund # SK-0086/3655/2009/ORINFM, 

MVTS-32060600/EC-INSTRUCT-FP7-211252 grant and APVV-16-0219 grant to R.F.).  

182    Non -apoptotic function of the executioner caspase dr ICE is required for endosomal trafficking and tracheal 

elongation.     S.S. McSharry, G.J. Beitel  Molecular Biosciences, Northwestern University, Evanston, IL.  

   Caspases, well known for their roles in cell death, can also participate in non -apoptotic pr ocesses in morphogenesis.   Here 

we show that drICE, the homologue of executioner caspase -3, colocalizes with endocytic machinery and is required for 

normal endosomal trafficking of the tracheal size determinant Serpentine. We previously showed that drICE a ctivity is 

required for tracheal elongation downstream of the Hippo Network, which raised the question: why does activation of drICE 

not cause tracheal apoptosis?   We now show that tracheal cells are not immune to apoptosis; while some tracheae lacking 

DIAP1, an endogenous inhibitor of drICE, have elongated trachea, the majority of mutants exhibited large -scale tracheal 

death.  Moreover, tracheal cells require drICE for apoptosis: overexpression of pro -apoptotic genes Grim is sufficient to 

induce apoptosis,  and cell death caused by Grim or DIAP1 is blocked by loss of drICE.  These results suggest that the roles of 

drICE in tracheal morphogenesis and apoptosis are not mutually exclusive.  The co-existence of apoptotic and morphogenetic 

activities of drICE sug gest that the proteolytic activity and/or physical compartmentalization of drICE is tightly regulated to 

allow normal tracheal elongation without triggering apoptosis.  Consistent with compartmentalization of drICE, cleaved drICE 

colocalizes with markers o f endocytic compartments including Clathrin (apical surface), Rab5 (early endosomes), and Rab11 

marking (recycling endosomes) in the trachea.  drICE also colocalizes at endocytic compartments with tracheal size 

determinants Crumbs, pSrc, and Uninflatable, which are known to be trafficked throughout tracheal morphogenesis. 

Critically, these determinants remain colocalized even when their localization is dramatically altered in embryos with a 

mutation affecting trafficking machinery including Vps32 ( shrub), Vps35, or Rho1.  Consistent with drICE participating in 

endocytic trafficking, the tracheal size determinant Serpentine accumulates in cytoplasmic punctae in drICE mutants, and 

luminal Serpentine levels are reduced by loss of Yorkie, the Hippo Network -regul ated transcription factor that regulates 

DIAP1.  Together, these results demonstrate that non -apoptotic executioner caspase activity can modify tracheal length via 

endocytic trafficking, which has broad implications for morphogenesis and cell communication .  

183    Proper Endoplasmic Reticulum partitioning is necessary for mitotic progression in Drosophila neuroblast.     Jose 

Ortega, Sarah Beyler , Blake Riggs  Biology , San Francisco State University , San Francisco , CA.  

   Jose Ortega, Sarah Beyeler, Blake Riggs, PhD 

The mechanism underlying the generation of cell diversity is asymmetric cell division, which relies on the correct partitioni ng 

of cell fate determinants. There are several unanswered questions involving asymmetric cell divisions including t he 



mechanism surrounding partitioning of these factors or other components during mitosis. The divisions of Drosophila neural 

stem cells, i.e. neuroblast, have served as an excellent model examining the mechanism involving asymmetric cell divisions. 

Recent studies have shown that the Endoplasmic Reticulum (ER) is partitioned asymmetrically in dividing Drosophila 

embryonic proneural cells and larval neuroblast populations. Here we show that the highly conserved ER integral membrane 

protein Jagunal (Jagn) is necessary for proper partitioning of ER during mitosis in Drosophila larval neuroblast.   Expression of 

double -stranded (ds) RNA corresponding to Jagn displayed defects in mitotic ER partitioning and showed significant delays 

and defects in mitotic progress ion. Specifically, there was an increase in the mitotic index in dividing neuroblast populations 

expressing Jagn dsRNA. In addition, inhibition of Jagn displays minor defects in microtubule bundling but does not appear to 

disrupt mitotic spindle assembly.   These results suggest the presence of an organelle surveillance mechanism involving the 

correct partitioning of the ER during mitosis.  

184    Mechanisms for EGFR signaling regulation by intracellular trafficking in Glioblastoma.     M. Portela Esteban1, B 

Segura2, E Hernández-SanMiguel 2, I Argudo 1, A Sáiz1, R Gargini3, P Sánchez-Gómez2, S Casas-Tintó 1  1) Molecular, Cellular and 

Developmental Neurobiology, Cajal Institute, Madrid, Madrid, ES; 2) Neuro -oncology Unit, Instituto de Salud Carlos III -UFIEC, 

Madrid, Spain; 3) Centro de Biología Molecular, CSIC, Madrid, Spain.  

   The most frequent genetic lesi ons in glioblastoma (GB) include EGFR which show constitutive kinase activity and Ras 

signaling to drive cellular proliferation and migration. We use a GB model in Drosophila melanogaster based on the expression 

of constitutively active EGFR and PI3K in gl ial cells, this model reproduces the highly proliferative and invasive neoplastic cells 

that create transplantable tumor -like growths, mimicking human GB.  

 

An in vivo genetic screen to identify new modulators of GB progression was performed. As a result a member of the secretory 

pathway was identified: Kish. Downregulation of kish rescues glioma formation, proliferation, neurodegeneration and viability 

of the animals. There is a kish human orthologue TMEM167A which is conserved. We found that TMEM167A is upregulated in 

human GB samples and TMEM167A interference inhibits human glioma cells (U87) growth. Our aim is to understand how 

Kish/TMEM167A modulate EGFR signaling during its intracellular trafficking. The majority of EGFR signaling occurs at the 

plasma m embrane, but it is known that activated EGFR -mediated signals continue from endosomes. With this goal we have 

measured EGFR accumulation in specific endosomes comparing GB and GB brain samples upon kish downregulation. The 

results show that when the secret ory pathway is altered by kish inhibition in a GB, EGFR accumulates in early endosomes and 

lysosomes where they are targeted to degradation. Moreover, kish inhibition in GB restored total EGFR protein to control 

levels. 

 

Finally, we performed a biased drug  screen using a collection of compounds that affect vesicular transport, looking for a drug 

that is able to rescue the lethality induced by the GB. We found an interesting candidate that we are currently analyzing. 

These and future results will provide bas ic information on the glioma mechanisms and may be key for the design of future 

therapeutic strategies against specific targets involving EGFR signaling.  

185    Cholinergic activity -dependent episodic anterograde transport of Choline Acetyltransferase by Kinesin -

2.    Swagata Dey, Krishanu Ray  Dept Biological Sci, Tata Inst Fund Res (TIFR), Maharashtra, IN.  

   Progressive reduction of cholinergic activity in the brain is suggested to trigger neurodegenerative disorders. Choline 

Acetyltransferase (ChAT), a soluble protein required for acetylcholine synthesis at the presynaptic compartment, is 

transported as a coherent bulk in axons and the heterotrimeric Kinesin -2 motor is required for this process. Axonal transport 

of soluble proteins is described as a co nstitutive process assisted by occasional, non -specific interactions with moving vesicles 

and motor proteins. Here, we report that a specific association between ChAT and Kinesin -2 during a certain developmental 

period increases the anterograde flow of the  protein in the sensory neurons of intact Drosophila nervous system. Further 

experimental analysis showed that cholinergic activity is essential for the axonal entry of ChAT and its episodic interaction  

with Kinesin -2. Altogether, these observations highli ghted a phenomenon of synaptic activity -dependent regulation of a 

soluble protein transport in vivo, which could potentially define the quantum of its pre -synaptic influx.  

186    The V-ATPase V1 subunit A1 is required for rhodopsin anterograde trafficking  in Drosophila .    H. Zhao1,2, J. Wang2, 

T. Wang2  1) School of Life Sciences, Tsinghua University, Beijing, CN; 2) National Institute of Biological Sciences, Beijing, CN.  

   Synthesis and maturation of the light sensor, rhodopsin, is critical for the mai ntenance of light sensitivity and for 

photoreceptor homeostasis. In Drosophila, the main rhodopsin, Rh1, is synthesized in the endoplasmic reticulum and 

transported to the rhabdomere through the secretory pathway. In an unbiased genetic screen for factors involved in 

rhodopsin homeostasis, we identified mutations in vha68-1, which encodes V -ATPase catalytic subunit A isoform 1 of the V1 

component. Loss of vha68-1 in photoreceptor cells disrupted post -Golgi anterograde trafficking of Rh1, reduced light 

sensitivity, increased secretory vesicle pH, and resulted in incomplete Rh1 deglycosylation. In addition, vha68-1 was required 

for activity -independent photoreceptor cell survival. Importantly, vha68-1 mutants exhibited phenotypes similar to those 

exhibited by mutations in the V0 component of V -ATPase, vha100-1. These data demonstrate that V1 and V0 components of 



V-ATPase play key roles in post -Golgi trafficking of Rh1, and that Drosophila may represent an important animal model system 

for studying diseases asso ciated with V -ATPase dysfunction.  

187    Coordination of Class II PI3 -kinase and Mtm PI3 -phosphatase functions in autophagy.     J-F. Groulx, S. Jean, P. 

Kadandale, M. Velichkova, S. Cox, A.A. Kiger  Cell & Dev Biol, Univ California, San Diego, La Jolla, CA.  

   Membrane trafficking must adapt to changing cellular demands, in part through the coordinated activity of successive 

phosphoinositide regulators. Previously, we showed that Drosophila Mtm PI3 -phosphat ase interacts in a conserved protein 

complex of phosphoinositide regulators that modulates endosomal dynamics and transit. We now show that an Mtm 

endosomal function inhibits autophagy at the level of autolysosome maturation and acts in coordination with t he single 

Drosophila Class II PI3 -kinase (PI3KC2, or Pi3K68D). Strikingly, PI3KC2 encodes for two alternatively spliced, co -expressed 

isoforms - a full -length protein and a truncated, noncatalytic isoform. Null alleles for Pϥ3KC2 Ɉlongɉ or Ɉshortɉ isoforms 

revealed opposite roles for each that normally inhibits or derepresses autophagy, respectively, in a shared pathway with 

Mtm. Both PI3KC2 protein isoforms physically interacted with each other as well as within differential complexes with Mtm. 

Together, o ur results demonstrate a central upstream role for a noncatalytic PI3KC2 isoform in directing both PI3KC2 and 

Mtm phosphoinositide functions with consequences on endosomal flux and autolysosomal maturation. Importantly, the 

balance between PI3KC2 isoforms in flies impacted animal longevity and survival in response to stress, pointing to the 

significance of coordination between phosphoinositide regulators in homeostasis.  

188    Regulation of endosomal Microautophagy in Drosophila.     A. Mesquita, A. Jenny  Dev Mol Biol, Albert Einstein College 

of Medicine (Chanin 503), Bronx, NY.  

   Autophagy delivers cytosolic components to lysosomes for degradation and is thus essential for cellular homeostasis and to 

cope with different stressors. As such, autophagy coun teracts various human diseases, and its reduction enhances aging like 

phenotypes. Macroautophagy (MA) can selectively degrade organelles or aggregated proteins, but selective degradation of 

single proteins has mostly been described for Chaperone -mediated a utophagy (CMA) and endosomal Microautophagy (eMI). 

These two selective autophagic pathways, originally described only in mammals, are specific for proteins containing KFERQ -

related targeting motifs.  

Using a KFERQ-tagged fluorescent biosensor, we have ident ified an eMI -like pathway in the genetically easily tractable model 

organism Drosophila melanogaster. Upon starvation, this biosensor localizes to late endosomes/lysosomes upon prolonged 

starvation in an Hsc70 -4 and ESCRT machinery dependent manner. Curren tly, we are characterizing the physiological role of 

eMI in flies with a focus on the types of cellular stress that modulate this route and their respective activation mechanism.  

Preliminary data suggest that oxidative stress and DNA damage, but not ER str ess can elicit an eMI response, suggesting a 

selectivity of the process.  

189    Stabilized Acinus manages cellular stress and extends life by elevating basal levels of Autophagy.     Nilay Nandi1, 

Helmut Kramer 1,2  1) Dept of Neuroscience, University of Texas Southwestern Medical Center, Dallas, TX; 2) Dept of Cell 

Biology, University of Texas Southwestern Medical Center, Dallas, TX.  

   Autophagy is a tightly regulated cellular process that supports survival during cellular stress. We have identified Acinus (Acn) 

as a key integrator of several cellular stress responses. Acn manages stress by regulating basal levels of autophagy in a TOR -

independent pathway (1). In adjusting basal autophagy levels to different challen ges, we found a critical role for 

phosphorylation of the conserved serine -437 residue of Acn. Physiological relevance for this modification was confirmed by a 

phospho -mimetic S437D mutation in vivo: stabilized Acn S437D enhanced basal autophagy and extended  life span. From a 

targeted screen, we found that Cdk5 phosphorylates Acn at serine -437. Knocking down Cdk5, or its required cofactor p35, 

drastically reduces Acn phosphorylation at serine 437, whereas Cdk5 gain -of-function increases pS437 -Acn levels. In p35 

mutants, basal autophagy and lifespan are reduced, but restored to near wild -type levels in the presence of stabilized 

AcnS437D. Acn-S437 phosphorylation is highly dynamic in developing eyes and we have identified a metal -dependent protein 

phosphatase ( CG6036) necessary for dephosphorylating serine -437. Stress-induced inhibition of this phosphatase may 

contribute to elevated pS437 -Acn levels. Expression of aggregation -prone polyQ -containing proteins or the Amyloid ƽ-42 

peptide, but not alpha -Synuclein an d Amyotrophic Lateral Sclerosis (ALS) -linked human SOD1, triggers Cdk5 -dependent 

phosphorylation of S437 -Acn. Moreover, phospho -mimetic Acn S437D with elevated basal autophagy yielded a reduction in 

polyQ accumulation. By contrast, basal autophagy is reduce d in p35 mutants causing elevated polyQ protein levels. Not only 

neurodegenerative stress but also oxidative stress can trigger phosphorylation at serine -437, but in a Cdk5 -p35 independent 

pathway. Our data indicate that phosphorylation of Acn is required to maintain the protective role of basal autophagy under 

several stress situations.  

1. Haberman et al (2010) Development 137:2157 -66  

190    The role of Clueless in mitochondrial function.     K.M. Sheard1,2, S.A. Thibault-Sennett 1, R.T. Cox1,2  1) Biochemi stry and 

Molecular Biology, Uniformed Services University, Bethesda, MD; 2) Molecular and Cell Biology Program, Uniformed Services 



University, Bethesda, MD.  

   Mitochondrial DNA is inherited maternally and cannot be produced de novo. Consequently, mutatio ns in mtDNA can 

expand clonally in the cell during mitochondrial biogenesis and lead to severe mitochondrial diseases. Mitochondrial diseases  

affect 1:5000 people and affect tissues that require large amounts of ATP, such as the heart, brain, and muscles. Since 

mitochondria are exclusively maternally inherited, it is imperative that females ensure properly functioning mitochondria be 

inherited by their offspring.  

The gene clueless has been shown to be necessary for mitochondrial function. clu is a highly co nserved gene with homologs in 

humans, Drosophila, and yeast, and Drosophila clu mutants have physically damaged mitochondria, increased mitochondrial 

oxidative damage, reduced ATP levels, and aberrantly mislocalized mitochondria which aggregate into cluste rs. These effects 

are direct.  Clu binds to ribosomes at the mitochondrial outer membrane, mRNAs bound for import into the mitochondria, as 

well as to the mitochondrial outer membrane proteins TOM20 and Porin. In addition, Clu participates in mitochondrial  quality 

control through association with PINK1 and Parkin, both mediators of mitophagy of unhealthy mitochondria.  

Clu protein is dispersed throughout the cellɅs cytoplasm and also exists in aggregates. We have found these protein 

aggregates are no longer visible in parkin  and clu mutants, however, why they disperse and how this relates to Clu function is 

currently unknown.  Our goal is to elucidate what these Ɉparticlesɉ are and how they function in the cell.  Using live-imaging 

and immunofluorescence, we will present our data on Clu particle dynamics and behavior in order to determine the 

composition and nature of Clu particles and how it impacts mitochondrial protein import.  

191    Inappropriate physical interactions between storage organelles interfere with their normal trafficking during 

embryogenesis.     M.A. Welte, M.R. Johnson, M.D. Kilwein, R.A. Stephenson, J.M. Thomalla  Dept Biol, Univ Rochester, 

Rochester, NY.  

   Early Drosophila embryos are filled with maternally provided storage organelles, in cluding yolk vesicles, glycogen granules 

(GGs), and lipid droplets (LDs). These organelles undergo large -scale intra -embryonic redistribution during cleavage and 

syncytial blastoderm stages; at cellularization, this distribution controls their allocation b etween the cells forming at the 

surface and the internal yolk cell. We find that in embryos lacking the LD protein Jabba lipid droplets are clustered around 

GGs and are even partially embedded into them; in the wild type, the two organelles are largely una ssociated. LD-GG 

clustering is apparently quite robust: when intact embryos are centrifuged to separate contents by density, LDs and GGs 

accumulate at opposite ends of wild -type embryos; however, in Jabba mutants, some LDs are displaced into the region 

enr iched in GGs. Intermingling of LDs and GGs is already detectable in stage 12 oocytes and persists beyond cellularization. 

JabbaɅs best characterized function is as histone anchor on lipid droplets. Ongoing structure-function experiments, however, 

suggests that JabbaɅs histone binding ability is not required to keep LDs and GGs separate. ϥn Jabba mutants, the typical 

outward displacement of LDs during cleavage stages is impaired; in turn, GGs are shifted further outward than normal. 

Presumably, the associati on between LDs and GGs interferes with the independent trafficking of both organelles. As a 

consequence of this mistrafficking, LDs are highly enriched in the yolk cell and depleted from the newly formed diploid cells . 

Because later in embryogenesis, LDs p ersist at higher levels in Jabba compared to wild -type embryos, we propose that either 

the tight association with GGs or the misallocation to the yolk cell impairs LD turnover. When we employed klar  mutants to 

mislocalize LDs to the yolk cell in the absenc e of GG clustering, LD turnover was also delayed, indicating that misallocation 

alone impairs LD breakdown. Preliminary evidence suggests that in Jabba mutants glycogen breakdown is also abnormal. We 

conclude that preventing inappropriate interactions betw een storage organelles is critical for their proper trafficking and 

metabolism.  

192    Tracking Centrosomes to Follow Endoplasmic Reticulum Inheritance in Drosophila  Embryos.     C. Brown, B. 

Riggs  Cell and Molecular Biology, San Francisco State University, San Francisco, CA.  

   Asymmetric cell division (ACD) is the primary mechanism by which stem cells regenerate themselves, while also giving rise 

to more differentiated cell types. Research in Drosophila melanogaster  neuroblasts suggests that ACD is achieved via both 

intracellular and extracellular cues, but these cues are often specific to certain cell types. Furthermore, the initial signa ling cue 

that triggers both the intrinsic and extrinsic sign aling cascades is poorly understood.   To this effect, our laboratory has 

described an asymmetric partitioning of the endoplasmic reticulum (ER) that occurs just prior to cell fate selection in the 

developing Drosophila neuroectoderm. Within these neuronal progenitors, the ER is evenly distributed throughout the cell 

during prophase. As the cell cycle progresses, a significantly larger portion of the ER localizes toward one pole of the cell , 

while the smaller portion migrates toward the opposite pole, result ing in each daughter cell receiving differing amounts of ER. 

Defects in this ER partitioning pattern results in failure of proper mitotic spindle establishment and metaphase delay. To 

characterize the role of the asymmetric ER localization with respect to cell fate in these embryonic progenitor cells we focused 

on tracking centrosome inheritance during gastrulation. This will be done by using a photoconvertible centrosome marker, 

PACTd2-EosFP, to photo-label centrosomes and follow their movement during the corresponding cell cycle at the start of 

gastrulation. Using this technique, we can directly visualize the fate of mother and daughter cells with differing portions o f the 

ER with confocal microscopy. This work will provide evidence that how organelles are  inherited plays a crucial role in stem cell 

differentiation as well as define a novel role for the ER in cell fate selection.  



193    Dynein associates the endoplasmic reticulum with centrosomal microtubules but is not required for mitotic 

partitioning of  the organelle.     Darya S Karabasheva, Jeremy T Smyth  Anatomy, Physiology & Genetics, Uniformed Services 

University, Bethesda, MD.  

   Mechanisms that ensure proper partitioning of the endoplasmic reticulum (ER) during cell division are largely unknown. We 

previously demonstrated that the ER associates extensively with astral microtubules (MTs) of the mitotic spindle in Drosophila 

cells in vivo as well as in mammalian tissue culture cells, suggesting that astral MT association may be an essential mechanis m 

of ER partitioning. However, the specific molecular factors that link the ER with astral MTs remain evasive. To address this,  we 

have developed a method to image live Drosophila spermatocytes that are simultaneously expressing fluorescently labeled 

MT and ER markers. We analyzed the spatial and temporal dynamics of ER -spindle MT association and saw that in control 

spermatocytes the ER was evenly distributed throughout the cytoplasm prior to meiosis onset, with a subset of ER 

membranes clearly organized ar ound each centrosome. At the meiosis onset, as the centrosomes migrated to the nuclear 

envelope (NE), we saw a sudden sequestration of the ER onto centrosomal MTs before NE breakdown. This ER movement 

toward centrosomal MT minus ends suggested a role for t he MT minus end motor dynein. Surprisingly, spermatocyte specific 

RNAi of dynein heavy chain ( dhc64c) resulted in complete exclusion of the ER from centrosomal MTs prior to meiosis, 

suggesting a requirement for dynein in ER -MT association during interphase . The centrosomes then failed to migrate to the 

NE in dhc64c RNAi cells, as expected based on the known role for dynein in this process. However, we still observed the 

sequestration of the ER membranes toward the centrosomes at meiosis onset, which resulte d in the ER completely 

associating with spindle MTs by NE breakdown. Thus, despite a role for dynein in ER -MT association during interphase, a 

dynein -independent mechanism links the ER with spindle MTs during cell division. We then tested the two other MT motors 

that generate centrosomal -directed forces in Drosophila spindles, Klp61f and Ncd (human Kinesin -5 and -14 orthologues, 

respectively). However, RNAi suppression of both of these factors had no effect on ER association with spindle microtubules. 

In conclusion, our results suggest that MT minus end motors are not required for ER partitioning in meiotic spermatocytes, 

though dynein is required for the organization of the ER around centrosomes during interphase.  

194    Maintenance of visual neurotransmis sion during prolonged light requires AMPylation of BiP.     Andrew 

Moehlman1, Amanda Casey2, Kelly Servage2,3, Kim Orth 2,3, Helmut Kramer 1  1) Department of Neuroscience, UT Southwestern 

Medical Center, Dallas, TX; 2) Department of Molecular Biology, UT Sou thwestern Medical Center, Dallas, TX; 3) Howard 

Hughes Medical Center, Dallas, TX.  

   To efficiently monitor the environment, visual systems must adapt to a wide range of short and long -term changes in light 

conditions. Here, we describe a novel role of a  recently discovered post -translational protein modification, AMPylation, in the 

adaption to prolonged light exposure. AMPylation, the transfer of an adenosine monophosphate, is catalyzed by highly 

conserved Fic proteins. Drosophila null fic mutants are ho mozygous viable and fertile without developmental phenotypes. We 

have found that their visual system fails to adapt to a continuous 72 -hour light exposure (LL). Instead, fic mutants, but not 

wild -type flies, show a severe disorganization of their rhabdomer es by electron microscopy, which is reflected in the loss of 

pseudopupil. In response to light pulses, the sustained negative potential (SNP) of photoreceptors is reduced and ON - and 

OFF-transient lamina responses are lost. Surprisingly, these defects are reversed following a 3 -day recovery period under 

12:12 hour light:dark cycle (LD). The first biochemically identified substrate of eukaryotic Fic was BiP ( hsc70-3), an abundant 

and ubiquitous ER -resident chaperone. To test whether AMPylation of BiP contrib utes to the role of Fic in visual transmission, 

we generated transgenic flies in which endogenous BiP was replaced by wild -type BiP or an AMPylation -resistant BiP mutant. 

The vision defects observed in fic null flies were phenocopied by AMPylation -resistan t BiP, consistent with BiP being a major 

target for Fic -mediated AMPylation in the visual system. BiP is a key regulator of the Unfolded Protein Response (UPR), 

suggesting that the physiological changes in fic and BiP point mutants reflects a reversible de regulation of a cellular stress -

response. Consistent with this hypothesis, we observe under LL conditions, that markers for ER stress are elevated in the 

lamina of  fic mutant animals, indicating a dysregulation of the UPR. These results demonstrate, for th e first time, a 

physiological role for Fic -mediated AMPylation of BiP through the maintenance of visual neurotransmission, and indicate a 

role for the Unfolded Protein Response in regulating photoreceptor plasticity.   

195    Roles of spastic paraplegia proteins in organising a dynamic axonal ER network.     Lu Zhao1, Belgin Yalç?n1, Martin 

Stofanko 1, Niamh O'Sullivan 1, Anood Sohail 1, Valentina Baena 2, Mark Terasaki 2, Cahir J O'Kane1  1) Department of Genetics, 

University of Cambridge, Cambridge, UK; 2) Department of Cell Biology, University of Connecticut Health Center, Farmington, 

CT.  

   Endoplasmic reticulum (ER) is unique among intracellular organelles by its physical continuity. I n neurons, this apparent 

continuity throughout axons, dendrites and cell bodies potentially allows ER to be a channel for regional or long -distance 

communication within neurons that is independent of action potentials or physical transport along microtubul es, comparable 

to a Ɉneuron within a neuronɉ. 

 

Axons contain a mainly smooth tubular ER network throughout their length, but the mechanisms that form and maintain this 

extended axonal network are still largely unknown. Some clues are emerging from mutation s affecting reticulon or REEP 



proteins, characterized by intramembrane hairpin domains that model ER membranes, that cause an axon degenerative 

disease, hereditary spastic paraplegia (HSP). To test whether these proteins have roles in the axonal ER network , we identified 

markers for axonal ER, and used these to show that loss of some Drosophila HSP hairpin proteins can cause partial loss of ER 

from distal motor axons. We also found that loss of both reticulon and REEP families leads to occasional discontinu ities in 

axonal ER. Ultrastructural analysis reveals an extensive and mainly continuous ER network in axons, which shows larger and 

fewer tubules and less continuity in larvae that lack reticulon and REEP proteins, consistent with loss of membrane curvatur e. 

Live imaging and fluorescence recovery after photobleaching (FRAP) also show a physically continuous network of axonal ER 

that is interrupted in hairpin protein mutants, and in addition reveal remarkable dynamic features of the network.  

 

Therefore HSP hairpin -containing proteins are required for shaping and continuity of axonal ER, and the growing number of 

HSP genes may include others that affect axonal ER architecture. The occurrence of occasional gaps in HSP mutants provides 

a potential mechanism for susceptibility of longer axons for degeneration, and the mutant ER phenotypes that we recover 

allow us to test models of how ER can affect axon physiology and communication.  

196    Investigating the role of nucleocytoplasmic transport in Inclusion Body My ositis.     K. Britson, T. Lloyd  Johns 

Hopkins University School of Medicine, Baltimore, MD.  

   Inclusion Body Myositis (IBM) is the most common myopathy in individuals over the age of 50. It is characterized by slowly 

progressive weakness in both proxima l and distal muscles with histopathological features including rimmed vacuoles, protein 

inclusions, endomysial inflammation, and MHC I upregulation. Although IBM has been extensively studied, the cellular 

mechanism underlying the disease remains poorly und erstood, and there are no effective treatments available. Research in a 

variety of degenerative diseases has revealed several parallels between IBM and other neuromuscular degenerative diseases 

such as Amyotrophic lateral sclerosis (ALS), which supports th e idea that there is likely an unappreciated commonality in their 

etiopathogeneses. Two hallmarks of degenerative diseases are protein mislocalization and abnormal protein aggregates in 

the nucleus and cytoplasm. In particular, TAR DNA -binding protein (TDP -43) is mislocalized from the nucleus and found 

aggregated in the cytoplasm in several diseases classified as TDP -43 proteinopathies, including ALS, frontotemporal lobar 

dementia (FTD), and IBM. Interestingly, it has been shown that cytoplasmic protein agg regates alone are sufficient to interfere 

with nucleocytoplasmic transport. Therefore, we hypothesize that nucleocytoplasmic transport may be a major pathway 

contributing to degeneration in IBM. We are using a Drosophila model of hereditary IBM to explore this question. This model 

consists of pathogenic mutations within Valosin -Containing Protein (VCP), which recapitulates the pathology of IBM 

associated with PagetɅs disease of bone and frontotemporal dementia (ϥBMPFD) when expressed in Drosophila muscle. In this 

model it was shown that VCP interacts genetically with TDP -43 and expression of mutant forms of VCP results in the 

mislocalization of TDP -43 to the cytoplasm. Using a shuttle GFP reporter we have preliminary data that indicates that 

nucleocytoplasmi c transport is disrupted in this model. To further explore the role that nucleocytoplasmic transport could be 

playing in IBM pathogenesis we are performing a targeted genetic screen to elucidate interactions between our Drosophila 

model and components of t he nucleocytoplasmic transport machinery. Initial data has revealed both genetic enhancers and 

suppressors of the mutant VCP phenotype. These data suggest that nucleocytoplasmic transport may be a promising 

therapeutic target to ameliorate degeneration in IBM.  

197    Nuclear Wash functions in multiple nuclear complexes to affect nuclear morphology/events.     J.D. Decker, J.M. 

Verboon, S.M. Parkhurst  Basic Sci Div, Fred Hutchinson Cancer Res Ctr, Seattle, WA.  

   Wiskott Aldrich Syndrome (WAS) proteins are  activated by upstream signals, usually from Rho family GTPases, to form new 

branched actin networks in association with the Arp2/3 complex.   The WASH subfamily of WAS proteins has established 

cytoplasmic roles in oocyte and embryonic development, cell mig rations, and endosome sorting and scission, where it 

functions as part of a WA SH Regulatory Complex (SHRC) in a context -dependent manner. Wash also is found throughout the 

nucleus where it affects global nuclear organization and several nuclear events.   In particular, Wash depletion in both cells 

and salivary gland nuclei causes a range of nuclear phenotypes including a wrinkled nucleus, increased DNA accessibility, 

disrupted chromosome organization, altered heterochromatin, and disruption of non -chromatin nuclear substructures. While 

we find that several of these phenotypes are attributable to a direct interaction with the Drosophila B-type lamin and/or its 

SHRC, mass spec and blue native (BN-) PAGE analyses show that nuclear Wash acts as part of multiple, separable complexes 

to affect its diverse set of nuclear properties/events. We are currently investigating the protein components and specific 

functions of each of these complexes to understand the mechanisms underlying each of WashɅs nuclear roles, and in 

particular, its previously unappreciated role in non -canonical nuclear export.  

198    Dynamics of histone nuclear import in the early Drosophila  embryo.     Y. Shindo, A. Amodeo  Princeton University, 

Princeton, NJ.  

   In Drosophila, a newly fertilized embryo undergoes thirteen rounds of rapid, synchronous, syncytial nuclear divisions to 

generate approximately 6,000 nuclei in the first two hours of embryogenesis. Remarkably, the embryo does not increase in 

volume during this period a nd all the materials required for the processes are maternally deposited as RNA and protein 



during oogenesis. Therefore many nuclear proteins are supplied in the cytoplasm and must be rapidly partitioned into the 

exponentially increasing number of nuclei i n order for proper development. Among these, histones are one of the most 

abundant proteins in the early embryo and must be rapidly transported into nuclei to chromatinize the thousands of newly 

synthesized genomes. However, regulation of the histone nucle ar import and their dynamic properties in vivo is not yet well 

characterized in the early Drosophila embryo. Here, we constructed a novel endogenously -regulated histone H3 reporter 

tagged with a green -to-red photoswitchable fluorescent protein Dendra2. Usi ng this system, we are able to measure in vivo 

parameters of histone dynamics in the embryo, including nuclear import rates, export rates, and the fraction of DNA -

bound/unbound histones within the nuclei at various stages of development. We will discuss ho w these properties are 

related to the progression of nuclear cycles, the abundance of karyopherins, and the total DNA concentration in the embryo.  

199    A New Twist in an Old Saga: an Essential Role of Drosophila  RanGAP at the Nuclear Pore.     Shane Chen, Maria 

Lyanguzova, Hangnoh Lee, Karen Plevock Haase, Ka Chun Yau, Alexei Arnaoutov, Mary Dasso   National Institute of Child 

Health and Human Development, NIH, Bethesda, MD.  

   Ran is a small GTPase that is critical for nuclear -cytoplasmic transport, nucl ear envelope assembly, and mitotic spindle 

formation. These cellular processes are driven by a gradient of GTP -bound Ran (Ran-GTP) and GDP-bound Ran (Ran-GDP). For 

nuclear -cytoplasmic transport in interphase, Ran -GTP is maintained at a high level in the nu cleus by the activity of RCC1, a 

nucleotide exchange factor. Ran -GDP is dominant in the cytoplasm due to the stimulation of GTP hydrolysis by RanGAP, Ran 

GTPase-activating protein. In vertebrates, RanGAP is constantly SUMOylated, facilitating its associati on to the nucleoporin 

RanBP2 at the cytoplasmic filaments of nuclear pore complex (NPC). During mitosis, the complex containing SUMOylated 

RanGAP and RanBP2 persists after nuclear envelope breakdown and localizes to mitotic spindles and to kinetochores. By  

contrast, yeast does not possess an obvious homologue to RanBP2, and the yeast RanGAP is not SUMOylated, rendering it 

dispersed in the cytoplasm.  

To understand the regulation of RanGAP and the functional consequences of its association to the NPC, we exam ined the 

localization of RanGAP in Drosophila. Our results show that Drosophila RanGAP anchored at the nuclear envelope via 

association to RanBP2. The interaction between Drosophila RanGAP and RanBP2 is independent of SUMOylation, and occurs 

through direct  binding of RanGAP to a non -conserved motif of RanBP2. The RanGAP binding motif of RanBP2 resides in an 

intron that is selectively retained in most tissues. Collectively, our overall goal is to better understand the biological 

significance of RanGAP-RanBP2 interaction by studying fly development, fertility, and viability.  

200    Analysis of Gp210 function in Drosophila melanogaster .    Brian Jenkins, Brad Darwin, Alex Chang, Cole Lambo, Sean 

Speese  Department of Neurology, OHSU - Jungers Center for Neuros cience Research, Portland, OR.  

    

Although Gp210 was the first nuclear pore complex (NPC) protein identified 35 years ago, a role in supporting 

nucleocytoplasmic transfer has remained elusive. Depsite being one of the few transmembrane NPC proteins, a nu mber of 

studies suggest that Gp210 is not required for assembly or localization of the NPC, consistent  with observations that not all 

cells express Gp210. Recent inquiries into Gp210 function have uncoverd roles in a variety of cellular processes including  

regulation of gene specific transcription in muscle cells, maintenance of ER homeostasis and in cellular differentiation.  A 

particularly interesting and surprising finding is that some functions of Gp210 do not require the protein to be localized to  the 

NPC.  Despite the intriguing nature of this protein, very few in-vivo studies have been carried out regarding its function.  

     

We have undertaken an in -depth study of Gp210 function in Drosophila melanogaster, investigating gp210 mutant phenotypes 

in mul tiple tissues and cell types during various stages of the Drosophila life cycle. Our initial investigation takes advantage of 

a few existing P -element insertions into the gp210 locus which decrease transcript and protein levels to varying levels. Depsite 

strong transcript and protein knock -down from two of these P -element insertions, both alleles are surprisingly viable and 

fertile as homozygotes and do not have a decreased lifespan. We are currently generating a null allele and tissue specific 

knockouts of  Gp210 function using transgenic CRISPR/Cas9 approaches.  

  

Our preliminary results have also led to the interesting discovery that gp210  mutants have an increase in Nuclear Envelope 

Budding (NEB) events, however, it is unclear if this phenotype is due to increasing or blocking of this process. During NEB, 

large granules containing RNA presumably bud through the nuclear envelope in a process akin to the nuclear egress of 

Herpesviridae nucelocapsids, but the cellular function of this pathway is still unknown .  We are testing a number of 

possibilities to determine the mechanisms underlying the apparent increase in NEB events in gp210 mutants. In accordance 

with other studies, loss of GP210 function does not grossly alter the localization of the NPC but does le ad to elevated levels of 

ER stress in some cell types, suggesting a possibly link between ER stress and the nuclear envelope budding 

pathway.  Ultimately, these in-vivo studies will add to our understanding of this enigmatic NPC protein and hopefully begin  to 

shed light onto the function of the NEB pathway.  

 

 



 

   

202    Investigating the roles of Fascin in collective cell migration using Drosophila border cell migration.     M. Lamb, K. 

Anliker, T. Tootle   Anatomy and Cell Biology, University of Iowa, Iowa C ity, IA.  

   Fascin, an actin binding protein, is a regulator of many developmental processes and contributes to cancer aggressiveness. 

Functioning to bundle actin filaments, Fascin promotes cell motility, invasion, and adhesion through its canonical role of 

forming filopodia and invadopodia. Fascin controls cell migration during development such as, growth cone extension and 

dendrite formation. In addition, Fascin is highly upregulated in certain types of cancer, and elevated expression is associat ed 

with increased invasiveness, aggressiveness and mortality of these cancers. While FascinɅs role in regulating cell migration has 

largely been attributed to its function as an actin bundler, Fascin has other functions including, interaction with 

mechanotransduct ion machinery, and nuclear localization, that may contribute to cell migration. While Fascin has been 

studied in the context of single cell migration and 2D migration, the role of Fascin in 3D collective cell migration has yet to be 

investigated. To study the role of Fascin in invasive, collective cellular migration in vivo we use Drosophila border cells as a 

model. Border cell migration occurs during Stage 9 of oogenesis in which a specified group of follicular epithelial cells clu ster 

together and migrate  posteriorly in between the nurse cells to the nurse cell - oocyte border. This process is crucial for oocyte 

development since aberrant or delayed border cell migration leads to female sterility. Fascin is highly expressed in the bord er 

cells and fascin-null flies are sterile. These and other findings led us to hypothesize that Fascin plays a critical role in 

promoting border cell migration during oogenesis. Contrary to prior reports, we find that follicles from young fascin-null flies 

display a significan t delay in border cell migration. Cell -specific knockdown studies suggest that Fascin is required within the 

somatic and germline cells to mediate migration. Furthermore, rescue of Fascin expression in the germline cells, but not 

somatic cells, fails to re scue border cell migration. Together these findings implicate a cell -autonomous role for Fascin in 

collective cell migration in vivo during Drosophila oogenesis. Furthermore, these findings provide a system to investigate the 

actin bundling -independent fun ctions of Fascin in invasive cellular migration. Overall, this research will lead to a more 

complete understanding of the function of Fascin in developmental cell migrations and cancer metastasis.  

203    Balance of action by integrin -associated proteins r evealed by myofibril attachment.     H. Green, N.H. Brown  Dept 

of Physiology, Development and Neuroscience, Univ Cambridge, Cambridge, GB.  

   We use the myotendinous junction of Drosophila indirect flight muscles to explore how the many intracellular proteins 

recruited by integrins coordinate their function to build complex actin structures. We discovered that myofibril termini 

contain 3 distinc t actin structures, marked by different actin regulators. We identify unique phenotypes caused by the 

absence of each integrin -associated -protein, permitting epistasis analysis. This revealed a balance between positive and 

negative activites, with Focal Ad hesion Kinase inhibiting the elevation of integrin activity by tensin, and RSU1 keeping PINCH 

activity in check. Furthermore, vinculin facilitates mechanical opening of filamin, which can then work with Arp2/3 to build an 

actin buffer zone positioned betwe en actin adjacent to the membrane and the first sarcomere. Thus, integration of integrin -

associated protein activity builds the complex architecture of the myotendinous junction, linking the membrane anchor to the 

sarcomere via multiple actin -based structu res.  

204    Understanding how Hedgehog signaling regulates Cubitus Interruptus using the CRISPR/Cas9 gene editing 

system.     Jamie Little, Elisa Garcia, Amanda Sul, Hoyon Kim, Daniel Kalderon   Biological Sciences, Columbia University, White 

Plains, NY.  

   The Hedgehog protein (Hh) is a morphogen that is used in a variety of settings to regulate cell proliferation and patterning 

in flies and mammals. Hh signal transduction ultimately alters the activity of Cubitus Interruptus (Ci), the sole transcripti on 

factor of the pathway in flies (or Gli orthologs in mammals). When Hh is absent, Protein Kinase A (PKA) and Costal -2 (Cos2) 

promote proteolytic processing of to a transcriptional repressor form, Ci -75. When Hh is present, Ci -155 processing to Ci -75 is 

inhib ited and Ci -155 is activated, leading to de -repression and activation of Hh target genes. To investigate how different 

facets of Ci regulation collaborate and uncover their underlying mechanisms we are creating designer ci alleles using the 

CRISPR-Cas9 gene editing technique. Importantly, this allows testing of Ci variants under physiological conditions.  We aim to 

learn more about the necessity for regulated Ci -155 processing, whether PKA or Cos2 have processing -independent roles and 

to learn more about ho w Fused kinase activates Ci -155 and Suppressor of fused limits Ci -155 activation.  

205    Examining the effectiveness of knocking down the Hedgehog signaling pathway using different RNAi lines in 

Drosophila .    Julia Spear, Cheaney Seiler, Pavithra Vivekan and  Susquehanna University, Selinsgrove, PA.  

   The Hedgehog (Hh) signaling pathway is a highly -conserved intercellular communication pathway that is required for cell 

differentiation and morphogenesis. In Drosophila melanogaster, the Hh signaling protei n relieves suppression of the 

Smoothed (Smo) receptor to begin an intracellular cascade, ultimately activating Cubitus interruptus (Ci), a transcription 

factor that regulates the expression of important developmental genes. In previous work, RNA interferen ce (RNAi) was used 



to knockdown Pointed (Pnt), a transcription factor that functions downstream of the EGF RTK signaling pathway. Pnt is 

required for the differentiation of different cell types in multiple tissues. We demonstrated that the different RNAi l ines 

behaved inconsistently with respect to knockdown efficiency in different tissues with the short -hairpin RNA eliciting the 

strongest loss -of -function phenotype. We wanted to examine whether we would observe similar variability in phenotypic 

severity wi th knockdown of Hh pathway members. Hh RNAi was expressed in different tissues using VDRC, Valium10, and 

Valium20 fly lines. VDRC and Valium10 produce long -hairpin RNA, while the Valium20 line generates short -hairpin RNA. In the 

wing, expression of Hh RNAi  using the Valium10 line led to the strongest phenotype of crinkled wings in 76% of male and 

female flies. Wings from male flies expressing the VDRC and Valium20 lines exhibited either a partial or full loss of the 

anterior cross vein. The wings from femal e flies that expressed dsRNA from either the VDRC or the Valium20 RNAi lines were 

wild type. Experiments to test the effect of expressing dsRNA to target either hh or smo mRNA during eye and midline glia 

development are underway with each of the RNAi lines .  

206    Screening Candidates from a Genetic Screen to Identify Novel Regulators of Wingless Signaling.     A. Gutierrez, J. 

Kennell   Biology, Vassar College, Poughkeepsie, NY.  

   Wingless (Wg) initiates a canonical signal transduction pathway in Drosophila melanogaster that influences gene expression 

during embryonic development. The protein Armadillo (Arm) is stabilized by Wg signaling and acts as a transcriptional co -

activator of TCF, a transcription factor, to regulate gene expression. Wg signaling has  been shown to contribute to tissue 

specific changes in gene expression, the mechanism by which is still unclear, but it is speculated that undiscovered regulato rs 

exist. Previously, the Kennell Lab conducted a small misexpression screen to identify novel regulators of Wg signaling. The 

misexpression screen was carried out using an Arm -dependent small -eye phenotype caused by activation of Wg signaling 

during eye development. The phenotype was activated using a modified form of Arm that cannot be degraded (A rm*). Using 

EP elements, or transposable elements with UAS enhancers that insert near promoters of genes, random genes were 

misexpressed along with Arm*.   If any changes to the Arm -dependent phenotype occurred, those genes were considered 

possible regulato rs of Wg signaling. Candidate genes found to influence apoptosis independent of Wg signaling were 

discarded in a secondary screen. Fifteen genes remained as viable contenders. The two most promising candidate genes 

were chameau and Gbs 70E. They were selec ted based off of previously established functions. Chameau is an H4 histone 

acetyltransferase that co -activates transcription factors c -Jun and Fos. Rpd3, an antagonist of chameau, is recruited to inhibit 

Wg target gene expression. Gbs 70E is an inhibitory  binding partner of PP1Ƽ96A, a phosphatase that positively regulates Arm 

stability. The two genes were subcloned into expression vectors and transfected into Kc167 cells to test Arm target gene 

expression using reporter gene assays. Future work will focus on conducting knockdowns of the candidate genes and 

monitoring their effect on Arm target genes and eye development.  

207    Emc regulates wingless signaling through Hippo -dependent non -apoptotic caspase signaling.     LH. Wang2, S. 

Nair1, N. Baker1  1) Genetics, Albert Einstein College of Medicine, Bronx, NY; 2) Graduate Institute of Life Sciences, National 

Defense Medical Center, Taiwan.  

   Transcription factors of the bHLH family of proteins, especially E and ID proteins play a crucial role in developmen t and 

differentiation. We have previously shown that bHLH expression imbalance activates the Salvador -Warts-Hippo (SWH) 

pathway of tumor suppressors. In the absence of ID protein Extramacrochetae (Emc), E protein Daughterless (Da) activates 

the transcripti on of expanded (ex). In addition, Tyler and Baker (2007) reported that Ex is a negative regulator of wingless 

signaling. In this study, we have tested if Emc affects Wg signaling through Ex and SWH signaling. Using genetic epistasis 

experiments, we report here that: 1) Ex signals through the Hippo pathway and Yorkie to regulate bristle patterning; 2) Yorkie 

regulates neural patterning through Diap1, Dronc and non -apoptotic caspase activity; 3) Caspase cleavage of a particular 

Shaggy isoform inactivates Wing less signaling. Interestingly, Emc and Wg are both regulators of the morphogenetic furrow in 

the developing eye. Additional double -mutant combinations now establish that Emc regulates the morphogenetic furrow 

through wingless signaling, and apparently not through proneural genes.  

208    Drosophila Glioma models to study therapy resistance.     L. Roebke3, K. Snigdha1, M. Kango-Singh1,2,3  1) Department 

of Biology, University of Dayton; 2) Center for Tissue Regeneration and Engineering at Dayton (TREND), Uni versity of Dayton; 

3) Premedical Programs, University of Dayton.  

   Glioblastoma multiforme (GBM) is a devastating form of primary brain cancer with poor prognosis. Capitalizing on the 

mutations found in GBM patients and the similarities between mammalian  and Drosophila genes involved in glial cell biology, 

Drosophila glioblastoma models have been established that show similarities to anaplastic glia from high -grade human 

glioma. High grade glioma is known to be recurrent and therapy resistant. These aspec ts of GBM lead us to ask how different 

molecular signals  

contribute to promoting glioma, and if interactions between glioma cells and the neighboring stromal cells play a role in the  

key aspects of disease presentation - the rapid growth, the therapy resist ance, and the recurrent phenotype. We established 

a Drosophila glioma model where PI3K and EGFR/MAPK are coactivated using the GAL4 -UAS system. The fly glioma 

(repoGAL4>UASptenRNAi +UASRasV12 ) model is especially advantageous due to conservation of cell -biological and signaling 



mechanisms between flies and humans, and the ease of manipulating molecular signaling pathways in-vivo due to the vast 

array of genetic tools available in flies. Next, using genetic and immunohistochemical approaches we tested the roles of key 

pathways and found that Wingless (Wg) and Hippo pathway may play an important role in glioma growth. We will present our 

findings from genetic interaction and epistasis studies tha t show the roles of Wg and Hippo signaling in glioma growth and 

therapy resistance. These studies will provide insights on molecular signals that promote gliomagenesis, and potential target s 

that may be evaluated for their therapeutic value in a whole orga nism in-vivo glioma model.  

209    Dally -like differentially regulates Wnt ligands in Drosophila  germarium to promote GSC maintenance and 

differentiation.     I. Waghmare1,2, X. Wang1,2, A. Page-McCaw1,2  1) Department of Cell and Developmental Biology, Van derbilt 

University, Nashville, TN; 2) Program in Developmental Biology, Vanderbilt University, Nashville, TN.  

   The maintenance, proliferation, and survival of many cell types in Drosophila germarium depend on coordinated activities of 

short and long -range signaling activities of secreted ligands such as Hedgehog, Decapentaplegic, Unpaired, and several 

members of the Wnt family. The extracellular spread of ligands has been explained by three mechanisms in the Drosophila 

germarium. These include 1) cytonem e mediated spread of Hedgehog, 2) Dally mediated regulation of short -range 

Decapentaplegic ligand spread and activity to maintain germline stem cell niche, and 3) Dally -like  mediated long -range 

spread of Wingless to follicle stem cells. Both Dally and Dal ly-like are cell -surface heparan sulfate proteoglycans that regulate 

the extracellular spread of Wingless, Hedgehog, Decapentaplegic, and Unpaired in other tissues. Dally -like acts as an 

exchange factor for Wingless and exhibits biphasic activity by promot ing long -range signaling and suppressing short -range 

signaling. In this study, we investigated the role of Dally -like in regulation of different Wnt ligands in the germarium. The 

Drosophila germarium expresses Wingless, Wnt2, Wnt4 and Wnt6 ligands. Wingles s and Wnt6 are required for maintenance 

of germline stem cell niche, whereas Wnt2 and Wnt4 maintain differentiation niche via several mechanisms. Mutations or 

genetic manipulation of Wnt signaling pathway components in the germarium disrupts early oogenesi s. Here, we show that 

overexpression of Dally -like in the differentiation niche results in loss of germline differentiation and loss of germline stem 

cells. Interestingly, while all four Wnts expressed in the germarium can bind to Dally -like in S2R+ cells, only Wingless and Wnt4 

overexpression in the differentiation niche partially rescues the tumor phenotype, and only Wnt6 overexpression rescues the 

germline stem cell loss phenotype. Our results suggest that Dally -like has discrete Wnt ligand binding sites , and differentially 

regulates the spatial distribution and activity of Wnt ligands.  

210    Wg signaling in vivo  alters Axin -Sgg interactions to inhibit destruction complex activity.     M. Wehrli1, D.B Lybrand 2, 

M. Naiman 2, J.M. Laumann1, M. Boardman 1, S. Petshow 1, K. Hansen1, G. Scott1  1) Integrative Biosciences, Oregon Health and 

Science University, Portland, OR; 2) Reed College.  

   The central regulator of the Wnt/ƽ-catenin pathway is the Axin/APC/GSK3ƽ (Sgg) destruction complex, which in 

unstimulated  conditions targets cytoplasmic ƽ-catenin/Armadillo for degradation. How Wnt activation inhibits the destruction 

complex to permit ƽ-catenin -dependent signaling remains controversial, in part because the destruction complex, and its 

regulation have never b een observed in vivo. Using bimolecular fluorescence complementation methods, we have now 

analyzed the activity of the destruction complex under near -physiological conditions in Drosophila. 

By focusing on well -established patterns of Wg/Wnt signaling in th e wing imaginal disc, we have defined the sequence of 

events by which activated Wg receptors induce a conformational change within the destruction complex, resulting in modified 

Axin-Sgg interactions that prevent Armadillo degradation. Surprisingly, the nu cleus is surrounded by active destruction 

complexes, which principally control ArmadilloɅs degradation and thereby nuclear access. These destruction complexes are 

inactivated and removed upon Wnt signal transduction. These results suggest a novel mechanist ic model for dynamic 

Wg/Wnt signal transduction in vivo.  

211    Length and Organization of Interfollicular Stalks is Critical for Oogenesis and Fecundity.     A.R. Mascaro1, A. 

Borensztejn 2, K.A. Wharton 1  1) Molecular Biology, Cell Biology, and Biochemistry, Brown University, Providence, RI; 2) CBRC, 

Massachusetts General Hospital Research Institute/Harvard Medical School, Boston, MA.  

   The individualization of follicular egg chambers in Drosophila melano gaster ensures the proper development of an 

oocyte.  As individual egg chambers, or follicles, are produced in the germarium and then bud off, they are separated by a 

row of specialized cells called the interfollicular stalk.  The stalk is initially presen t in a cluster, and then forms into a linear 

array of single cells.  As oogenesis proceeds, we have found that the interfollicular stalk undergoes a reduction in cell number 

via apoptosis. Distinct from its role in fate specification, JAK/STAT signaling is  required to restrict this apoptosis, with 

reduction in JAK/STAT signaling specifically in the stalk leading to excess cell death including complete loss of the stalk.  This 

reduction in stalk length results in an overall decrease in fecundity, leading to fewer eggs being laid.  Interestingly, 

hyperactivation of JAK/STAT signaling leads to longer than normal stalks and a similar decrease in fecundity, suggesting that  a 

tight regulation of stalk length is critical to proper oogenesis.  In addition to changes  to cell number and cell death, we also 

find a disruption in the morphology and organization of the interfollicular stalks when manipulating JAK/STAT signaling as we ll 

as Bone Morphogenetic Protein (BMP) signaling.  In contrast to the well characterized fo llicular epithelium surrounding each 

developing egg chamber within the Drosophila ovariole, little is currently known about organization structure of this unique 



tissue.  Questions remain regarding how the stalk cells rearrange to form a single line, what proteins are critical to 

establishment and maintenance of stalk organization, and why the stalk is so critical for oogenesis.  We are examining and 

will present the wild -type properties of the stalk in this context, as well as changes that occur through ma nipulation of 

JAK/STAT or BMP signaling, which, based on preliminary findings, appear to alter proteins known to be involved in cell polari ty 

and adhesion.  

212    Muscle secreted Myoglianin regulates imaginal disc size.     Ambuj Upadhyay, Michael O'Connor   Dept. of Genetics, 

Cell Biology and Development, University of Minnesota, Minneapolis, MN.  

   Organ size regulation is essential for proper function. Interestingly, the size of  

organs often scale proportionally with overall body size. The mechanism of  

how organs scale to body size remains largely unexplored. We are using the  

Drosophila melanogaster to identify such mechanism. Through a series of  

genetic analyses, we have identified myoglianin (myo), a TGF -b/Activin like  

growth factor, as an important reg ulator of wing growth. Myo mutant discs are  

significantly smaller, unlike other Activin like ligand mutants. Myo signaling in  

the discs require specific TGF -b receptors Babo -a, punt, and co -receptor plum.  

Surprisingly, myo is not expressed in the wing, rat her it is secreted from the  

larval skeletal muscle. We propose myo signaling is a form of inter -organ  

communication which regulates scaling of wing size to the larval skeletal muscle serves as a proxy for overall body size.  

213    Stem cell -niche interact ions in the Drosophila  ovarian germline.     Scott Wilcockson, Hilary Ashe  Faculty of Biology, 

Medicine and Health, University of Manchester, Manchester, GB.  

   Instructive signals secreted by niche cells ensure the localised maintenance of stable adult s tem cell populations. In the 

Drosophila ovarian germline, the somatic cells surrounding the germline employ multiple redundant mechanisms to restrict 

the range of the self -renewal signal, Dpp, to around a single cell diameter. This exquisite short -range signalling ensures the 

maintenance of a small number of germline stem cells whilst enabling cells to initiate cystoblast differentiation upon niche 

exit. We aim to identify mechanisms downstream of niche signalling that promote germline stem cell self -renewa l. To this end 

we have performed RNA -seq of genetically expanded germline stem cell -like cells and cystoblasts to reveal novel networks 

regulating GSC self -renewal and differentiation. Here I will present evidence for a role for planar cell polarity and fi lopodia -like 

protrusions in the regulation of stem cell -niche interactions.  

214    The Drosophila  TGF-beta/Activin -like ligands Dawdle and Myoglianin modulate adult lifespan through regulation 

of 26S proteasome function in adult muscle.     S. Langerak1, M. Kim2, H. Lamberg 1, M. Godinez1, M. Main 1, L. Winslow1, M.B. 

OɅConnor2, C.C. Zhu1  1) Biological Sciences, Ferris State University, Big Rapids, Michigan 49307; 2) Department of Genetics, Cell 

Biology and Development, University of Minnesota, Minneapolis, Minnesota 55455.  

   The Drosophila Activin signaling pathway employs at least three separate ligands, Activin -ƽ (Actƽ), Dawdle (Daw), and 

Myoglianin (Myo), to regulate several general aspects of fruit fly larval development including cell proliferation, n euronal 

remodeling, and metabolism.   Here we provide experimental evidence showing that both Daw and Myo are anti -ageing 

factors in adult fruit flies. Knockdown of Myo or Daw in adult fruit flies reduced mean lifespan, while overexpression of eit her 

ligand  in adult muscle tissues but not in adipose tissues enhanced mean lifespan. An examination of ubiquitinated protein 

aggregates in adult muscles revealed a strong inverse correlation between Myo or Daw initiated Activin signaling and the 

amount of ubiquitin ated protein aggregates. We show that this correlation has important functional implications by 

demonstrating that overexpression of Daw or Myo in adult muscle tissues can partially rescue the reduced lifespan 

phenotype produced by knockdown of a 26S prote asome regulatory subunit Rpn1 in adult fly muscle, and that the prolonged 

lifespan caused by overexpression of Daw or Myo in adult muscle could be due to enhanced protein levels of the key subunits 

of 26S proteasome. Overall, our data suggest that Activin signaling initiated by Myo and Daw in adult Drosophila muscles 

influences lifespan, in part, by modulation of protein homeostasis through either direct or indirect regulation of the 26S 

proteasome levels. Since Myo is closely related to the vertebrate musc le mass regulator Myostatin (GDF8) and the Myostatin 

paralog GDF11, our observations may offer a new experimental model for probing the roles of GDF11/8 in ageing regulation 

in vertebrates.  

215    Lgl regulates endosomal vesicle acidification and Notch si gnaling by promoting Vap33 interaction with the V -

ATPase complex.     M. Portela Esteban1,2, L. Yang3, S Paul3, A Veraksa3, L Parsons4, H Richardson 2  1) Molecular, Cellular and 

Developmental Neurobiology, Cajal Institute, Madrid, Madrid, ES; 2) Department of Biochemistry & Genetics, La Trobe 

Institute for Molecular Science, La Trobe University, Melbourne, Australia; 3) Department of Biology, University of 

Massachusetts, Boston USA; 4) School of Biological Sciences, Monash University, Victoria, Australia.  

   The Drosophila melanogaster junctional neoplastic tumor suppressor, Lethal -2-giant larvae (Lgl), is a regulator of apico -



basal cell polarity and tis sue growth. We have previously shown in the developing Drosophila eye epithelium that, without 

affecting cell polarity, depletion of Lgl results in ectopic cell proliferation and blockage of developmental cell death due to 

deregulation of the Hippo signali ng pathway. Additionally we showed that Notch signaling is increased in lgl depleted eye 

tissue, independently of the function of Lgl in apico -basal cell polarity. Moreover, the deregulation of Notch signaling in  lgl 

mutant tissue occurs by increased vesic le acidification, but the precise mechanism was unclear.  

 

Here we investigate the mechanism by which Lgl regulates vesicle acidification. Our data shows that increased Vacuolar -

ATPase (V-ATPase) activity in lgl mutant tissue is responsible for the elevated  Notch signaling and tissue growth defects. We 

show that Lgl binds to Vap33 (Vamp -associated protein), which interacts with V -ATPase components. Vap33 physically and 

genetically interacts with Lgl and V -ATPase subunits in vivo and it represses V -ATPase activity and Notch signaling. 

Importantly, Lgl knockdown decreases binding of Vap33 to the V -ATPase component, Vha68 -3.  Thus, our results reveal a 

novel role for Lgl in promoting binding of Vap33 to the V -ATPase, thereby controlling V -ATPase activity, Notch signaling and 

tissue growth.  

 

Altogether our data uncovers a novel mechanism by which Lgl regulates vesicle acidification through Vap33 and therefore the 

attenuation of ligand activated Notch signaling during Drosophila eye development. Our findings implic ate the deregulation 

of Vap33 and V-ATPase activity in polarity -impaired epithelial cancers.  

216    Molecular characterization of JAK/STAT regulation of spermatid differentiation.     S. Dadkhah, Douglas Harrison, 

Jeramiah Smith   University of Kentucky, Le xington, KY.  

   In addition to its role in testis stem cell maintenance, it has been found recently that the activation of the JAK/STAT pathw ay 

is required in the somatic cyst cells for later stages of spermiogenesis. A reporter of pathway activity is exp ressed in cyst cells 

encapsulating spermatids during elongation and disruption of pathway activity in cyst cells impairs individualization, the 

process in which the bundle of 64 interconnected spermatids is separated and their excess cytoplasm is removed. The aim of 

this project is to identify effectors regulated by JAK/STAT signaling that initiate individualization. Using RNA -seq, we have 

examined expression profiles from testes in which JAK/STAT signaling has been impaired prior to individualization by 

expressing the negative regulator Eye -transformer/Latran (ET/Lat) and compared to testes dissected from wild type flies.  

cDNA samples were sequenced using Illumina HiSeq 2500 for 100bp paired -end reads.   These sequencing runs yielded 5.8 

billion base pairs o f sequence data from approximately 301 million separate reads in total from three biological replicates 

each across the controls and experimental data sets. These reads were mapped to the Drosophila reference sequence, and 

after annotating, RSEM was used t o estimate expression level of genes from the RNA -Seq data. Next, EBseq was utilized to 

assess the differential expression levels of transcripts across control and experiments. The generated list of differentially  

expressed genes has been filtered for cons istency across biological replicates and for the presence of an identified Stat92E 

binding site. From this analysis, we have identified significant differential expression (>2x log2) of 1508 transcripts 

represented 494 different genes. Of the genes showing  differential expression, 311 were downregulated upon impairment of 

JAK/STAT signaling and 183 were upregulated. Down regulated genes were enriched for classes related to immune responses, 

proteases and apoptosis which can be interesting when comparing the  cellular activities occurring during individualization.  

217    Understanding the role of a nurse cell protein Cup, in border cell migration during Drosophila  oogenesis.     B. 

Saha, M. Prasad  Biological Sciences, Indian Institute of Science Education and  Research Kolkata, Kalyani, West Bengal, INDIA.  

   Though collective cell migration plays a critical role in several aspects of multicellular development, the underlying 

molecular mechanism regulating this process is still far from clear. We have employed  the model of border cell (BC) migration 

during Drosophila oogenesis to understand how group cell movement is regulated in vivo. A fly ovary consists of a bunch of 

oval structures called the egg chambers, which develop through 14 stages of oogenesis to for m the mature egg. An egg 

chamber consists of central germline cells (15 nurse cells & 1 oocyte) surrounded by a layer of 750 cuboidal follicle cells. At 

stage 8, group of 6 -8 anterior follicle cells detach from the epithelial layer, invade the nearby nurse  cells and migrate towards 

the oocyte. Failure of BCs to reach the oocyte results in female sterility. From a pilot screen of several female sterile lin es, we 

identified mutation in cup gene impedes BC movement and also display defect in nurse cell organiz ation. Cup is an mRNA 

binding protein that is specifically expressed in the nurse cells and is known to repress translation of some mRNAs including  

oskar. Our results suggest that Cup functions in the nurse cells to regulate JAK -STAT signaling in neighbori ng follicle cells. 

Since JAK-STAT signaling plays a critical role in BC fate specification, our results suggest that cup mutant egg chambers exhibit 

higher number of cells in the migrating cluster thus impeding BC movement. Further our results suggest that  Cup regulates 

the transcripts of actin and microtubules in the nurse cells. As BCs adhere to nurse cell surface during movement, any defect  

in the nurse cell organization will impede BC movement. Hereby we propose that Cup maintains the nurse cell integri ty and 

modulate the size of the border cell cluster to regulate the efficient border cell movement.  

218    Mind bomb 2, a negative regulator of STAT activity, is required for normal border cell migration.     S. Trivedi, M 

Starz-Gaiano  Biological Sciences, University of Maryland, Baltimore County, Baltimore, MD.  



   The JAK/STAT (Janus kinase/Signal transducer and activator of transcription) cascade provides signaling cues for many 

biological processes in animals, including stem cell maintenance and collec tive cell migration. Collective cell migration is very 

important for morphogenesis but is not as well characterized as single cell migration. Using Drosophila egg chambers, we 

study different layers of JAK/STAT regulation that are important for collective cell migration. The polar cells secrete Unpaired 

(Upd), which activates JAK/STAT signaling in the neighboring follicle cells. High JAK/STAT activation in the follicle cells s pecifies 

them as motile border cells. The border cells surround and carry the pola r cells to the developing oocyte during oogenesis. 

We are characterizing an E3 ubiquitin ligase, Mind bomb 2 (Mib2), as a regulator of border cell migration and a possible 

component of JAK/STAT signaling. Earlier studies from our laboratory demonstrate tha t mib2  knockdown in the anterior 

follicle cells results in defective border cell migration, and work from other researchers have implicated Mib2 as a negative  

regulator of STAT activity in Drosophila cell culture. We are using a combined approach of RNA in terference, overexpression, 

and mutant analysis to determine in which cells mib2  is required for border cell migration and to evaluate changes in STAT 

activity. As Mib2 has been shown to regulate cytoskeletal dynamics in Drosophila muscle maintenance, we a re also examining 

its effect on actin cytoskeleton in the follicle cells. A better understanding of collective cell migration and JAK/STAT regu lation 

can take us take a step further in the battle against diseases like rheumatoid arthritis, cancer metastasi s, and 

neurodegenerative disorders.  

219    Loss of the mucosal barrier alters the progenitor cell niche via JAK/STAT signaling.     L. Zhang1, K. Ribbeck2, B. 

Turner 2, K. Ten Hagen1  1) Developmental Glycobiology Section, NIDCR/NIH, Bethesda, MD; 2) Department of Biological 

Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139.  

   The mucous barrier of our digestive tract is the first line of defense against pathogen s and damage.   Disruptions in this 

barrier are associated with diseases such as CrohnɅs disease, colitis and colon cancer, but mechanistic insights into these 

processes and diseases are limited.   We have previously shown that loss of a conserved  O-glycosyltransferase (PGANT4) 

in Drosophila results in aberrant secretion of components of the peritrophic/mucous membrane in the larval digestive 

tract.  Here, we show that loss of PGANT4 disrupts the mucosal barrier, resulting in epithelial expression of the IL -6-like 

cytokine Upd3, leading to activation of JAK/STAT signaling, differentiation of cells that form the progenitor cell niche and 

abnormal proliferation of progenitor cells.   This niche disruption could be recapitulated by overexpressing upd3 and rescued 

by deleting  upd3, highlighting a crucial role for this cytokine.   Moreover, niche integrity and cell proliferation in  pgant4-

deficient animals could be rescued by overexpression of the conserved cargo receptor Tango1 and partially rescued by 

supplementation with exogenous mucins or treatment with antibiotics.   Our findings help elucidate the paracrine signaling 

events activated by a compromised mucosal barrier and provide a novel in vivo screening platform for mucin mimetics and 

other strategies to treat dise ases of the oral mucosa and digestive tract.  

220    Tools for tracking Akt kinase kinetics in Drosophila melanogaster .    D.P. Sarikaya1, T. Gillies2, D.J. Begun1, J.G. 

Albeck2  1) Evolution and Ecology, UC Davis, Davis, CA; 2) Molecular and Cellular Biol ogy, UC Davis, Davis, CA.  

   Many developmental pathways are activated when a ligand binds to an extracellular receptor, leading to changes in the 

activity of intracellular signaling molecules such as kinases and transcriptional regulators, which in turn alter gene expression 

and cellular phenotype. Studying pathway activity in developmental models often relies on tissue -level assays of 

phosphorylation levels of kinases or changes in downstream gene expression. However, recent studies have shown that 

single-cell level differences in the kinetics of signaling molecules can influence the cellɅs response to pathway activation. 

Studies focusing on the transduction kinetics of pathways have suggested that there is an additional layer of information 

coded within the kinetics of signaling molecules that cannot easily be captured using tissue -level studies. It remains unclear 

whether cell -to -cell differences in signaling kinetics can contribute to developmental events  in vivo. Drosophila provides an 

excellent system  to investigate developmental questions, and here we report preliminary findings and designs of constructs 

to track kinetics of kinases downstream of Insulin signaling, Akt, at the single -cell level in Drosophila tissues. We designed a 

reporter for Akt, an d found that the reporter responds to drug -induced stimulation and/or inhibition of Insulin signaling in S2 

tissue culture cells. Transgenic animals carrying the reporters were generated, and fixed tissues of starved adults show 

expected Akt activity patte rns in different cell types. Live -imaging results of adult and larval tissues of transgenic animals, and 

data analysis methods will be discussed.  

221    ϥdentifying the molecular mechanism of the Jub/Ƽ-Catenin mechanosensitive interaction.     H. Alegot, C. 

Markosian, K. Irvine   Waksman Institute, Rutgers University, Piscataway, NJ.  

   Mechanical tension can regulate adult organ size by modulating the activity of the Hippo pathway. This regulation is 

mediated by the mechanosensitive recruitment of the Ajub a LIM domain protein Jub to the adherens junction (AJ). Under 

increased tension Jub is recruited to the AJ where it sequesters Warts, preventing it from inhibiting Yorkie nuclear localiza tion 

and activity. Thus, increased tension leads to more proliferatio n. Here we investigate how tension regulates Jub/AJ interaction 

at the molecular and cellular level. Based on the model of mammalian Ƽ-Catenin/Vinculin interaction  in vitro , we designed a 

structure function analysis of Ƽ-Catenin, combining in vitro  and in vivo approaches. Our co -immunoprecipitation assays 

revealed that two different regions of Ƽ-Catenin contribute to Jub binding. In vivo we uncovered an inhibitory region that 



when deleted increases Jub recruitment to the AJ, increases Yki target gene expres sion and leads to bigger adult wings. These 

results support the hypothesis that a conformational change in Ƽ-Catenin regulates Jub binding, and contribute to defining Ƽ-

Catenin as an important mechano -regulator by its recruitment of proteins under tension.  In parallel, we investigated the role 

of different populations of Myosin II (medial vs junctional) on Jub subcellular localization. Laser ablation experiments have  

been done to decrease tension and examine how Jub level changes under reduced tension and t he dynamics of those 

changes. 

Overall, this work could give us a better understanding of how mechanical tension regulates growth.  

222    ƽ-Integrin is required for wound -induced polyploidization.     R.S. Besen-McNally, K. Gjelsvik, V.P. Losick  Mount Dese rt 

Island Biological Laboratory, Bar Harbor, ME.  

   A key step in tissue repair is to replace cells that have been lost or damaged by injury. One strategy occurs by restoring ce ll 

number through cell proliferation and another occurs by increasing cell siz e through polyploidization. Studies in several 

Drosophila tissues, mouse liver, and most recently the zebrafish epicardium have demonstrated that polyploid cells arise in 

adult tissues, at least in part, to promote tissue repair and restore tissue mass.   However, the signals that cause polyploid 

cells to form in response to injury remain poorly understood.   In the adult Drosophila epithelium polyploid cells are generated 

by both cell fusion and endoreplication resulting in a giant polyploid syncytium that is essential for wound repair.   The Hippo 

signal transduction pathway regulates wound -induced polyploidization (WIP) by influenci ng both endoreplication and cell 

fusion, suggesting that altered biomechanical cues in the tissue could be a driver for polyploid cell growth.   In a preliminary 

screen, we identified the ƽ-Integrin, Myospheroid (Mys), as a candidate WIP activator. We have found that Mys is upregulated 

2-3 fold in the wound -induced polyploid cells. Epithelial specific knock down of mys, using the Gal4/UAS system, caused a 

significant defect in wound healing by altering syncytium formation. We are currently investigating whet her Mys signals 

directly to the Hippo pathway to regulate WIP.   ϥn conclusion, our findings point to ƽ-integrin as one of the early signals 

required for generation of polyploid cells in response to injury.  

223    The role of Yorkie in different stages of eye development through the utilization of different binding partners 

of Drosophila melanogaster .    M. Anderson 1, B. Nasser1, T. Cook2, J. Kagey 1  1) Department of Biology,University of Detroit 

Mercy,Detroit,MI; 2) Center For Molecular Medicine and Genet ics,Wayne State University,Detroit,MI.  

   The transcription factor Yorkie (Yki) is being studied. Yki regulates organ size and other key developmental aspects, and has  

a human homolog, Yes -Associated Protein (YAP). We utilized the UAS/Gal4 system and RNAi  to study the knockdown 

of  Yki and its binding partners to identify their role temporal and spatial role  in eye development. Yki is known to have a roll 

in growth, survival, and differentiation throughout different stages of eye development and will serve as an excellent system 

for this study. When overexpressed, Yki leads to overgrowth of the tissue; when Yki is under -expressed, it leads to a reduction 

in tissue size. Using the eye has allowed  Yki to be studied during both the adult stage to look for pheno typic changes, and the 

larval stage to use microscopy to stain for molecular changes. To conduct this experiment we are using the Gal4 drivers, 

eyeless, GMR, and, Mirror , to identify the role  Yki and potential binding partners, scalloped and  smad, in the d evelopment of 

the eye. Preliminary data suggests that a decrease in the size of the eye when using the driver eyeless 

in YkiIR corresponds  with a similar phenotype in  tkvIR and dpp IR. Imaginal eye discs have been  studied  by fluorescent 

microscopy, to   iden tify and molecular changes accompanying the adult phenotypes observed.  Determining  the effects on cell 

growth, regulation and signaling in  Yki and its binding partners is important to understanding the effects of YAP in many 

cancers.  

224    Dorsal/NF -ǅB in the Drosophila Embryo Exhibits a Ventral -to -Dorsal Gradient in Mobility.     H. Al Asafen, N. Clark, 

R. Sozzani, G. Reeves  chemical and bimolecular engineering, NC state university, raleigh, NC.  

   Morphogen -mediated patterning of developing tissues is a highly dynamic process.  However, there are only a handful of 

quantitative measurements of biophysical parameters associated  with morphogen gradients.  Here we report measurements 

of the mobility of Dorsal, a Drosophila homolog of NF -ǅB, in the early embry o using scanning fluorescence correlation 

spectroscopy techniques. We find that the diffusivity of  Dorsal varies along the dorsal -ventral axis, with lowest diffusivities on 

the ventral side. Further analysis  shows that it is only Dorsal in the nucleus that  has a spatially -dependent diffusivity; the 

cytoplasmic pool  of Dorsal has a constant diffusivity in the embryo. Furthermore, nuclear export rates appear to also 

be lower on the ventral side of the embryo. Analysis of mutants in which Dorsal nuclear levels  are uniform  has confirmed this 

DV asymmetry in diffusivity and nuclear export rates. These observations could be  explained by a significant pool of DNA -

bound Dorsal on the ventral side of the embryo. We propose that  either Toll -mediated phosphorylation of  Dorsal or Cactus 

binding to Dorsal explains the DV asymmetry  in these two biophysical processes.  

225    Feedback by Sprouty controls the effects of activating mutations from RASopathies.     R. A. Marmion, Y. Goyal, J. 

Wetzel, K. Yamaya, M. Singh, T. Schüpbach, S. Y. Shvartsman  Lewis-Sigler Institute for Integrative Genomics, Princeton 

University, Princeton, NJ.  



   A large class of human developmental abnormalities, known as the RASopathies, is caused by deregulated RAS signaling. 

Most of the structural and functional phenotypes observed in humans can be successfully mimicked in model organisms, but 

the underlying mechanisms remain largely unclear. We are using the first wave of RAS signaling in the Drosophila embryo to 

dissect these mechanisms, focusing on the gain -of-function mutations in MEK1, a critical component of the RAS pathway. We 

found that mutant MEK1 variants cause ectopic signaling in the middle of the embryo, consistent with their constitutive 

activity in vitro. Surprisingly, endogenous signa ling at the embryonic poles is diminished, pointing towards a negative 

feedback mechanism. To decipher the nature of this feedback, we used RNA -seq to identify the genes upregulated in 

response to the uniform expression of the activating MEK1 variants. One  of the top identified genes was sprouty (sty), which 

encodes a negative regulator of RAS signaling in multiple developmental systems. Moreover, loss of sty leads to further 

increase of ectopic signaling caused by the activating mutations. These results de monstrate how the effects of activating 

mutations are modulated by feedback and illustrate the power of using Drosophila for the mechanistic studies of a large class 

of developmental abnormalities in humans.  

226    A functional screen identifying novel Drosophila  Egf receptor targets with roles in eggshell morphology.     A. 

Morgan, T. Nawrocki, N. Seabridge, Z. Walter, L. Kadlec   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 both the eye and the wing. For example, in the 

wing Egfr signaling plays an important role in vein tissue specification, and in the ovary the pathw ay is known to play a key 

role in the establishment of the body axes during oogenesis. Microarray screens by our lab and others have been used to 

identify potential downstream transcriptional targets of the Egf receptor using the Drosophila ovary as a mode l system. Our 

initial work compared gene expression in fly ovaries in which the activity of the Egfr -pathway was reduced ( gurken mutant), 

normal (OreR), or constitutively active (CY2/ǆTop). We have employed a number of approaches to further investigate the 

expression, biological function, and mechanism of action of a subset of putative genes of interest, focusing primarily on gen es 

of previously unknown function. A small -scale functional screen using available libraries of UAS -RNAi transgenic flies and P -

element insertion lines was used to investigate the possible functions of a group of novel EGFR -responsive genes. A number 

of these genes have been found to play roles in normal eggshell structure and morphogenesis. Gene knockdown phenotypes 

include decrease d chorionic integrity, shortened eggs, and various dorsal appendage malformations. We are further 

investigating these genes in several ways, including examination of expression patterns in gurken mutant, OreR, and 

CY2/ǆTop ovaries via in situ hybridization and determination of the fertility of the knockdown flies. In addition, we are 

creating mutant fly lines using the CRISPR -Cas9 system to induce null mutations in our genes of interest and will be using 

these lines for further study.  

227    Investigation of eRpL22 -like function in Drosophila melanogaster eye development through consequences on 

EGF signaling.     C.E. Pritchard, B.W. Gershman, V.C. Ware  Biological Sciences, Lehigh University, Bethlehem, PA.  

   The Drosophila melanogaster eRpL22 ribosomal p rotein family contains two paralogues: eRpL22 and eRpL22like. eRpL22like 

shows unique structure and tissue expression pattern from eRpL22, potentially indicating paralogs in this family have tissue -

specific roles as components of specialized ribosomes, or they confer or possess extra -ribosomal function. eRpL22 is 

ubiquitously expressed whereas eRpL22 -like expression is specific to the testes and eye. Using the core ribosomal 

component eRpL23a as a positive control for ribosome presence in third instar eye d iscs, immunohistochemistry analysis 

revealed eRpL22 co-localizes more with eRpL23a, than eRpL22like does with eRpL23a. Less co -localization with eRpL23a 

indicates an extra -ribosomal role for eRpL22like and this differential expression pattern reveals a pot ential function of 

eRpL22-like in early eye tissue.  

 

Mosaic knockout of eRpL22 -like showed several eye phenotypes in midpupal stages, most significantly 5 -8 ectopic cone cells 

instead of the typical 4. This phenotype in particular is indicative of epiderma l growth factor receptor (EGFR) pathway over -

activation. EGF/EGFR functions to induce growth, differentiation, migration, adhesion and cell survival pathways, all of whic h 

are critical for proper eye development to occur. Ras is a downstream component in t he EGFR signaling pathway ɀ Ras 

overexpression results in eye ommatidia fusions. Overexpression of Ras alone does not result in the ectopic cone cell 

phenotype, indicating that eRpL22 -like must interact upstream of Ras within the EGFR pathway. Ambiguous re sults from this 

EGFR pathway effector screen suggests pathway cross -talk, potentially implicating notch -delta signaling.  

 

Given these preliminary findings, EGFR, its ligands, and its downstream effectors (a narrow candidate pool of accessory 

proteins upstr eam of Ras), emerge as potential molecular communication targets for eRpL22like. Initial characterization of 

eRpL22 family paralog expression patterns provide evidence for the functional divergence of eRpL22like from eRpL22, 

supporting the idea that riboso mal proteins have extra -ribosomal roles, or alternatively, indicating ribosomes themselves are 

more complex than previously thought.  



228    Probing PLC -ƾ function in Drosophila by in vitro  mutagenesis.     C. Naidu, J. Thackeray  Biology Department, Clark 

University, Worcester, MA.  

   Drosophila has a single PLC -ƾ homolog encoded by small wing (sl). Previous studies have shown that SL is a negative 

regulator of the highly conserved EGFR signaling pathway, but also participates as a positive regulator of in sulin signaling 

during growth. To investigate the role of the various domains in the fly PLC -ƾ homolog we generated a series of sl germline 

transformation constructs that each knock out a critical amino acid in one of the many domains in this protein. In e xamining 

the capability of these altered forms to function during photoreceptor R7 and wing vein development, as well as wing growth, 

the most striking finding is that the tyrosine residue predicted to be phosophorylated during activation of the molecule a t the 

activated receptor is required for EGFR signaling, but is dipsensible for SL's role during insulin signaling in the wing. Thi s 

indicates that there is a fundamentally different mechanism of activation for PLC -ƾ when activated by the ϥnR than when 

activated by EGFR.  

229    A Deficiency Screen for Genetic Interactors of Jagunal in Drosophila.     Sydney Alvarado, Khayla Shabazz  San 

Francisco State University, San Francisco, CA.  

    

The Endoplasmic Reticulum (ER) is an essential organelle involved in p rotein secretion, calcium homeostasis, and lipid 

synthesis. However, not much is known about how it partitions and is inherited during cell division. A recent study has shown  

that the ER divides asymmetrically during mitosis in the Drosophila embryo early during gastrulation. This asymmetric 

partitioning of the ER relies on the highly conserved ER transmembrane protein Jagunal (Jagn), however the molecular 

pathway that drives Jagn -dependent ER partitioning is currently unknown. Preliminary data demonstrates  that ectopic 

inhibition of Jagn in the Drosophila compound eye results in a rough eye phenotype.   In order to identify Jagn interactors, we 

performed a dominant modifier screen involving deficiency lines covering the entire 3rd chromosome. Here, we crosse d 

JagnRNAi line with deficiency lines covering the entire 3rd chromosome. We have identified 29 suppressors and one enhancer 

of the Jagn-induced rough eye phenotype, which included genes involved in asymmetric cell division, regulation of cell shape, 

and r esponse to ER stress. Future directions include secondary screening of identified targets and examination of their role in 

ER asymmetric partitioning. Further validation of the identified targets will provide important insight into the molecular 

pathway in volved in ER partitioning  

 

   

230    Characterization of Antibodies Developed against Two Basement Membrane Degraders in Drosophila 

melanogaster .    A.A. Aromiwura, A. Srivastava  Biology, Western Kentucky University, Bowling Green, KY.  

   Basement Membra nes (BMs) are an evolutionarily conserved specialized form of extra cellular matrix that surround most 

organs and tissues. Among several other functions, BMs provide structural support to the tissue, and act as barriers that 

prevent tumor metastasis.   Previously in our lab several putative BM degraders were identified in a genetic screen. To further 

understand the role of these genes in development we generated antibodies against two BM degraders. The specificity of 

these antibodies was confirmed by utilizi ng western blots and immunohistochemistry on tissues overexpressing and 

downregulating these genes. Additionally, the antibodies were used to assess the localization of the respective proteins in 

various tissues. Data from this analysis will be presented.  

231    Genetic dissection of interommatidial cell calcium signaling.     H.C. Chang, D.F. Ready  Department of Biological 

Sciences, Purdue University, West Lafayette, IN.  

   Ca2+ waves, characterized by cell -to-cell spreading of cytosolic Ca 2+ spikes, have been implicated in numerous processes, 

including electrical synapse formation, glia -glia and glia -neuron communications, and wound healing.   To further understand 

the physiology and functional significance of Ca 2+ waves, we have developed a po werful model that allows non -invasive 

imaging of Ca 2+ spikes at single -cell resolution.   In the process of exploring whether Ca 2+ waves play a role in Drosophila visual 

system, we expressed GCaMP6, a genetically encoded Ca 2+ sensor, with lGMR-GAL4 (long fo rm GMR; active in all retinal cells 

except the bristle cells), and observed robust Ca 2+ waves in adult eyes.   These Ca2+ waves, propagating specifically through 

honeycomb -like lattice of interommatidial cells (IOCs), appear to be capable of initiating from  any region of the retina, 

advance equally in all directions, and move across the eye with a speed of 4 -5um/sec.   In young lGMR>GCaMP6 adult eyes, the 

dynamics of calcium waves are regular, with each cytosolic Ca 2+ spike rising sharply to a maximum in appr oximately 2 sec, 

followed by a slower return to baseline.   Each spike lasts ~30 sec, followed by a baseline level of ~30 sec, with cells thus 

spending approximately equal times active and resting.   The dynamics of IOC Ca2+ waves deteriorate significantly i n older 

lGMR>GCaMP6 flies, implying this phenomenon has an age -dependent functional relevance.   Using both RNAi -mediated 

knockdown and FRT/FLP-induced mutant clones, we provide evidence that IOC wave propagation requires inositol 1,4,5 -

triphosphate recepto r (IP3R), indicating that these spikes are facilitated by Ca 2+ release from the ER stores.   Removal of IP3R 

function in the eye has been shown to cause photoreceptor degeneration (Acharya et al. 1997; Raghu et al. 2000).   This, along 

with our observation t hat IP3R is required for IOC Ca 2+ waves, raises an intriguing possibility that these accessory cells are 



communicating via Ca 2+ waves to ensure photoreceptor maintenance.  Taken together, our preliminary work demonstrates 

the ease of this lGMR>GCaMP6 platf orm can be used to systematically identify additional factors required for Ca 2+ wave 

initiation and propagation, which should pave ways to further dissect the functional relevance of this cellular communication .  

232    Ecdysone regulates epithelial barrie r maturation in wing imaginal discs.     D.F. DaCrema, A. Halme  Cell Biology, 

University of Virginia School of Medicine, Charlottesville, VA.  

   The epithelial barrier, formed by septate junctions in invertebrates, compartmentalizes the body and provides a barrier to 

pathogens.   To create and sustain distinct compartment environments, the formation and permeability of the epithelial 

barrier is highly regulated.   This regulation is especially evident during development.   We modified a barrier -permeability 

assay to measure changes in the function of the epithelial barrier in maturing wing imaginal discs.   Drosophila imaginal discs 

are epithelial, pouch -like tissues derived from the embryonic epidermis and invaginate from the larval epidermis.   They 

contain a primary, pseudostratified epithelium, which becomes the adult tissue, and a squamous epithelium, which 

undergoes histolysis during metamorphosis.  Using our assay, we observed that the epithelial barrier of wing imaginal discs is 

permeable early in the thi rd larval instar, but becomes impermeable prior to pupariation.   This maturation of epithelial 

barrier function correlates with an increase in circulating levels of the steroid hormone ecdysone.   To determine if ecdysone 

signaling regulates this change in the epithelial barrier, we blocked ecdysone signaling by overexpressing ecdysone receptor 

dominant -negative constructs.   The expression of dominant -negative Ecdysone Receptor A prevented the maturation of the 

epithelial barrier in the wing imaginal discs.   To determine whether ecdysone is sufficient to induce barrier maturation earlier, 

we fed larvae ecdysone and found that this accelerated barrier maturation.   To determine how the septate junctions change 

during epithelial barrier maturation, we examined t he localization of several septate junction components over the 

timecourse of barrier maturation.   Coracle, a Drosophila homolog of protein 4.1 and a core component of the septate 

junctions, is diffusely localized along the lateral cell membrane prior to e pithelial barrier maturation.   Following barrier 

maturation, Coracle becomes tightly localized to the septate junctions.   We are currently examining whether ecdysone 

regulates the maturation of the epithelial barrier by regulating the localization of Corac le to the septate junctions.  

233    4e Binding Protein is essential for adaptation to hypoxia in Drosophila .    M.J. Katz1,2, J Perez Perri1,3, J Acevedo1,4, A 

Valko1, M Melani 1,2, E Sorianello1,2,5, P Wappner1,2  1) Laboratorio de Genética y Fisiología, Instituto Leloir, Buenos Aires, 

Argentina; 2) Consejo Nacional de Investigaciones Científicas y Tecnológicas (CONICET), Buenos Aires, Argentina; 3) Current 

Address: German Cancer Research Center. Heidelberg, Germany ; 4) Current Address: European Molecular Biology 

Laboratory. Heidelberg, Germany; 5) Instituto de Biología y Medicina Experimental, Buenos Aires, Argentina.  

   mRNA translation plays a key role during the cellular response to different stress conditions. The cap-dependent translation 

inhibitor 4eBP is highly regulated by diverse signal transduction pathways that respond to energy availability. On the other 

hand, the transcription factor HIF mediates adaptation to hypoxia through mechanisms that inhibit mRN A translation, reduce 

metabolism and oxygen consumption. Since 4eBP is involved in energy homeostasis balance determination, in this work we 

sought to evaluate its requirement in adaptation to hypoxia in an  in vivo model. Our results show that 4eBP transcr iption is 

strongly induced in hypoxia in embryos, larvae and adult flies. Moreover, mutant flies experiments have revealed that 4eBP 

transcription induction during hypoxia depends on the transcription factors dFOXO y dHIF.  In silico analysis of 4eBP promot er 

has predicted the presence of four putative hypoxia response elements (HRE). Using a luciferase reporter we have confirmed 

that one of the predicted HRE sequences is necessary for 4eBP transcriptional induction in hypoxic 

conditions.  Drosophila 4eBP mutants are viable and fertile in normoxia but fail to survive in hypoxia. In adult stage, 4eBP 

mutant flies accumulate reactive oxygen species in comparison to wild type flies. In addition, superoxide dismutase over 

expression partially revert lethality in 4 eBP mutant flies exposed to hypoxia. Finally, 4eBP mutant flies increase their 

mitochondrial content suggesting an aberrant mitochondrial metabolism in this background. We conclude that 4EBP is a 

central regulator of energy balance essential for adaptation  to hypoxia  in vivo.  

234    Tissue homeostasis in the context of DNA damage, cell death and cellular signalling: Non -apoptotic role of 

Dronc in DDR and cell protective function of JNK via dp53.     C. Khan1,3, S Muliyil2, C Ayyub1, B J Rao 1  1) TATA Institute of 

Fundamental Research, Mumbai, India ; 2) Dunn School of Pathology, University of Oxford, UK; 3) Department of Genetics, 

Albert Einstein College of Medicine, Bronx, NY.  

   DNA damages provides with the stressful situation to the cells, where it nee d to decide amongst various choices available to 

a cell which consists of cell cycle arrest, DNA repair and cell death. Moreover, genomic stress need to be communicated 

within the tissue for efficient homeostatic response. In my talk, I will be talking abo ut the role of non -apoptotic cell death 

machinery in DNA damage signalling as well as how DNA damages are compensated within the tissue via crosstalk of cellular 

signalling pathways with DNA damage signalling, using Drosophila wing imaginal discs as model system. The phosphorylation 

of the histone variant H2Ax (denoted ƾH2Ax; ƾH2Av in flies) constitutes an important signalling event in DNA damage sensing, 

ensuring effective repair by recruiting DNA repair machinery. ϥn contrast, the ƾH2Av response has also been reported in dying 

cells, where it requires activation of caspase -activated DNases (CADs). Moreover, caspases are known to be required 

downstream of DNA damage for cell death execution. We show here, for the first time, that the Drosophila initiator ca spase 



Dronc acts as an upstream regulator of the DNA damage response (DDR) independently of executioner caspases by 

facilitating ƾH2Av signalling, possibly through a function that is not related to apoptosis. Such a ƾH2Av response is mediated 

by ATM rather  than ATR, suggesting that Dronc function is required upstream of ATM. ϥn contrast, the role of ƾH2Av in cell 

death requires effector caspases and is associated with fragmented nuclei. Our study uncovers a novel function of Dronc in 

response to DNA damage aimed at promoting DDR via ƾH2Av signalling in intact nuclei. Where, we propose that Dronc plays 

a dual role that can either initiate DDR or apoptosis depending upon its level and the required threshold of its activation i n 

damaged cells. In addition, I wi ll also be talking about the role of JNK and dp53 signalling following DNA damage assaults, in 

cell protection and cell death, by positively feedback regulation. Where, I will show the role of JNK and dp53 in regulating the 

expression pro -apoptotic genes rpr  and hid for executing cell protection and cell death. These opposite roles of JNK and p53 

in regulating cell death, protects cells from excessive death, which in turn be decided by the levels of DNA damages or the 

persistance of DNA damages. Further, I will also allude to the crosstalk of DDR signalling in regulating activation of JNK and 

dp53 which in turn bring about overall tissue homeostasis.  

235    Differential response of Drosophila  cell lines to high extracellular adenosine.     L. Kucerova, V. Broz, A. Zaloudikova, 

M. Zurovec   Biology Centre of the Czech Academy of Sciences, Institute of Entomology, Ceske Budejovice, Czech Republic.  

   Adenosine (Ado) is a crucial metabolite and signaling molecule, which affects energy homeostasis and cell prolif eration. It is 

released from cells under stress conditions, so that its extracellular concentration may increase to micromolar range. The 

level of extracellular Ado can be controlled by Adenosine deaminases (encoded by Adenosine deaminase -related growth 

factor genes in Drosophila). Most of the physiological functions of Ado are mediated by G -protein coupled Adenosine receptor 

or by transport into cells by Exquilibrative and Concentrative transporters. The Ado uptake is followed by phosphorylation 

with Adeno sine kinases, which can interfere with AMP/ADP/ATP energy homeostasis in the cells. Key proteins regulating Ado 

signaling, transport and metabolism are conserved among vertebrates and invertebrates.  

Here we examined levels of transcriptional response of fo ur Drosophila cell lines, which exhibit various sensitivity to high 

extracellular adenosine. We compared imaginal disc cell line Cl.8+, hematopoientic cell line Mbn2, embryonic cell line S2 and  

neuroblast cell line Bg2 -c6 and focused on the differences in basic transcription of genes involved in Ado signaling, transport 

and metabolism and also possible transcriptional adaptations after exposure to medium with high extracellular Ado.  

Our results show that different types of  Drosophila cell lines use differen t pathways for Ado conversion and suggest that such 

differences may be an important part of complex mechanisms maintaining energy homeostasis in the body. We also revealed 

importance of Adenosine signaling in the regulation of cell energy metabolism.  

236    Functional characterization of concentrative nucleoside transporter 2 (CNT2) in Drosophila melanogaster .    H.O. 

Maaroufi 1,2, L. Cota Vieira2, Y. Lin1,2, M. Zurovec 1,2  1) University of South Bohemia, Faculty of Sciences; 2) Biological Centre of 

the Czech Academy of Sciences.  

   Adenosine (Ado) is a ubiquitous metabolite that plays a prominent role as a paracrine homeostatic signal of metabolic 

imbalance within tissues. It quickly responds to various stress stimuli by adjusting energy metabolism and influencing cell 

growth and survival. Ado homeostasis in tissues is maintained by Adenosine deaminase (ADA) which converts Ado into 

Inosine, by Adenosine Receptor (AdoR) throu gh which Ado activates a specific signaling pathway regulating the cell growth 

and by nucleoside transporters. There are two types of nucleoside transporters: the Concentrative nucleoside transporters 

(CNTs) and the Equilibrative nucleoside transporters (E NTs) which are membrane transport proteins delivering purine and 

pyrimidine nucleosides across the cytoplasmic membrane. In Drosophila, there are two types of CNTs which mediate 

nucleoside uptake from the extracellular space to the cytoplasm: CNT1 and CNT2 . In this project, our focus is directed to 

describe the physiological function of CNT2 in Drosophila melanogaster. CNT2 is mostly expressed in the Drosophila digestive 

system. Our results show that cnt2 mutation causes high lethality in the larval stage, indicating that CNT2 is important for 

Drosophila development. This lethality is linked to the appearance of a strong melanization (due to cell death) which is 

restricted to the hindgut. These Ɉmelanotic tumorsɉ are highly similar to these found in the adenosine deaminase (enzymes of 

Ado metabolism) mutant and over -expression of adoR. Both adgf -A mutants and adoR over -expressing flies also showed high 

mortality due to over -activation of AdoR signaling. Moreover, the RNA expression pattern provided by Flybase  showed that 

cnt2 is highly expressed in the midgut, while adoR is in the hindgut. Hence, we hypothesize that cnt2 mutation causes the 

accumulation of Ado in Drosophila gut lumen. This accumulation leads to the over -activation of AdoR in the hindgut which 

gives rise to melanization and the death of the cnt2 mutant larvae.  

237    Role of STIM and Orai Ca 2+ signaling proteins in developmental cardiomyocyte growth.     C.E. Petersen, J.S. 

Smyth   Anatomy, Physiology, and Genetics, Uniformed Services University of the Health Sciences, Bethesda, MD.  

   The store -operated Ca 2+ entry (SOCE) mechanism of Ca2+ signaling has been strongly implicated in rodent models of 

pathological cardiac hypertrophy, suggesting that SOCE is an essential regulator of heart physiology  and disease. An 

important hallmark of cardiac hypertrophy etiology is the re -activation of signaling mechanisms that regulate cardiomyocyte 

growth during heart development. Consistent with this, expression and function of STIM and Orai proteins that media te SOCE 

are high in fetal cardiomyocytes and drop precipitously in adult cardiomyocytes, with restoration of high expression levels i n 



hypertrophic hearts. This suggests that SOCE is a regulator of developmental cardiomyocyte growth that is re -activated in  

response to pathological stimuli, though the role of SOCE signaling in heart development is still largely undefined. Notably,  

STIM1 and Orai1 knockout mice develop without obvious heart defects; however, because mammals express multiple STIM 

and Orai isof orms, functional overlap or compensation from other isoforms cannot be ruled out. We are currently 

investigating the roles of STIM and Orai proteins and associated SOCE signaling in heart development and function in 

Drosophila melanogaster, a powerful anim al model in which many essential mechanisms of cardiomyocyte physiology are 

highly conserved with mammals. Importantly, Drosophila express single isoforms of STIM and Orai, thus precluding issues 

with functional overlap or compensation between multiple iso forms. We have found that animals in which STIM and Orai 

protein expression is suppressed in the heart using tissue -specific RNAi have delayed development compared to controls, 

suggesting an essential role for SOCE signaling in Drosophila heart physiology.  Additionally, we have imaged cardiomyocyte 

Ca2+ transients in vivo, in the beating Drosophila heart of living animals, paving the way for analyses of Ca 2+ physiology in the 

intact, fully functional heart. This combination of targeted genetic manipulations  with in vivo analyses of heart physiology, 

including direct Ca 2+ measurements, will allow us to contribute to our understanding of essential aspects of SOCE signaling in 

the heart in important and novel ways.  

238    Identification of Novel Proteins Requi red for Ras Membrane Localization Using the Drosophila  Eye.    Juliet King, 

Sarah Lombel, Kyle Shtern, Julie Gates  Biology, Bucknell Univ, Lewisburg, PA.  

   Mutations in the small GTPase Ras are associated with 30% of all human cancers. The most common oncogenic Ras 

mutation disrupts its GTPase activity, leaving Ras in its constitutively active, GTP bound form. Both wild type and mutant Ra s 

must undergo a post -translational prenylation in order to associate with the cell membrane. Once anchored to the 

membrane, GTP bound Ras is able to stimulate downstream signaling cascades to initiate processes like cell division and 

differentiation. To gain insight into the post -translational modification of Ras, James Mahaffey and Mark Philips at the NYU 

School of Medicine used a mammalian cell culture screen to identify ten novel proteins that are required during this process.  

These candidate proteins include receptor tyros ine kinases (RTK), non-receptor tyrosine kinases and phosphatases. To 

determine whether these candidates perform a similar role in an intact organism, we are using the Drosophila eye as a model. 

Ras is a component of the Boss -Sevenless RTK pathway that, wh en activated, results in one of five Sevenless RTK -expressing 

cells taking on the R7 photoreceptor cell fate. When GTP bound Ras is expressed in all five of these cells, the Boss -Sevenless 

RTK pathway remains active and they all become R7 photoreceptors. T his results in the ommatidia losing their tight 

organization and becoming enlarged, giving the eye a rough appearance. We have used the sevenless -Gal4 driver to express 

GTP bound Ras (UAS-Ras85D.v12) and UAS-RNAi for each candidate in the developing eye. W e would expect that lowering 

levels of the candidate proteins that are involved in Ras prenylation would prevent GTP bound Ras from associating with the 

membrane and activating downstream signaling cascades, leading to wild type eyes. If the candidate prot ein is not necessary 

for membrane localization, then when protein levels are lowered, Ras would still be able to localize to the membrane, leading  

to rough eyes. Thus far we have examined four of the ten candidates and found that lowering the levels of two  of these 

candidates in the presence of GTP bound Ras resulted in a shift from rough to wild type eyes. We are currently using RT -qPCR 

to confirm that this change in phenotype correlates with a decrease in the candidate mRNA levels. This work will allow us  to 

determine whether the candidate proteins are required for Ras membrane localization in an intact organism and enhance 

our understanding of how Ras membrane localization is regulated.  

239    Identification of a conserved Rabex -5 ubiquitination signal i n Ras.    Chalita Washington 1, Yesenia Martino -Cortez2, 

Shahar Sivan3, Hsiu-Yu Liu4, Rewatee Gokhale3, Cathie Pfleger 3  1) University of Cincinnati College of Medicine, Cincinnati, OH; 

2) Tufts University School of Medicine, Boston, MA; 3) Oncological Scie nces, Icahn School of Medicine at Mount Sinai, New 

York, NY; 4) Memorial Sloan Kettering Cancer Center, New York, NY.  

   Ras proteins are conserved GTPases that act downstream of several signal transduction cascades and play crucial roles in 

cell prolifer ation, development and differentiation. Misregulation of Ras signaling by activating mutations in the Ras proteins 

or upstream regulators and downstream effectors is observed in a number of human cancers and developmental disorders 

(collectively called Rasopathies). Analogous activating mutations in the Drosophila Ras, Ras85D (also called Ras1; hereafter 

called ɈRasɉ) result in developmental abnormalities and tissue hyperplasia recapitulating human tumor phenotypes. Thus, in a 

cellular context, limiting the  activity of endogenous Ras proteins is crucial to maintain tissue homeostasis. We previously 

identified a role for Rabex -5, an E3 ubiquitin ligase, to inhibit Ras activity by ubiquitination in vivo. Crucially, Rabex-5 can 

inhibit both the oncogenic and wi ld-type (WT) forms of Ras. Here, we identify a tyrosine -based ubiquitination signal necessary 

for Rabex -5-mediated inhibition of Ras. This conserved signal is also present in mammalian Ras and represents a 

transposable signal able to autonomously confer Ra bex-5-mediated ubiquitination on target proteins. Characterizing the 

effect of expressing Rabex -5 ubiquitination insensitive Ras results in Ras activation phenotypes in epithelial tissues such as 

the wing and the eye. In contrast, expressing a phosphomimic  Ras to increase ubiquitination is able to suppress the 

phenotypes of oncogenic Ras G12V. Together, these data indicate that inhibitory ubiquitination of Ras is important in 

physiological contexts and that evading Rabex -5-mediated ubiquitination could init iate a malignant transformation.  



240    The small GTPase Rala is required for lymph gland homeostasis in Drosophila .    H. Knaevelsrud1,2, G. Gavory1, C. 

Baril 1, J. Enserink2,3, M. Therrien 1,4  1) Institute for Research in Immunology and Cancer, Laborato ry of Intracellular Signaling, 

Université de Montréal,Montréal, Québec, Canada; 2) Department of Molecular Cell Biology, Institute for Cancer Research, 

Oslo University Hospital, Oslo, Norway; 3) Section for Biochemistry and Molecular Biology, The Departmen t of Biosciences, 

Faculty of Mathematics and Natural Sciences, University of Oslo, Oslo, Norway; 4) Département de pathologie et de biologie 

cellulaire, Université de Montréal.  

   The small GTPase Ral regulates important membrane trafficking events, inclu ding exocytosis, endocytosis and autophagy. In 

mammalian cells RalA and RalB are activated downstream of active Ras, which directly interacts with RalGEFs. Over the recent 

years it has become clear that RalA/B play important roles in signal transduction le ading to cancer formation and metastasis, 

both in Ras -dependent and independent manners. Drosophila melanogaster has one single Ral protein, Rala, which has been 

implicated in eye, notum and wing development independently of Ras. In this study we have inve stigated the involvement of 

Rala in the hematopoietic system of D. melanogaster larvae. We found that perturbation of Rala function by RNAi or dominant 

negative Rala increased the the number of circulating hemocytes and the size of the cortical zone of the  lymph gland, which 

contains differentiated hemocytes. Moreover, we determined that Ras and Rala affect hemocytes independently of each 

other. Instead, Rala activity in S2 cells and in the lymph gland is regulated by RalGPS. Finally, we establish that the exocyst and 

Rab11 is involved in maintaining lymph gland homeostasis downstream of Rala. In conclusion, we present a new RalGPS -Rala-

exocyst -Rab11 axis active in the maintenance of lymph gland homeostasis.  

241    Calcium -dependent regulation of actomyosin  contractility in epithelia.     M.K. Levis1, J. Jangula1, A. Nematbakhsh 2, 

M. Alber 2, J. Zartman1  1) Chemical and Biomolecular Engineering, University of Notre Dame, Notre Dame, IN; 2) Department 

of Mathematics, University of California Riverside, Surge, Riverside, CA.  

   Wound healing in epithelial cells is crucial to prevent infection in many tissues including the skin, lungs, and stomach. 

However, there is a poor understanding of how biochemical signals and mechanical forces are coupled to coordinate c ellular 

processes during epithelial regeneration. Among their many signaling roles, calcium ions (Ca 2+) act to regulate mechanical 

forces generated by actomyosin contractility after wounding. Here, we quantitatively investigate the impact of Ca 2+ channel 

activity on wound healing dynamics in the Drosophila wing imaginal disc, a powerful model system to study wound healing 

and regeneration. Multiple Ca 2+ channels including IP 3R and SERCA were pharmacologically inhibited in the wing disc and the 

dynamic response to wounding was measured. Precise laser incisions were made along the edge of the cell membranes of 

two adjoining cells. The recoil of tricellular junctions connecting the cut cell provides a gauge of relative tissue tension.  

Additionally, the  dynamics of the gap size created by the cut were quantified. On short time scales, inhibiting IP 3R 

pharmacologically, did not significantly impact the recoil of tricellular junctions or growth of the wound margin. Inhibition  of 

SERCA increased the net recoil of tricellular junctions, consistent with increased actomyosin contractility, but dynamics of the 

wound margin were unaffected. We are quantifying the dynamic relationships between Ca 2+ ion concentrations, actomyosin 

accumulation, and cell bond tension  to explain these surprising and non -intuitive results. These data also feed into a multi -

scale subcellular element model of wound healing that incorporates Ca 2+ dependent regulation of cell mechanical properties 

to examine different hypotheses in this reg ard. Many FDA approved drugs are available that manipulate Ca 2+ homeostasis. 

Consequently, mechanistic insights into how Ca 2+ signaling impacts actomyosin dynamics and cell contractility can lead to 

promising therapeutic targeting strategies for improving chronic wound healing outcomes.  

242    Investigating precise regulation of the RhoA GTPase in tissue folding.     M. Denk-Lobnig, A.C. Martin  Biology, 

Massachusetts Institute of Technology, Cambridge, MA.  

   Rho-family GTPases and actomyosin -driven contr action are precisely regulated, which is crucial for tissue morphogenesis 

and development. Drosophila melanogaster mesoderm invagination depends on both positive and negative regulation of the 

Rho-family GTPase RhoA.  In the mesoderm, RhoA is activated by the guanine nucleotide exchange factor RhoGEF2.   A GTPase 

activating protein, Cumberland GAP (C -GAP; RhoGAP71E), inhibits RhoA and is required for proper organization of actomyosin 

contractility.   How RhoGEF2 and Cumberland GAP are coordinated to precisely  control RhoA and actomyosin is unclear. I have 

used CRISPR-mediated genome editing to generate endogenously tagged Cumberland GAP to determine its localization in the 

Drosophila embryo.   We find that C -GAP localizes to the cytoplasm where it could result in global RhoA inhibition away from a 

polarized RhoGEF2 activation. In addition, we observe local enrichment of C -GAP at the lateral cell membrane, which could 

further polarize RhoA activity. We aim to understand how RhoAɅs regulators are coordinated spatially and temporally.  

243    Protein Kinase C ƿ regulates the structure and dynamics of cellular protrusions of migrating border cells.    Felix 

Gunawan, Syed Saad Husainie, Adam Kramer, Jing Lu, Amad Bhatti, Dorothea Godt  Dept Cell & Systems Biology, Uni versity of 

Toronto, Toronto, ON, CA.  

   Actin-based membrane protrusions are essential for many cell migration processes, including the migration of the border 

cell cluster (BCC) during Drosophila oogenesis. In a transcriptome -wide screen, we identified P rotein Kinase C delta (PKCƿ) as 

a putative downstream target of the transcription factor Traffic Jam, which we had previously shown to regulate BCC 

migration. Here, we show that the serine/threonine kinase PKCƿ regulates the formation and organization of actin filament 



bundles in migrating border cells. We find that PKCƿ is enriched along the plasma membrane and in the leading protrusion of 

the BCC. Examination of PKCƿ mutants, generated through CRISPR/Cas9 technology, revealed its requirement in maintainin g 

the normal morphology and dynamics of cellular protrusions, and in limiting tumbling movements of the BCC. Increased 

PKCƿ expression caused delays in BCC migration by disrupting the formation of actin filament bundles and reducing cellular 

protrusions. E xpression of catalytically inactive PKCƿ affirmed that the kinase activity of PKCƿ is necessary for the effect of 

PKCƿ on the F-actin network. ϥn summary, our analysis identifies PKCƿ as an important regulator of F-actin organization and 

cellular protrusio n dynamics during collective cell migration.  

244    Role of Ƽ-Catenin actin -binding domain in regulating cadherin complex interaction with the F -actin 

cytoskeleton.     Ritu Sarpal1, Noboru Ishiyama 2, Mistuhiko Ikura 2,3, Ulrich Tepass1  1) Department of Ce ll & Systems Biology, 

University of Toronto, Toronto, ON, Canada; 2) Princess Margaret Cancer Centre, University Health Network, Toronto, ON, 

Canada; 3) Department of Medical Biophysics, University of Toronto, Toronto, ON, Canada.  

   Ƽ-Catenin (Ƽ-Cat) is a mechanosensory protein that operates at the interface of the E -cadherin -ƽ-Catenin complex and the F -

actin cytoskeleton. However, the mechanism by which the actin -binding domain (ABD) of Ƽ-Cat interacts with F -actin and the 

function of the direct Ƽ-Cat-actin interaction remain largely unknown. Using a structure -guided mutagenesis approach, we 

identified residues in the Ƽ-Cat ABD that are important for binding to F -actin to ask whether direct F -actin binding is crucial for 

Ƽ-Cat function in vivo. A mutant f orm of Ƽ-Cat, Ƽ-Cat3A, that carries point mutations in these residues is effectively recruited 

to adherens junctions (AJs) but is unable to rescue the Ƽ-Cat mutant zygotic phenotype. Next, we generated an Ƽ-Cat variant, 

Ƽ-CatABD*, that showed a significant ly higher binding affinity to F -actin in vitro compared to Ƽ-Cat. ϥn flies, Ƽ-CatABD* is 

recruited effectively to AJs but shows only a minor rescue of the Ƽ-Cat zygotic mutant phenotype. Further, over -expression of 

Ƽ-CatABD* (as well as Ƽ-Cat3A) resulted i n larval or pupal lethality in contrast to over -expression of Ƽ-Cat which is completely 

viable. To assess the impact of Ƽ-CatABD* on specific cell movements, we expressed Ƽ-CatABD* in embryos maternally 

depleted of endogenous Ƽ-Cat. Maternal siRNA knockdow n of Ƽ-Cat compromises mesoderm invagination, a defect rescued 

by the co -expression of a siRNA -resistant Ƽ-Cat transgene. ϥn contrast to Ƽ-Cat, expression of Ƽ-CatABD* is unable to rescue 

mesoderm defects. Together, these findings indicate that either loss  or enhancement of direct F -actin binding of Ƽ-Cat 

severely interferes with itɅs function, and suggest that the dynamic regulation of the direct interactions between Ƽ-Cat and 

actin is essential for the function of AJs during Drosophila morphogenesis.  

245    Using pathway -specific downstream genes to quickly evaluate changes in signaling status in RNA -seq 

data.     Wei Song1,3, Yanhui Hu1,2, Aram Comjean 1,2, Stephanie E. Mohr 1,2, Norbert Perrimon 1,2,3  1) Department of Genetics, 

Harvard Medical School, Boston, MA 02115, USA; 2) Drosophila RNAi Screening Center, Harvard Medical School, Boston, MA 

02115, USA; 3) Howard Hughes Medical Institute, 77 Avenue Louis Pasteur, Boston, MA 02115, USA.  

   Gene expre ssion profiling has been widely used for revealing the regulatory mechanisms of diseases, cellular stress 

responses and other biological processes. Signaling pathways that control growth, differentiation, aging, as well as 

metabolism, are at the core of ma ny regulatory systems. To uncover mechanisms underlying cellular phenotypes, it is 

essential to analyze gene expression signatures in the context of signaling pathways. However, when a pathway is activated, 

the expression levels of pathway core components including transcription factors (TFs) and cofactors are not necessarily 

affected, as they are constantly regulated in a post -translational manner, such as by phosphorylation. By contrast, the 

expression levels of the downstream targets of TFs are more reli able indicators of pathway activities. For example, expression 

levels of FoxO target genes such as 4EBP and InR (insulin receptor), but not IRS or AKT, have been used as an indicator of 

insulin pathway activity. Currently, curated resources of TF target ge nes for signaling pathways are not well established 

for  Drosophila melanogaster, which hampers accurate prediction of pathway activities. We evaluated all relevant publications 

for the 11 major signaling pathways and assembled TF target gene lists based on  the literature. The resource is supported by 

a new online tool, PathPT, that lets users upload RNA -Seq data and quickly evaluate down or up -regulation of the major 

signaling pathways in response to a perturbation.  

246    Coordinated regulation of microRN As by ATM/E2F1/p53 in Drosophila at physiological condition and at DNA 

damage response.     Rui Zhu1, Ying Ge2, Ze Zhao2, Qinghua Wang 1, Xiaolin Bi1,2  1) Department of Biological Sciences, Dalian 

Medical University, Dalian 116044, CN; 2) Institute of Cance r Stem Cells, Cancer Center, Dalian Medical University, Dalian 

116044, CN.  

   To preserve the genome integrity, highly coordinated signaling pathways and repair mechanisms named DNA damage 

response (DDR) have been evolved in cells. ATM kinase is a central  player to facilitate cellular response to the DNA double 

strand breaks (DSBs) and can phosphorylate a variety of targets such as p53 and E2F1. The tumor suppressor p53 is one of 

the major players for protection of genome. Another family of transcription f actors that affect cell fate is the E2F family. There 

is extensive crosstalk between the E2F and p53 pathways to influence vital cellular decisions.  

The microRNAs (miRNAs) regulate virtually every biological process through regulation of gene expression at  the post -

transcription level, large quantity of studies have shown miRNAs are regulated by DDR and play a role at the DDR. A few 

systemic studies have demonstrated that miRNAs are functional components of the p53 pathway. Recent studies suggest that 



ATM regulates miRNAs biogenesis at the primary miRNA level in response to DNA damage through phosphorylation of KH -

type splicing regulatory protein (KSRP), a key component of Drosha and Dicer miRNA processing complex, ATM can also 

regulate nuclear export of pre cursor miRNAs at DNA damage response. However in vivo analysis of coordinated regulation to 

miRNA expression by ATM, E2F1, and p53 is still lacking.  

In this study, we systemically investigated differentially expressed (DE) miRNAs at embryonic stage between  p53 mutant and 

wild -type (wt) flies, and at third instar larval stage among atm/e2f1/p53 mutants and wild -type flies, at both normal 

physiological condition and after ionizing radiation (IR). We identified 28 DE miRNAs between p53 mutant and wt in embryos  

and 20 DE miRNAs in L3 under physiological condition, and 34 DE miRNAs between p53 and wt in embryos and 8 DE miRNAs 

in L3 after irradiation, respectively. Between e2f1 mutant and wt flies, we identified 27 DE miRNAs under physiological 

condition and 40 D E miRNAs after irradiation. And between atm  mutant and wt flies, we identified 34 DE miRNAs under 

physiological condition and 33 DE miRNAs after irradiation. Among all DE miRNAs, some were identified in atm , e2f1, and p53 

mutants. We found that Drosophila p53 regulates miRNAs in a different mode during development, and ATM and E2f1 play 

more important roles in regulating miRNAs after ionizing radiation. We also detected sensitivity to irradiation of most DE 

miRNAs mutated flies and explored interrelations b etween p53 and E2f1 in regulating miRNAs. Further more, we found some 

miRNA mutated flies were highly sensitive to irradiation, showed more irradiation induced apoptosis, or S phase checkpoint 

defect. The study of intrinsic mechanisms underlying non -coding  RNAs at DNA damage response are still ongoing.  

247    Defining the mechanisms by which the Crk family of adaptor proteins regulate cell adhesion and actin 

dynamics during neural development and morphogenesis.     A.J. Spracklen1, A.N. Bonner 2, E.M. Thornton-Kolbe2, M. 

Peifer 1,2  1) Lineberger Comprehensive Cancer Center, University of North Carolina, Chapel Hill, NC; 2) Department of Biology, 

University of North Carolina, Chapel Hill, NC.  

   Crk family proteins, including Crk and Crk -like (Crk-L), are a well conserved family of small adaptors that help assemble 

multi -protein signaling complexes to modulate diverse biological processes, including cell adhesion, migration, and immune 

synapse fun ction. They also play important roles in many cancers, including leukemia where Crk -L is a key mediator of 

oncogenic forms of Abelson tyrosine kinase (Abl). Knockout mouse models demonstrated that Crk and Crk -L have essential, 

but non -overlapping roles dur ing embryogenesis; however, double mutants have not been examined, and thus key questions 

about their in vivo function remain. Our lab and others have defined key roles for fly Abl in both embryonic morphogenesis 

and central nervous system (CNS) patterning . We were surprised to find a short, conserved motif (PXXP) within the linker 

region was more important for CNS patterning and epithelial morphogenesis, than both kinase activity and F -actin binding. 

This led us to hypothesize that PXXP -interacting partner s, like Crk, are critical for mediating AblɅs activities during 

embryogenesis. To test this hypothesis, we are using genetic and cell biological approaches to define the morphogenic roles 

of Crk, the sole Crk family member in the fly, during normal develop ment. Using both RNAi and a powerful gene replacement 

platform we generated using CRISPR, we find Crk is essential for embryonic viability and several aspects of embryonic 

morphogenesis. Given AblɅs well-defined roles in CNS patterning, we first explored C rkɅs roles there. We found loss of Crk 

disrupts proper axon guidance, resulting in both aberrant midline crossing defects and gross perturbation of CNS 

morphology, including loss of commissural axon bundles. Interestingly, these defects are reminiscent of mutants either 

completely lacking Abl or where Abl -Crk interactions are disrupted, suggesting Abl and Crk work together during CNS 

patterning. However, loss of Crk also results in earlier morphogenic defects, including a failure to properly stabilize contr actile 

actomyosin rings during cellularization, resulting in entrapment of nuclei during furrow ingression, as well as defects in ea rly 

syncytial divisions. These defects are not observed in Abl mutants, suggesting Crk has Abl -independent roles during earl y 

embryogenesis. We are continuing to define the mechanisms by which Crk works with interacting partners, including Abl, to 

shape dynamic cell behaviors throughout development.  

248    Identifying kin17 as a potential novel regulator of autophagy, using GWAS technologies in D. melanogaster .    A. 

Weeger  Genetics and Developmental Cell Biology, Iowa State University, Ames, IA.  

   Using the autophagy pathway, a cell under stress can recy cle its own damaged proteins and organelles to continue 

supplying energy to the organism. To better understand this pathway, and uncover novel regulation factors, we have used 

the DGRP fly panel to assess autophagy response before and after starvation stre ss in genetically diverse backgrounds of 

Drosophila Melanogaster. We applied GWAS technology after gathering phenotypic data both in a well fed fly, and following a 

starvation challenge. We were able to isolate 298 unique SNP associated with a constitutive , non stress induced, autophagy 

response and 222 unique SNPs associated with a response to stress. These SNPs are linked with 112 unique genes in the case 

of stress independent autophagy and 97 genes of interest in the case of stress dependent autophagy. F ollowing RNAi testing 

of selected candidate genes, we further identified kin17, a zinc -finger protein, as a potential negative regulator of autophagy 

function along with other promising candidates.  

249    Establishing a model of BM damage and analyzing it s repair.     A. Howard1,2, G. Bhave1,3, A. Page-McCaw1,2  1) 

1Department of Cell and Developmental Biology, Vanderbilt University School of Medicine, Nashville, TN; 2) Program of 

Developmental Biology, Vanderbilt University School of Medicine, Nashville, T N; 3) Department of Medicine, Vanderbilt 



University Medical Center, Nashville, TN.  

   The basement membrane is a sheet -like extracellular matrix that wraps around muscle fibers and underlies 

epithelia.  Although the basement membrane is often considered to  be static, there are indications that the BM is a dynamic 

structure in vivo, as it can grow, shrink, and repair. We have developed a system to analyze basement membrane repair in 

adult animals, using an adult gut injury model in Drosophila. The gut has a well -defined architecture of epithelial cells 

(enterocytes) residing on top of a basement membrane sheet, and the gut tube is wrapped in visceral muscles also 

surrounded by basement membrane.  

To injure the basement membrane of the gut, flies are fed Dextra n Sodium Sulfate (DSS); DSS administration has been 

previously used as a model for ulcerative colitis in mice. In Drosophila, DSS induces morphological changes consistent with 

basement membrane damage. Using fluorescently tagged DSS, we determined that DSS  becomes lodged in the gut BM. Both 

electron and structured -illumination microscopy indicate that the BM thickens after DSS feeding. The stiffness of the BM is 

decreased upon DSS damage, as assessed by a stress/strain analysis. Moreover, there are clear mo rphological changes to the 

muscles that indicate the weakening of the basement membrane. Importantly, the basement membrane is repaired within 48 

hours after removal of the DSS irritant. Interestingly, inhibiting or knocking down a collagen -IV crosslinking  

enzyme, peroxidasin,  mimics the tissue changes seen in response to DSS. In addition,  peroxidasin and laminin  are required 

for the repair of basement membrane upon damage with DSS. Peroxidasin transcription levels are increased as a result of 

damage. We ar e investigating whether the requirement for peroxidasin indicates a structural change in BM during repair.  

250    Calcium signaling dynamics in the early response to epithelial wounds.     J. O'Connor1, E. Shannon1, A. Stevens2, M. 

S. Hutson2, A. Page-McCaw1  1) Department of Cell and Developmental Biology, Vanderbilt University, Nashville, TN; 2) 

Department of Physics and Astronomy, Vanderbilt University, Nashville, TN.  

   Epithelial tissue is an important structure in all complex organisms, lining all su rfaces that come in contact with the 

environment and protecting the inside of the organism from the outside world. Normally, these epithelial cells are stationary , 

non -invasive, non -proliferative, and polarized along the apical -basal axis. However, upon se nsing a wound, these cells can 

become migratory, invasive, proliferative, and polarized along the front -rear axis. This state change serves as a mechanism by 

which these cells can rearrange in order to heal wounds and restore epithelial structure and funct ion. One fundamental 

question is how these cells can detect and interpret signals from a wound in order to properly respond to the epithelial 

breach.  

  

The earliest detectable signal in wounds is a dramatic increase in cytosolic calcium that spreads from t he wound margin, 

which is conserved among model organisms and humans. This signal has been shown to trigger a healing response around 

the wound margin, as well as in cells distant from the wound. Through a collaborative effort, we have used complex genetic  

tools coupled with quantitative analysis to create a wound model in the  Drosophila pupal notum, an epithelial monolayer on 

the dorsal side of  Drosophila pupae. We created mosaic -like flies that express genetic changes in one part of the pupal notum, 

while  maintaining an internal control in the neighboring section of epithelium. By wounding on the border of gene expression 

in this tissue using pulsed laser ablation, we can create reproducible epithelial wounds, and monitor the dynamics of the 

calcium signal  that is released in real time using a genetically encoded GCaMP.  

  

We have shown that an initial influx of calcium is due to plasma membrane micro -tears at the wound site, allowing 

extracellular calcium to flood into the cells. This calcium then diffuses from the wound through gap junction mediated 

diffusion. Here we will present data showing that a second calcium expansion is mediated by a G -protein signal transduction 

pathway that releases calcium stored in the endoplasmic reticulum. Our goal is to devel op an integrated model of how 

wounded cells signal their neighbors and control their epithelial state change in order to properly respond to damage.  

251    A targeted RNAi screen for conserved cell junction genes involved in collective cell migration of b order cells in 

the Drosophila ovary.     N.S. Kotian1, K. Hylen1, J.D. Lathia2, J.A. McDonald1  1) Division of Biology, Kansas State University, 

Manhattan, KS; 2) Department of Cellular and Molecular Medicine, Lerner Research Institute,Cleveland Clinic, Cleveland, OH.  

   Collective cell migration is a complex and fascinating process, fundamental not  only to wound healing, immune response 

and embryogenesis but also to tumor invasiveness. A critical question in this process is how groups of cells break away from 

the epithelium and continue migrating as a single unit, establishing dynamic cell -cell junc tions to stay together and 

communicate amongst cells of the collective. The relatively simple border cells from the Drosophila ovary are an excellent 

genetic model system to study in vivo collective cell migration and invasion. The 6 -10 border cells migrat e collectively to the 

large oocyte at the posterior end of the developing egg chamber, the functional subunit of the ovary. Recently, in 

collaboration with the Lathia lab (Cleveland Clinic), we demonstrated that patient -derived glioblastoma cancer cells ca n 

undergo collective cell invasion. An RNAi screen in border cells was designed to target conserved cell junction genes whose 

elevated expression was associated with glioblastoma patient survival. This approach was used with the Lathia lab earlier and  

two genes were identified in both systems to play an important role in collective cell invasion. With this current screen, the 

top four candidate genes - alpha -Catenin, Dachsous, Lachesin and Symplekin - were identified with consistent migration 



defects. From he re, we focused on alpha -catenin which had the strongest migration defect. Further, live imaging in border 

cells showed splitting of0 the border cell cluster along the path of migration. Knocking alpha -catenin down specifically in 

border cells or in polar c ells also caused the cluster to split. Our current work involves looking at the mutant alleles of top 

four candidate genes to confirm the phenotypes observed in the RNAi screen. This will allow us to assay how cell -cell 

junctions are regulated to keep cell s together as they migrate collectively.  

252    Study the roles of mir -274 on cell invasion in the Drosophila  wing epithelia model.     C. Chang1, F. Chang1, J. Li2, C. 

Chen2, Y. Tsai1  1) Life Science, Tunghai University, Taichung, TW; 2) National Institu te of Infectious Diseases and Vaccinology, 

National Health Research Institutes, TW.  

   Most human solid tumors are derived from epithelial tissues. The epithelial cells are polarized and well organized structure.  

The molecular mechanism of epithelial cell  migration is extensive studied in culture cells. However, it is difficult to monitor 

tumorigenesis in vivo. MiRNAs are small noncoding RNAs containing 21 -22 nucleotides. Drosophila is a good genetic system 

and has powerful genetic tools. We used Drosophila wing epithelia as a model to study whether miRNAs promote the 

epithelial cells into invasive cells. We used the GAL4/UAS system to express miRNAs and screened for microRNAs that can 

promote epithelial cell migration. We isolated a novel microRNA, mir -274. In this study, we explored the molecular mechanism 

of mir -274 in epithelial cell migration  in vivo. We found that expression of mir -274 induced epithelial -mesenchymal -transition 

like cell migration through the JNK pathway. However, activated the JNK sign aling induces extensive apoptosis. Our results 

showed that expression of mir -274 alleviated hid -induced apoptosis in wing discs. It has been shown that moderate apoptosis 

does not lead to cell death but induce cell migration. When mir -274 and p35, an inhib itor of cell death, were coexpressed in 

wing discs, the mir -274-induced cell migration was repressed. These suggest  mir -274 may regulate the apoptotic related 

genes. In the future, we will further study whether the endogenous function of mir -274 is involve d in cell migration during 

early development.  

253    Defining the Role of the Novel Protein CG1674 in Adult Muscle Development.     E.R. Czajkowski, M. Cisneros, R.M. 

Cripps  Department of Biology, University of New Mexico, Albuquerque, NM.  

   Drosophila provides us with an excellent model for studying muscle related diseases in humans. By identifying and 

classifying genes involved in muscle development, we can better understand the mechanisms responsible for muscle growth 

and deterioration, and help us di scover treatments and therapies for muscle related diseases. Proteome sequencing of flight 

muscle confirmed CG1674 protein is present in the sarcomere, suggesting it plays a role in sarcomere assembly, and may be 

a functional component of the flight muscle . To further characterize CG1674, we identified its role in normal muscle 

formation by creating an RNAi that targeted CG1674 transcript. When crossed with muscle drivers Mef2 -Gal4 and 1151 -Gal4, 

the flies became flightless due to defects in myofibril forma tion confirmed by immunofluorescent staining, identifying 

CG1674 as a major component in normal flight muscle formation.   In addition, expression of a UAS -CG1674-FLAG construct 

confirmed that CG1674 protein localized to the Z -disc, a structural component b etween adjacent sarcomeres. This localization 

suggests Z-disc formation to be the major function of CG1674 within the sarcomere.  

254    Maintenance of retinal integrity by the Abelson kinase during Drosophila  eye morphogenesis.     X. Sun1, N. 

Sanchez?Luege1,2, I. Rebay1  1) Committee on Development, Regeneration & Stem Cell Biology, University of Chicago, Chicago, 

IL; 2) Medical Scientist Training Program, University of Chicago, Chicago, IL.  

   Formation of multicellular tissues requires proper arrangement of terminally differentiated cells.  In the Drosophila eye, each 

ommatidium  has a cluster of 8 photoreceptors that elongate along the apical -basal axis as the retina develops. The 

photoreceptors are surrounded and supported by a ring of g lial-like pigment cells. The pigment cell feet form an actin -

enriched fenestrated membrane at the basal side of the retinal epithelium that allows the photoreceptor axons to project to 

the brain while providing a barrier that keeps retinal cells from enter ing brain. We are interested in understanding 

how  photoreceptors coordinate signaling inputs to maintain their morphology during terminal differentiation.  

The non -receptor tyrosine kinase Abelson (Abl) is well known to  regulate cortical actin dynamics in r esponse to cell -cell signals 

during axon  outgrowth  and epithelial morphogenesis. In the developing fly retina, Abl localizes to both  the photoreceptor 

apical cortex and the pigment cell feet where F -actin is enriched. We found that Abl loss causes axon mis targeting and apical 

domain disruption in newly specified photoreceptor neurons.  At later developmental stages, the photoreceptors fall through 

the fenestrated membrane of the retinal epithelium and end up in the lamina layer of the brain. abl loss also in creases the 

number of pigment cells per ommatidium and leads to disorganized actin bundles on the fenestrated membrane. These 

phenotypes raise the possibility that both photoreceptor cell -autonomous and non -autonomous  interactions  between 

pigment cells and  photoreceptors  contribute to the photoreceptor falling  phenotype. We are performing conditional knock -

out  experiments  to both specify the temporal  requirement  of Abl and assess the cell -type specific contributions 

that  influence  photoreceptor  morphogenesi s.  



255    A novel role for Sex Peptide in packaging seminal proteins in the male accessory gland for delivery to 

females.     M. Wainwright, S-J. Fan, L. Corrigan, A. Leiblich, B. Kroeger, J. Hellberg, C. Gandy, F. Castellanos, C. 

Wilson   Department of Phy siology, Anatomy and Genetics, University of Oxford, Oxford.  

   The male accessory gland (AG) is the major source and store of seminal fluid in Drosophila melanogaster. Main cells, the 

principle cell type in the AGɅs epithelial monolayer, secrete into the lumen a wide range of important seminal proteins, 

including Sex Peptide (SP). SP is a primary reproductive signal controlling female long -term post -mating responses, including 

increased ovulation and suppression of receptivity to subsequent matings. In fe males, SP binds to sperm after mating and is 

then released gradually from sperm storage organs to mediate profound long term effects. Using a range of staining 

techniques and fluorescently tagged proteins, we demonstrate that several seminal proteins, incl uding SP, are loaded on to 

an abundant population of ɄmicrocarriersɅ in the AG lumen. These spindle-shaped structures stain with lipophilic dyes and 

therefore appear to contain lipid as well as proteins, some of which form fibril -like structures. On transf er of the microcarriers 

into the female reproductive tract during mating, SP is rapidly released. Some microcarriers  go on to contribute to the 

anterior mating plug, a structure which prevents sperm escape from the uterus. Remarkably, in SP mutant and kno ckdown 

males, microcarriers in the accessory gland lumen lose their shape and seem to fuse into large coagulates, particularly after  

mating. This prevents normal seminal protein loading on to these structures and therefore affects seminal protein transfer to 

females during mating. We show that this AG -localised function of SP in regulating microcarrier morphology makes a 

contribution to SPɅs post-mating effects, which have previously been assigned solely to SP signalling in mated females. In 

summary, our wo rk highlights a novel function for SP in reproduction. We also uncover an important new strategy for 

packaging and storage of poorly soluble seminal proteins in male reproductive glands, tailored such that subsequent release 

in females after mating rapidly  delivers signals that promote fertility.  

   

256    Coordination and crosstalk between muscle development and innate immunity in Drosophila 

melanogaster .    N.M. Green1, J. Walker1, A. Bontrager 2, M. Zych2, E.R. Geisbrecht1  1) Biochemistry & Molecular Bio physics, 

Kansas State University, Manhattan, KS; 2) Biology, Kansas State University, Manhattan, KS.  

   Tissue communication is required for maintaining organismal homeostasis during development. The coordination of 

metabolism, immune activation, and circ adian rhythms typify the complex tissue networks necessary for organismal health. 

Muscle tissue is uniquely synchronized with other tissues due to its high metabolic demand, release of myokines, and 

attachments to nervous and connective tissues. Our lab is  using the Drosophila muscle attachment site (MAS) as a model to 

understand the connection between innate immune activation and muscle maintenance. A pupal lethal screen for abnormal 

pupal morphology revealed a previously unknown role for the extracellular  matrix (ECM) protein, Fondue (Fon), in muscle 

development. Previously characterized for its role in clot integrity, loss of fon caused a reduction in larval locomotion due to 

the detachment of body wall muscles. Transmission electron microscopy (TEM) anal ysis of fon mutant MASs revealed a 

depletion of electron -dense matrix accumulation and disruption of cellular support structures in both tendon and cuticle. 

More interestingly, a sensitized background screen revealed a subset of coagulation proteins, Fon, Tiggrin (Tig), and Larval 

serum protein 1 ƾ (Lsp1ƾ), that are secreted from the fat body and incorporated into MASs for stabilization. Further 

investigation into gene expression profiles of MhcS1 mutants with hypercontraction -induced muscle stress indicate d a clear 

trend of innate immune activation, suggesting a broader connection between muscle and immunity. In fon mutants with 

muscle detachment, we also observed abnormal melanin accumulation along the MAS, pathogen -independent translocation 

of Dorsal (Dl)  in the fat body, constitutive expression of the antimicrobial peptide (AMP) drosomycin, and recruitment of 

hemocytes to damaged muscle . In a fon-sensitized background assay, we identified genetic interactions between fon and Toll 

pathway genes, including loss of the NFǅB inhibitor/ϥǅB, cactus, and overactivation of  SPE which enhance muscle detachment. 

At the local level, fon-mediated muscle detachment and muscle hypercontraction mutants, MhcS1 and BrkdJ29, cause JAK/STAT 

activation within muscle tissue. Activation of JAK/STAT using hoptum-l mutants was sufficient to induce Toll signaling in the fat 

body, but not reciprocally. Understanding the mechanisms by which these two biological processes are intertwined will 

advance our knowledge of how tissue stresses can be sensed and the molecular mechanisms eliciting multi -tissue responses.  

   

257    Elucidating the Role of Eip63E in Drosophila  Axonal Transport.     S. Klinedinst  Schreiner University, Kerrville, TX.  

   A critical element of the neuronal cytoskeleton is the network of microtubules that provides structural support, allows 

motility and serves as a transportation network for the organized movement of molecules within the neuron. The 

microtubule cytoskeleton is critical  for the normal functioning of the nervous system and dysfunction of the microtubule 

cytoskeleton appears to make significant contributions to neurological diseases including amyotrophic lateral sclerosis (ALS) , 

AlzheimerɅs Disease and HuntingtonɅs Disease. The central focus of this project is to characterize the potential role that Eip63E 

plays in Drosophila axonal transport. Eip63E is a kinase that has homology to a family of mammalian cyclin dependent kinases 

(Cdks) called PFTAIREs, whose function is currently poorly understood. Cdks are traditionally involved in regulating cell cycle 

progression, however the functions of some Cdks include neuronal apoptosis, neuronal migration, axon guidance, synaptic 

transmission, and membrane transport. We have begun t o characterize the role of Eip63E, which has been shown to 



genetically interact with both molecular motors, Dynein and Kinesin, in Drosophila. We hypothesize that the Eip63E PFTAIRE 

functions as a regulator of one of these neuronal functions of Cdks. Our d ata thus far indicates that Eip63E functions in 

axonal transport and is required for the proper delivery of presynaptic vesicles and active zones to the presynaptic axon 

terminal.  

258    Neuroblast populations are dependent on ER conserved protein respons ible for asymmetric division 

Jagunal.     Alonso Castro, Jose Ortega, Blake Riggs  Department of Biology, San Francisco State University, San Francisco, CA.  

   Adequate neuroblast populations are key in the proper development of the central nervous system in Drosophila. 

Neuroblasts (Nbs) undergo type I or type II modes of asymmetric division identifiable by transcription factors Deadpan (Dpn),  

Worniu (Wor), PointedP1 (PntP1) and Asense (Ase). These modes of asymmetric division give rise to neural cell diver sity; 

however, the molecular mechanisms that establish neuroblast populations are unknown. Here we hypothesize that Jagunal, a 

conserved endoplasmic reticulum (ER) protein responsible for ER asymmetric division during mitosis, is a key protein in 

establish ing Neuroblast populations in the Drosophila brain. Expression of Jagunal RNAi via an Elav -Gal4 driver in the 

Drosophila brain leads to death at the third -instar stage of development. We suspect that upon comparison of WT neuroblast 

populations with Elav -Gal 4 RNAi fly strains, we will observe discrepancies in neuroblasts populations. These results suggest a 

role for Jagunal in the molecular pathways that establish neuroblast populations and therefore cell fate determination.  

259    Sensing mechanical forc e during cell division.     I. Cristo, D. Pinheiro, J. de las Heras, I. Gaugué, Y. Bellaiche  Institut 

Curie, Paris, FR.  

   Cell division is an important process in the maintenance and maturation of epithelial tissues. Cytokinesis, the physical 

division of  the cell components, relies on highly coordinated processes between the cellular membrane and cytoskeleton 

components. During this process, adherens junctions remodeling and the formation of a contractile ring are essential for the 

division and de novo membrane formation between the two daughter cells. This occurs in a tightly organized manner in order 

to maintain epithelial integrity and tissue cohesiveness. In the Drosophila notum epithelium, this process is a collective ef fort: 

i) as the dividing cell p romotes the ingression of the membrane due to the activity of the contractile ring, ii) neighboring cells 

promote the juxtaposition of the deforming membrane in order to create a long new adhesion contact between the future 

daughter cells. This event is ac hieved through the proper regulation of non -muscle MyosinII (MyoII) activity via a mechano -

sensing mechanism that relies on E -Cadherin dilution. We will describe the mechanisms that ensure the timely localization of 

Myosin to promote proper sensing of mech anical forces.  

260    Crumbs and Xpd regulate mitotic motor kinesin -5 for chromosome segregation in Drosophila.     J. Hwang1, L. 

Vuong2, K. Choi1  1) Korea Advanced Institute of Science and Technology, Daejeon, South Korea; 2) Icahn School of Medicine at 

Mount Sinai, New York, U.S.A.  

   Mitosis is an essential process in all eukaryotes. Crumbs(Crb) is a transmembrane protein required for the regulation of 

apical basal cell polarity and Hippo growth signaling. Our previous study suggests that C rb plays a role in chromosome 

segregation. In this function, Crb forms a complex with Xpd, Galla -1 and Galla-2 (named the CGX complex) to regulate proper 

chromosome segregation in early embryogenesis. Human Xpd (Xeroderma pigmentosum D) is a DNA helicase i nvolved in 

DNA repair, transcription and cell cycle regulation. Galla proteins are homologs of human MIIP18 that is a subunit of the 

MIP18-MMS19-XPD complex known to regulate chromosome segregation independently of transcription. However, it is 

unknown how  the CGX complex controls mitosis. Here we show that CGX complex proteins interact with a microtubule motor 

protein Klp61F ( Drosophila kinesin -5) that is important for assembling bipolar spindles during mitosis. CGX complex proteins 

show physical interacti on with Klp61F and localize along spindle microtubules during mitosis. Depletion of CGX results in 

abnormal mitotic spindle phenotypes in embryos. These phenotypes are rescued by overexpression of Klp61F. Depleting any 

one of CGX proteins leads to strong r eduction in the Klp61F level. Taken together, we suggest that CGX complex plays a 

critical role for mitosis by regulating the level of Klp61F protein.  

261    IRBIT promotes differentiation during tissue regeneration in the Drosophila midgut.     A. Arnaoutov1, K. Plevock 

Haase1, H. Lee1, M. Serpe1, B. Oliver2, M. Jarnik1, M. Dasso1  1) National Institute of Child Health and Human Development, 

NIH, Bethesda, MD; 2) National Institute of Diabetes and Digestive and Kidney Diseases, NIH, Bethesda MD.  

   Entero cytes (ECs) of the intestinal epithelium serve both as an absorptive conduit for conveying ingested nutrients to the 

organism and as a barrier for protecting the core of the body from the microbes in the intestinal lumen. The maintenance of 

gut epithelium in adult Drosophila, like in mammals, is achieved by the controlled proliferation and differentiation of 

intestinal stem cells (ISCs) that can replenish all cell types in the intestinal epithelium. As ISCs divide, they produce 

enteroblasts (EBs), committed  non -dividing cells that ultimately mature into adult ECs.  Ribonucleotide reductase (RNR) is the 

enzyme that is essential for the de novo formation of deoxynucleotides (dNTPs), and it plays an indispensable function during  

cell cycle. IRBIT (AhcyL1) is a conserved metazoan protein that regulates RNR. Here, we show that the suppression of RNR 

activity by IRBIT in EBs is critical for their differentiation. The intestine of flies lacking IRBIT demonstrates symptoms of  



hyperplasia, with accumulation of EBs. Un -replenished and frail ECs in ɦϥRBϥT flies fail to protect against microbes; such 

damaged intestines were susceptible to attack of enteric bacteria and invoked a continuous anti -inflammatory response. 

RNAseq analysis revealed that the midguts of  ɦϥRBϥT flie s displayed gene expression patterns consistent with a failure of EB 

maturation and increased antibacterial response. Our results point out to the importance of RNR regulation during tissue 

renewal and uncover a concerted response, orchestrated by IRBIT, t hat is essential for the shaping of a healthy intestinal 

epithelium.  

262    Collective Dynamics of Cell Cycles in the Drosophila Germline.     C. Doherty1,2, L. Gavis2, S. Shvartsman1,2,3  1) Lewis 

Sigler Institute for Integrative Genomics, Princeton Unive rsity, Princeton, NJ; 2) Department of Molecular Biology, Princeton 

University, Princeton, NJ; 3) Department of Chemical and Biological Engineering, Princeton University, Princeton, NJ.  

   How cells within a developing tissue coordinate growth is not well  understood. Different properties of growth, such as the 

length of a cell cycle, must be regulated in order to prevent abberant growth. We use the Drosophila ovary as a model to 

discern parameters whose regulation leads to coordinate growth. In early Droso phila oogenesis, a germline precursor cell 

undergoes four rounds of synchronous division with incomplete cytokinesis to produce an interconnected cluster of 16 cells. 

One of these cells differentiates as the oocyte, and the other 15 enter the endocycle, be coming polyploid nurse cells that 

grow to over 100 times their original size. However, this growth is not evenly distributed amongst the nurse cells. A recent 

study revealed that the nurse cells grow in groups. Specifically, the more directly connected nur se cells are to the oocyte, the 

larger they are. For example, the four nurse cells that are connected to the oocyte by one cytoplasmic bridge are larger than  

the six nurse cells that are connected to the oocyte through one other cell. Thus, the nurse cells  appear to fall into four 

groups according to their growth properties and these groups reflect the topology of the 16 cell cluster. We are investigatin g 

the mechanisms that underlie these groupwise dynamics within the nurse cell cluster. Through quantitati ve image analysis, 

we found that cells within a group have the same total DNA content and that DNA content differs 2 -fold among groups at 

later stages of oogenesis. Our results further indicate that these differences arise from the groupwise spatial regula tion of 

endocycles within the nurse cell cluster. We are currently studying how different growth inputs and feedback mechanisms are 

integrated to control the periodicity of cell cycle regulators.  

263    Noncanonical functions of Phenylalanyl tRNA syntheta se.    Tin Manh Ho 1, Dominique Brunssen 1, Jiongmung Lu1,2, 

Beat Suter1  1) Intsitute of Cell Biology, University of Bern, Bern, Switzerland; 2) present address: Max Planck Institute for 

Biology of Ageing, Köln, Germany.  

   Aminoacyl tRNA synthetases (aaRSs) are essential enzymes for loading the appropriate amino acid onto their cognate tRNA. 

Additionally, recent publications revealed non -canonical functions for an increasing fraction of these proteins. Several 

diseases and tumorigeneses are shown to be ass ociated with malfunctioning aaRSs. Expression of Phenylalanyl tRNA 

synthetase (PheRS) is elevated in stem cells and in multiple cancers. We also found that overexpression of PheRS increased 

growth and cell proliferation in different fly tissues while downr egulation of PheRS by RNAi had the opposite effect. To test if 

the function of PheRS in regulating cell growth and proliferation is carried out by a noncanonical function of PheRS, we made  

a mutant Ƽ-PheRS gene, which codes for a protein that is not able t o carry out aminoacylation. We found that overexpression 

of this mutated PheRS protein also increased cell proliferation in follicle cell twin -spot experiments in the fly ovary, indicating 

that the effect is caused by a noncanonical function of PheRS.  

Cytoplasmic PheRS consists of two Ƽ-PheRS and two ƽ-PheRS subunits. These subunits usually need each other to be stabile. 

However, we found that some cell types in the larval midgut can accumulate higher levels of ƽ-PheRS even if only this subunit 

is overexpressed. Additionally, upon overexpression of the catalytic subunit Ƽ-PheRS we observed unexpected accumulation 

of smaller isoforms. Based on their size, these are predicted to lack most of the catalytic domains. The resulting larvae 

isoform patterns are tiss ue specific. We are presently investigating whether these observations can be linked to the non -

canonical growth regulating function of PheRS.  

264    Genetic control of tissue -specific growth in the larval trachea of Drosophila .    K. Wilson, L. Hill, R. Ward  University 

of Kansas, Lawrence, KS.  

   In humans and many animals, post -embryonic development is achieved through allometric growth, which is characterized 

by organs and tissues that grow at different rates relative to each other. Whil e the growth of each organ or tissue is likely 

dependent on its function in development and homeostasis, the mechanisms that control this tissue -specific growth are 

poorly understood. In order to elucidate tissue -specific growth mechanisms, we are using th e larval trachea, the gas 

exchange organ in Drosophila melanogaster, as a model tissue. Larval tracheal growth is an excellent model to study tissue -

specific growth because the trachea can be easily imaged and measured in live animals, it is composed of a tubular epithelial 

network that exhibits allometric growth, and various genetic approaches can be employed to manipulate gene expression 

specifically in the trachea. The genes uninflatable  (uif) and Matrix metalloproteinase 1  (Mmp1) have been identified as  tissue-

specific growth regulators of the larval trachea. Larva with homozygous mutations in these genes have trachea that are about 

half the relative size of trachea in wild type animals. To identify genes involved in larval trachea growth, we screened th rough 

a collection of EMS -induced larval lethal mutations, and identified 7 mutants that have an abnormal ratio of trachea to body 



length in 3 rd  larval instars. Three of the mutants show reduced tracheal growth similar to mutations in uif  and Mmp1, whereas  

the remaining 4 mutant lines show increased tracheal growth. Using deficiency mapping, complementation analysis, and 

RNAi we have determined that the reduced tracheal growth mutant, l(3)LL15149, has a mutation in the gene Tenectin (tnc). 

One of the overgr own tracheal mutants ( l(3)LL12265) fails to complement a pair of overlapping deficiencies that spans 99B5 to 

99B7 and includes 13 genes. We are continuing to conduct complementation analysis using overlapping deficiencies and RNAi 

against candidate genes i n order to identify the specific gene responsible for this mutant phenotype. In addition, we are 

examining the cellular phenotypes associated with all of these mutations in order to uncover molecular mechanisms 

associated with tracheal -specific growth that  can be used as a paradigm to better understand allometric growth in all 

organisms.  

265    Understanding coiled -coil function during synaptonemal complex assembly.     Katherine Kretovich Billmyre, Cori K. 

Cahoon, R. Scott Hawley  Stowers Institute of Medi cal Research, Kansas City, MO.  

   Coiled-coil motifs are a common secondary structure that is present in about 10% of all eukaryotic proteins. These motifs 

have been implicated in many cellular processes including oncogenesis and are being investigated as  therapeutic targets. The 

synaptonemal complex (SC) is an ideal model for studying coiled -coil domains as the genes that encode SC coiled -coil 

proteins evolve rapidly, but the secondary protein structure is conserved. Recent findings in Saccharomyces cerevisiae have 

identified specific coiled -coil regions as necessary for SC function. We are investigating the importance of coiled -coil domains 

in the Drosophila SC protein, C(3)G. C(3)G is the main transverse filament protein in the SC and removal of C(3)G re sults in a 

complete loss of SC structure and recombination. A partial deletion of 211 amino acids (ccƠ1) in a coiled-coil region of C(3)G 

displays a shortening of the SC, a premature disassembly defect and altered recombination. To determine which amino ac ids 

were responsible for the various observed mutant phenotypes, smaller deletions were made by CRISPR/Cas9 specifically in 

regions where amino acids may not be in a coiled -coil confirmation. A small deletion in one of these regions (ccƠ3) has severe 

defects in SC assembly, which was not observed in the original X204 mutant. We are currently investigating the effects of this 

deletion on recombination, crossover distribution, and nondisjunction. Furthermore, we are characterizing the dynamics of 

SC assembly and centromere clustering in this mutant by immunofluorescence. This information will allow us to investigate 

individual functions of C(3)G during meiosis. Because of the structural conservation between coiled -coil proteins, information 

regarding the funct ional importance of coiled -coil interactions will be of a broad relevance to many species.  

266    Regulation of the meiotic spindle and sister centromere cohesion in oocytes by antagonism between PP2A and 

Aurora B kinase.     A. Gladstein, J. Jang, K. McKim  Waksman Institute Rutgers University, Piscataway, NJ.  

   Meiosis in females is especially vulnerable to errors due to a lack of the major microtubule -organizing center, the 

centrosome, in oocytes. Defects during meiosis in oocytes can have detrimental effects in the progeny, and are the leading 

cause of infertility, birth defects, and spontaneous abortion in women. Using Drosophila as a model organism, we investigate 

how the meiotic spindle is assembled and regulated.   A key player in Drosophila meiosis  is the four -protein chromosomal 

passenger complex (CPC), which is primarily responsible for regulating spindle assembly and making the correct microtubule 

attachments, to ensure proper chromosome segregation. Aurora B, a kinase, is the catalytic component  of the CPC and is 

responsible for phosphorylating spindle proteins to establish bipolar spindle formation.   Using a drug (Binuclein 2) to inhibit 

Aurora B activity in oocytes, we observed the loss of all spindle microtubules in meiosis I. Thus, continuous  Aurora B activity is 

required to preserve the spindle during meiosis I. The necessity of a kinase for spindle regulation suggests that spindle 

dynamics may be regulated by a phosphatase.   The protein complex Protein Phosphatase 2A (PP2A) has been shown to  

oppose CPC functions by dephosphorylating spindle proteins. When Aurora B was inhibited in PP2A RNAi oocytes, the spindle 

was maintained, demonstrating that PP2A antagonizes the Aurora B spindle maintenance function. PP2A comes in two 

distinct forms, diff ering in their B subunits ɀ Twins (TWS= B55) and Widerborst (WDB = B56). Both complexes contain PP2A 

and MTS  (Microtubule star), which is the catalytic protein of the complex. Our findings suggest that both PP2A complexes 

play a role in antagonizing the C PC.  When one complex is knocked out, in conjunction with the inhibition of Aurora B, spindle 

maintenance is partially reversed.   We have also found that loss of WDB is required to maintain sister chromatid cohesion 

and the metaphase I arrest in oocytes.    

267    Female meiotic drive of B chromosomes in D. melanogaster .    S.L. Hanlon1, R.S. Hawley1,2  1) Stowers Institute for 

Medical Research, Kansas City, MO; 2) Department of Molecular and Integrative Physiology, University of Kansas Medical 

Center, Kansas City, KS.  

   Female meiosis produces four products, but only one becomes the oocyte nucleus while the remaining three are discarded. 

A chromosome that acts selfishly can exploit this asymmetry and ensure its inclusion in the oocyte nucleus, a phenomenon  

referred to as chromosomal meiotic drive (CMD). Here we follow newly -arisen B chromosomes discovered in Drosophila 

melanogaster and observe that their segregation is subject to strong CMD. These B chromosomes originated in a laboratory 

stock carrying a nu ll allele of the female meiosis -specific polo kinase inhibitor mtrm held over a balancer chromosome and 

are present in unexpectedly high numbers (an average of 8 -10 per fly). We purified and sequenced the B chromosomes and 

find they are comprised primarily  of heterochromatic repeats derived from chromosome 4 and contain no unique sequence 



elements. We then tested the transmission frequency of B chromosomes from individual females from the original stock and 

observed strong CMD in these females, but not in males from the same stock. When the B chromosomes were in a wild -type 

background, the meiotic drive was reduced. To our knowledge, this is the first evidence of true female chromosomal meiotic 

drive in an animal system, providing a glimpse into how newly -arisen chromosomes may be able to propagate within a 

pop ulation by exploiting the complexity of female meiosis.  

268    Redox state alteration at the onset of development in D. melanogaster .    Boryana Petrova1, Caiping Tian2, Elizavetha 

Freinkman 1, Maiko Kitaoka 1,3, Jing Yang2, Terry Orr -Weaver1,3  1) Whitehea d Institute, Cambridge, MA; 2) National Center for 

Protein Sciences - Beijing, Beijing, China; 3) Dept. of Biology, Massachusetts Institute of Technology, Cambridge, MA.  

   The transition of an arrested oocyte to a totipotent embryo, enabling the fast cel l divisions at the onset of development, 

demands rapid multidimensional remodeling. Although fundamental for this process, changes in metabolic output and its 

byproduct ROS are only beginning to be characterized.   The significance of these changes is evide nced in Drosophila by the 

essential role of the ovary -specific thioredoxin, deadhead (dhd). Thioredoxins are general ROS scavengers. The absence of 

Dhd in the oocyte causes a block in embryonic development and a failure of protamine to histone exchange in the male 

pronucleus of fertilized eggs (1,2). We find that in addition there are independent meiotic defects in the oocyte. To define 

changes in redox state in the oocyte as it transitions to an embryo we used redox -sensitive GFP (roGFP) imaging as well as 

metabolomic profiling by mass spectrometry. Both approaches demonstrated that mature oocytes are in a reduced state 

compared to early embryos. Using mass spectrometry we cataloged the reactive cysteine proteome at both developmental 

stages. In the absence  of Dhd, oocytes become oxidized and by thiol -redox profiling, we identified the proteins whose 

cysteines became oxidized in dhd mutants. Our current efforts are directed towards understanding the roles of Dhd 

interaction partners we identified and likely downstream targets during meiosis and early embryogenesis. Finally, reduction 

in the oocyte of further ROS scavengers leads to defects in early embryogenesis, and preliminary epistatic analyses indicate 

Dhd functions as part of a broader redox network. As changes in redox state have been observed in mammalian oocytes, our 

work will define likely conserved links between developmental control of cell cycle progression and regulation by metabolic 

and environmental cues. This may have important implications for  female fertility.  

 

1) Emelyanov, A. V., & Fyodorov, D. V. (2017). Thioredoxin -dependent disulfide bond reduction is required for protamine 

eviction from sperm chromatin. Genes & Development, 30(24), 2651ɀ2656 

2) Tirmarche, S., Kimura, S., Dubruille, R., Horard, B., & Loppin, B. (2016). Unlocking sperm chromatin at fertilization requires a 

dedicated egg thioredoxin in Drosophila. Nature Communications, 7, 13539.  

269    The roles of Dalmatian in meiotic cohesin regulation in Drosophila .    Z. Sisco  Waksman  Institute of Microbiology, 

Rutgers University, New Brunswick, NJ.  

   The cell cycle is filled with opportunities for mistakes. Whether it be the loss of cell cycle checkpoints or errors in DNA 

synthesis, an alteration in any component of the cycle can ca use a multitude of problems to arise. One vital aspect of the cell 

cycle is the correct grouping and separation of chromosomes. The cohesin complex is responsible for sister chromatid 

cohesion, which is essential for chromosome bi -orientation and proper ch romosome segregation. There are at least three 

proposed cohesin complexes within Drosophila, all serving distinct functions. The mitotic cohesin complex is comprised of 

four core subunits: SMC1, SMC3, Rad21, and SA. There are two different meiotic cohesin complexes, both containing the 

SMC1/SMC3 subunits, but one containing SA and C(2)M and the other containing SUNN and SOLO. The complex containing 

SA/C(2)M is required for synaptonemal complex assembly, and that containing SUNN/SOLO is required for sister c hromatid 

cohesion. How SA/C(2)M promotes SC assembly is not known. For cohesion, these subunits come together to form a ring that 

is believed to entrap sister chromatids from S phase until anaphase onset. Cohesins are loaded onto the chromosomes with 

the h elp of Soronin and establishes cohesion through acetylation of its SMC3 subunit. Cohesin is dissociated from the 

chromosomes by the prophase pathway and the actions of Wapl, or Separase cleavage of the kleisin subunit. Cohesin 

dissociation is antagonized t hrough the protective actions of MEI -S332, which recruits PP2A and prevents phosphorylation of 

Soronin and cohesin. However, while the protection by MEI -S332 is essential during meiosis II, it may not operate during 

mitosis and meiosis I. In Drosophila, Dalmatian  (dmt ) encodes a Soronin ortholog and has been shown to be essential in 

mitotic cells for both cohesion establishment and protection. We first used the germ line clone method to determine if dmt  is 

required in Drosophila meiosis for sister chromatid  cohesion and oocyte development. Preliminary results suggest that 

homozygosity for dmt  results in a lack of oocytes, suggesting that dmt  is essential for oocyte development. We are currently 

developing RNAi tools to study dmt in meiosis. This research wil l determine if Dalmatian is required for SC assembly, and 

whether it is required for protection of cohesion during meiosis I.    

270    PP1-87B antagonizes Polo and BubR1 in controlling microtubule dynamics to achieve sister chromatid co -

orientation in metaphase I in Drosophila  oocytes.     L. Wang1, A. Das2, K. McKim1  1) Waksman Institute of Microbiology, 

Piscataway, NJ; 2) Department of Biology, University of Pennsylvania, Philadelphia.  

   In meiosis I, a unique mechanism called co -orientation ensures that sister chromatids co -orient and segregate to the same 



pole at metaphase I. In budding yeast, co -orientation is generated by a complex  called Monopolin, while in fission yeast and 

mice, co-orientation has been shown to be mediated by specialized kinetochore proteins, Moa1 and MEIKIN, functioning with 

meiosis specific cohesin, Rec -8, to regulate sister chromatid co -orientation. Even thoug h meiosis specific co -orientation is 

needed for chromosome segregation, knowledge of the mechanism remains limited. Here we show that Drosophila protein 

phosphatase PP1 -87B is required for sister chromatid co -orientation. In PP1 -87B depleted oocytes, siste r centromeres 

separate, implying defective co -orientation. In fact, this sister centromere separation in PP1 -87B depleted oocytes, is depends 

on several proteins, including Aurora B, Polo, BubR1 and the synaptonemal complex (SC) protein C(3)G. This indicat es 

antagonistic mechanisms involved in co -orientation. In addition, we have confirmed that maintenance of co -orientation in 

PP1-87B depleted oocytes is microtubule -dependent, unlike the co -orientation defect in the absence of kinetochore protein 

SPC105R, which is due to Separase -dependent loss of cohesion. Taken together we propose a mechanism where PP1 -87B 

establishes proper sister chromatid co -orientation in meiosis I, by inhibiting Aurora B kinase and possibly through structural 

chromatin components like  the SC. We further conclude that maintenance of this co -orientation requires careful regulation of 

microtubule dynamics by the antagonism between PP1 -87B and Polo/BubR1. This balanced microtubule dynamic in 

metaphase I is the other crucial pathway in oocy tes to achieve sister chromatid co -orientation other than specialized co -

orientation protein.  

271    Structural -Functional characterization of Pericentrin like proteinprotein( Plp).    R. Varadarajan1, K. Plevock2, C.J 

Fagerstrom 1, N.M Rusan1  1) Cell biology and Physiology, National Heart, Lung, and Blood Institute, NIH, Bethesda, Maryland, 

MD; 2) National Institute of Child Health and Human Development, NIH, Bethesda, Maryland, MD.  

   Centrosomes are the major microtubule organizing centers in most eukar yotes. A typical centrosome consists of a pair 

of  centrioles encircled by a proteinaceous pericentriolar material (PCM). Centrosome maturation is a key cell cycle processes 

that facilitates recruitment of PCM proteins to the centrioles thereby enable centr osome -driven functions including 

microtubule nucleation. Mutations in PCM proteins (Pericentrin and Centrosomin) are associated with many human genetic 

disorders, including cancer and ciliopathies. Drosophila is an excellent model system to study the centr osome and diseases 

that are related to their dysfunction. Here, we focus on understanding the molecular mechanisms underlying PCM 

recruitment and microtubules nucleation.   Pericentrin like protein (Plp) is a centrosome protein shown to regulate PCM 

recruit ment, however, its interdependent interaction with other essential PCM components such as Asl, Sas4, Spd2 and CNN 

remains unclear. To investigate the precise role of Plp during centrosome maturation, we performed a structure -function 

analysis by generating  Plp protein truncation and characterized its function in vivo. We found that the C terminal region of Plp 

contains a promoting signal for PCM recruitment, while the N terminal region contains an inhibitory signal encoded within 

amino acids 649 -933 of Plp.  Interestingly, we found direct binding between the inhibitory and promoting regions (aa 2538 -

2747) of Plp, suggesting a sophisticated autoinhibition mechanism at play.   Our working model is that Plp resides in a 

closed/inhibited conformation in interphase  to prevent PCM recruitment. In mitosis, this autoinhibition is relieved and the C -

terminus is then allowed to recruit other PCM components. We are now focusing on identifying the molecular interactions 

between Plp and other PCM protein, which may further explain the role of Plp in PCM recruitment and microtubules 

nucleation.  

272    Naturally derived, Blm -dependent Y chromosome genetic variation affects sex -specific survival in Drosophila 

melanogaster .    J.J. Mundell1, M.D. McDermott 1, S.J. Kinzer1, L.L. Riggs1, J.M. Aeschliman1, A.F. Olson1, A.M. Copple1, N.L. 

Anderson 1, L.C. Latta1, M.T. Levine2, E.P. Stoffregen1  1) Lewis-Clark State College, Lewiston, ID; 2) University of Pennsylvania, 

Philadelphia, PA.  

    

 

During the early stages of Drosophila embry ogenesis, maternally loaded Blm DNA helicase is essential for proper DNA 

replication; Blm mutant females, who fail to provision Blm to their eggs, exhibit a maternal effect lethality. Embryos that lack 

maternally loaded Blm suffer DNA damage and reduced survival to adulthood due to replication challenges that arise during 

the rapid early syncyt ial cell cycles of Drosophila embryo development. Repetitive DNA sequences are especially vulnerable; 

the Drosophila Y chromosome, which harbors vast amounts of repetitive DNA, poses a distinct challenge to DNA replication 

during these early cell cycles. I ndeed, sons survive to adulthood at lower frequencies than daughters when their mothers lack 

Blm. Consequently, surviving progeny are female -biased. We hypothesized that specific Y chromosome DNA sequence motifs 

require Blm DNA helicase for proper replicat ion in early syncytial cycles, and thus are more deleterious in the absence of Blm. 

To test this hypothesis, we screened naturally derived global populations of Drosophila melanogaster and identified genetic 

variation that impacts Blm -dependent progeny sex  ratio skew. Consistent with our model, this variation maps to the Y 

chromosome. We are currently exploring both the Y -linked locus responsible for this variation and the molecular mechanism 

underlying Y chromosome -sensitive replication challenges that ari se during syncytial embryonic cycling.  

273    Error -prone DNA repair in Drosophila : the missing link between polymerase theta structure and function.     J. 

Blanch, K. Beagan , M. McVey  Tufts University, Medford, MA.  



   DNA damage leads to toxic interstr and crosslinks (ICLs) and double -strand breaks (DSBs) in the genome that must be 

repaired to maintain cell viability. ICLs are resolved by protein signaling networks that cleave DNA during removal and 

produce DSBs as intermediates. To resolve DSB gaps, cel ls use homology -directed repair and canonical end -joining. When 

these pathways are not available, a series of alternative end -joining (alt -EJ) pathways can align DNA ends. Alt-EJ generates 

numerous mutations in the genome that drive tumorigenesis if they o ccur in critical tumor suppressor genes. Polymerase 

theta (Pol theta) is an error -prone translesion polymerase that repairs ICLs and is important for alt -EJ in Drosophila (Chan et 

al., 2010). Pol theta structure is made up of helicase, linker, and polymera se domains. Our lab has shown that the polymerase 

and helicase domains are required for ICL repair in Drosophila (Beagan et al., 2017).  In contrast, only the polymerase domain 

is required for facilitating alt -EJ events. Even though the helicase domain is not required, it can facilitate complex insertions 

into the Drosophila genome.  

        The function of the pol theta linker domain has not been elucidated for ICL or alt -EJ repair. We hypothesize that the linker 

domain might act as a flexible tether betwee n the helicase and polymerase domains during alt -EJ and could mediate the 

proper removal of ICLs from DNA strands. To test this, we constructed transgenic  Drosophila in which the Pol theta linker 

domain has been deleted. As a result, the Pol theta protein product has helicase and polymerase domains that are directly 

adjacent to each other. We are measuring survival of these transgenic flies after treatment with ionizing radiation (to induc e 

DSBs) and with nitrogen mustard (to induce ICLs). We are also measu ring alt -EJ repair in these mutants using a site -specific 

gap repair assay. Alt -EJ repair phenotypes in Ɉlinkerlessɉ mutants are being compared to trans-heterozygotes that have intact 

Pol theta linker domains, but dysfunctional polymerase or helicase domai ns in opposite copies. In this way, we are assessing 

if functional copies of Pol theta helicase and polymerase domains must be tethered by the linker for proper alt -EJ repair. 

Overall, these experiments will clarify how the linker domain impacts the functi on of Pol theta in ICL and error -prone DSB 

repair processes.  

274    Elucidating the multiple functions of POLDIP2 in Drosophila melanogaster .    J.C. Castaneda, T. Hanscom, M. 

McVey  Tufts University, Medford, MA.  

   DNA polymerases are essential compone nts of DNA repair processes. They depend on a variety of proteins to be recruited 

to the site of synthesis and to increase their processivity. Polymerase delta interacting protein 2 (POLDIP2) was identified as a 

novel protein that interacts with both polym erase ƿ and PCNA in the yeast two-hybrid system. POLDIP2 has also been shown 

in human cells and other yeast -two hybrid systems to interact with polymerase ǂ, polymerase ǆ, and PrimPol, which are 

recruited to bypass lesions induced by external damage. In th e case of pol ǂ and ǆ, POLDϥP2 increases their processivity and 

catalytic activity. POLDIP2 appears to be pleiotropic in nature as it has been implicated in a variety of cellular processes,  

including tau aggregation in human cells, mitotic spindle rearrang ement in rat brain endothelial cells, and cooperating with 

NADPH oxidases in yeast. Homozygous POLDIP2 knockout mice incur perinatal lethality and significantly lag in development 

in comparison to wildtype mice. For this reason, studying POLDIP2 function i n other model systems could provide additional 

information about its multiple roles  

 

We are interested in the potential role POLDIP2 might play regarding polymerase recruitment and switching during DNA 

repair in Drosophila melanogaster.  Complete deletion of the gene was induced via the CRISPR Cas-9 editing system and a 

DsRed marker was inserted into the POLDIP2 locus via homology -directed repair. Intriguingly, flies homozygous for the 

deletion incur lethality at the second -instar larval stage. We are curre ntly utilizing several approaches to determine the 

genetic basis for this lethality. In addition, we are conducting a P -element imprecise excision screen to obtain deletion 

mutants that could give insight into the functional domains of POLDIP2. Mutagen sen sitivity assays will be conducted with 

these mutants to better characterize the interplay between POLDIP2 and the DNA repair and replication machineries.  

275    Uncovering new regulation of acentric DNA segregation.     D. Clay1, D. Fox1,2  1) The Departme nt of Cell Biology, 

Duke University, Durham, NC; 2) The Department of Pharmacology and Cancer Biology, Duke University, Durham, NC.  

   Faithful segregation of genetic material during mitosis is essential for maintaining genomic integrity. DNA damage 

compr omises this process, requiring cells to respond through conserved DNA damage responses. While the mechanisms 

underlying DNA damage responses during interphase of the cell cycle have been described in detail, much less is known 

about how a cell responds to damage during mitosis. The presence of acentric DNA, broken DNA lacking a centromere, 

during mitosis is particularly problematic. The ability of cells to align and segregate acentric DNA during mitosis has been 

recently appreciated, but the mechanisms driv ing this process remain incompletely understood. Our laboratory has 

pioneered the use of Drosophila rectal papillar cells as a powerful and genetically tractable in vivo model to uncover the 

mechanisms that mediate segregation of acentric fragments during mitosis. Previous findings from our laboratory identified 

the Fanconi Anemia DNA repair proteins FANCD2 and FANCI, as well as BLM helicase, to be involved in this mitotic DNA 

damage response [1]. Further, our data suggest acentric segregation appears to occ ur independently of the canonical Fanconi 

Anemia DNA repair pathway. To further understand mechanisms of acentric segregation, we performed a candidate screen. 

Our screen analyzed the roles of all Drosophila genes identified to be required for G2/M arrest after double -strand DNA 

breaks [2].Results of the screen will be presented at the meeting.  



 

1. Bretscher, Heidi  S. and Donald  T. Fox, Proliferation of Double -Strand Break-Resistant Polyploid Cells Requires Drosophila 

FANCD2. Developmental Cell. 37(5): p. 444-457. 

2. Kondo, S. and N. Perrimon, A Genome-Wide RNAi Screen Identifies Core Components of the G2-M DNA Damage Checkpoint. 

Science Signaling, 2011. 4(154): rs1.  

276    Conservation of RecQ helicases between Drosophila and humans.     R.L. Cox, C.M. Hofley, J.R. LaRocque  Human 

Science, Georgetown University, Washington.  

   RecQ helicases are a family of proteins involved in maintaining genome integrity as they function in DNA repair, 

recombination, and replication. Mutations in the RecQ helicas es can result in multiple genetic diseases that disrupt 

chromosomal stability, thus increasing the possibility of developing cancer. This study focuses on the conservation of RecQ 

helicases between humans and Drosophila melanogaster. The human RecQ helicas e family consists of five helicases: RECQL, 

RECQL4, RECQL5, BLM, and WRN while the Drosophila RecQ helicase family consists of four: DmRecQL4, DmRecQL5, DmBlm, 

and DmWRNexo. Human cells deficient in RECQL or BLM have increased chromosomal instability and d efects in DNA repair. 

While Drosophila have no ortholog to RECQL, DmBlm has functional similarities to human BLM, as DmBlm mutants have an 

increase in sensitivity to ionizing radiation (IR) and a decrease in repair of DNA double -strand breaks (DSBs). To de termine if 

RECQ helicase functions are conserved across species, human RECQL was expressed in Drosophila using the GAL4 -UAS 

system, and the ability for human RECQL to rescue DmBlm mutant sensitivity to IR was tested. Preliminary data indicates that 

the DmBlm mutants expressing human RECQL may be more sensitive to IR than DmBlm mutants not expressing the 

transgene. This may suggest that expression of human RECQL in DmBlm mutants is interfering in the IR -induced DSB repair 

pathway. Alternatively, a failure to  rescue DmBlm mutant IR sensitivity suggests that human RECQL function has diverged 

from other RECQ helicases. This hypothesis will be tested by expressing human BLM in DmBlm mutants using the GAL4 -UAS 

system and determining if this expression can rescue t he hypersensitivity to IR. Because BLM is expressed in both humans 

and Drosophila, there may be functional conservation between human BLM and DmBlm that was not observed between 

human RECQL and DmBlm.  

277    Drosophila chromosome fragile sites.     Hunter Hill, Kent Golic  Biology, University of Utah, Salt Lake City, UT.  

   The earliest evidence for chromosome fragility arose about a century ago when Calvin Bridges observed constrictions in 

polytene chromosomes that were also weak regions where chromosomes  tended to break during squashing. Since then, 

chromosome breakage has been repeatedly linked with gross dysfunction of the genome including aneuploidy, polyploidy, 

deletions, inversions, and translocations. Human chromosomes are also known to exhibit cons trictions and breaks at select 

locations when grown under conditions of replication stress. This finding spurred the idea that perhaps replication wasnɅt 

complete in those regions prior to division, and indicated that replication timing may play a critical  role in chromosome 

fragility.  

Dicentric chromosomes may be produced through various means, including natural meiotic recombination between inverted 

chromosomal segments, or experimentally induced site -specific recombination. When attached centromeres segr egate to 

opposite poles, the chromosomes may break, and the broken ends can be healed by de novo telomere addition. Recovery of 

such chromosomes, and hence further examination, is generally limited by the resulting aneuploidy. To overcome this 

limitation w e devised a genetic screen that would allow recovery of chromosomes with breaks anywhere along their length. 

Sister chromatid exchange was induced on a ring chromosome, which generated double dicentric bridges in anaphase. We 

found that breakpoints cluster ed into a limited number of hotspots, and concluded that dicentric bridges do not break 

randomly, but tend to break in a few "fragile" regions. Interestingly, the hotspots often coincide with regions identified as  late 

replicating, implicating DNA replicat ion timing as a factor that determines chromosome strength under tension.  

We also find that different chromosomes have different breakage hotspots. In particular, a semi -lethal ring chromosome 

("filicidal") exhibits a concentration of breakpoints in the re gion that is linked to its lethality, suggesting that replication timing 

may also underlie the mechanism of lethality.  

To test the role of replication timing in chromosome weakness we are examining the effect of replication stress on breakage 

sites using aphidicolin (inhibitor of DNA polymerase Ƽ). ϥf dicentric bridge breakage is altered after feeding flies aphidicolin, it 

will substantiate replication timing as a major factor for chromosome integrity in Drosophila.  

278    Altering substrate specificity of the Holliday junction resolvase GEN.     C. Moffatt, D. Rognstad, J. Sekelsky  Biology, 

UNC-Chapel Hill, Chapel Hill, NC.  

   Branched structures are important intermediates in DNA damage repair, and if left unresolved, oft en result in cancerous 

cell growth. Many nucleases are responsible for cutting these intermediates; GEN1 in humans and Yen1 in yeast are two that 

have specificity for Holliday junctions (HJs), but cleave other substrates during DNA damage repair, such as 5 Ʌ flaps and forked 

DNA. This begs the question: what is the most critical DNA intermediate structure for these proteins to cleave in vivo? This is 

difficult to answer because GEN1/Yen1 are backups to Mus81. However, in Drosophila melanogaster, these roles are 

reversedɁ GEN assumes a primary role with Mus81 operating as a backup nuclease. This makes Drosophila an especially 



qualified model in which to study GEN. It has been shown that H. sapiens GEN1 is structurally similar to its ortholog from D. 

melanogaster. Despite this, GEN cleaves 5Ʌ flaps more efficiently than HJs. We hypothesize that 5Ʌ flaps are the more 

biologically important intermediate for GEN and its orthologs to resolve in vivo. To test this, I made two chimeric proteins 

predicted to have alter ed substrate specificity. I substituted 60 residues from GEN with that of the same region from C. 

thermophilum  GEN1 and H. Sapiens FEN1. The region swapped out of GEN was its helical arch, which is thought to help thread 

flapped structures through for bett er cleavage. In the protein GEN [CtGEN1], the helical arch is replaced with the corresponding 

region from CtGEN, which lacks the arch, and thus is limited to HJ specificity. The second protein, GEN [HsFEN1], has the arch 

from GEN substituted with a slightly different arch from HsFEN1, which limits activity to 5Ʌ flaps. ϥ have expressed and purified 

both chimeric proteins and will be testing their cleaving abilities on 5Ʌ flaps and HJs in nuclease assays. This experiment will 

also be carried out in vivo to con firm any biological benefit of cleaving flaps over HJs. I plan to make the same changes to 

endogenous GEN in  D. melanogaster to test the functions affected, including the response to DNA damaging agents. We hope 

to gain novel insights into the role of this  nuclease, the substrates it preferentially cleaves, and how this can be understood in 

the greater context of DNA damage repair pathways in Drosophila and humans alike.  

279    The Role of DmBlm in DNA Double -strand Break Repair and Gene Conversion.     N. Srivastava, J.R. 

LaRocque  Human Science, Georgetown University, Washington, DC.  

   Maintenance of genome integrity is essential for cell viability and the transfer of genetic information from one generation t o 

the next. Compromising this integrity can le ad to several genetic diseases, including cancer. DNA double -strand breaks (DSBs) 

are a type of DNA damage that threaten genome stability. Fortunately, the cell has reparation mechanisms in place to ensure 

that DSBs do not result in mutations within the ge nome or death of the cell. Two major DSB repair pathways include non -

homologous end joining (NHEJ) and homologous recombination (HR). One feature of HR repair products is the presence of 

gene conversion tracts (GCTs); the length of GCTs may be determined b y various steps of HR, such as end resection and 

Holliday junction resolution. Drosophila melanogaster Blm (DmBlm), the ortholog of human BLM, has been shown to participate 

in DNA gap repair. To test DmBlmɅs involvement in DSB repair of a simple break, the DR-white repair assay was used. This 

assay measures the contribution of HR, NHEJ, single -strand annealing, and crossover repair of I -SceI-induced DSBs. A 

constitutively -active-I-SceI enzyme created DSBs within the DR -white reporter assay, located in the g enomes of DmBlm 

mutants and heterozygote controls. A statistically significant decrease in HR was observed in DmBlm mutants compared to 

heterozygote controls. These data suggest that DmBlm plays a role in repairing simple DSBs through intrachromosomal HR. 

However, it is not completely understood where in the HR pathway DmBlm plays a role. Gene conversion tract (GCT) lengths 

may reveal DmBlmɅs potential role in several steps of the HR pathway. To test DmBlmɅs role in determining GCT length, the 

DR-white.mu reporter assay was used. This assay contains silent polymorphisms along the donor sequence to measure GCT 

length. After constitutively -active-I-SceI enzyme created DSBs within the DR -white.mu reporter, the DNA of HR flies from 

DmBlm mutants and heterozygote  controls was collected. GCTs lengths of these HR events were measured and compared for 

statistically significant differences.  

280    The role of systemic factors in regulating mitotic and hypertrophic injury responses.     S.R. Allen1, E. Cohen1, D.T. 

Fox1,2  1) Department of Cell Biology, Duke University, Durham, NC; 2) Department of Pharmacology & Cancer Biology, Duke 

University, Durham, NC.  

   Two widely conserved forms of injury responses at the cellular level include mitosis (cell division) and hyper trophy (cell 

enlargement without division). While much work has focused on the cell -intrinsic mechanisms that drive a cell towards one 

response or the other, there has been relatively little exploration of the systemic factors influencing cellular injury r esponses. 

We recently found that the Drosophila pylorus is a new model tissue for studying a developmentally regulated switch from a 

mitotic to hypertrophic injury response (see abstract by Cohen and Fox, this meeting). The Drosophila pylorus is a sphincter 

that regulates the passage of food into the hindgut, and while the larval pylorus undergoes mitosis in response to injury, th e 

adult pylorus undergoes hypertrophy. The developmental timing of this mitotic -to -hypertrophic injury respo nse switch is 

tightly regulated and appears to correlate with a large systemic pulse of ecdysone steroid hormone signaling. Ecdysone has 

previously been shown to modulate cellular gene expression as well as to activate wound -responsive migration in hemocyt es, 

the Drosophila innate immune cells. Adult hemocytes actively migrate towards sites of injury, whereas larval hemocytes do 

not, and this ability is acquired during early pupation in an ecdysone dependent manner.   Therefore, it is possible that 

ecdysone signaling could regulate the injury response switch either by directly modulating pyloric gene expression, or by 

activating a pro -inflammatory immune response in adults that itself regulates the injury response switch. Transcriptome 

analysis of adult pylor us following injury reveals an upregulation of numerous immune response genes including 

antimicrobial response genes and the cytokine Unpaired -3. We are currently investigating the potential involvement of 

ecdysone signaling and the innate immune response in regulating the hindgut injury response switch. The results of these 

studies will be presented at this poster.  

281    An RNAi screen to discover deubiquitinases (DUBs) important for the cell cycle.     J. Bandura  Biological Sciences, 

Lock Haven Universi ty, Lock Haven, PA.  



   Proteolysis and ubiquitination play important roles in regulation of the cell cycle.  Although there are several E3 ubiquitin 

ligases known to function in cell cycle control, relatively few deubiquitinases (DUBs) with opposing activ ities have been 

identified.   The Drosophila genome contains 41 DUBs belonging to all DUB subclasses and most have a mammalian 

ortholog.   Although other published studies have characterized the RNAi phenotypes of all Drosophila DUBs, none have 

focused speci fically on cell cycle phenotypes.   I will express RNAi against each of the Drosophila DUBs in multiple tissues and 

examine those tissues for resulting cell cycle defects.   This screen will be performed in ovaries, as this will allow the 

identification of D UBs required for canonical mitotic cycles, endocycles and chorion amplification, along with two cell cycle 

transitions.   In addition, screening will be performed in pupal eyes and wings to assay for a cell cycle exit role.   With this 

screen, I expect to id entify DUBs that antagonize the activity of the E3 ubiquitin ligases that drive cell cycle progression by 

targeting cell cycle proteins for proteolysis, namely the APC/C and the SCF and SCF -like complexes.  In addition, I may discover 

DUBs that function in  developmental signaling pathways that interface with the cell cycle machinery.  

282    Stem cell proliferation is regulated by Myt1 in the Drosophila  intestine.     R.J. Willms, S.D. Campbell  Biological 

Sciences, University of Alberta, Edmonton, Alberta, CA.  

   Cdk1 is the master mitotic kinase responsible for propelling cells into mitosis. To prevent mitotic activity during interphas e, 

the Wee-like kinases Wee1 and Myt1 phosphorylate Cdk1. Though Wee1 and Myt1 are partially redundant, previous work 

from our laboratory has demonstrated that Drosophila Myt1 is the major Cdk1 inhibitory kinase in sensory organ 

development and male meiosis. 1-3 In these contexts, as well as during oogenesis, we have observed a common theme 

wherein loss of Myt1 activity results  in either failure to exit the cell cycle, or misregulation of progenitor cell homeostasis. 

Consistent with these observations, we recently identified Myt1 as a regulator of adult intestinal stem cell (ISC) equilibriu m. 

This finding not only supports a con served role for Myt1 in regulating progenitor cell populations, but also provides us an 

effective system for characterizing the mechanism by which Myt1 accomplishes this task.  

 

The Drosophila intestine is an excellent model for studying stem cell renewal a nd cell differentiation and has well -defined 

similarities to the mammalian intestine with respect to cell types, morphology, and signaling pathways. An initial 

characerization of the midgut in 7 -day old myt1 null mutants showed an approximate 40 -fold incre ase in the mitotic index 

relative to controls. EdU labeling used to analyze the rate of turnover in the gut indicated that this increase corresponded to 

cell hyperproliferation. RNAi depletion of Myt1 in adult ISCs via a temperature sensitive UAS -Gal4 system phenocopied the 

mutant phenotype, indicating that the increased mitotic index of myt1 mutants was not due to disruption of the 

developmental program or to loss of Myt1 in other cell types. We are currently analyzing how each epithelial cell type in the  

gut of myt1 mutants is affected in order to define the molecular mechanism Myt1 employs to regulate stem cell division in 

Drosophila. Furthermore, recent work identifying Myt1 as essential to glioblastoma stem -like cell proliferation highlights how 

underst anding Myt1 regulatory mechanisms could have implications for practical biomedical application. 4 

 

References 

1. R. Varadarajan et al., MBoC 27, 2051 (2016).  

2. Z. Jin, et al., Development 132, 4075 (2005).  

3. Z. Jin et al., Genetics 180, 2123 (2008). 

4. C. M. Toledo et al., Cell Rep 13, 2425 (2015).  

283    jim lovell  (lov ) acts downstream of dmyc  to regulate endopolyploid growth in the  larval stages.     K.M. Beckingham, 

F. Zhou, R. Dibbs, S. Hsu, S. Green, M. Karki, I. Chu, O. Casimir  Dept BioSciences, Rice Univ, Houston, TX.  

   jim lovell  (lov) encodes a putative transcription factor of the BTB/POZ domain family. Tissue specific knockdown of lov using 

the Gal4-UAS system has established that lov is required during the larval stages for endopolyploid grow th: knockdown of lov 

in the tracheae, epidermis, salivary glands and fat body produces smaller cells with smaller nuclei. BrdU DNA labelling in th e 

salivary glands has established that these smaller nuclei undergo less DNA replication than control nuclei. Lov protein is 

primar ily located in the nucleolus, indicating that its role in growth involves regulation of ribosome synthesis. dMyc is a major 

regulator of endopolyploid growth and a known regulator of ribosome biosynthesis. We are therefore investigating 

interactions betwee n these two transcriptional regulators. During larval life, altering the levels of dmyc expression does not 

alter the levels of lov transcripts and similarly lov knockdown or overexpression has no effect on dmyc mRNA. However, 

overexpression of dmyc increa ses Lov protein levels significantly. A role for dmyc in regulating lov by a post -translational 

mechanism is therefore indicated. Our initial epistasis experiments also indicate that dmyc is upstream of lov in the larval 

endopolyploid growth pathway. Thus in the tracheae, the lov knockdown phenotype is epistatic to the dmyc overexpression 

phenotype.  

Given that BTB/POZ domain transcription factors can act as heterodimers we are testing the hypothesis that lovɅs role in 

endopolyploid growth involves interacti on with a BTB/POZ domain partner. So far none of candidate proteins assayed as 

possible lov partners during larval life ( tramtrack , lola, lolal  and ribbon ) produces the same phenotype as lov when knocked 

down in the tracheae. However, there are similaritie s between the ribbon  null phenotype and the lov overexpression 



phenotype during embryogenesis. Ongoing studies are addressing a possible ribbon -lov interaction during embryonic 

development.  

284    A switch from compensatory proliferation to compensatory h ypertrophy in the injured Drosophila  hindgut.     E. 

Cohen1, S. Allen1, D. Fox1,2  1) Department of Cell Biology, Duke University Medical Center, Durham, NC; 2) Department of 

Pharmacology and Cancer Biology, Duke University Medical Center, Durham, NC.  

   As development progresses, many organs lose their ability to respond to injury by compensatory cell proliferation.  In such 

organs, like the human heart and kidney, tissue injury activates a non -proliferative cellular response known as hypertrophy. 

After in jury, tissues that use hypertrophy for repair increase the size and often the DNA copy number of remaining cells to 

restore lost organ mass. Although many cues have been identified that are required for either compensatory proliferation or 

hypertrophy afte r tissue injury, little is known about molecular cues that could switch an injured organ between these injury 

responses.  

 

We have identified the Drosophila hindgut pylorus as an accessible model to understand regulation of the switch between 

compensatory p roliferation and hypertrophic repair. Using a highly tunable, site specific genetic ablation system, we found 

the pylorus undergoes compensatory proliferation when injured during larval stages, but then switches to a hypertrophic 

repair program by adulthoo d. The difference in these injury responses reflects a difference in injury -induced cell cycles. While 

the adult pyloric injury response is driven by the endocycle, the injured larval pyloric cells instead undergo mitotic cell c ycles. 

We narrowed the time of the switch between injury -induced cell cycles to a 12 -hour window during mid -pupation, coincident 

with a mid -pupal spike in Ecdysone hormone.  

 

We then conducted a candidate screen for regulators of the injury response switch. To do this, we developed a new method 

for temporal control of injury separate from the control of transgenic construct expression. The method, which we term 

DEMISE (Dual Expression Method for Induced Site -specific Eradication), uses the Gal4/Gal80 and FLP/FRT systems to 

simultaneous ly induce mosaic tissue injury while independently expressing transgenes of interest. Using DEMISE, we 

identified the conserved cell cycle regulator ( fizzy-related- fzr), which normally acts to degrade mitotic cyclins, as a regulator of 

the pyloric injury response switch. fzr RNAi completely restores compensatory proliferative capability to the normally 

hypertrophic adult pylorus. Our work has provided new insight into cell cycle control after organ injury, has developed novel  

tools for studying tissue injury repair, and is likely t o inform efforts to regenerate tissues.  

285    Cell cycle re -entry in the adult Drosophila melanogaster  brain.     Shyama Nandakumar, Emily Lerner, Chelsea Yu, Olga 

Grushko, Laura Buttitta   Molecular Cellular and Developmental Biology, University of Michig an, Ann Arbor, MI.  

   Discoveries in recent years suggest that neuronal aneuploidy and hyperploidy are far more common than previously 

thought, and prevalent in many organisms. Increased ploidy in postmitotic neurons has also been associated with age -related 

cognitive decline and neurodegeneration. We recently discovered that under normal physiological conditions cells in the 

aging adult fly brain exhibit age -associated cell cycle re -entry and hyperploidy, making it an excellent model system to study 

this process. How and where is hyperploidy generated, and what role does it play in age -related neurodegeneration? We 

developed a sensitive flow cytometry based assay to quantify changes in ploidy in individual fly brains.  Our work thus far 

indicates that cell  cycle re-entry occurs in multiple cell types, increases with age, and that high levels of hyperploidy can cause 

neurodegenerative phenotypes. In addition, we have found that increased oxidative damage leads to an earlier onset of 

hyperploidy in the brain and that the levels of hyperploidy can be manipulated through the genetic modulation of DNA 

damage and DNA replication licensing factors. We also observe a constant rate of cell death in the ageing brain, suggesting 

that the brain suffers a potential loss of cells over the lifespan of the organism. Studies in other postmitotic tissues have 

demonstrated cases where postmitotic cells re -enter the cell cycle and become hyperploid in response to wounding and 

damage. We thus hypothesize that the hyperploidy that  we observe may compensate for the loss of cells that cannot be 

replaced by stem cells initially, but with time the accumulation of hyperploid cells could result in increased 

neurodegeneration. We have characterised where cell cycle re -entry occurs in the brain by examining specific cell types 

systematically. We have also developed new tools and assays to specifically label hyperploid cells in the adult brain to addr ess 

whether specific cell types are more susceptible to or have a propensity for cell cycle re-entry. We have found that the optic 

lobes contribute to the majority of hyperploid cells in aged Drosophila brains. This is significant as recent work uncovered a 

small population of slowly dividing stem cells in the adult optic lobes suggesting that th is region of the Drosophila brain 

requires higher cell turnover. Thus, the population of stem cells may become insufficient as the animals age to adequately 

compensate for normal aging -related cell loss and consequently, hyperploidy could result. If true, this would suggest that 

initially, cell cycle re -entry in neurons may play a protective, and prolonged accumulation of the same results in 

neurodegeneration.  

286    Novel role of dGATAe Transcription Factor in the Drosophila Renal Tubule.     G. Martinez Corrales, J. A.T. Dow, S. Terhzaz, 

S. A. Davies  Institute of Molecular, Cell and Systems Biology, University of Glasgow, Glasgow, UK.  



   Introduction  

The formation and development of an organ is a complex process which involves several programmed events, including 

changes in cell shape and adhesion, proliferation, and differentiation. These events are defined by the expression and 

combination of specific Transcription Factors (TF), and aberrant processes lead to malformations and lethality. The 

Malpighian Tubules (MTs; equivalent to human kidney and liver) of Drosophila melanogaster is an important model for 

tubulogenesis, and for Ʉomics and integrative physiology. Therefore, we have used this system to study different functions of 

the tubule -enriched TF dGATAe during the development and physiology of this organ.  

 

Methods  

In this study, we have downregulated spatially and temporally the expression of dGATAe in the MTs using the Gal4/UAS and 

Gal80TS systems, and examined the defects in the function and morpho logy of this organ. Larval, pupal and adult tubules 

were dissected, and were immunostained with different markers to confirm the morphological phenotypes. We quantified 

the expression of possible downstream candidate genes of dGATAe by qPCR. In addition, w e also challenged the flies with 

different stress assays (starvation, desiccation, etc.), to address the functional defects.   

 

Results  

We found that silencing dGATAe in the Principal Cells of the MTs induced strong defects in the morphology of the tubules  in 

pupal and adult stages. They are shorter and have tumorous growth. We therefore stained these tubules with different 

markers and could observe over proliferation of small nuclei cells in the main segment. These cells were positively stained 

with Stem C ell and proliferation markers, such as Delta, Armadillo, or Phospho -Histone 3, suggesting that these cells could be 

Renal Stem Cells (RNSCs). Knockdown of dGATAe also induced strong upregulation genes involved in control of apoptosis and 

growth control. Fi nally, we observed that these flies were significantly less tolerant to starvation and desiccation stress, and 

their lifespan is heavily compromised. Further investigation is in progress to characterize the mechanism behind the role of 

dGATAe in the tubule . 

 

Conclusion  

Altogether, our results show that dGATAe is required during pupal stage in the Malpighian Tubules to maintain their integrity. 

We purpose that dGATAe is required for the control of tubule cell population, regulating the expression of downstre am genes, 

and therefore, controlling the morphology and function of this organ.  

287    Scaling up the myoblast precursor pool through motor neuron signaling.     J.J. Fernandes1,2, Kumar Vishal 1, Katie 

Lincoln 1, Erin Enright 1, Kole Sedlack1, Justin Crookes1, Arya Chalke1  1) Biology Dept, Miami Univ, Oxford, OH; 2) Center for 

Neuroscience.  

   About 80 muscle fibers are present in the hemi -thorax of the fruit -fly, Drosophila, and a majority of them, found in the 

dorsal thorax, are derived from precursors in  the wing imaginal disc. Among these are the large indirect flight muscles (IFMs), 

comprising of 6 DLM fibers and 7 DVM fibers. Each of the six DLM fibers contains about 3000 nuclei. A carefully regulated 

build -up of the IFM myoblast pool needs to occur du ring its 24 hour myogenic period, to account for the almost 100 -fold 

increase in nuclei as compared to the pool present in the wing -imaginal disc. Denervation of the developing fibers 

compromises fiber formation mainly through an effect on myoblast prolife ration. These results led us to propose that 

innervating motor neurons regulate myoblast proliferation. A role for motor neurons as signaling cells was examined by 

blocking motor neuronal secretion using a dominant negative form of Shibre. As a result of t he manipulation, a significant 

reduction in the number of nuclei [33%, n=20] was observed, which is a function of myoblast proliferation. To investigate the  

underlying mechanism of motor neuron communication the role of EGF ligands was tested by manipulati ng the production of 

Vein, Keren and Spitz. Blocking Vein [RNAi] resulted in the most severe effects: a 22% decrease in myoblast proliferation led  

to a 27% reduction in number of DLM nuclei. Overexpressing Vein in motor neurons led to almost doubling of th e number of 

DLM nuclei, confirming that motor neurons use EGF signaling to scale up the DLM myoblast pool.    

288    A new paradigm for regulation of apoptosis by intracellular pH dynamics.     J. Peralta, B. DuPriest, B. Grillo -

Hill   Biological Sciences , San Jose State University, San Jose, CA.  

   Growth control at the tissue level requires communication between cells and coordination of both proliferation and 

apoptosis. Apoptosis is a conserved pathway that eliminates unnecessary cells to precisely patte rn tissues and avoid 

developmental errors. Regulated pH dynamics are seen during programmed cell death in cultured mammalian cells, with 

alkalization of mitochondrial matrix pH and subsequent cytosolic acidification resulting in decreased intracellular pH (pHi). We 

recently developed Drosophila models wherein over -expression of the ubiquitous sodium -proton exchanger DNhe2 (homolog 

of mammalian NHE1) showed increased pHi, increased cell proliferation and aberrant patterning of imaginal discs. We 

predicted th at increased pHi in our system would inhibit apoptosis, however external examination of adult fly eyes showed 

decreased overall size. We next performed cell counts in pupal retinae, and found a significant decrease in the number of 

interommatidial lattice cells at the end of pattern formation, from an average of 15 cells in control to 11.4 cells in GMR>DNhe2. 



This is despite increased proliferation that we reported in GMR>DNhe2 larval eye discs. The lattice cells are pruned through 

developmentally regulated  apoptosis during pupal eye development, suggesting that the existing model where increased pHi 

inhibits cell death may not apply in this system. Therefore, we hypothesize two models to describe our data: 1) increased pHi  

promotes both proliferation and ce ll death; or 2) increased proliferation induces compensatory cell death, which exceeds the 

normal number of cells targeted by apoptosis to result in fewer cells at the end of patterning. We will distinguish between o ur 

models using temperature -shift experi ments and phenotypic analysis. These findings will elucidate mechanisms for pH -

regulation of conserved, critical developmental processes and provide evidence for new paradigms in growth control.  

289    Modulation of CRL4 Cdt2  activity in the syncytial embr yo.     C.I. Swanson1, Julia Speciale1, Brooke Boller 1, Taylor Fullin 1, 

Bob Duronio 2  1) Biology, Arcadia University, Glenside, PA; 2) Integrative Program for Biological and Genome Sciences, 

University of North Carolina, Chapel Hill, NC.  

   CRL4Cdt2-mediat ed protein destruction is a developmentally critical phenomenon required for proper progression of both 

canonical and non -canonical cell cycles. CRL4Cdt2 induces replication -coupled destruction of its substrates, which include the 

Drosophila proteins Doubl e-parked (Dup), E2f1, and Dacapo (Dap).   Despite its critical role in overseeing S phase progression 

and maintaining genome stability, we have observed modulation of CRL4 Cdt2 function in several developmental contexts.   For 

example, our preliminary data su ggest that CRL4Cdt2 activity may be modified in the rapid, non -canonical cell cycles of the 

syncytial embryo.   More specifically, we have observed differential stability of substrates in this context: Dup appears to be 

targeted for destruction during S pha se as normal, while E2f1 and Dap are stable.   These data suggest that CRL4 Cdt2 is active, 

but that at least two of its substrates are protected during these early cell cycles.   We have identified sequences within the 

E2f1 protein that are required for prot ection in the early embryo.   Continuing experiments seek to elucidate the mechanism, 

and ultimately the developmental function, of differential CRL4 Cdt2 substrate stabilization during early embryonic 

development. Our findings suggest that CRL4 Cdt2 activity  may be modulated to accommodate unique cell cycle programs such 

as the rapid cycles of the syncytial embryo.  

290    Regulation of Dap protein stability in the female germline.     C.I. Swanson, Caitlyn Yunker   Biology, Arcadia 

University, Glenside, PA.  

   Highly conserved proteins called CDK inhibitors (CKIs) play important roles in regulating cell proliferation both during 

development and during adult homeostasis.   CKIs inhibit cell cycle progress, thereby limiting cell proliferation.   Drosophila 

melanog aster possesses just one major CKI, a gene called Dacapo (Dap).   Dap expression is carefully regulated throughout 

the lifespan of the fruit fly: while insufficient Dap expression can lead to runaway proliferation, excess Dap expression can  

prematurely halt  tissue growth and severely disrupt organ function.   Dap is important developmentally and is also thought to 

contribute to adult tissue homeostasis in several tissues, including germline stem cells in the female reproductive 

system.   Within germline stem c ells, for example, Dap expression is tightly regulated by miRNAs to control cell division.   Here 

we explore the potential role that regulated proteolysis of the Dap protein might play in development of the female 

germline.   The Dap protein has previously b een shown to be targeted by CRL4 Cdt2 for replication -coupled destruction.   Our 

preliminary data suggest that this mechanism may also regulate Dap expression in the female germline.   Disruption of Dap 

degradation in the female germline, either by RNAi -media ted depletion of Cdt2 or by expression of a version of Dap that 

cannot bind Cdt2, leads to defects in both the cell cycle and oocyte specification.   Our findings suggest that Dap degradation 

is required for normal oogenesis and for female fertility.  

291    CRL4Cdt2  function during chorion gene amplification.     C.I. Swanson, Ratuja Kulkarni   Biology, Arcadia University, 

Glenside, PA.  

   The CRL4Cdt2 ubiquitin ligase targets a number of proteins for replication -coupled destruction, including Double -parked 

(Dup), E2f1, and Dacapo (Dap).  This function of CRL4 Cdt2 has been shown to be critical for normal DNA replication, cell cycle 

progress, cell survival, and maintenance of genome stability in a number of cell types and for both canonical and non -

canonical cell cycles.  However, its role has not yet been investigated in the unique DNA replication cycles that occur during 

chorion gene amplication in follicle cells.   Here, we explore a potential role for CRL4 Cdt2 in chorion gene amplification using 

RNAi to depl ete Cdt2 and by expressing stabilized versions of CRL4 Cdt2 target genes.   We find that disruption of CRL4 Cdt2 

function in follicle cells leads to aberrant DNA replication in Stage 10 egg chambers.   These data suggest that CRL4 Cdt2 may 

indeed play a role in  overseeing this unique cell cycle program.  

292    Modification of tumorigenesis microenvironment by a microRNA.     Yi-Chun Huan 1, Yoichiro Tamori 2, Wu-Min 

Deng1  1) Dept Biological Sci, Florida State Univ, Tallahassee, FL; 2) National Institute of Geneti cs, Japan.  

   Tumorigenesis depends not only on mutations in oncogenes or tumor suppressor genes, but also on the tissue 

microenvironment where the mutant cells are located.  Using the Drosophila wing imaginal disc, we have shown that the 

folded hinge are a is a Ɉtumor hotspotɉ for neoplastic tumor suppressor gene (nTSG) mutations, whereas the pouch area is a 

tumor coldspot. In the hinge area, growth -promoting JAK -STAT signaling activity is high, and the organization of the 



epithelium forces the pro -tumor c ells to undergo apical extrusion into the lumen, thus allows tumor formation and 

progression. In contrast, the pro -tumor cells undergo basal extrusion and apoptosis in the coldspot pouch area.  In an effort 

to identify molecules that can change tissue micr oenvironment for tumorigenesis, we found that microRNA miR -133 

misexpression converts the nTSG tumor coldspot to a hotspot in the wing disc. In the pouch area where tumorigenesis is 

normally suppressed, misexpression of miR -133 induces ectopic epithelial f olds in the wing pouch, a feature resembling the 

hinge area. However, miR -133 misexpression alone resulted in downregulation of Jak -STAT signaling, which was opposite to 

what we had expected. Through surveying a number of growth regulatory signaling pathwa ys and genetic epistasis analysis, 

we found that miR -133 instead promotes JNK signaling to facilitate tumor growth in the pouch coldspot area.  miR-133 target 

analysis revealed that Rim and Rau are likely responsible for this conversion of the tumor coldsp ot to a hotspot.   Together, 

this study reveals that tissue microenvironment can be changed from hostile to favorable for tumorigenesis based on 

regulatory systems that involve microRNAs and their regulatory targets.  

293    Expression pattern observation o f CG6191 (Mary Shelley ) in Drosophila melanogaster and the link between its 

homolog Cables1 and epithelial based cancers in humans.     Amber C. Elinsky, John Sherwood, Stephanie B. Conant, Jacob 

D. Kagey  Department of Biology, University of Detroit Mercy,  Detroit, MI.  

   The gene CG6191 in the Drosophila melanogaster genome has little known about its function. However, it has a mammalian 

homologue, Cables1  is known to play a role in cell cycle regulation. Cables1 has been shown to be down regulated and 

frequently mutated in various forms of cancers including ovarian cancer. Due to observed eye and head phenotypes, CG6191 

has been referred to as Mary Shelly (MS). Here we are investigating the expression pattern of the MS gene in different 

Drosophila  melanogaster  tissue. These results are then utilized to disrupt MS through targeted RNAi expression. Expression 

pattern of MS has been observed using the Green Fluorescent Protein (GFP) introduced to the flyɅs genome through the 

MiMIC fly lines. Two diffe rent types of fly lines were used to visualize the MS expression pattern. The first was a direct tagging 

of MS through a MiMIC -MS-GFP fruit fly. The second line was a cross between MS>Gal4 and UAS>GFP flies. This cross created 

a gene trap enabling GFP to o nly activate where MS was directly expressed. The two different lines were used as confirmation 

for MS expression patterns in various tissue. Preliminary data has been observed in three different tissues (imaginal wing 

discs, imaginal eye discs, and adult ovaries). Each studied tissue type demonstrates a unique pattern of gene expression. 

RNAi disruptions have produced phenotypic changes in the wing discs but have minimal to no growth alterations in the eyes 

of the fruit flies. When expressed in the posteri or compartment of the wing, RNAi has been shown to disrupt Wg signaling and 

has also induced apoptosis. In mammalian cell culture, the Cables1 protein has been observed in several mammalian cell 

types, both epithelial tumor cell lines and normal epithelial  cell lines, and screened on Western Blots. Implementing SiRNA 

transfection, the link between Cables1 loss of expression and epithelial tumor growth can be observed and implemented into 

human cancer therapies.  

294    Regulation of dronc in development and  cancer.     K. Sanjay. Gangwani1, S Verghese4, A Singh1,2,3, M Kango-Singh1,2,3  1) 

Biology, University of Dayton, Dayton, Ohio; 2) Center for Tissue Regeneration and Engineering at Dayton (TREND), University 

of Dayton, Dayton, Ohio; 3) Pre -medical program , University of Dayton, Ohio; 4) Department of Molecular, Cellular, and 

Developmental Biology, University of Colorado, Boulder, Colorado.  

   The Hippo pathway is an evolutionarily conserved pathway that regulates organ size and tissue homeostasis in Drosophila  

and mammals. The pathway functions by regulating the nuclear availability of transcriptional cofactor Yorkie (Yki), 

mammalian YAP, which is regulated by the activity of a core kinase cascade comprising the serine threonine kinases Hippo 

(Hpo) and War ts (Wts) and their accessory proteins. Yki binds with transcription factors like Scalloped (Sd) or Homothorax 

(Hth) to regulate target genes involved in cell proliferation and survival. Downregulation of the Hpo pathway causes increase d 

cell proliferation and overgrowth, whereas hyperactivation of this pathway leads to cell death due to activation of these 

caspases. Previous work in our lab identified the initiator caspase Dronc (mammalian Caspase 9) as a transcriptional target o f 

Yki. Caspase proteins are cysteine aspartic proteases which play essential roles in cellular signaling, development and cell 

death via apoptosis or Programmed Cell Death (PCD). We found that loss of Hippo signaling leads to downregulation of dronc 

expression suggesting that Yki cou ld act in co -repressor complexes to provide growth and survival cues to cells where Hippo 

pathway is downregulated. We hypothesize that Yki functions both as an activator and a repressor simultaneously in 

association with the TEAD family transcriptional fa ctor Sd to control dronc expression. Here, we present our work on the 

regulation of dronc by the Hippo pathway, and its implications in organ size control, and in disease conditions like cancer.  

295    Yorkie drives tumor progression by antagonizing Point ed/ETS-mediated cellular senescence.     T. Ito, M. Enomoto, 

T. Igaki  Laboratory of Genetics, Graduate School of Biostudies, Kyoto University, Kyoto city, Kyoto Prefecture, JP.  

   Cooperative action of key oncogenic drivers Ras and Yorkie/YAP is critical for human cancer progression, yet the underlying 

mechanism remains unknown. Here, through a genetic screen in Drosophila, we show that the Hippo effector Yorkie 

abrogates oncogenic Ras -induced cellular senescence by antagonizing the ETS transcription activ ator Pointed, thereby driving 

tumor progression. We show that Pointed acts as a novel tumor suppressor that is sufficient to induce cellular senescence 

downstream of Ras signaling. Interestingly, malignant tumors with Ras activation and cell polarity defec ts significantly 



downregulate Pointed expression, and forced expression of Pointed in such malignant tumors dramatically suppressed their 

growth and metastatic behavior. Mechanistically, elevated Yorkie activity in malignant tumors represses Pointed expres sion 

by regulating FoxO signaling, thereby inhibiting cellular senescence. Our data provide a mechanistic understanding of a novel  

oncogenic cooperation between Ras and Yorkie/YAP via Pointed/ETS -mediated regulation of cellular senescence.  

296    Tumor su ppressive roles of Nucleoporins 98 and 96 in Drosophila  epithelium.     Ajai Joseph Pulianmackal1, Kiriaki 

Kanakousaki 1, Saranyaraajan Varadarajan 1, Kerry Flegel1, Norman Zielke 2, Laura Buttitta 1  1) MCDB, University of Michigan, 

Ann Arbor, MI; 2) Univer sity of Helsinki, Institute for Biotechnology, Helsinki, Finland.  

   The Nucleoporin 98KD (Nup98) is one of the most promiscuous translocation partners in hematological malignancies, 

contributing to at least 31 different truncation -fusion proteins. To dat e, nearly all disease models of Nup98 translocations 

involve ectopic expression of transgenes recapitulating the fusion protein under study, leaving the endogenous Nup98 loci 

unperturbed. Hence, they cause either the upregulation or the downregulation of N up98 activity. The contribution of 

Nup98/96 to the leukemic disease phenotype remains unknown. Nup98 and 96 are also mutated in many other cancer types 

and located near a tumor suppressor region known to be epigenetically silenced, suggesting that their di sruption may not be 

limited to blood cancers.  

We found that reducing Nup98/96 function via an RNAi approach in Drosophila melanogaster (where the Nup98/96 shared 

mRNA and reading frame gene structure is conserved) de -regulates the cell cycle. We find evidence of overproliferation in 

Nup98/96 -deficient tissues, counteracted by elevated apoptosis and aberrant Wingless, TNFa and JNK signalin g associated 

with wound healing. When the knockdown of Nup98/96 is combined with inhibition of apoptosis, we see synergism leading to 

overgrowth consistent with a tumor -suppressor function for endogenous Nup98 and/or 96.  

Nup98/96 being nuclear porins, we e xpected that reducing its function may affect the transport of proteins to nucleus. 

Interestingly, we found that the nuclear export of a ribosomal protein RPL10 is misregulated. We find evidence for decreased 

protein synthesis in Nup98/96 knockdown cells. Knockdown of proteins required for export of ribosome from the nucleus to 

cytoplasm recapitulated phenotypes similar to Nup98/96 knockdown. This suggests that the phenotypes by Nup98/96 

knockdown maybe caused by aberrant ribosome assembly. The overexpressi on of Nup98/96 also phenotypes similar to its 

knockdown. Based upon our data, we suggest that the overexpression or partial loss of Nup98 and Nup96 function de -

regulates the cell cycle to cooperate with other mutations in cancer.  

297    Cell -type -specific  role of Snr1 in the developing optic lobe in Drosophila.     S. Keegan, S. C. Hughes  Department of 

Cell Biology, University of Alberta, Edmonton, AB, CA.  

   The loss of the human gene, SMARCB1, has been associated with nerve sheath tumors in Schwannomato sis, a rare cancer. 

There are a number of questions remaining regarding the genetic cause and progression of Schwannomatosis. It has been 

suggested that SMARCB1 has a distinct function in different cell types during nervous system development. Some reports  

indicate that the cellular localization of SMARCB1 may contribute to these changes in function. Although SMARCB1 is part of 

the SWI/SNF chromatin remodeling complex, it can also be found in the cytoplasm. To gain better understanding of the role 

of SMARCB1 in the developing nervous system, we study the orthologous gene in Drosophila Melanogaster, Snr1. We 

hypothesize that cytoplasmic Snr1 decreases proliferation, and that knockdown of Snr1 in the cytoplasm will lead to over -

proliferation. We used immunoflu orescence and confocal microscopy to look at the localization of Snr1 , and to characterize 

the effects of the loss of Snr1 in the developing optic lobes in the brains of Drosophila larvae. Snr1 appears to be localize d to 

the nucleus in symmetrically dividi ng neuroepithelial cells, and post -mitotic neurons and glia. In asymmetrically dividing 

neuroblasts however, Snr1 is localized to the cytoplasm. When Snr1 is knocked down specifically in neuroblasts with RNA 

interference, the optic lobe is very overgrown. When expression of Snr1 is lost in neuroepithelial cells, there is a significant 

decrease in neuroepithelial tissue and the optic lobe is disorganized. Finally, when Snr1 is knocked down in glial cells, the re is 

a significant reduction in the number of gli al cells, however the glial cells are larger and disorganized. The differing role of 

Snr1 in certain locations in the cell will also be confirmed by expressing Snr1 with a deletion in the nuclear export sequenc e. 

Our results suggest that cytoplasmic Snr1 d oes play a role in controlling proliferation in neuroblasts, and that Snr1 may also 

have a role in promoting proliferation of symmetrically diving cells in the developing optic lobe in Drosophila.  

298    Cell Type -Specific Response to Spindle Misorientati on and Effects on Tissue Growth.     A.S Parra, C.A 

Johnston  Department of Biology, University of New Mexico, Albuquerque, NM.  

   Coordination of cell polarity and spindle orientation with cell growth and proliferation ensures mitotic fidelity and thus 

proper animal development.   Mitotic errors have been associated with aberrant tissue growth in both epithelial cells and 

stem cells. Mutations in cell cycle -promoting genes in neural stem cells cause a mild increase in the Drosophila central 

nervous system ( CNS). Conversely, identical mutations in Drosophila imaginal wing discs (IWD), terminally differentiated cells, 

lead to massive tissue overgrowth. The mechanisms underlying the differential responses of these cells to errors in cell 

division, however, are unknown. Here we seek to build a stem cell model and a differentiated cell model to elucidate the 

varied tissue -specific responses. We found that mutated growth -promoting genes cause substantial overgrowth in epithelial 

cells, while no significant change i n the CNS was observed when expressed in neural stem cells.   Additionally, loss of Mud, a 



gene essential for proper mitotic spindle orientation, results in apoptosis -mediated inhibition of IWD growth in response to 

mutated growth -promoting genes. Our resul ts further highlight the differential response of epithelial cells and stem cells to 

mutated growth -promoting genes. Taken together, these results point to an overgrowth -inhibitory mechanism in epithelial 

cells stemming from errors in spindle orientation c aused by these mutations. Further analysis will provide a better 

understanding of the cell signaling pathways that govern tissue level responses to defective cell division, which will be 

important to improving our understanding of the underlying molecular bases for numerous human diseases.    

299    Cell Competition as a Model for Pre -neoplastic Development.     Timothy Crawley1, L.A. Johnston2  1) The Integrated 

Program in Cellular, Molecular and Biomedical Studies (CMBS), Columbia University Medical Center , New York, NY ; 2) 

Department of Genetics & Development, Columbia University Medical Center, New York, NY.  

   The Cancer Genome Atlas makes it clear that cancers frequently descend from a single proliferative cell exhibiting altered 

expression of one or more oncogenes/tumor suppressors. Although the mechanisms allowing a rogue cell to expand into a 

centimeters wide field - probably at the expense of healthy tissue - remain unclear, the early stages of tumor growth bear 

striking similarities to cell compet ition. This dynamic developmental process describes the ability of cells in a tissue field to 

sense each otherɅs relative fitness and actively eliminate less fit, but otherwise viable cells. When these competitive 

interactions occur between healthy wildtyp e (WT) cells and cells overexpressing the proto -oncogene Myc, it is the WT cells 

that are eliminated. This not only results in the erosion of healthy tissue, but stimulates proliferation of Myc overexpressi ng 

cells, a process called super -competition. Myc induced super -competition is an evolutionary conserved process and was 

recently shown to occur naturally in mouse embryos.   The list of mutations known to induce super -competition has expanded 

to include Hippo, Wnt/Wg, and JAK/STAT. Data from our lab indic ates that Myc induced super -compeition has co -opted a 

branch of the innate immune response to create a novel pathway resulting in the NF -kB mediated apoptosis of WTcells. We 

are attempting to unravel the genetics underlying this mechanism, examining the fu ll extent of NF -kB activity during other 

contexts of cell competition, cataloging the transcriptional program underlying Myc induced competition through RNA -seq, 

and determine the prevalence of endogenous Myc induced competition with a transgenic reporter based on the role of Relish 

in Myc induced competition.  

300    Cell competition eliminates aneuploid cells after irradiation.     Zhejun Ji, Nicholas Baker   Genetics, Albert Einstein 

College of Medicine, Bronx, NY.  

   Cell competition refers to a special type of cell -cell interaction between two group of cells within multicellular organs. Those 

cells generally contain distinct genotypes and are homogeneous viable, however, one group will be eliminated from the niche 

if they encounter the other group of cel ls, which will later take their places. For example, cells heterozygous for most 

ribosomal protein (Rp) genes will be out -competed if their neighbor wild -type cells. Since Rp genes are randomly distributed 

in chromosomes, heterozygosity of Rp genes could s erve as a marker for cells with chromosomal deficiencies. Therefore, cell 

competition has been proposed to act as a surveillance mechanism to actively remove genomically -defective cells by p53 -

independent cell death, such as has been observed following ion izing irradiation. In order to test whether this p53 -

independent cell death reflects cell competition, we have generated RpS12 G97D and p53 double mutant flies. RpS12 G97D is a 

recessive mutation that prevents cell competition. We found that following irradi ation, p53 -independent cell death is RpS12 -

dependent, suggesting that it is cell competition. In addition, aneuploid cells, which can be identified in adult bristles, a re 

more numerous after irradiation when cell competition is blocked. In summary, our evi dence supports a role for cell 

competition as a surveillance mechanism for aneuploid cells. We are investigating the significance of this process under 

physiological conditions.  

   

301    Growth regulation by the bZip -domain protein Xrp1 in Minute  (Rp+/-) cells .     A. Kumar, C. Lee, A. Kale, M. Kiparaki, J. 

Blanco, V. Folgado, Z. Ji , G. Rimesso, N. Baker  Albert Einstein college of Medicine, Bronx, New York, NY.  

   Tissue homeostasis is essential for precise development, regeneration and physiology of an organism. Cell competition 

which involves elimination of slow growing (sub -optimal) cells when surrounded by fast growing cells is one such 

phenomenon by which tissu e homeostasis may be maintained. In Drosophila, cells lacking a single copy of many ribosomal 

proteins genes ( Rp-/+, also known as Minute) display slow growth behavior and are eliminated when present next to wild type 

cells. We are working on bZip -domain p rotein Xrp1 which not only regulates elimination of Rp-/+ cells during cell competition 

but high expression of same is also responsible for slow growth behavior of Rp-/+ cells. To understand the key signals through 

which Xrp1 regulates Rp-/+ growth, we hav e performed whole -genome mRNAseq of Drosophila wing imaginal discs. Our data 

suggests that changes in gene expression of Rp-/+ cells is because of high expression of Xrp1 as its loss revert those changes 

to wild type levels. Preliminary data related to var ious pathways identified through this method will be presented. Moreover, 

apart from transcriptional targets, we have also identified a translational target gene of Xrp1 in the regulation of Rp+/- growth 

and result for same will be presented as well.  



302    Mechanisms of clonal extrusion maintain epithelial homeostasis.     J.L. Lahvic, I.K. Hariharan   Molecular and Cell 

Biology, University of California, Berkeley, Berkeley, CA.  

   Epithelia have diverse mechanisms for eliminating unfit cell types, includi ng tissue -inappropriate cells and over - or under -

proliferating cells. These endogenous homeostatic processes may also eliminate pre -cancerous cells. While certain cases of 

these so-called cell competition processes, such as the slow -growing Minute mutants or fast -growing Myc overexpressing 

cells, have been well studied, the elimination of RasV12 cells from normal tissue has received less attention. RasV12 cell 

competition appears to have a mechanism unique from other cases - RasV12 cells do not undergo apopt osis like Minute 

mutants, and they do not intermingle with wildtype cells as Myc overexpressing cells do. We have observed entire RasV12 

clones to extrude apically or basally from the Drosophila wing epithelium, which matches observations seen in cell cult ure. 

Specific molecular mechanisms likely regulate this extrusion process. Clones more frequently extrude from the pouch of the 

wing disc, a tissue known to experience high rates of cell competition, than from the notum. Additionally, JNK signaling is 

activated surrounding some RasV12 clones, as indicated by an AP -1 reporter line and staining for the JNK target, MMP1. We 

have developed a new genetic system for manipulating gene expression outside of RasV12 clones in order to screen for non 

cell-autonomous r egulators of extrusion. We are additionally adapting a synthetic Notch receptor system to specifically label 

RasV12 clone neighbor cells and identify genes differentially expressed in these neighbors compared to other wild -type cells. 

These experiments wil l define the molecular mechanisms of a little studied form of cell competition - RasV12 clonal extrusion. 

Importantly, many dangerous cancers begin as small clones of Ras overactive cells, and these experiments have the potential 

to identify novel methods o f targeting these cancers, by enabling wildtype cells to directly eliminate tumor cells.  

303    Hyperinsulinemia abrogates tumor -suppressive cell competition.     Y. Sanaki, D. Kizawa, T. Igaki  Graduate School of 

Biostudies, Lab of Genetics, Kyoto Univ., Kyoto, Kyoto, JP.  

   Epithelial tumor development is restrained by an intrinsic tumor -suppressive mechanism called cell competition. In 

particular, pre -malignant cells mutant for the apicobasal polarity gene scribble (scrib) are actively eliminated from Drosophila  

imaginal epithelia when surrounded by wild type cells. While cell competition is thus a critical mechanism for removing 

potentially dangerous cells, pre -malignant cells could somehow escape cell competition and become cancers. Importantly, 

cancer incidence varies between individuals according to predispositions such as heredity, past medical history, and lifestyle. 

We therefore hypothesized that physiological differences could affect tumor -suppressive cell competition. To understand the 

regulatory  mechanisms of tumor -suppressive cell competition, we conducted a dominant modifier screen for suppressors of 

scrib-induced cell competition in Drosophila. Interestingly, we found that heterozygous insulin receptor substrate mutants 

(chico/+) exhibited mas sive scrib tumors resulting from dysfunctional cell competition. Unexpectedly, chico  remotely 

modulated cell competition from Insulin -Producing Cells (IPCs); chico knockdown in IPCs facilitated scrib cells to evade 

elimination and phenocopied chico/+ heterozygotes. Mechanistically, IPC -knockdown of chico upregulated Drosophila insulin -

like peptides ( DILP) 2 and 5, and overexpressing DILP2 in IPCs abrogated scrib cell competition and triggered tumors. Thus, 

hyperinsulinemia enables pre -malignant cell s to become tumors by attenuating tumor -suppressive cell competition. This may 

partially explain the higher tumor incidence seen in type II diabetics, who frequently exhibit hyperinsulinemia.    

304    Loss of foxo  rescues stem cell aging in Drosophila  germ  line.     H. Ruohola-Baker1,2, F. Artoni1,2, O. Palmeira3  1) Dept 

Biochemistry, Univ Washington, Seattle, WA; 2) Institute for Stem Cell and Regenerative Medicine, University of Washington, 

School of Medicine, Seattle, WA ; 3) Nucleus of Multidisciplinary  Research, Federal University of Rio de Janeiro, Duque de 

Caxias, Brazil.  

   Aging is a complex biological process, comprised of cellular and organismal changes that, together, lead to the progressive 

decline in tissue and organ function. In addition to d iminished function in differentiated cells, aging tissues are marked by a 

decrease in the proliferative capacity of pluripotent cells, hampering their regenerative capacity and ability to respond 

properly to injury and insult. However, the mechanisms that govern the regenerative competence of stem cells early in the 

aging process remain unclear. We utilized the ability of Drosophila melanogaster germline stem cells (GSCs) to survive 

exposure to low doses of ionizing radiation (IR) as a model of adult stem c ell injury.   Previous work in the young fly has shown 

a remarkable ability of Drosophila germline stem cells (GSCs) to survive IR, even when their progeny undergo rapid apoptosis 

(Xing, Su et al. 2015): when flies are exposed to low doses of ionizing radia tion GSCs survive, while their progeny, the 

transiently amplifying cells, do not. Dying GSC daughter cells secrete the ligand Pvf1, which signals via the Tie receptor an d 

microRNA bantam to inhibit the apoptotic machinery in GSCs (Bilak, Uyetake et al. 201 4, Xing, Su et al. 2015). After a period of 

quiescence, the GSCs re-enter the cell cycle and, ultimately, regenerate the germline. Using this model we identified a 

regeneration defect in aging GSCs: while aging GSCs survive exposure to IR, they fail to ree nter the cell cycle and regenerate 

the germline in a timely manner (Artoni et al., 2017). Mechanistically, we identify loki (Ma et al., 2016), foxo, mTOR homologue, 

Tor and Tsc1 as important regulators of GSC quiescence following exposure to ionizing radia tion.  foxo and Tsc1, downstream 

of loki, are required for entry in quiescence, while Tor is essential for cell cycle reentry.   Importantly, we further show that the 

lack of regeneration in aging germ line stem cells after IR can be rescued by loss of foxo. These data suggest that 

misregulation of foxo may underlie the decline in regenerative capacity post -injury, observed in aging.  



305    Tsc/Tor pathway regulates specific de2f1  transcript -isoforms to control cell size and proper development.     M. 

Bradley-Gill, M. Kim, N. Moon   Department of Biology, McGill University, Montreal, Quebec, CA.  

   The coordination between growth and cell division in multicellular organisms is complex and still poorly understood. The 

Tsc/Tor pathway is an important g rowth regulator known to respond to nutrient levels. Tor promotes growth by increasing 

translation whereas Tsc1 negatively regulates this pathway. In a previous study, our lab found that loss of tsc1 upregulates an 

E2F cell cycle transcription factor in Dr osophila, dE2F1, suggesting a critical link between growth and cell division pathways. 

The upregulation occurred post -transcriptionally, consistent with the idea Tor activity promotes translation. We asked 

whether this regulation was important to couple ce ll size and division. Complicating the analysis is that dE2F1 is transcribed 

from 6 different transcript isoforms that differ in their 5ɅUTR and expression pattern. We concentrated on the ɈRAɉ region, 

coding for three transcript isoforms, which contains co nserved translational control elements and increased the most in 

response to tsc1 mutation. Here, we show that the RA region transcripts are regulated by the Tsc/Tor pathway to control cell 

size and development. Removal of these specific transcripts result ed in inability of dE2F1 to increase in response to tsc1 

mutation. Furthermore, RA tsc1 double mutant cells that should be differentiating began ectopically entering S -phase and 

dying. Interestingly, these double mutant cells were larger than tsc1 mutant c ells which are known to be larger than wild type. 

These findings suggest that the Tor pathway regulates RA transcripts to properly coordinate cell growth and proliferation 

during development.  

306    An RNAi based screen to identify upstream regulators and downstream effectors of the TORC1 inhibitor 

GATOR1.    Yingbiao Zhang, Kuikwon Kim, Elena Ghaniam, Nicolas Johnson, Mary Lilly   NICHD, NIH, Bethesda, MD.  

   The nutrient sensitive Target of Rapimyci n Complex 1 (TORC1) is a master controller of metabolism in eukaryotes that 

regulates physiology, metabolism and aging. However, the upstream inputs that influence TORC1 signaling are extremely 

complex and not fully understood. In Drosophila, oocyte growth  and development is strongly influenced by metabolic 

pathways. The Gap Activity Towards Rags (GATOR) complex is a highly conserved upstream regulator of TORC1 that is 

comprised of two subcomplexes, GATOR1 which inhibits TORC1 in response to amino acid star vation and GATOR2 which 

opposes the activity of GATOR1. We are using Drosophila oogenesis as a model to define the function of the GATOR1 and 

GATOR2 complexes in metazoans.  

The GATOR2 complex is comprised of five proteins, Mio, Wdr24, Wdr59, Sec13 and Seh1 . Mutations in seh1 and mio cause the 

deregulation of the GATOR1 complex and the constitutive inhibition of TORC1 activity in the female germline.   Reduced 

TORC1 activity in mio and seh1 mutants results in a block to oocyte growth and development. RNAi bas ed depletions of the 

seh1 transcript in the female germline phenocopy the seh1 mutant. To Identify upstream regulators and downstream 

effectors of the GATOR complex, we undertook a large -scale RNAi based screen using lines from the Transgeneic RNAi 

Resource Project (TRiP). Specifically, we screened for genes that when co -depleted with seh1 in the female germline rescued 

the  seh1 RNAi ovarian phenotypes. Two of the genes identified in the RNAi screen include Charybdis, a homolog of (Regulated 

in development and DNA damage responses 1 (Redd1) and Sima (Hif1 -Ƽ) , a known upstream regulator of Redd1. Notably, 

Hif1 -Ƽ is a master transcriptional regulator of the cellular and developmental response to hypoxia. We are working to 

understand the role of Charybdis/Redd 1 and Sima/Hif1 -Ƽ in the regulation of oocyte growth and development.  

307    Regulation of different developmental apoptosis through fs(1)h .    A. Borensztejn, K White  CBRC, MGH / Harvard 

Medical School, Charlestown, MA.  

   The control of cell number is  essential for the proper formation of organs during development. In the developing 

Drosophila central nervous system, subsets of neural stem cells die at the end of embryogenesis. In each of the central 

abdominal hemisegments of the ventral nerve cord, 27  out of 30 neural stem cells (neuroblasts) undergo programmed cell 

death. Thus, only 3 neuroblasts  per abdominal hemisegment survive until larval life. When this apoptosis is inhibited, these 

stem cells continue to divide and give rise to a hyperplastic c entral nervous system and adult lethality. Our lab previously 

showed that Notch and AbdominalA (AbdA) control the transcriptional activation of the central cell death regulators grim and 

reaper in the doomed neuroblasts, ensuring their elimination through the canonical apoptotic pathway. An RNAi screen in the 

lab identified the transcription factor female sterile homeotic (fs(1)h) as a new regulator of this apoptosis. Surprisingly f s(1)h 

appears to induces neuroblast apoptosis independently of its known fun ction on AbdA transcription regulation. In situ 

analysis revealed that instead fs(1)h regulates rpr transcription through the regulation of an intergenic regulatory region 

already known to be involved in neuroblast apoptosis, and the transcription of other  downstream component of the 

canonical apoptotic pathway. Finally our results show that this pro -apoptosis function of fs(1)h is not restricted to the 

neuroblast but is also at play during the mideline glia development.    

308    Cut alters the chromatin la ndscape of the reaper locus to facilitate neuroblast death.     R. Arya1,2, S. Gyonjyan1,2, K. 

Harding 1,2, T. Sarkissian1,2, L. Zhou3, K White1,2  1) CBRC, Massachusetts General Hospital, Charlestown, MA; 2) Harvard Medical 

School, Boston, MA; 3) University of Florida, Gainesville, FL.  

   Apoptosis shapes  Drosophila neural development from embryonic to adult stages.   For example, a subset of neural stem 

cells undergo apoptosis in each abdominal hemisegment at the end of embryogenesis, leaving only three out of thirty 



neuroblasts, which survive until late larval stages.   In the absence of this death, the central nervous system becomes 

massively overgr own.  

There are  many levels of regulation that ensure the proper spatial and temporal pattern of death of these stem cells.  We 

found that the transcription factor Cut is necessary and sufficient to activate the transcription of the pro -apoptotic genes 

reaper and grim.  In the absence of Cut, many neuroblasts escape apoptosis during embryogenesis.  Cut acts downstream of 

other factors, such as AbdominalA and Notch, that regulate neuroblast death, suggesting that Cut may act to provide a 

permissive chromatin environment for cell death gene transcription.   We are currently investigating the mechanism of action 

of Cut in regulating neuroblast apoptosis.  

309    Restriction of apoptosis in Drosophila  neural stem cells.     K. Harding, K. White  Harvard University - MGH, 

Charlestown, MA.  

   Programmed cell death is a critical aspect of normal development for all multicellular organisms. Embryonic development 

of the Drosophila melanogaster ventral nerve cord offers a convenient model system to study the regulation o f programmed 

cell death in vivo. Embryonic neural stem cells (neuroblasts) in the abdominal region of the VNC self -renew until late stages of 

embryogenesis, when the vast majority undergo apoptosis prior to larval development. However, three defined neurob lasts 

survive and contribute to larval neurogenesis. To learn more about the role of cell identity in regulating cell fate, we are 

investigating factors that determine the Ɉdoomedɉ and Ɉsurvivorɉ fates in Drosophila abdominal neuroblasts. We have 

character ized a number of neuroblast -specific GAL4 lines that allow us to accurately identify and visualize doomed or 

surviving neuroblasts prior to their death. Using these reporter lines, we have shown that, prior to undergoing apoptosis, 

doomed neuroblasts expre ss a pulse of the Hox gene AbdA, as reported previously by Bello et al (2003) and Arya et al (2015). 

However, the pulse of AbdA is not observed in surviving neuroblasts, suggesting that upstream Hox regulators are 

responsible for dictating the distinct fat es of abdominal neuroblasts. We are currently assessing whether these upstream 

factors are differentially expressed between doomed and surviving neuroblasts. These findings build on a large existing body 

of work on the spatial regulation of apoptosis in th e Drosophila VNC, and further our understanding of the links between cell 

identity and cell fate.  

310    Modifiers of Bar eye facet cell death using DGRP sequenced genomes.     T. Holy, J. Thompson  Biology, University of 

Oklahoma, Norman, OK.  

   To map p olygenic background modifiers of cell death, we used sequenced lines from the Drosophila Genetic Reference 

Panel (DGRP).  We combined genomic technology and electron microscopy to measure precisely the genetic backgrounds 

affecting cell death in eye -facet development of the dominant mutation Bar eye.  This approach focuses on heterozygous 

effects, since half of the genome is from the inbred Basc stock carrying the dominant mutation and the other half constitutes 

autosomes of individual DGRP strains.  Heads were removed, bisected between the compound eyes, and mounted on SEM 

plugs.  These were sputter -coated with gold -palladium and scanned by SEM to provide high -resolution images for facet 

number counts in each eye.   Average facet amounts were calculated for each semi -genome from 100 DGRP lines.   When 

available, pairs of eyes from the same individual were assayed for symmetry.   Comparing both eyes from the same individual 

allowed the additional measurement of developmental homeostasis as reflected in fluctuati ng asymmetry, FA = |L ɀ R|/((L + 

R)/2).  We found that DGRP lines differ significantly in alleles at loci affecting the degree of cell death.   For example, for strain 

25185 (RAL 358), the average facet count was approximately 240, compared to strain 25745 (RAL 714), in which there were 

about 75 facets per eye.  Relevant modifier loci are being evaluated for functional connections.  These two strains were 

among the most different in facet phenotypes among 100 DGRP backgrounds assessed.   We, therefore, found it interesting 

that the level of developmental symmetry in expression was quite similar between these two backgrounds.   This suggests 

that degrees of eye facet cell death may be regulated homeostatically.   Results will be discussed in the contexts of modif ier 

loci for cell death and the effect of this disruptive process on developmental homeostasis.   We thank Preston Larson, Samuel 

Roberts Noble Microscopy Laboratory, for help with SEM imaging.  

311    Exocytosis and lysosomal gene involvement in nurse cell  phagoptosis.     O. Naranjo1, A. Mondragon 1,2, Y. Zhang1, K. 

McCall1  1) Biology, Boston University, Boston, MA; 2) Molecular Biology, Cell Biology, and Biochemistry, Boston University, 

Boston, MA.  

   Cell death and clearance play an important role in the  functions of organisms, and when interrupted, these processes can 

lead to autoimmune diseases or cancer. Previous research has been primarily focused on apoptosis, autophagy, and 

necrosis. Our lab studies phagoptosis, a novel form of cell death which is n ot clearly understood. Phagoptosis occurs when a 

cell uses engulfment and phagocytic machinery to kill a nearby cell. In Drosophila development, a layer of follicle cells 

surrounds fifteen nurse cells and an oocyte. The follicle cell layer includes a subse t of cells called stretch fol licle cells that 

directly surround the nurse cells. Nurse cells support the developing embryo by dumping their cytoplasm into the oocyte. 

During late oogenesis, nurse cells are encompassed and murdered by stretch follicle cell s through the activation of 

phagocytic machinery, providing a powerful model for the characterization of phagoptosis. Our data show that nurse cell 

phagoptosis is a two -step process where the nurse cells are first acidified, and secondly degraded by cathep sins. Previous 



work has utilized V -ATPase protein traps and antibodies to demonstrate V -ATPases are enriched and localize to the plasma 

membrane of the surrounding stretch follicle cells where they extracellularly acidify the nurse cells. Additionally, our  lab has 

demonstrated that CP1 is released by the stretch follicle cells and is required for nurse cell death. We are determining the 

role of exocytosis machinery in nurse cell phagoptosis by knocking down exocytosis genes in the follicle cells with RNAi a nd 

examining whether CP1 is still released from the follicle cells or the acidification step occurs. Collectively, this work fur ther 

characterizes the role of exocytosis and lysosomal genes in the stretch follicle cell mediated nurse cell death, and ultima tely 

increases our understanding of phagoptosis.  

312    Identifying natural genetic modifiers of apoptosis and retinal degeneration.     E. Ong, R. Palu, S. Chung, D. Perez, C. 

Chow  Human Genetics, University of Utah School of Medicine, Salt Lake City, UT .  

   Retinitis pigmentosa (RP) is a retinal degeneration disease associated with mutations in a number of genes in different 

pathways. Like many diseases, RP is characterized by phenotypic heterogeneity. This heterogeneity is thought to be caused 

by genet ic variation between patients, yet the identity of genetic modifiers remains unknown. A previous study conducted in 

our lab used the Drosophila Genetic Reference Panel (DGRP) to study the effects of natural genetic variation on a model of RP. 

In this model , a misfolded rhodopsin protein ( Rh1G69D) was overexpressed in the developing eye imaginal disc, inducing ER 

stress and cell death during development. Nearly half of the candidate genes identified through an association study were 

involved in apoptosis, su ggesting that variation in apoptosis signaling may contribute to variation in retinal degeneration. 

Indeed, a number of RP therapies under development are aimed at inhibiting apoptosis. We hypothesized that genetic 

variation in apoptosis pathways might als o contribute to variation in RP outcomes. Apoptosis is induced under a number of 

stress conditions that initiate p53 signaling. In Drosophila, p53 activates reaper (rpr ), which inhibits Inhibitors of Apoptosis 

(IAPs), allowing apoptosis to proceed. p53 and rpr  are pro -apoptotic genes. To search for modifiers of apoptosis, we crossed 

transgenes overexpressing p53 or rpr  in the eye discs onto the DGRP strains. This results in degeneration in the adult eye, 

similar to the RP model described above. We quantifie d variation in eye size and found extensive phenotypic variation among 

the DGRP. This was apparent for both the p53 and rpr  models. We used an association analysis to identify candidate modifier 

genes. We identified a number of biologically interesting mod ifiers, including RunxB, CG3921, sm, and CG15220 which function 

in transcription, ER stress, mRNA processing, or DNA repair and recombination. To test the functional effects of each modifie r 

gene, we are using RNAi to identify interactions with each apopto sis model. Identifying natural genetic modifiers of apoptosis 

may identify modifiers that may be applicable to a number of different retinal degeneration diseases.  

313    Loss of the fatty acid elongase ELOVL6 rescues ER stress -induced apoptosis.     R.A.S. Palu, C.Y. Chow  Human 

Genetics, University of Utah, Salt Lake City, UT.  

   An important goal of the Precision Medicine Initiative is to address the phenotypic heterogeneity that impedes diagnosis 

and treatment in both Mendelian and complex genetic dise ases. Individuals with the same causative mutation may display 

vast differences in disease penetrance and expressivity. Cryptic genetic variation is a key contributor to this heterogeneity , 

but the underlying genetic architecture and modifiers are largely unknown. Recently developed tools like the Drosophila 

Genetic Reference Panel (DGRP) allow researchers to study the effects of natural genetic variation on disease phenotypes. 

One process that commonly contributes to phenotypic heterogeneity is the ER stre ss response. Understanding how standing 

variation alters this response could provide therapeutic targets for a number of diverse diseases such as diabetes, obesity, 

and neurodegeneration. In a previous study, we utilized the DGRP to explore the impact of n atural genetic variation on a 

model of ER stress -associated retinal degeneration. Overexpression of a mutant, misfolded rhodopsin protein ( Rh1G69D) 

induces ER stress in the eye imaginal disc, ultimately resulting in apoptosis and a small, degenerate adult eye. Degeneration 

was incredibly variable among the 200 DGRP strains. Using genome -wide association methods, we identified 84 conserved 

candidate modifiers, many of which are associated with ER stress and apoptosis. One of these, baldspot , is the Drosophila 

orthologue of ELOVL6, an ER-associated fatty acid elongase. ELOVL6 activity has been linked to ER stress, insulin sensitivity, 

and obesity in mammals. We demonstrate that RNAi -mediated knockdown of ELOVL6 alleviates degeneration in the Rh1G69D 

model of r etinal degeneration. This is associated with a reduction in ER stress and apoptosis. These effects are negated with 

elevated dietary stearate, suggesting that this function of ELOVL6 is mediated through its fatty acid elongase activity. 

Furthermore, loss o f ELOVL6 in other tissues also reduces degenerative phenotypes induced by ER stress, suggesting that 

ELOVL6 is not retinal -specific, but a general modifier of ER stress. Further analysis in S2 cells suggests that ELOVL6 acts by 

altering the fatty acid comp osition of the ER and the activity of IRE1. Our findings indicate that ELOVL6 is a general modifier of 

ER stress that functions in a variety of contexts. ELOVL6 is a possible therapeutic target not only in retinal degeneration b ut in 

many ER stress-associated diseases.  

314    Investigating the scramblase function for corpse clearance in the Drosophila  ovary.     J.S. Peterson, S.B. Serizier, J. 

Elguero, K. McCall  Dept Biol, Boston Univ, Boston, MA.  

   Scramblases facilitate the exposure of phosphatidylser ine on the surface of apoptotic cells, which functions as an Ɉeat meɉ 

signal to an engulfing cell. Two scramblase   proteins have been identified in mammals, Xkr -8 and TMEM-16F, and we wanted 

to determine whether either of the Drosophila homologues of these  proteins are required for corpse clearance in the ovary. 



We used CRISPR Cas9 to generate a deletion in the CG homolog of   Xkr-8 but found that corpse clearance was not affected 

and therefore we obtained mutations in subdued, a TMEM-16F homolog. Preliminar y results indicated a reduction in death 

and clearance of nurse cells during the terminal stages of oogenesis. We will determine whether phosphatidylserine 

exposure, acidification, and DNA fragmentation still occur in these mutants.     

315    The ABC transporter Eato promotes cell clearance in the Drosophila melanogaster ovary.     C.S. Santoso, J.S. 

Peterson, T.L. Meehan, T.M. Cedano, C.V. Turlo, K. McCall  Biology, Boston, MA.  

   The clearance of dead cells is a fundamental process in maintai ning tissue homeostasis. Genetic studies in Caenorhabditis 

elegans, Drosophila melanogaster, and mammals identified two evolutionarily conserved signaling pathways that act 

redundantly to regulate this clearance process: the ced-1/-6/-7 and ced-2/-5/-12 pathways. Of these clearance genes, the ced-

7/ABCA1 ortholog remains to be identified in D. melanogaster. Homology searches revealed a family of putative ced-7/ABCA1 

homologs encoding ABC transporters in D. melanogaster. To determine which of these genes fun ctions similarly to ced-

7/ABCA1, we analyzed mutants for clearance defects in oogenesis, during which nurse cells in each egg chamber undergo 

programmed cell death and are removed by neighboring phagocytic follicle cells. Our genetic analyses indicate that  one of 

the ABC transporter genes, which we named Eato, acts in the same pathway as drpr  (ced-1 ortholog) and in parallel to Ced-12, 

and is required in the follicle cells for nurse cell clearance. We show that Eato acts in the follicle cells to promote (1)  

accumulation of Drpr, a phagocytic membrane receptor which facilitates recognition of dying cells, and (2) phagocytic 

membrane extensions around the nurse cells for their clearance. Additionally, whether ced-7/ABCA1 is required for 

phosphatidylserine expo sure in dying cells is under debate; we show that Eato is not required for phosphatidylserine 

exposure. Since ABCA class transporters, such as CED -7/ABCA1 and Eato, are known to be involved in lipid trafficking, we 

propose that Eato acts in the follicle ce lls to transport membrane material to the growing phagocytic cup for cell clearance. 

Our work presented here identifies Eato as the ced-7 ortholog in D. melanogaster, and demonstrates a role for Eato in Drpr 

accumulation and phagocytic membrane extensions.   

316    Characterizing stretch follicle cell dynamics during nurse cell phagoptosis.     Y. Zhang1, A. Mondragon 1,2, A. Ortega1, 

K. McCall1  1) Biology, Boston University, Boston, MA; 2) Molecular Biology, Cell Biology, and Biochemistry, Boston University,  

Boston, MA.  

   Programmed cell death (PCD) is a genetically controlled process, playing many vital roles in development and tissue 

homeostasis. New research is beginning to demonstrate the importance of non -apoptotic forms of cell death such as 

pyroptosi s, entosis, and phagoptosis in development and disease. Phagoptosis is an otherwise healthy cell being murdered 

by a nearby cell, but the molecular  

machinery used for this cell death is not well understood. We use nurse cell death in the Drosophila ovary a s a model for 

studying phagoptosis. During oogenesis in Drosophila, there are 15 nurse cells that support the oocyte by producing supplies 

(RNA, proteins, etc.) throughout egg chamber development. Developmental PCD of supporting nurse cells occurs during t he 

late stages of oogenesis and they are degraded and removed by the surrounding follicle cells; however, little is known about 

how stretch follicle cells degrade the nurse cells.  

    Vacuolar (H+)-ATPases (V-ATPases) are a type of ATP-dependent proton pum ps which are responsible for regulating the pH 

of cells and intracellular compartments. Using protein traps and confocal microscopy, we have found that V -ATPases localize 

to the plasma membrane in stretch follicle cells. Drosophila cysteine protease -1 (CP1) is a cathepsin L-like enzyme, which 

mediates degradation of proteins in Drosophila. Using antibody staining, LysoTracker staining and confocal microscopy, we 

have found that CP1 is highly enriched in the follicle cells and in the acidified nurse cells th at they surround. These findings 

support a model that V -ATPases and CP1 are enriched in the stretch follicle cells and CP1 is released by the follicle cells and is 

responsible for nurse cell breakdown. Currently we are taking a proteomics approach to deter mine which proteins are 

secreted from the follicle cells to orchestrate nurse cell death. This work will further characterize the role of stretch fol licle 

cells in nurse cell phagoptosis.  

317    Actin cytoskeletal remodelling mediates activation of apoptosis -induced cell proliferation.     L.J Farrell, Y 

Fan  School of Biosciences, University of Birmingham, United Kingdom.  

   In multi -cellular organisms, stress -induced apoptotic cells frequently a ctivate compensatory proliferation of neighbouring 

cells, a phenomenon termed apoptosis -induced proliferation (AiP) which is relevant to tissue regeneration and tumour 

development. Research in the past decade has discovered that apoptotic caspases, specifi cally the initiator caspase/caspase -9 

orthologue Dronc, can also activate the c -Jun N-terminal kinases (JNK) pathway leading to release of mitogenic signals such as 

Wg, Dpp and Spi/EGF to stimulate proliferation of neighbouring cells. A recent study furthe r revealed that extracellular 

reactive oxygen species (ROS) generated by the NADPH oxidase Duox in apoptotic cells attract hemocytes which in turn secret 

Eiger, the Drosophila homolog of TNFƼ, thus promoting activation of JNK non-cell autonomously. However , it is still not yet 

clear how Dronc activates ROS and JNK in apoptotic cells. Here, we demonstrate that accumulation of F -actin, a key 

component of the cytoskeleton, at the apical cortex of apoptotic cells is an early event activated by Dronc. Reduction of F-

actin polymerisation via knockdown of LIM kinase 1 (LIMK1) or overexpression of Cofilin suppresses AiP.  Further analyses 



suggest that increase of ROS and JNK activity in apoptotic cells, essential steps leading to AiP, relies on F -actin polymerizatio n. 

Therefore, actin cytoskeletal remodelling plays a key role in the process of AiP upstream of ROS production and JNK 

activation.  

318    Use of fluorescent bacteria to probe the phagosomal environment in wild -type and mutant hemocytes.     C. 

Harris, M. Roshandell, C. Brennan  Department of Biological Science, Cal State University Fullerton, Fullerton, CA.  

   Phagocytosis is an evolutionarily conserved process in which immune cells engulf microbes, first killing them, and then 

degrading them.   Antimicrobi al mechanisms in the phagosome include the production of reactive oxygen and nitrogen 

species, and degradation is accomplished by acidification of the phagosome and lysosomal delivery of acid -active hydrolytic 

enzymes including proteases and lipases.   Bacteria expressing GFP have been widely used to characterize the rate of bacterial 

killing in wild -type and mutant hemocytes; GFP fluorescence is quenched by low pH, and persistence of GFP indicates a failure 

of phagosome acidification.   Red fluorescent prote ins (RFPs) are more acid-stable than GFP, and we have found that they are 

useful for characterizing phagosome maturation defects that are not related to pH, including accelerated killing by 

unrestrained ROS and/or RNS production.   We additionally report ou r findings using bacteria expressing pHluorin, a GFP 

variant customized for pH sensing, and roGFP2, a redox -sensitive GFP variant.   These fluorescent -protein -expressing bacteria 

are economical tools for probing the phagosomal microenvironment.  

319    Dete rmining the role of innate immunity in phagocytic defect -driven neurodegeneration.     J. Elguero1, K. 

Tiemeyer 1, J.I. Etchegaray1, M. Feany2, K. McCall1  1) Boston University, Boston, MA; 2) Harvard Medical School, Boston, MA.  

   In the course of normal d evelopment, neurons die and must be cleared. In Drosophila, this clearance is carried out primarily 

by glial cells and requires the phagocytic receptor Draper. We have previously shown that the absence of Draper results in 

the persistence of neuronal corps es in the brain. Additionally, Draper -deficient flies undergo age -dependent 

neurodegeneration. However, the mechanism underlying this neurodegeneration, as well as any causal relationship between 

these two phenotypes, remain to be uncovered. In other syste ms, persisting cell corpses have been shown to result in an 

immune response. In Drosophila, innate immune responses in the brain are known to induce neurodegeneration. We are 

thus determining whether the presence of cell corpses in Draper deficient flies i nduces an innate immune response, and 

whether this response mediates neurodegeneration.  

320    Nubbin isoform antagonism governs intestinal immune homeostasis.     B.G. Lindberg1, X. Tang1, W. Dantoft 2, P. 

Gohel1, S. Seyedoleslami Esfahani1, J.M. Lindvall3, Y. Engström1  1) Department of Molecular Biosciences, The Wenner -Gren 

Institute, Stockholm University, Stockholm, Sweden; 2) Systems Immunity Research Institute, School of Medicine, Heath Park, 

Cardiff University, Cardiff, United Kingdom ; 3) National Bi oinformatics Infrastructure Sweden, Science for Life Laboratory, 

Department of Biochemistry and Biophysics, Stockholm University, Stockholm, Sweden.  

   Gut immunity is regulated by intricate and dynamic mechanisms to ensure homeostasis despite a constantl y changing 

microbial environment. Several regulatory factors have been described to participate in feedback responses to prevent 

aberrant immune activity. Little is, however, known about how transcriptional programs are directly tuned to efficiently adap t 

host gut tissues to the current microbiome.  

 

The POU transcription factor Pdm1/ nubbin , homologous to human Oct -1, has been studied extensively with regards to its 

critical functions during development. In adult flies, we have previously shown that nub is a repressor of gut immunity as 

mutants have a constitutively active immune response, altered gut microbiota and shortened lifespan. Its multifaceted roles 

are potentially further complicated by the existence of two encoded isoforms ( Nub-PB and Nub-PD), of which only nub -RD has 

been studied previously.  

 

In this work, we show that Nub isoforms antagonistically regulate gut immunity in Drosophila. Global transcriptional profiling 

revealed that Nub -PB is a strong transcriptional activator of a large set of immun e genes in immunocompetent tissues 

including the gut. Further genetic analyses showed that Nub -PB is sufficient to drive expression both independently and in 

conjunction with nuclear factor kappa B (NF -ǅB), JNK and JAK/STAT pathways. Similar overexpression of Nub -PD did, 

conversely, repress expression of the same targets. Strikingly, isoform co -overexpression normalized immune gene 

transcription.  

 

RNAi-mediated knockdown of individual nub transcripts in enterocytes demonstrated that both isoforms are necess ary for 

homeostatic immune gene transcription in the midgut. Furthermore, enterocyte -specific expression levels of Nub -PB had a 

strong impact on gut bacterial load as well as host lifespan. Overexpression of this isoform promoted a proinflammatory 

signatur e in the midgut with activation of JNK and JAK/STAT pathways, increased apoptosis and stem cell proliferation. 

Moreover, these flies quickly succumbed to oral infection with Erwinia carotovora carotovora 15 despite enhanced bacterial 

clearance and up to 1, 000-fold increased expression of antimicrobial peptide genes. Our findings highlight a critical regulatory 

mechanism by antagonistic transcription factor isoforms that ensures a properly tuned immune response in the midgut.  



321    Induction and inhibition  of host immune responses to Kallithea Virus, a natural dsDNA virus of D. 

melanogaster .    W.H. Palmer1, J. Joosten2, N. Medd 1, G. Overheul 2, R. Van Rij2, D.J. Obbard1  1) Institute of Evolutionary Biology, 

University of Edinburgh, Edinburgh, GB; 2) Radboud Institute of Molecular Life Sciences, Nijmegen, Netherlands.  

   Drosophila melanogaster has played a pivotal role in the dissection of insect immune pathways, however  few studies have 

explored fly immune responses to dsDNA viruses. Here, we take advantage of a newly isolated dsDNA nudivirus, Kallithea 

Virus, to characterise the D. melanogaster transcriptional response to dsDNA virus infection. We find differential expr ession of 

male -biased, chorion, cuticle, and immune genes, including broad downregulation of antimicrobial peptides. Antimicrobial 

peptide downregulation is likely due to virus -mediated inhibition of Nuclear factor kappa B (NF -ǅB) signalling, as a small scale 

screen for immune suppressors identified viral protein gp83  as a Kallithea suppressor of Toll signalling. In Drosophila cell 

culture, Kallithea Virus gp83  potently suppresses Toll signalling at the level of dorsal (dl) and Dorsal -related immunity facto r 

(Dif), and at least partially acts through degradation of these NF -ǅB transcription factors. These results indirectly implicate NF-

ǅB signalling in the antiviral immune response to DNA viruses.  

322    Defining the Transcriptional Program that Limits Ent eric Viral Infections in Drosophila.     E. Segrist, C. Sansone, J. 

Xu, B. Gold, S. Cherry  Department of Microbiology, University of Pennsylvania, Philadelphia, PA.  

   Enteric viral infections are widespread and the intestinal epithelium presents a high b arrier to infection. The mechanisms 

that impact enteric anti -viral protection in insects are still largely unknown. We developed an oral model of enteric viral 

infection in the genetically tractable insect Drosophila melanogaster. We found that ERK signali ng in intestinal enterocytes 

was protective, as loss of this signaling pathway led to increased susceptibility to diverse enteric viruses including Sindbi s 

virus (SINV), a model arthropod -borne virus, suggesting that ERK signaling is broadly anti -viral.   Moreover, we found that ERK 

signaling was activated by an antiviral cytokine, Pvf2, which was transcriptionally induced upon viral infection. Two signals  

were required for Pvf2 induction. First, peptidoglycan from gram negative commensals prime the transcri ption factor NF -kB 

that is necessary but not sufficient for Pvf2 expression. A second virus -induced signal is dependent on Cdk9, which allows for 

transcriptional pausing release, and is also required for Pvf2 induction.    Since NF-kB activation was not suf ficient to induce 

Pvf2 the identity of a virally induced, we reasoned that there may be a Cdk9 dependent transcription factor necessary for Pvf 2 

induction. By mining transcriptional profiling data, we identified candidate transcription factors involved in the activation of 

this innate immune response to enteric viral infection. These findings will be discussed  

323    Drosophila  crystal cells undergo pyroptosis to release pro -phenoloxidase at wound sites.     A. Dziedziech1, R. 

Krautz 2, Z. Wang1, M. Schmidt 1, R. Markus1, U. Theopold 1  1) Molecular Biosciences, Wenner -Gren Institute, Stockholm 

University, SE; 2) Gurdon Institute, Henry Wellcome Building of Cancer and Developmental Biology, UK.  

   Immune systems of all living organisms face the challenge of co ping with sudden threats, including inflicted wounds, the 

infiltration of pathogens or internal tissue damage. Potent innate immune responses evolved as the first line of defense 

against sudden immune challenges in order to contain the incident on a local scale and prevent sepsis. A lack of a response 

would lead to autoimmune responses and jeopardize tissue homeostasis. The necessity for a localized, immediate, and 

intense immune response demands tight regulation. The melanization reaction in  Drosophila melanogaster and its activation 

serves as a prototypical example answering these criteria. Here, we show that crystal cells, which deliver pro -phenoloxidase, 

the key enzyme for the melanization cascade, undergo a highly regulated mode of programmed cell death  which bares 

striking resemblance to pyroptosis, described in the activation of immune cells in vertebrate immune systems. We identified 

all of the hallmark feature of pyroptosis in crystal cell rupture, including the restructuring of the cell cortex, nucl ear 

fragmentation, swelling and rounding of the plasma membrane prior to rupture, and a dependence on caspase activity. The 

activation of crystal cells via caspases allows for tight regulation of the melanization cascade as demonstrated by caspase 

inhibiti on resulting in diminished melanization of wounds. Crystal cell rupture in  Drosophila provides a suitable model for 

further insights into the molecular sequence of events required for pyroptosis in immune cells.  

324    Lipid droplet dynamics during phagoc ytosis.     A. Myers, E. Ogundipe, C. Brennan   Biological Science, California State 

University, Fullerton, Fullerton, CA.  

   Lipid droplets are organelles that enclose neutral lipids such as triacylglycerides and cholesterol esters, and are both 

nutrient s torage depots and regulators of metabolic homeostasis.   Within phagocytic cells including the mammalian 

macrophage and the Drosophila hemocyte, lipid droplets accumulate during diverse pathological conditions including 

obesity/atherogenesis and infection with intracellular pathogens such as Mycobacteria; such lipid -laden phagocytes are called 

Ɉfoam cellsɉ.  Following phagocytic engulfmen t, Mycobacteria block the normal maturation of the phagosome into a 

degradative organelle, and are thought to induce the accumulation of lipid droplets to serve as a nutrient source.   These lipid 

droplets associate with the Mycobacteria-containing phagosom e, and contribute to mycobacterial pathogenesis.   However, 

the functions of lipid droplets during more typical phagocytosis, where the engulfed microbe is successfully killed, are not 

well -described.   We have examined lipid droplet dynamics within larval h emocytes that phagocytose nonpathogenic bacteria 

such as E. coli, and find a transient accumulation of lipid droplets in the three hours following uptake.   However, these lipid 

droplets were not observed in proximity of the phagosomes.   Lipid droplet accum ulation appears cell -autonomous: in a low 



MOI infection where only some hemocytes engulf bacteria, droplets do not accumulate in the hemocytes without 

bacteria.   With an eye towards identifying the source of the lipids, we have also conducted phagocytic up take experiments ex 

vivo, in media with differing lipid content, and will report our observations. Intriguingly, we have observed lipid droplets 

crossing the plasma membrane, and will investigate whether this is an exocytic event.   Our findings suggest tha t the 

mycobacterial induction of sustained lipid droplet accumulation may represent a subversion of an existing phagocytosis 

mechanism, rather than a completely novel manipulation.   Our future goals include identifying the mechanisms leading to 

depletion o f lipid droplets following their transient accumulation, which should help us understand both the contribution of 

these organelles to phagosome function and killing of engulfed bacteria, as well as the mechanisms by which deadly 

pathogens harness them for their own ends.  

325    Natural variation in larval crystal cell number across the DGRP.     B. Tang1, L. Cardenas1, S. Lee1, R. Calero2, L. 

Barrera 3, V. Berisha3, B. Schiro1, A. Guarino2, C. McGrail1, M. Sarder1, R. Spokony1,4  1) Natural Sciences, Baruch College, CUNY, 

New York, NY; 2) Macaulay Honors College, CUNY, New York, NY; 3) Spring Valley High School, Spring Valley, NY; 4) The 

Graduate College, CUNY, New York, NY.  

   The Drosophila hemolymph carries three major hemocyte cell types: plasmatocytes, lamellocytes and crystal cells. Crystal 

cells (CC) express two prophenoloxidases, PPO1 and PPO2, which are activated by proteases to generate melanin in response 

to wounds, microbial infections and parasitization. In order to find new regulators of CC deve lopment, we measured CC 

counts in at least 10 wandering third instars (WL3) across 75 isogenized  lines from the Drosophila Genetic Reference Panel 

(DGRP) collection. We activated CC melanization in the WL3 using a 10 min, 70° C heatshock and then scored th e number of 

black CCs/WL3. The mean number of black CCs/WL3 varied across DGRP lines, ranging from 2.3 to 742.1. Compared to the 

OreR control line (mean of 20 CC/larvae), 30 of the 75 lines produced more CC (anova, pPseudomonas entomophila, Listeria 

monocytogenes, Providencia rettgeri or viral infections, except for susceptibility to D. melanogaster sigma virus (DmelSV). Both 

males and females from isolines exhibiting adult resistance to DmelSV have higher CC/W3L counts, ( pdom and htl . We are 

currently perf orming targeted misexpression studies using RNAi knockdown and cDNA overexpression to evaluate the 

contribution of these genes to CC abundance.  

326    Effects of simulated microgravity on a host -pathogen system.     R. Gilbert, S. Bhattacharya  Space Biosciences, NASA 

Ames Research Center, Moffett Field, CA.  

   While it has been shown that decades of astronauts and cosmonauts can suffer from sporadic illnesses both during and 

after spaceflight, the underlying causes are still poorly understood, due in part  to the fact that there are so many variables to 

consider when investigating the human immune system in a complex environment. Invertebrates have become popular 

models for studying human disease because they are cheap, highly amenable to experimental manip ulation, and have innate 

immune systems with a high genetic similarity to humans. Drosophila melanogaster has been shown to experience a dramatic 

shift in immune gene expression following spaceflight, but are still able to fight off infections when exposed  to bacteria. 

However, the common bacterial pathogen Serratia marcescens was shown to become more lethal to fruit flies after being 

cultured in space, suggesting that not only do we need to consider host changes in susceptibility, but also adaptive changes  to 

the pathogen itself after spaceflight conditions. Being able to simulate spaceflight conditions in a controlled environment o n 

the ground gives us the ability to evaluate how the microorganisms that cause immune disorders are being affected by these 

drastic environmental shifts. In this study, we use a ground -based simulated microgravity environment to examine the 

genetic changes associated with increased S. marcescens virulence in order to understand how microgravity is affecting this 

pathogen, as well  as how these genetic changes influence and interact with the host immune system. This study will provide 

us with more directed approaches to studying the effects of spaceflight on biological systems, with the ultimate goal of bein g 

able to counteract immu ne dysfunction in future space exploration.  

327    Effect of Infection on Female Mating Bias and Male Cuticular Hydrocarbons in Drosophila melanogaster .    M. 

McCarter, C. Filpo, M. Chambers  Bucknell University, Lewisburg, PA.  

   Pathogenic infection results in a number of changes in living organisms, from obvious symptoms like sneezing and 

coughing to subtle changes in chemical composition. Our project focuses on how infection alters sexual attractiveness, which 

affects an organis mɅs ability to successfully court a potential mate. We are investigating the effect of Providencia rettgeri 

infection on Drosophila sexual attractiveness behaviorally and chemically. Our initial experiments using gas chromatography 

analysis suggest that th e cuticular hydrocarbon (CHC) profile of infected male flies is different from that of uninfected males. 

These results are likely due to altered metabolic pathways in infected males, leading to variance in the production of mating  

pheromones like CHCs (Cha mbers et al. 2012, Cobb and Jallon 1990). The behavioral part of our project studies female mating 

bias toward infected or uninfected males. We hypothesized that an irregular CHC profile in infected males would decrease 

their ability to mate as it would al ert female flies of the infection. To test this, we performed a choice experiment with males 

infected with a low, medium, or high dose of P. rettgeri competing against males injected with a sterile saline solution. 

However, the opposite of our hypothesis h as been observed; males initially infected with a higher concentration of P. rettgeri 

were more successful in obtaining mates. Given the unexpected results from the mating assays, we are now extracting CHCs 



from males immediately following the mating, sepa rating males based on infection status and mating success. This will 

directly allow us to connect chemical profiles with mating success. Preliminary GC data is consistent with the experiments 

completed independently of mating assays, with the highest infec tious doses showing an increase in most detected CHCs. 

Future work will determine the identity of altered CHCs and determine whether it is the increase in a specific CHC or all CHC s 

coordinately that can explain the change in mating success.  

   

328    Impa ct of Chronic Infection on Tolerance and Resistance in Drosophila melanogaster .    F. P. Satriale, M. 

Chambers   Bucknell University, Lewisburg, PA.  

   Infectious microbes are often studied in the context of pathogenesis, or generation of disease and damag e, but this is not 

their only role. Microbes live commensally in and on multicellular organisms, and these organisms play a significant role in 

the immune function, behavior, and metabolism of their hosts. Specifically, commensal microbes can augment immun ity to 

future infection by pathogenic microbes, and our lab has found that this protective effect is also conferred by microbes 

lingering from a previous pathogenic infection.  

 

This protection is likely conferred due to either increased tolerance or resist ance to pathogens during secondary infection. 

Resistance to infection is a measure of how well the host inhibits bacterial growth, and tolerance is a measure of how well t he 

host survives while carrying the pathogen. To distinguish between resistance and t olerance, we simultaneously monitored 

both survival and bacterial load across different combinations of microbes, as we predict that the mechanism may depend on 

the specific pairing of pathogens. Among the many species of bacteria that can infect Drosophila melanogaster, we selected 

Providencia rettgeri, Serratia marcescens, and Enterococcus faecalis because they are natural pathogens of the fly, can establish 

chronic infection, and each have unique cellular characteristics. Bacterial load was assessed usin g both selective culture 

methods and qPCR.  

 

Preliminary results at 10 hours post -secondary infection suggest that the protective benefit is due to increased resistance for 

most combinations of chronic and secondary infection. Future experiments will better  resolve the impact of chronic infection 

on resistance and tolerance by examining select pairs of microbes across a range of infectious doses and across a time -

series.  This will provide a more nuanced view of how chronic infection impacts secondary infect ion and will guide future 

mechanistic studies.  

   

329    Enterotoxigenic  E. coli heat -stable toxin disrupts trafficking to intercellular junctions.     C Sera, R Schwartz, A 

Guichard, E Bier   Division of Biology, University of California, San Diego, La Joll a, CA.  

   Enterotoxigenic  E. coli (ETEC) is estimated to cause over 200 million cases of diarrhea cases each year. Symptoms are caused 

by either of two secreted toxins: a heat -labile toxin (LT) ɀ functionally almost identical to Cholera toxin (Ctx)  ɀ and/ or a heat -

stable toxin (ST). Our goal is to analyze the activity of ST using a transgenic  Drosophila model and evaluate its potential 

synergism with LT. ST is a small peptide that activates Guanylate Cyclase C receptor (Gyc76C), causing an overproduction o f 

cGMP. Subsequent activation of protein kinase G -II (PKGII) leads to phosphorylation and activation of chloride channel cystic 

fibrosis transmembrane conductance regulator (CFTR). Pathogenic upregulation of cGMP thus causes unregulated passage of 

chloride  anions across the membrane and into the intestinal lumen, resulting in effusion of Na+ ions and water and leading 

to diarrhea. Whether ST also affects the intestinal epithelium is unknown.  

 

To mimic the effect of ST, we made use of available UAS -Gyc (wt and activated*) lines. When expressed in the mid -gut, Gyc* 

caused physiological effects analogous to ETEC infection in mammals: mortality, epithelium thinning, and diarrhea -like 

symptoms as assayed by increased volume of watery feces. Further analysis revea led that GC-C* also caused loss of microvilli 

and abolished localization of alpha -catenin to cell -cell junctions. Additionally, levels and distribution of Rab11 and effector 

Sec15 were dramatically altered by Gyc*, further indicating a disruption of exocys t-mediated trafficking normally required for 

junctional integrity. When co -expressed, Ctx and wild -type GC-C produced synergistic thinning of the gut epithelium and also 

induced synergistic loss of microvilli. We are currently testing other parameters such  as Rab11 distribution, fecal output, and 

mortality.  

 

Overall, our experiments demonstrate a previously unappreciated mechanistic convergence between ST and Ctx on Rab11 

inhibition, likely to contribute to infection symptoms.  

331    Bacterial interactions  drive protection against antibiotics in the fly gut.     Andres Aranda-Diaz1, William Ludington 2, 

Kerwyn Casey Huang 1,3  1) Department of Bioengineering, Stanford University, Stanford, CA; 2) Department of Molecular and 

Cell Biology, University of Californ ia Berkeley, Berkeley, CA; 3) Department of Microbiology and Immunology, Stanford 

University, Stanford, CA.  



   Symbiotic bacteria have positive and negative effects on host physiology. Efficacious antibiotic treatments should kill 

pathogenic bacteria, pre vent the rise of resistant mutants and protect bacteria that benefit host health. Although the effect of 

antibiotics on bacteria has been studied for a long time, we still cannot predict their consequences on bacterial communities  

in complex environments l ike the host body. Because of its low complexity and modularity, the D. melanogaster gut 

microbiota provides a unique opportunity to dissect interactions between bacteria and their microenvironment and to study 

the effects of bacterial community dynamics a nd interactions with the host on antibiotic efficacy and resistance evolution.  

 

One understudied factor that can affect antibiotics action is that of interspecies interactions. To systematically probe the 

effects of microbe -microbe interactions on antibiot ics we performed in vitro co -culturing experiments with bacteria from the 

main two genera of the gut microbiota, Lactobacillus and Acetobacter. Using the RNA -polymerase inhibitor rifampin as a case 

study, we observed a protective effect of Acetobacter on L actobacillus survival under rifampin treatment. We show that this 

protective effect can be attributed to their metabolic interactions. Understanding low -order interactions will enable 

predictions of growth and the effects of antibiotics in more complex com munities and within the host.  

 

Compared to in vitro cultures, the fly gut enables higher bacterial diversity to persist over time. We are using population -level 

growth assays and high resolution single cell microscopy at the whole gut scale to explore how this high diversity persists. 

Using this system, we assess the role of host microenvironments on bacterial interactions and their impact on antibiotic 

efficacy. Mechanisms governing resistance evolution in complex environments will help design more efficac ious therapies to 

improve host health.  

332    Microbiota -induced expression of Obp28a alters Drosophila  systemic immune responses.     R.C. Dziedzic, N.A. 

Broderick   Molecular and Cell Biology, University of Connecticut, Storrs, CT.  

   Odorant binding pro teins (OBPs) localize to the aqueous medium surrounding the olfactory neurons in adult Drosophila 

melanogaster and are believed to transport hydrophobic odorants to odor receptors. Unique among this class of proteins, 

OBP28a is also expressed in larval olf actory organs and was recently shown to not be required for olfactory responses. We 

recently reported that OBP28a and OBP6, its orthologue in tsetse flies ( Glossina spp.), play a role in crystal cell abundance and 

the subsequent melanization response of tsetse and Drosophila. In both hosts, Obp expression is regulated by the presence 

of microbial symbionts during larval development. Here, we report on the expression p attern of OBP28a in larvae and adults. 

We show that flies reared in the absence of their gut microbiota (germ -free) express lower levels of OBP28a at both larval and 

adult stages, and this reduced expression is associated with increased susceptibility to s ystemic infection. The increased 

death is likely due to an altered melanization response that results from inefficient activation of the prophenoloxidase 

cascade. This can have direct effects on microbial pathogens or may affect the production of reactive oxygen species. Finally, I 

will describe efforts to screen members of the Drosophila microbiota and environmental bacteria for the ability to rescue 

OBP28a expression in germ -free larvae and their downstream impacts on crystal cell development and phenolox idase 

production.  

334    The uneven playing field of the gut microbiome: early colonizers dominate late arrivals.     B. Obadia, V. Zhang, W. 

Ludington   Molecular and Cell Biology, University of California, Berkeley, Berkeley, CA.  

   The complex and highl y variable gut microbiome can profoundly influence host health and fitness. Composition of the adult 

gut is highly correlated with early life events; however, we know little about the factors and conditions shaping the specifi c 

assembly and stability of a given microbial community. The Drosophila gut microbiome allows for the experimental 

reconstruction of bacterial communities within hosts guts due to its low complexity, tractability, and the ease of making ger m-

free flies. We sought to understand how the temporal order of species arrival during communitiesɅ assembly could affect final 

microbiome species composition, an ecological phenomenon known as priority effects. Prior colonizers can impact 

colonization by later arrivals by either habitat creation (inc rease) or through competitive habitat exclusion (decrease).  

We fed germ -free and pre -colonized flies with precise doses of different paired bacterial species ( Acetobacter and Lactobacillus 

spp.) and we recorded the qualitative (presence/absence) and quanti tative (bacterial loads and growth rates) effects of prior 

and ordered colonizations on the final composition of communities. We also measured growth of the bacterial pairs in vitro  to 

differentiate simple biochemical interactions from the complex gut envi ronment.  

Interestingly, we found that prior colonization of some endogenous bacteria promotes the colonization of some non -

endogenous species. In other words, depending on the species already present, an invader can have a better colonization 

efficiency in  pre -colonized flies than in germ -free flies. Moreover, the order in which the species were fed to the flies was key 

in regard to the type of interaction generated within the community ( e.g., when species A then B are fed, their interaction is 

neutral; whe reas when species B then A are fed, their interaction is competitive). Specifically, we found this relationship for 

certain pairs of Acetobacter sp. and Lactobacillus sp. that promote one anotherɅs growth in vitro  but can inhibit one anotherɅs 

colonization  in vivo. Imaging the gut at the single cell level suggests that these biochemically cooperating species which aid 

the host when they co -colonize nonetheless exclude one another in spatial competition, adding to the complexity of 



microbiome interactions. T aken together, our findings show how early life gut colonization events can profoundly shape later 

life host health.  

335    Specificity in the early gut microbiome: species - and strain -level effects on development and their long -term 

fitness consequences.     A. Gould, V. Zhang, W. Ludington   Department of Molecular & Cell Biology, UC Berkeley, Berkeley, 

CA.  

   The early microbiome has critical effects on development that can result in long -term fitness consequences for a host 

including the activation and development of the immune system and the production of certain neurotransmitters that affect 

behavior and cognition. How the presence or absences of distinct species of gut bacteria affect development is not well 

understood and can be challenging to disent angle within such highly complex communities. Taking advantage of the naturally 

simple gut community of Drosophila melanogaster, we used gnotobiotic flies to determine the effects of specific species and 

strains of bacteria on the development and fitness o f the host. Results indicate that Acetobacter orientalis has an overall 

positive effect on its host, increasing development rate and resulting in more fit individuals. In contrast, Lactobacillus brevis 

has a strain -specific effect on the host; one strain i solated from wild flies ( Lbw) slightly increases development rate relative to 

germ -free flies, whereas another strain isolated from laboratory flies ( Lbl) decreases development rate and produces smaller, 

less fit individuals. Interestingly, the negative ef fects on development induced by the presence of Lbl can be readily overcome 

by the introduction of A. orientalis within the first two days of development. Lastly, we observed a fitness tradeoff induced by 

the early microbiome; individuals that develop quic ker have higher lifetime fecundity and a shorter lifespan, while those that 

develop slower have lower fecundity and longer lifespans. This study highlights the importance of species and even strain 

specificity in the early microbiome for development and th e resulting long -term fitness consequences.  

336    Absorbing epithelium of the midgut as the model to study toxicity mechanisms of the heavy metal 

cadmium.     Olivia Brooks, Brandi Huggins, Hannah Stratton, Anton Bryantsev  Molecular & Cellular Biology De partment, 

Kennesaw State University, Kennesaw, GA.  

   Cadmium (Cd) is a toxic heavy metal and environmental pollutant. Ever increasing exposure to Cd poses a health concern, 

because in humans Cd accumulates in kidneys and causes damage to the absorbing ep ithelium of proximal renal tubules. We 

used Drosophila as a model to study the mechanisms of Cd toxicity in the setting of absorbing cells of the midgut 

(enterocytes).  

 

Chronic exposure of flies to 1mM Cd in the food significantly shortened their lifespan and affected midgut morphology. In the 

midgut of Cd -exposed flies, we detected an increase in the expression of the esg reporter ( esg>GFP). Normally, esg>GFP is 

expressed in solitary intestinal stem cells, but in response to Cd exposure, its expression exp anded over enterocyte clusters, 

each containing 4 and more cells. This change in esg>GFP signal indicates increased proliferation of midgut stem cells, which 

might be triggered by Cd -induced cellular damage to enterocytes. Consistently with this note, expe rimental overexpression of 

the anti -apoptotic factor Diap1 in enterocytes significantly increased fly survivorship across various Cd concentrations. We 

conclude that midgut enterocytes are the critical tissue target that determines overall tolerance to Cd toxicity in flies.  

 

We used the enterocyte model to further gain insight into the mechanisms of Cd toxicity. Specifically, we addressed whether 

Cd induces oxidative stress in midgut enterocytes. Genetic ROS sensor, GstD1 -GFP, had variable activity in the m idguts of 

control and Cd -exposed flies, but could not reveal elevated oxidative stress in response to Cd. Overexpression of the master 

transcriptional regulator of anti -oxidative stress response, cnc, did not improve the survivorship of flies kept on Cd -containing 

food. Finally, overexpression of individual anti -oxidative enzymes Sod2 and Cat also did not improve the survivorship of Cd -

exposed flies. Based on these results, we conclude that oxidative stress does not play a major role in Cd -induced toxicity of 

absorbing epithelial cells.  

337    Dissecting JNK -mediated cell elimination in Drosophila .    M. Nakamura , T Igaki  Laboratory of Genetics, Graduate 

School of Biostudies, Kyoto, Kyoto, JP.  

   Activation of c -Jun N-terminal kinase (JNK) plays a crucial role in removing aberrant or unfit cells from epithelia, such as 

through cell competition. However, it still remains unclear whether and how JNK -mediated cell elimination occurs in the 

physiologic al context. To analyze JNK-mediated cell elimination mechanisms, we made use of flies heterozygously mutant for 

the JNK phosphatase puckered (puc), a transcriptional target of JNK signaling that directly inactivates JNK, thus forming a 

negative feedback lo op of the pathway. puc/+ mutant cells would thus possess sensitized JNK signaling. Indeed, the number 

of naturally occurring cell death was significantly increased in puc/+ wing discs. As reported previously, blocking cell death by 

the effector caspase inh ibitor p35 in puc/+ wing disc resulted in strong JNK activation throughout the tissue, suggesting that 

JNK-activated cells are normally eliminated from the tissue in an efficient manner. Mechanistically, we found that 

Eiger/Grindelwald and Dronc -mediated a mplification of JNK signaling occurs in such cells. Our data suggest that Eiger -Dronc -

mediated JNK activation drives epithelial cell elimination in the physiological context.  



338    Investigating neurodegeneration that arises from defective glial phagocyt osis.     K. Tiemeyer1, J. Elguero1, S. 

Jarmale2, J.I. Etchegaray1, M. Feany3, K. McCall1  1) Biology, Boston University, Boston, MA; 2) Brown University, Providence, RI; 

3) Harvard Medical School, Boston, MA.  

   Cell death and subsequent phagocytic cleara nce are integral processes for proper development and maintenance of tissue 

homeostasis. In the brain, glia are responsible for the clearance and degradation of apoptotic neuronal cell bodies through 

phagocytosis. We have previously shown in Drosophila that the absence of Draper, a trans -membrane phagocytic receptor, 

results in an accumulation of developmental neuronal cell corpses that persist in an unchanging quantity throughout 

adulthood. Furthermore, absence of Draper ultimately leads to age -dependent n eurodegeneration. However, the mechanism 

by which phagocytic defects induce degeneration of neural tissue has yet to be elucidated. In order to more fully explore the  

neurodegenerative phenotype and determine its origin, we are screening for antigens that change in accordance with the 

adult -onset neurodegeneration observed in the draper  mutant. We aim to use these antigens to assess neurodegeneration 

and determine if the phagocytic defect -driven neurodegeneration is a consequence of persisting developmental  corpses or of 

dysfunctional glial phagocytosis.  

339    The role of FOXO during hypoxia in Drosophila .    E. Barretto1,2,3, S. Grewal1,2,3  1) Biochemistry and Molecular Biology, 

University of Calgary, Calgary, Alberta, CA; 2) Clark H. Smith Brain Tumour Centre, Arnie Charbonneau Cancer Institute, 

Calgary, Alberta, CA; 3) Alberta Children's Hospital Research Institute, Calgary, Alberta, CA.  

   Animals often live in conditions where environmental oxygen levels fluctuate. When oxygen is abundant, growth is 

promoted, but when oxygen is scarce, metabolic processes are altered to limit growth and promote survival. One important 

mechanism controlling cellular responses in hypoxia is the regulation of metabolic gene expression. In this context, the 

conserved hypo xia-inducible factor (HIF) has been established as a transcriptional regulator of genes important for hypoxia 

responses in different model organisms. However, less is known about other transcription factors important in hypoxia 

adaptation. We have explored  this question in Drosophila. 

 

Drosophila larvae can tolerate low oxygen conditions. At 5% oxygen, larvae slow their growth and development, but show little 

effect on overall viability. At 1% oxygen, larvae can survive for up to 12 hours. We find that one factor that is induced under 

these conditions is the Forkhead Box O (FOXO) transcription factor. FOXO has been shown to be important for regulating 

starvation and stress responses in Drosophila and Caenorhabditis elegans. We find that, upon switching larva e from normoxia 

to hypoxia, FOXO is rapidly relocalized from the cytoplasm to the nucleus in larval tissues. These tissues include the fat bo dy 

and the intestine, and FOXO relocalization occurs even though animals maintain normal feeding. We also see a sub sequent 

increase in expression of known FOXO target genes. One key regulator of FOXO is the insulin/PI3 kinase pathway, and we find 

that overexpression of PI3K can prevent hypoxia -induced nuclear relocalization of FOXO. Finally, we also find that foxo 

muta nts show increased lethality in hypoxia compared to wild type animals. These data suggest that FOXO is a hypoxia -

regulated transcription factor. We are currently examining how FOXO is regulated in hypoxia, whether it is required in specif ic 

cells/tissues f or hypoxia tolerance, and what downstream targets may be important for its effects.  

340    Translational control of stress responses in Drosophila .    Rujuta Deshpande1,2,3, Shrivani Sriskanthadevan -Pirahas1,2,3, 

Savraj Grewal1,2,3  1) Clark H Smith Brain Tumour Centre, Arnie Charbonneau Cancer Institute, Calgary, Alberta, CA; 2) Alberta 

Children's Hospital Research Institute, Calgary, Alberta, CA; 3) Department of Biochemistry and Molecular Biology Calgary, 

University of Calgary, Cal gary, Alberta, CA.  

   During development, various environmental signals such as nutrients, lack of oxygen, temperature, infection stress affect 

proper growth and homeostatic balance of an organism. In order to respond to these signals, the organism alters  its 

metabolism, the exact underlying mechanisms of which are unknown. Recent studies have highlighted the requirement for 

tightly regulated mRNA translation in response to various stress cues. Using Drosophila as a model system, our lab identified  

RNA polymerase III (Pol III)-dependent tRNA synthesis as mechanism to stimulate mRNA translation. In particular, we found 

that simply increasing tRNA synthesis was sufficient to enhance tissue and body growth. These results raise the possibility 

that translationa l control by regulating tRNA synthesis may play a significant role in response to environmental stress. We are 

investigating this using the Drosophila intestine as a model. This tissue is composed of terminally differentiated epithelial  

cells (ECs) that are the absorptive and barrier cells of the adult gut. Interspersed among the ECs are small intestinal stem cells 

(ϥSCɅs). The ϥSCs divide throughout adult life in order to generate new EC cells and maintain gut self-renewal in response to 

infection and dama ge. We found that oral infection increased tRNA synthesis in the gut, and we showed Pol III was required 

for stress -mediated stem cell proliferation. The EGF/Ras pathway is a key regulator of ISC proliferation and we found that this 

pathway stimulates tRNA  synthesis in the intestine and requires Pol III for ISC proliferation. We are currently investigating 

how tRNA synthesis is regulated in response to intestinal stress and whether changes in tRNA synthesis cooperate with other 

translational mechanisms to c ontrol stem cell behaviour.  

341    FLies in A MinE: metabolomics in a particle physics lab to improve the mining workplace.     T.J S. Merritt, John 

Hick  Chemistry & Biochemistry, Laurentian University, Sudbury, Ontario, CA.  



   Underground mining is a ph ysically demanding occupation in a physiologically stressful environment; can fundamental fly 

research make it safer? We are using the techniques and tools that we are developing in basic research in to the connections 

between genetics, environment, and me tabolism in Drosophila melanogaster to address the applied question of how to make 

mining a safer occupation. In the FLies in A MinE project, FLAME, we are quantifying the biology of working deep underground 

with an ultimate goal of improving worker health  and Safety. FLAME is based in SNOLAB, a clean-lab facility located 2km 

underground in the Creighton Mine (a clean lab within a working mine) in Northern Ontario. SNOLAB is a world leader in sub -

atomic physics research, and the location of the 2015 Nobel P rize in Physics. We use the SNOLAB environment to simulate 

working deep underground and quantify the impact of this working environment on fly behaviour, gene expression, and 

metabolism. Two kilometers underground, atmospheric pressure is >20% higher than at the surface. This high pressure is 

one of the environmental features making underground mining physically taxing. A single day exposure to SNOLAB leads to a 

substantial change in metabolism in the fly, 10% of the roughly 2000 metabolites that we follow change from a single trip 

underground, likely a function of the elevated pressure. We are currently working to understand the metabolic pathways that 

are responding to the SNOLAB exposure. As we understand what the changes are, we will be able to make sugg estions, e.g. 

simple changes in diet, that will reduce the negative effects of working deep underground and create a healthier mining 

workplace.  

342    A phenotypic landscape of mechanisms underlying resistance to multiple stressors.     Hiroshi Nishida, Mihoko 

Katayam, Sakan Yoo  RIKEN, Kobe, JP.  

   Organisms are constantly exposed to diverse stresses and respond to them to maintain a homeostatic state. Although a set 

of similar genes can be induced by different stressors, whether animals use the same or different mechanisms to deal with 

different types of stressors remains elusive. To address this question, we investigated responses of a library of mutant stoc ks 

to multiple stressors: aging, obesity, cancer, starvation and oxidative stress. For this purpo se we generated 968 mutant stocks 

by inducing random mutations with EMS. Up to the present, we finished characterizing all stocks on responses to oncogenic 

stress and are in the process of completing characterization on other stressors. We are analyzing co rrelation among 

resistances to different stressors. Correlation among specific stresses was observed. We also isolated several mutants that 

demonstrate particularly strong resistance to single or multiple stressors. We plan to determine the genes that are 

responsible for the resistance by whole genome sequencing. This work provides a landscape of mechanisms by which 

animals resist to different stressors and also specific genes responsible for them.  

343    How does Wolbachia infection affect lifespan in Drosophila melanogaster ?    J.D. Parker, M. Valentine, F. Capobianco 

III, S. Nandkumar, Bio 490 student group B   Dept of Biological Sciences, SUNY Plattsburgh, Plattsburgh, NY.  

   It is well known that the rate of aging varies among individuals according to genetic background. Another source of variation 

known to effect aging is infection with microorganisms and symbiotic bacterium.. We previously found that genetic 

background can have an influence on the interaction of lifespan and a symbiotic infection ( Wolbachia) in Drosophila 

melanogaster. An undergraduate group in Investigative Biology Experience (Bio 490) will be presenting their work extending 

these previous findings by testing for differences in oxidative damage accumulation and autophagy gene activati on in the 

presence, and absence, of  Wolbachia in these lines with lifespan differences.  

344    A transcriptional switch during oxidative stress of p38 MAP Kinases revealed through species comparisons.     K. 

Wildman1, S. Ryan2,3, N. Mortimer 1, A. Vrailas-Mortimer 1,2  1) Biological Sciences, Illinois State University, Normal, IL; 2) 

Biological Sciences, University of Denver, Denver, CO; 3) Chemical and Biological Engineering, Colorado School of Mines, 

Golden, CO.  

   The highly conserved MAP Kinases, ERK, JNK, and p38K, play an important role in a variety of cellular processes from 

differentiation to apoptosis. In Drosophila melanogaster, there are three p38K genes: p38Ka, p38Kb, and p38Kc. Upon 

sequence analysis, we find p38Ka and p38Kb are 78% identical and  have an overall similarity of 92%, while p38Kc has 

accumulated a number of differences that affect critical residues in the TGY motif and kinase domain that are necessary for 

canonical p38K function. In addition, the p38K genes have distinct roles in the fly but there is also some redundancy between 

p38Ka and p38Kb. In order to better understand these differences, we have analyzed the evolution of the p38K genes across 

the sequenced fly species. The p38Ka and p38Kb genes are found across all Drosophila species, however p38Kc appears to 

have arisen during the split between the Willistoni and Obscura groups. Interestingly, D. psuedoobscura has unique features 

with a truncated p38Kc gene and a second p38Kb gene. Looking at a ratio of nonysonymous changes to sy nonymous 

changes, we find that all three p38K genes are under purifying selection, though p38Kc is under weaker purifying selection 

than both p38Ka and b. To further explore the differences between p38Ka and p38Kb, we compared the 1kb upstream region 

of each gene across multiple Drosophila species. This comparison identified three transcription factor binding sites for the 

p38Ka gene which were found to be highly conserved across species.   Two of these binding sites are of different isoforms of 

Lola and the  third is a homeobox binding site. For p38Kb, we identified a predicted AP -1 binding site and binding sites for two 

different Lola isoforms as well. Since we have previously shown that p38Kb is a regulator of the oxidative stress response in  

flies, we were  interested in how Lola and AP -1 might be regulating p38Kb as Lola has also been previously linked to oxidative 



stress. Upon qPCR analysis, we have determined that AP -1 regulates p38Kb expression under normal conditions and lola PT 

acts under oxidative str ess conditions. Currently, we are performing survival assays to determine how well the Lola and AP -1 

flies survive under oxidative stress conditions.  

345    The control of fat storage by splicing factors in Drosophila .    R. Bennick1, A. Nagengast2, J. DiAngelo1  1) Pennsylvania 

State University, Berks Campus, Reading, PA; 2) Widener University, Chester, PA.  

   In Western societies where food is abundant, these excess nutrients are stored as fats mainly in adipose tissue. Fats are 

stored in structu res known as lipid droplets, and a genome -wide screen performed in Drosophila cells has identified several 

genes that are important for the formation of these droplets. One group of genes found during this screen included those 

that regulate mRNA splicing.  Previous work from our lab has identified some splicing factors that play a role in regulating fat 

storage; however, the full complement of splicing proteins that regulate lipid metabolism is still unknown. In this study, th e 

levels of RSF1, RBP1, RBP1-like, SF2 and SRP54 were decreased using RNAi in the adult fat body to assess their role in the 

control of Drosophila metabolism. Decreasing SF2 and RBP1 showed increased triglycerides, while inducing RNAi towards 

RSF1, SRP-54 and RBP1-like had no effect on triglycerides. Interestingly, SF2 -RNAi flies survived longer when starved, but 

RBP1-RNAi did not, suggesting that the triglyceride storage and starvation resistance were regulated differentially by SF2 and 

RBP1. To determine whether the triglyceride phenot ype observed in the SF2 -RNAi and RBP1-RNAi flies was due to increased 

feeding, food consumption was measured over a 24 -hour period using the CAFÉ assay.   The SF2-RNAi flies and RBP1-RNAi 

flies showed no increase in feeding, indicating that increased food c onsumption was not the cause of the augmented fat 

storage in these flies. To determine if this triglyceride phenotype is due to alterations in metabolic gene expression, we 

measured the expression of the beta -oxidation enzyme CPT1, which has been shown to be alternatively spliced into two 

major variants, one of which is more catalytically active than the other.   In control flies, we observed higher levels of the more 

catalytically active CPT1 variant, while SF2 -RNAi flies had no difference in the amount of either variant.   This suggests that 

there is less CPT1 activity in flies with decreased SF2 in their fat bodies potentially promoting the increased triglycerides  in 

these animals.   Together, this study identifies novel splicing factors responsible for the regulation of lipid storage in the 

Drosophila fat body and contributes to our understanding of the mechanisms which influence the regulation of fat storage in 

adipose -like cells.   

346    Examination of the competition between the SR proteins 9G8 and RFS1 in the alternative splicing of CPT1 in 

lipid metabolism.     B. Borokhovsky1, A. Aradhya2, A Nagengast1  1) Biochemistry, Widener University, Chester, PA; 2) 

Computer Science, Widener University, Chester, PA.  

   The method of gene regulation underlying lip id storage related to obesity is poorly understood, yet alternative splicing (AS) 

appears to be an important mechanism for proper lipid storage. CPT1 (carnitine palmitoyltransferase I) is a beta -oxidation 

enzyme involved in the breakdown of fatty acids. Th e gene coding for CPT1 is alternatively spliced by the SR protein 9G8 to 

produce two different products that vary in their activity. A linear search algorithm was developed that parsed through FASTA  

files of the CPT1 gene region and sought out sequences th at matched known binding sequences of 9G8. We expected a result 

in exon 6A that would signal its inclusion but unexpectedly found a match in exon 5 of the CPT1 transcript. We theorize that 

9G8 and the SR protein competitor RSF1, act in an antagonistic natu re with one another for binding sites on the CPT1 gene to 

result in different isoforms. Alternatively, 9G8 and RSF1 could compete for access to the SR protein transporter TRN -SR 

shuttle which transports activated SR proteins into the nucleus for splicing a ctivity. We are using qPCR to determine if there is 

a difference in the AS of CPT1 among flies with decreased expression of 9G8, the SR protein antagonist RSF1 and TRN -SR. 

Additionally, triglyceride (TG) assays are being conducted to determine if there is a change in TG levels among the 9G8, RSF1, 

and TRN knockdown flies.  

347    The regulation of triglyceride storage by Ornithine decarboxylase (Odc1) in Drosophila .    A. Fruin, K. Leon, S. 

Nowotarski, J. DiAngelo   Penn State Berks, Reading, PA.  

   Polyami nes are low molecular weight, organic cations that play a critical role in many major cellular processes including cell 

cycle regulation and apoptosis, cellular division and tissue proliferation, and cellular differentiation; however, the functi ons of 

poly amines in regulating the storage of metabolic fuels such as triglycerides and glycogen is poorly understood. To address 

this question, we focused on the Drosophila homologs of ornithine decarboxylase (Odc1), the first step in the synthesis of 

polyamines, as well as Odc1Ʌs inhibitor, ornithine decarboxylase antizyme (Oda). Mutants in both Odc1 and Oda are lethal, but 

heterozygotes are viable to adulthood. By eye, both Odc1 and Oda heterozygotes looked larger than their background control 

flies and consistent  with this observation, weigh more than the controls.   However, the increased weight is not due to 

increased food consumption; in fact, both heterozygotes eat less than the controls.   Interestingly, Odc1 heterozygous flies 

have augmented triglyceride stora ge, while Oda heterozygous flies displayed no differences in the storage of 

macromolecules. This lipid phenotype in the Odc1 heterozygotes is due to increased triglyceride storage per cell in addition to 

an increase in the number of fat cells. These result s provide a link between the expression of Odc1 and triglyceride storage 

and may have implications in understanding the role of polyamine enzymes in regulating lipid metabolism.  



348    The gene alan shepard (shep) regulates organismal energy homeostasis i n multiple metabolic organs.     C. 

Gillette, K. Hazegh, T. Reis  Division of Endocrinology, Metabolism, and Diabetes, University of Colorado Anschutz Medical 

Campus, Aurora, CO.  

   Metabolism is an integrated, multi -organ process, and is best studied with in the context of the whole organism. Mounting 

evidence points to an important yet poorly understood role for genetic background in the control of organismal fat levels. We  

previously used an unbiased genetic screen to identify 66 genes that when mutated i ncrease body fat in Drosophila larvae. 

One such gene, the RNA-binding protein alan shepard ( shep), has no characterized role in metabolism. We used tissue -specific 

RNAi to determine in which organs shep is required for regulation of organismal fat. We find  that, whereas knockdown of shep 

in the brain phenocopies the high -fat phenotype of the mutant, knockdown in the fat body results in a lean phenotype. In 

both cases food consumption is unchanged, but shep knockdown in the brain decreases locomotor activity, providing a 

possible mechanistic explanation for the excess fat stores. We further find that Shep transcript and protein levels are 

regulated in a nutrient -dependent manner. Our work is now focused on de termining ShepɅs role in different organs in 

regulating overall organismal energy metabolism.  

349    Role of Chloride intracellular channels in the aging heart.     S. Gururaja Rao1, K. Shah1, Beverly Reyes1, Piotr 

Bednarczyk 3, Adam Szewczyk3, Elisabeth Van Bockstaele 1, Soichi Tanda2, Mark Berryman 2, Harpreet Singh 1  1) Pharmacology 

and Physiology, Drexel University College of Medicine, Philadelphia, PA; 2) Department of Biomedical Sciences, Ohio 

University; 3) Laboratory of Intracellular Ion Channels, Nenc ki Institute of Experimental Biology, Warsaw.  

   Chloride intracellular channels (CLICs) are not found on the plasma membranes but on the intracellular organelle 

membranes. They are shown to be playing important roles in processes such as tumorigenesis an d delaying apoptosis in 

cancer. CLIC4, the founding member of this family is known to be on the mitochondria but its physiological roles are not yet 

characterized. Drosophila melanogaster has one CLIC gene unlike mammalian systems that contain 6 paralogues . We set on to 

study CLIC in Drosophila focusing on the aging heart and cardioprotection and observed an intriguing result that the CLIC nul l 

flies show extremely shortened life span with accelerated aging phenotypes, but at the same time show cardioprotec tion 

during ischemic stress. We have also identified members of chloride intracellular channel (CLIC) proteins to be located in 

cardiac mitochondria in Drosophila as well as rodents. Our electrophysiological data reveal that they are functional ion 

channel s in the mitochondria. CLIC mutant mitochondria show structural abnormalities with age, increased reactive oxygen 

species production and while the mutant animals are extremely susceptible to oxidative stress. Our results indicate that CLIC s 

are involved in  mechanisms protecting the aging heart from ischemia -reperfusion injury via the regulation of mitochondrial 

structural and functional integrity.  

350    Downregulation of mTOR requires cysteine degradation and anaplerosis.     P. Jouandin, A. Parkhitko, N. 

Perrimon   Genetics, Harvard medical school, Boston, MA.  

   Organisms must optimize growth by balancing nutrient consumption and supply. This process involves the TORC1 (Target 

of Rapamycin Complex 1) pathway that uses a lysosomal nutrient sensor to integr ate the availability of amino acids to control 

anabolism. In parallel, anabolism requires the mitochondrial tricarboxylic acid (TCA) cycle that provides the cells with carb ons 

for the production of biomass. When nutrients become scarce, TORC1 is downregula ted to adjust growth by slowing down 

anabolism and nutrient consumption. In addition, TCA cycle intermediates are extracted to maintain sufficient growth, which 

in turn challenges the cycle homeostasis. To compensate for this loss, specific metabolites ent er the mitochondria to 

replenish the TCA cycle intermediates, a process termed anaplerosis. However, how TORC1 and anaplerotic metabolites 

coordinate their response to nutrient limitation is unclear. Here, we demonstrate that, upon starvation, cysteine ana plerosis 

controls the downregulation of TORC1 in the Drosophila fat body, an organ homolog to the liver and adipose tissue in 

mammals. We provide evidence that cysteine fuels the TCA cycle in the form of pyruvate, and that the cycle intermediate 

fumarate i s necessary and sufficient to suppress TORC1 activity. Our work reveals that downregulation of TORC1 upon 

starvation is a process actively controlled by cysteine anaplerosis, and highlights an atypical growth -suppressive function of 

the degradation of an a mino acid. Therefore, we demonstrate that a single amino acid mediates a crosstalk between cellular 

compartments to orchestrate a robust metabolic response to variations in diet at the organ level.  

351    The Regulation of Lipid Metabolism by Heterogeneou s Nuclear Ribonucleoproteins (hnRNPs) in Drosophila .    J. 

Kanaskie1, J. Bhogal1, A. Nagengast2, J. DiAngelo1  1) Penn State Berks, Reading, PA; 2) Widener University, Chester, PA.  

   The storage of excess nutrients as triglycerides is essential for all o rganisms to survive when food is scarce; however, 

metabolic diseases may arise when triglyceride storage is altered. Yet, the mechanisms by which triglycerides are stored are 

not completely understood.  Previous genome -wide RNAi screens in cultured cells h ave identified genes that are important in 

the regulation of triglyceride storage. One group of genes identified in these screens that our lab is interested in is those  

involved in mRNA splicing. Our lab has identified a number of splicing factors importan t for regulating triglyceride 

metabolism; however, the full complement of splicing proteins involved in achieving metabolic homeostasis is 

unknown.  Heterogeneous nuclear ribonucleoproteins (hnRNPs), RNA binding proteins that inhibit the splicing of intron s by 

preventing the assembly of splicing complexes, have no established metabolic functions. In this study, we identified specific  



hnRNPs that have an effect on triglyceride storage when their levels are decreased. We knocked down hnRNP -K, glorund (glo), 

Hrb27C, Hrb98DE, and Hrb87F specifically in the adult fat body by inducing RNAi through the GAL4/UAS system. Interestingly, 

knockdown of hnRNP -K and glo showed a decrease in triglyceride levels, whereas inducing RNAi toward Hrb27C and Hrb98DE 

displayed an i ncrease in triglyceride levels.  A knock down of Hrb87F had no effect on triglycerides. In addition, the triglyceride 

phenotype in the Hrb27C -RNAi flies resulted from an increase in the number of cells per fat body as well as the amount of 

triglyceride sto red per cell. Together, these results suggest that the hnRNP family of splicing factors have varying metabolic 

functions and may act on different metabolic genes to control their expression and processing.  

352    Defining how dERR regulates growth during Drosophila  Oogenesis.     N. Mahmoudzadeh, C. Zhang, L. Adams, B. Calvi, 

J. Tennessen  Indiana University, Bloomington, IN, 47405.  

   Cancer cells proliferate rapidly by using an alternative metabolic system called aerobic glycolysis. Aerobic glycolysis, a lso 

known as the Warburg effect, uses carbons from carbohydrate metabolism to synthesize the proteins, lipids, and nucleotides 

needed for generating substantial amounts of biomass; however, the mechanism that regulates the switch to aerobic 

glycolysis rema ins poorly understood. Understanding how aerobic glycolysis and other metabolic pathways are regulated 

holds promise for development of new cancer treatments. Previous research has shown that the fruit fly Drosophila 

melanogaster also utilizes aerobic glyc olysis to support rapid growth in larvae. Moreover, the onset of aerobic glycolysis in the 

fly is controlled by the Drosophila estrogen-related receptor (dERR), which encodes the only fly ortholog of the ERR nuclear 

receptor family . In order to further explore how dERR regulates biosynthesis and carbohydrate metabolism in the context of 

cell growth, we examined the role of this nuclear receptor in Drosophila oogenesis. Our analysis revealed that dERR is more 

highly expressed in stages  1 through 6 egg chambers compared to later stages of oogenesis (stages 7 through 14). 

Furthermore, dERR deficient egg chambers fail to grow past stage 5 size, suggesting that dERR is required to support cellular 

growth during this stage of development. Fi nally, we demonstrate that the dERR target gene Lactate Dehydrogenase (LDH) is 

also expressed during early oogenesis in a dERR -dependent manner. These findings suggest that dERR is required for 

activating a metabolic program that supports oocyte developmen t and female reproduction.  

353    Large Scale Genetic Screen to Identify Metabolic Regulators of Specification and Differentiation.     R.C. Massey, S. 

Hardman, R. Lawson, A. Page, K. Tshililiwa, J. Morounfolu, J.M. Tennessen   Indiana University Bloomingto n, Bloomington, IN.  

   Metabolism is an immense and intricate network of both catabolism and anabolism. Far more than producing ATP, 

metabolic pathways build nucleotides, create the fatty acids that allow signaling cascades to function, and may even drive  the 

growth of certain tumors via the production of oncometabolites. Metabolism is an indispensable process, but is often 

overlooked as a cellular housekeeping function. This view of metabolism, however, is rapidly changing, metabolic genes have 

recently b een implicated in nutrient sensing, signal transduction, and the regulation of cellular differentiation. This has 

motivated us to use the fruit fly to screen for factors that are involved in both metabolism and development.   To investigate 

how metabolism i nfluences the development of animal tissues, we conducted an RNAi screen to identify metabolic genes that 

are required for specification and differentiation of the Drosophila eye. By using the GAL4/UAS system, we systematically 

disrupted 93% of the genes a ssociated with Drosophila metabolism in the developing fly eye, both before and after cellular 

specification. This screen was specifically designed to identify genes essential for early specification and differentiation of eye 

tissue while also allowing us  to identify those genes that are simply required for cell viability.   The screen implicates the 

electron transport chain (ETC) as playing an essential role in specification and differentiation independent of its role in A TP 

synthesis.  

354    The Role of SR Protein Kinases in Regulating Lipid Metabolism.     J. Mercier1, A. Nagengast2, J. DiAngelo1  1) Penn 

State Berks, Reading, PA; 2) Widener University, Chester, PA.  

   The survival of animals during periods of limited nutrients is dependent on the organi smɅs ability to store lipids during times 

of nutrient abundance. However, the increased availability of food in modern Western society has led to excess storage of 

lipids resulting in a number of metabolic diseases. In order to better understand the genes involved in regulating lipid 

storage, a genome -wide RNAi screen was performed in cultured Drosophila cells and identified several groups of genes 

involved in controlling lipid droplet formation and storage. One group of genes of interest to our lab include s those involved 

in mRNA splicing. Our lab has previously shown that a group of splicing factors important for recognizing intron/exon borders  

known as SR proteins are involved in controlling lipid storage in Drosophila; however, how these SR proteins are regulated to 

control lipid storage is not fully understood. In Drosophila, three SR protein kinases (SRPKs) have been characterized: SRPK, 

darkener of apricot (Doa), and SRPK79D. We used the GAL4/UAS system to decrease the expression of SRPK, Doa and 

SRPK79D specifically in the adult fat body and then measured the storage of triglycerides and glycogen. SRPK -RNAi flies have 

lower levels of triglycerides when compared to control flies. In order to determine if the decrease in triglyceride stores in  

SRPK-RNAi flies was due to changes in feeding behavior, food consumption was measured using capillary feeding (CAFÉ) 

assays. Flies with decreased SRPK levels in their fat bodies eat less, which may be the cause of the decreased triglyceride 

phenotype.   In contrast, Doa-RNAi flies store more triglycerides compared to the control animals. This is consistent with 

previous work from our lab showing that decreasing the SR protein 9G8 results in increased triglycerides as Doa directly 



phosphorylates 9G8. Together, these fi ndings provide evidence to support the hypothesis that lipid storage is controlled by 

the phosphorylation of factors involved in mRNA splicing.  

355    Characterization of two possible phosphoglycolate phosphatase orthologs in  Drosophila melanogaster .    D. 

Moskop, J. Kennell  Biology, Vassar College, Poughkeepsie, NY.  

   Biochemical pathways often produce toxic side products that must be degraded to allow normal biological functions to 

continue. Phosphoglycolate phosphatase (PGP) is a highly conserved en zyme that has been shown in mammalian cells to 

dephosphorylate 4 -phosphoerythronate and 2 -phospho -L-lactate, side products interfering with the pentose phosphate and 

glycolytic pathways respectively. The ortholog in yeast, Pho13, functions similarly by dep hosphorylating 4 -

phosphoerythronate as well as 2 -phosphoglycolate. Another mammalian study has demonstrated that in addition to the 

metabolic function of the enzyme, PGP also plays a role in maintaining cell proliferation during oxidative DNA damage repair  

by controlling triosephosphate isomerase (TPI) activity and glycerolipid partitioning. Furthermore, it has been reported that  

PGP acts as a phosphatase to glycerol -3-phosphate (Gro3P), a molecule at the intersection of glucose and lipid metabolism, to 

control glycolysis, gluconeogenesis, lipogenesis, phospholipid synthesis, lipolysis, fatty acid oxidation, and ATP production. 

Currently, little work has been done on the function of PGP in animals outside of mammalian species and specifically in 

Drosophila melanogaster. Our study aims to test whether the potential PGP orthologs in flies, CG5567 and CG5577, have similar 

roles in metabolism as in mammals. We first generated CG5567 and CG5577 knockdown lines using RNAi and subjected those 

flies to stress tests. We found that both CG5567 and  CG5577 knockdowns were more sensitive to ethylene glycol, an alcohol 

that causes large increases in phosphoglycolate. These data are consistent with the hypothesis that metabolic stressors in 

PGP deficient flies results in inc reased death. We are currently generating null mutants for CG5567 and CG5577 to further 

explore the functions of these genes in flies. In addition, we intend to perform metabolic tests for TPI activity and Gro3P, 

triglyceride, and phosphatidylcholine levels to gain a better picture of the metabolic importance of PGP in Drosophila.  

356    Role of LanA in diet -induced Type -2 diabetes in Drosophila melanogaster .    Younji Nam, Whitney Beavers, Laura K. 

Reed  Biology, University of Alabama, Tuscaloosa, AL.  

   Type 2 Diabetes (T2D) and the correlated Metabolic syndrome (Met -S) in human s is a global health crisis. In the U.S. alone, 

prevalence of T2D and pre -T2D have grown from 10% in 1980 to a predicted 40% in 2020. There are two main factors that 

contribute to T2D: genetic predisposition and perturbing environmental effects. In particu lar, dietary regulation plays an 

important role in gene expression and function tightly associated with metabolism. Prolonged negative gene -diet interaction 

can lead to development of T2D by a loss of metabolic homeostasis. We know what factors are associa ted with T2D, but we 

do not fully understand the details of the gene -diet interaction in the T2D state.  D. melanogaster is a powerful tool in which to 

model T2D exhibiting diet induced obesity, and insulin resistance, with a relatively short time to onset of diet -induced T2D in 

adult flies, and strong conservation with mammals of the insulin and stress response signaling pathways. Thus, the impact of 

genetic and diet manipulations on T2D in D. melanogaster can apply to the humans.  

         Laminins are rela tively larger glycoproteins in the basement membrane of extracellular matrices, and the major 

functions of laminins are associated with cell -to -cell communication and tissue architecture. Defects in laminins are 

associated with diseases, such as early embr yonic lethality and muscular dystrophy described in mice. Among the multiple 

subunits, earlier studies have shown that the function of Laminin subunit Ƽ5 (LAMA5) is closely associated with metabolism 

by regulating the intestinal morphogenesis of smooth mus cle, but how LAMA5 affects diet -induced T2D is not well 

understood.  

         In flies, the LanA locus is homologous to LAMA5. A previous study showed that female LanA mutant flies subjected to a 

normal level sugar diet had lower TAG storage, body weight, a nd total protein contents than control flies.  In our study, we fed 

LanA null mutants and control flies with a normal (4%), intermediate (6%), and a high (12%) sugar diet, and we measured their 

metabolic phenotypes such as sugars, TAG, and weight. From thi s, we found that the LanA null mutants are more protected 

from a high sugar diet than the control flies by having a lower glucose, glycogen, TAG, and weight. Accordingly, we will also  

demonstrate whether LanA null mutants are also more resistant to diet -induced T2D phenotypes by restoring glucose 

tolerance and lifespan. In addition, we will assess the physiological tradeoffs of the loss of LanA to compare to physiological 

disorders in defective human laminins. Ultimately, the metabolic impact of LanA perfor med in this study will contribute to a 

better understanding of the gene -diet interaction in the development of T2D.    

357    Detecting Drosophila SR splicing factor proteins by Western Blot.     Y. Patel1, N. Kaur1, A. Nagengast2  1) Biology, 

Widener Unive rsity, Chester, PA; 2) Biochemistry, Widener University, Chester, PA.  

   Obesity is a growing epidemic affecting over a third of the United States population yet the underlying causes are not very 

well understood. We use the model organism Drosophila melanogaster to study the regulation of genes related to triglyceride 

storage by manipulating gene expression in the fat body, a tissue similar to mammalian adipose tissue and the liver. Previous  

results have shown that the splicing factor 9G8 is critical for proper triglyceride levels in flies yet its protein function and 

splicing targets are not well known. Antibodies against 9G8 would be useful to understand its function yet are difficult to 

generate because of the repetitive nature of the SR (Serine and Arg inine dipeptides) domain in the protein structure. 



Therefore, we tested commercially available antibodies generated against different SR proteins, including 9G8, SNF, SRP55 

and U170K, on extracts of adults and embryos. We did Western blots using SNF as a c ontrol and beta tubulin as a loading 

control. Analysis of results led to the conclusion that embryonic extracts were greater in concentration whereas adults, both  

males and females, had a lesser concentration of protein. Westerns performed with anti -SRP55 resulted in a series of bands 

of various sizes ranging from 15.0 KDa to 150.0 KDa although the identity of the proteins was unclear. Because the SRP55 

antibody recognizes both phosphorylated and unphosophorylated SR proteins, we tested whether we could dep hosphorylate 

proteins and see a collapse of bands in the Western. This was accomplished by using Calf Intestine Phosphatase (CIP) 

treatment on embryonic samples and detection by antibodies against 9G8, U170K and beta tubulin. The U170K Western 

indicated th at CIP treatment was not fully effective and therefore our future direction would be to improve conditions.  

358    Metabolic characterization of the Drosophila  E78 nuclear receptor.     S.A. Praggastis, C.S. Thummel  Human Genetics, 

University of Utah, Sal t Lake City, UT.  

   The alarming prevalence of metabolic disorders emphasizes the importance of characterizing how metabolism is controlled 

and how misregulation of metabolic pathways can lead to disease. Nuclear receptors (NRs) play critical roles in mai ntaining 

metabolic homeostasis as well as systemic physiology. My studies are focused on the Peroxisome Proliferator Activated 

Receptor (PPAR) subfamily of NRs that control lipid metabolism in the mammalian liver, adipose tissue, and muscle. This 

subfamily  is composed of three paralogs with overlapping expression patterns and diverse functions (PPAR Ƽ, ƾ, ƿ). Members 

of the PPAR family regulate lipid homeostasis by stimulating fatty acid oxidation as well as promoting adipogenesis, 

regulating glucose sensit ivity, fatty acid uptake and mobilization, and triglyceride synthesis.  Transcriptional targets mediate 

the metabolic switches necessary to conserve energy during fasting. Phylogenetic studies have aligned a single Drosophila NR, 

designated E78, with the P PAR family, although this relationship is not orthologous. I am studying the regulation and function 

of E78 with the goal of defining the ancestral functions of the PPAR subfamily in the absence of genetic redundancy. E78 null 

mutants are fully viable and show no obvious growth defects or developmental delay. Genetic studies, however, have shown 

that E78 is required for the establishment of the somatic germline stem cell niche in the ovary. In addition, the E78 ligand 

bindi ng domain is active within lipid -rich tissues, including the embryonic yolk, oenocytes, and fat body, consistent with PPAR 

function and suggesting a role in lipid metabolism. Here we show that E78 mutant adults have reduced motility, fecundity, 

and are res istant to starvation. E78 mutant males and females have sexually dimorphic metabolic defects, with females 

displaying increased carbohydrate stores and glucose, and males displaying reduced levels of triglycerides. Our current 

studies are focused on defini ng the molecular mechanisms by which E78 maintains adult physiology and metabolic 

homeostasis.  

359    A Drosophila model of D-2-hydroxyglutaric aciduria .    M Shen, H. Li, J. Tennessen  BIology, Department, Bloomington, 

IN.  

   The oncometabolite D -2-Hydr oxyglutarate (D -2HG) has emerged as a potent regulator of gene expression and cell fate 

decisions. While this compound is most commonly studied in the context of gliomas, where it is produced by neomorphic 

mutations in Isocitrate Dehydrogenase 1 or 2, D -2HG is also produced as a byproduct of normal animal metabolism. The 

production of D -2HG in healthy cells, however, is commonly considered a metabolic waste product and is rapidly degraded 

via the enzyme D -2-hydroxyglutarate dehydrogenase (D2HGDH). Mutations  in the human D2HGDH homolog result in an 

inborn error of metabolism known as D -2-hydroxyglutaric aciduria, which is characterized by developmental delays and 

neuromuscular defects. In order to both better understand the role of D -2HG in cellular physiolog y and investigate the 

molecular mechanisms that lead to the pathophysiology of D -2HG aciduria, we used CRISPR/Cas9 to mutate the Drosophila 

homolog of D -2HGDH. Gas chromatography -mass spectroscopy (GC-MS) indicated that D -2HG levels were elevated in the 

mu tant strains, demonstrating that this enzyme is required for D -2HG degradation in flies. We are now using these mutants 

to conduct an RNAi -based forward genetic screen, with the goal of identifying genetic interactions between D2HGDH and 

other metabolic en zymes. Our preliminary results suggest that D -2HG interacts with a number of metabolic pathways, and 

our future studies will examine the significance of these interactions.  

360    Drosophila ceramide synthase Schlank regulates transcription according to l ipid status.     M. Sociale1, A. Wulf1, B 

Breiden 2, M. Thielisch1, F. Eckardt1, S. Löbbert1, N. Weinstock 1, A. Voelzmann3, K. Sandhoff2, R. Bauer1  1) LIMES-Institute, Unit 

Development, Genetics and Mol. Physiology, Dpt. for Molecular Developmental Biol., U niversity of Bonn, Carl -Troll -Str. 31, D-

53115 Bonn ; 2) LIMES-Institute, Unit Membrane Biol. & Lipid Biochemistry, c/o Kekulé Institute of Organic Chemistry and 

Biochemistry, University of Bonn, Gerhard -Domagk -Strasse 1, D-53121 Bonn; 3) Faculty of Life S ciences, University of 

Manchester, Michael Smith Building, Oxford Road, M13 9PT, Manchester, UK.  

   Ceramide synthases (CerSs) are a group of enzymes at the center of sphingolipids metabolism. Ceramides are now 

recognized as pivotal bioactive signaling mo lecules and many pathogenic changes such as diabetes, cancer, and degenerative 

diseases are associated with changes in ceramide levels. All CerSs contain a highly conserved catalytic Lag1p motif and many 

have a homeobox (Hox) domain. The homeodomain functi on is frequently not investigated due to the lack of animal models. 

In fact, previous studies doubted that the homeodomain of CerSs could act as transcription factor, focusing on the unpaired 



enzymatic activity and on altered ceramides levels. We establish ed an in vivo animal model and demonstrate an essential 

function of the Schlank homeodomain in the regulation of body fat metabolism and growth.  

ChIP and reporter assays show that CerS Schlank binds the promoter regions of lipases via the homeodomain and d irectly 

regulates transcription. Mutations of the nuclear localization site 2 (NLS2) within the homeodomain lead to loss of DNA 

binding and deregulated gene expression. This mechanism is conserved in mammalian CerS2. Furthermore, NLS2 mutants 

can no longer  adjust transcriptional response to changing lipid levels. Ex vivo treatment of fat body and guts with fatty acids 

show that Schlank, with an intact homeodomain, can sense the status of cellular lipids and transduces the appropriate signal 

to the level of gene expression, shifting  nuclear localization in fed and starved states. In summary, our study demonstrates a 

double role of CerS Schlank as enzyme and transcriptional regulator, sensing lipid levels and transducing the information to 

the level of gene ex pression.  

361    Calcium Independent Phospholipase A 2 -beta Is Non -essential for Somatic Phospholipid Metabolism but Is 

Required for Maximal Lifespan and Fertility.     J. Steinhauer1, M. Lubin 1, A. Wakschlag1, S. Eizadshenass1, A. Dechter1, M. 

Ren2, M. Schlame2  1) Department of Biology, Yeshiva College, New York, NY; 2) Department of Cell Biology, NYU Langone 

Medical Center, New York, NY.  

   Phospholipases A 2 (PLA2s) are important phospholipid remodeling enzymes that have been implicated in mitoch ondrial 

function, cell death, fertility, nervous system function, inflammation, metabolism, and cancer. PLA 2s are conserved in 

Drosophila but have not been well characterized. We have generated a null mutation in the Drosophila calcium independent 

phosphol ipase A2 (iPLA2) -beta gene CG6718. Null mutants are viable, consistent with mouse knockout models, and show no 

major molecular species changes in cardiolipin or other phospholipids. In accord with the normal cardiolipin content, young 

iPLA2 -beta mutants show no defects in locomotor activity. However, iPLA 2 -beta mutants develop severe locomotor defects 

with age and have reduced lifespan. We are testing the tissue specificity of this phenotype, using RNAi and transgenic rescue . 

In aged iPLA2-beta mutants, proteostasis may be compromised, as demonstrated by reduced processing of the ER stress 

transducer xbp1.  Intriguingly, in wild -type adults, iPLA 2 -beta expression increases with age. Although iPLA 2 -beta also has 

been implicated previously in male fertil ity, our data do not support this conclusion. Still, iPLA 2 -beta mutants show reduced 

female fertility, with increased cell death in the female germline. Together, our results indicate that cardiolipin and 

glycerophospholipid remodeling do not strictly req uire iPLA2-beta, possibly owing to genetic redundancy amongst PLA 2s or 

alternative phospholipid metabolism pathways. However, our work has uncovered two specific roles for iPLA 2 ɀbeta, in female 

fertility and aging.  iPLA2 -beta is an emerging target for p harmaceutical intervention in humans, and investigations in 

Drosophila will shed light on its functions and mechanisms.    

362    The identification of SR proteins crucial to the alternative splicing of the glucose -6-phosphate dehydrogenase 

coding gene by NADPH production assays.     M. Tracewell, A. Nagengast  Biochemistry, Widener University, Chester, PA.  

   The epidemic of obesity  increases the likelihood of deadly diseases, increases health care costs, and decreases the quality 

of life. Although the regulation of genes related to obesity is not well understood, alternative splicing (AS) appears to pla y an 

important role. Drosophila is a powerful model to study obesity and gene regulation by AS, because metabolic pathways of 

flies are similar to humans. Specifically, the gene encoding for Glucose -6 Phosphate Dehydrogenase (G6PD) in the Pentose 

Phosphate Pathway (PPP) is alternativel y spliced, resulting in two isoforms of the gene that codes for the enzyme. G6PD 

catalyzes the rate -limiting step in the PPP and converts Glucose -6 Phosphate (G6P) to 6 -Phosphogluconate and generates 

NADPH required for fatty acid synthesis. Solving the spl icing pattern of G6PD starts with understanding which SR (Serine -

Arginine dipeptide repeat) proteins are regulating the gene. Different SR proteins are being knocked down through RNAi in 

the fat body of adult males using the gal4 -UAS system. NADPH assays have been optimized in whole adult fly extracts to 

detect the reduction of NADP+ to NADPH at a wavelength of 562nm as a measure of G6PD activity. This will allow for the 

identification of the splicing factors critical for the AS of G6PD and correlate isofor m to enzyme activity. Understanding the 

splicing pattern of G6PD could be a key factor in understanding a level of gene regulation related to lipid over/under storag e 

and obesity.  

363    Reduced lipogenesis alters lipid profiles and exacerbates type 2 dia betic phenotypes in Drosophila .    B. F. Tuthill1, 

L. A. Searcy2, E. O'Hara1, C. J. Quaglia1, R. A. Yost2, L. P. Musselman1  1) Biological Sciences, Binghamton University, 

Binghamton, NY; 2) Department of Chemistry, University of Florida, Gainesville, FL.  

   Diets high in carbohydrates are associated with type 2 diabetes and comorbidities including hyperglycemia, hyperlipidemia, 

obesity, hepatic steatosis and cardiovascular disease.   A high-sugar diet can be used to study the pathophysiology of diet -

induce d diabetes in Drosophila melanogaster.  Lipotoxicity, or the accumulation of toxic lipids, may occur in peripheral tissues 

once dietary excess overloads the fat body beyond its maximum capacity.  We are taking tissue -specific reverse genetic and 

metabolomi c approaches to understand lipotoxicity in the fly fat body and heart.  Our goal is to overload the heart by 

exceeding the storage capacity of the fat body in the presence of caloric overload.  Preliminary data has shown numerous 

statistically significant changes in the lipid profiles of organs from flies aged on a high sugar diet as well as fat body Stearoyl 

CoA-desaturase -1 deficient flies when compared to controls.  Assays for cardiac structure and function coupled with tandem 



and imaging mass spectrosco py techniques provide insight into the relationship between potentially lipotoxic species and 

type 2 diabetes -associated cardiac pathophysiology.    The ultimate goal is to further elucidate the endocrine mechanisms and 

molecular targets involved in metabol ic disease.    

364    Muscle directs diurnal energy homeostasis through a myokine -dependent hormone module in Drosophila.     X 

Zhao, J Karpac  Molecular and Cellular Medicine, Texas A&M University Health Science Center, College Station, TX.  

   Inter -tissue communication is critical to control organismal energy homeostasis in response to temporal changes in feeding 

and activity or external challenges. Muscle is emerging as a key mediator of this homeostatic control through consumption of 

lipids, carbohydrat es, and amino acids, as well as governing systemic signaling networks. However, it remains less clear how 

energy substrate usage tissues, such as muscle, communicate with energy substrate storage tissues in order to adapt with 

diurnal changes in energy sup ply and demand. Using Drosophila, we show here that muscle plays a crucial physiological role 

in promoting systemic synthesis and accumulation of lipids in fat storage tissues, which subsequently impacts diurnal 

changes in circulating lipid levels. Our dat a reveal that the metabolic transcription factor Foxo governs expression of the 

cytokine Unpaired 2 (Upd2) in skeletal muscle, which acts as a myokine to control glucagon -like adipokinetic hormone (AKH) 

secretion from specialized neuroendocrine cells. Circ ulating AKH levels, in turn, regulate lipid homeostasis in fat body/adipose 

and the intestine. Our data also reveal that this novel myokine -dependent hormone module is critical to maintain diurnal 

rhythms in circulating lipids. This tissue cross -talk provi des a putative mechanism that allows muscle to integrate 

autonomous energy demand with systemic energy storage and turnover. Together, these findings reveal a diurnal inter -tissue 

signaling network between muscle and fat -storage tissues that constitutes an  ancestral mechanism governing systemic 

energy homeostasis.  

365    Intergenerational Effects of Nutrition on Abdominal Cuticle Pigmentation in Drosophila Melanogaster .    C. 

Alvarez, K. Walters, E. Kottler, J. Kennell  Biology, Vassar College, Poughkeepsi e, NY.  

   The fruit fly, Drosophila melanogaster, is a useful model organism for examining the genetic and biochemical pathways of 

pigmentation. Cuticle pigmentation is a phenotypically plastic trait in flies that varies widely in patterning and intensity  

between and within species of Drosophila. Pigmentation can be affected by environmental factors including nutrition, which 

regulates insulin signaling. Previous studies have shown that flies reared on a low nutrient diet showed a significant decrea se 

in t he total amount and intensity of pigmentation of the abdominal cuticle. Although some research has looked at whether 

metabolic changes can be passed on to the next generation little is known about whether parental pigmentation patterns are 

inherited by the ir offspring and the mechanism behind it. Our study seeks to examine the effects of parental nutrition on 

offspring cuticle pigmentation and looked at whether any pigmentation changes are passed down via maternal or paternal 

inheritance. Parental flies wer e reared on either a standard diet or a low nutrient diet and then crossed within and between 

groups. Flies reared on low nutrient food exhibited a significant decrease in levels of pigmentation compared to those reared  

on a standard diet. However, there w ere large variances of pigmentation among their offspring, with inconsistent results 

between trials. We were not able to make any concrete conclusions on the epigenetic changes that could have occurred. We 

are currently reworking our experimental design to  answer this question of whether parental pigmentation is inherited by the 

offspring. However, this time we have considered a new experimental design that will have limited confounding variables and 

will analyze the important sources of variation at differ ent scales: within individual segments of the abdomen, among 

segments within an individual fly, among flies of the same sex and between sex, and among and within experimental units.  

366    Characterization of adult Drosophila  melanogaster  insulin pathway mutants.     Jessica Alvarez, Juan Rafael Riesgo-

Escovar  Instituto de Neurobiologia, Universidad Nacional Autonoma de Mexico.  

   Diabetes encompasses a group of metabolic disorders generally characterized by hyperglycemia, resulting from d efects in 

insulin signaling in the organism. We used Drosophila melanogaster to study the disease longitudinally, throughout the 

lifecycle of the organism. We characterized different metabolic parameters: chiefly, levels of lipids, sugars, and activity l evels 

of InR (the insulin receptor fly homologue) , Dp110 (the catalytic subunit of phosphoinositol 3 kinase fly homologue), or dS6K 

(the ribosomal protein S6 kinase beta -1 fly homologue ) heteroallelic mutants, as well as wildtype and heterozygotic controls 

from the same genetic background, at different ages of adult flies (at 1, 10, 20, and 30 days) in both sexes. The results 

obtained show a significantly decreased level of activity of som e insulin mutants compared to wild flies. In addition to the 

well -known size decrease and higher levels of lipids and carbohydrates per milligram weight in the mutants at eclosion, we 

observed changing but significanlty different metabolic phenotypes, more  severe in InR mutants. The most common pattern 

observed across groups consisted of carbohydrate and lipid levels being at their lowest at the beginning and end of the adult  

life timepoints measured. These variations may influence  the response to differen t treatments or challenges, as they vary 

with age in the diabetic organisms.  
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367    A novel dye -based method for measuring solid media consumption in adult Drosophila.     Brandon Shell 1, Rebecca 

Schmitt 1, Kristen Lee1, Scott Pletcher 2, Michael Grotewiel1  1) Virginia Commonwealth University, Richmond, VA; 2) University of 

Michigan, Ann Arbor, MI.  

   Given the increasing global incidence of obesity -related health problems, studies in flies hold tremendous promise for 

continuing to reveal key mechanisms underlying diet -related phenomena that could ultimately translate into improved 

prevention and treatment of a multitude of diseases. One major hurdle to understanding the effects of diet on the physiology 

of flies, howeve r, is that it ican be very challenging to unambiguously measure the volume of standard agar -based media that 

flies consume under laboratory conditions. We addressed this challenge by developing a dye -based method called 

Consumption -Excretion (Con -Ex) for quantifying the intake of agar -based media in adult flies. In Con -Ex studies, flies consume 

solid food labeled with dye, and the total volume of food consumed is determined as the sum of the dye inside flies and the 

dye excreted by flies over the course of the experiment (hours to days). We found that flies in Con -Ex experiments consumed 

and excreted measurable amounts of FD&C Blue No. 1 (Blue 1), FD&C Blue No. 2 (Blue 2), FD&C Yellow No. 5 (Yellow 5), and 

xylene cyanol (XC). Blue 2, Yellow 5 and XC dose-dependently influenced the results of Con -Ex studies, decreasing their utility 

for measuring food consumption. In contrast, varying the concentration of Blue 1 (0.25 -2.0% w/v) in Con-Ex studies had no 

discernable effect on consumption -excretion of agar -based media, making this dye the focus of the current project. In Con -Ex 

studies with Blue 1 as a food tracer, we found that (i) flies excreted >50% of their waste on the food medium, (ii) the total  

volume of consumed -excreted media increased linearly with feedi ng duration out to 24 h, (iii) measurements of total 

consumption were sensitive to starvation and genetic background, and (iv) flies altered their consumption of agar -based 

media in response to changes in some, but not all, food components. We also found t hat the volume of liquid medium 

(labeled with Blue 1) consumed from capillary tubes was indistinguishable from the volume of Blue 1 excreted by flies, 

suggesting that excreted Blue 1 is a reliable measure of consumed Blue 1. Our results indicate that the C on-Ex method with 

Blue 1 as a food tracer is well suited for measuring consumption of agar -based media in adult flies.  

368    Assessing the genetic - and sex -specific interactions of adult exercise and poor larval diet in Drosophila .    Kelsey 

Lowman, Brélahn Wyatt, Laura Reed   Dept of Biological Sciences, University of Alabama, Tuscaloosa, AL.  

   Childhood obesity is a growing epidemic in westernized cultures that leads to lifelong adverse effects, even when corrective 

measures are taken later in life. Me tabolic syndrome (MetS) research is centered on understanding the negative effects of 

obesity, such as increased risk of heart disease, diabetes, and stroke. Some underlying factors of MetS include the sex of th e 

individual, excess calorie consumption, phy sical inactivity, and genetic factors. Our research aims to model these factors, their 

interactions, and their subsequent consequences. In particular, we focus on the negative effects that arise from eating a hig h-

fat diet during childhood and the potentia l to ameliorate these effects with exercise in adulthood. Our previous work using 

the TreadWheel demonstrated that exercise substantially improves adult fly metabolic health in a sex - and genotype -specific 

manner. In this study, we explore further the effe cts exercise can have on adult fly health by comparing the outcomes for ten 

genetically distinct lines from the Drosophila Genetics Reference Panel (DGRP) fed a 1.5% high-fat or standard lab diet as 

larvae that then experienced an induced -exercise verses control treatment as adults. The daily exercise regime followed a 

five-day inverse pyramid protocol of alternating bouts of exercise and rest within a two -hour window. After protocol 

completion, we performed a negative -geotaxis climbing assay and measured d ry weight, triglyceride storage, and survival. We 

found that climbing performance, adult weight, triglyceride storage, and survival showed interaction effects among sex, diet,  

exercise, and genotype. In future work, we will explore the impact of exercise o n insulin signaling and sensitivity.  

369    SIK2 coordinates animal growth via protein and carbohydrate sensing.     L.May. Parsons, L Cauchi, J Kannangara, C 

Warr   School Biological Sciences, Monash University, Clayton, AU.  

   The regulation of tissue gr owth is perhaps the most important means by which the developmental programme generates 

an organism of a characteristic size and form. Four decades of intensive research has taught us a great deal about the 

molecular mechanisms by which a number of crucial  cell signalling pathways regulate tissue growth and body size. However, 

we lack basic knowledge of the mechanisms that link both the growth signalling and metabolic networks to the nutrition 

status of the animal during development. We have identified the SIK2 nutrient sensing kinase as an exciting candidate for 

such a mechanism.  

InR-TOR signalling senses and integrates a variety of environmental cues, including nutrient availability (amino acids and 

glucose/energy levels), to regulate organismal growth and  homeostasis. Significantly, our data shows that SIK2 is sufficient to 

restore activity of the downstream networks required for TOR signalling to rescue animal survival. Specifically, inhibition o f 

TOR signalling in the developing Drosophila wing by expres sing a dominant negative isoform of TOR, or depleting a crucial 

mediator of TOR signalling, raptor resulted in lethality during pupal development. Strikingly, overexpression of dSIK2WT 

rescued lethality and generated adult animals. Thus, SIK2 is sufficient  to activate the molecular networks required for organ 

growth and survival, downstream and/or parallel of TOR signalling.  

SIK2 is a known regulator of glucose and lipid metabolism. However our finding that SIK2 can rescue inactivation of TOR 

signalling rai ses the possibility that SIK2 may also participate in protein and amino acid sensing. To determine which 

components of dietary nutrition SIK2 interacts with to regulate growth, we reared both SIK2 mutants and heterozygotes on a 



range of different protein a nd carbohydrate diets in an approach called nutritional geometry. Measuring pupal size and adult 

weight clearly demonstrated that in addition to carbohydrate sensing SIK2 interacts with dietary protein levels to regulate 

animal growth. Taken together our d ietary and genetic interaction studies suggest SIK2 is a novel component of TOR 

signalling and acts during development to co -ordinate dietary nutrition with animal growth.  

370    Effect of dietary additives on intestinal permeability in Drosophila .    M Pereira, J Nostro  Biological Sciences, 

Binghamton University, Binghamton, NY.  

   Industrial food processing and food additive consumption have been on the rise along with an increase in the prevalence of 

diseases with intestinal complications, such as typ e 2 diabetes, CrohnɅs disease, celiac disease, multiple sclerosis, and irritable 

bowel syndrome. We used the Smurf assay to characterize the effects of food additives on gut function. Our results reveal 

that food additives can have a dramatic effect on int estinal permeability in Drosophila melanogaster. Diets with excess sugar 

and the surfactant Tween -20 caused the most drastic increases in intestinal permeability among the additives tested. We also 

quantified intestinal alkaline phosphatase activity for po tential use as a biomarker of gut permeability. Data from our lab and 

others suggest that dietary additives could affect intestinal integrity both directly and via the microbiome. Future studies will 

use genetic and microbial manipulations to determine the  mechanisms by which dietary additives control gut permeability.  

371    Effects of Diet and Genotype on Cardiovascular Health in Drosophila.     Christopher Quaglia, Bryon Tuthill II, Eileen 

O'Hara, Laura Musselman   Binghamton University.  

   Obesity and related diseases can result from the over consumption of diets high in carbohydrates. In our work, we use 

Drosophila to study obesity -associated  metabolic disorders such as cardiovascular disease and diabetes. We and others have 

shown diabetes -like biochemical and physiological phenotypes in flies fed high -sugar diets. Interestingly, some flies thrive on 

high -sugar diets, whereas other genotypes cannot tolerate them. Our goal is to understand the metabolic pathways 

controlling the ability to ma intain metabolic health in the face of overconsumption. Obese flies may develop lipotoxicity, or 

abnormal fat accumulation, in peripheral tissues during high -sugar feeding. Using a combination of approaches to test 

exercise capacity, lipid content, and hea rt and excretory function, we will analyze the effects of diet and genotype on 

Drosophila. The long -term goal of this research is to determine how the diet contributes to metabolic diseases such as 

cardiovascular disease, obesity and diabetes.  

372    GATA factor Pannier plays an essential role for proper sperm storage in adult spermathecae.     W. Shen1, J 

Sun1,2  1) Department of Physiology & Neurobiology, University of Connecticut, Storrs; 2) Institute for Systems Genomics, 

University of Connecticut, Stor rs.  

   GATA-family transcription factors play essential and conserved roles in the formation of multiple organ systems including 

heart, immune system, and sensory organs; however, their roles in adult organ physiology have been sparsely studied. In this 

study, we found that Drosophila pannier  (pnr) is specifically enriched in secretory cells of adult spermathecae and parovaria, 

two types of glandular organs in female reproductive tract. Previous study has showed that secretions from these glands are 

essent ial for sperm storage in the spermathecae and for the regulation of ovulation.  Interestingly, we found that pnr  

knockdown in adult secretory cells of these glands leads to severe sperm storage defect in spermathecae but does not affect 

ovulation, indicati ng that pnr may play a role in controlling specific secretory productions regulating sperm storage. In 

addition, pnr -knockdown secretory cells in spermathecae show progressive hypertrophy and enlarged apical secretory cavity, 

which temporally stores secret ed products and transports them into the central lumen through a cuticular end -apparatus 

and canal. The enlargement of secretory cavity is not due to the physical blockage of end -apparatus and canal according to 

electron micrography. We hypothesize that pnr regulate the composition of secreted products to ensure proper transferring 

of these products into the central lumen of spermathecae in order for them to attract sperm. Our study demonstrated a new 

role for pnr in regulating secretions for sperm storage.   

373    Metabolic analysis of critical weight.     T. Fernando, P.C. Driscoll, A.P Gould  Physiology and Metabolism, Francis Crick 

Institute , London, GB.  

   The growth and development of all animals involves transitions between different physiological st ates. The key 

developmental transition of critical weight (CW) in Drosophila dramatically changes the growing larvaɅs response to nutrient 

restriction (NR). NR arrests developmental progression before but not after CW. It is known that the timing of CW is regulated 

by the steroid hormone ecdysone but it is unclear how metabolism changes at CW and how larvae sustain NR -resistant 

developmental progression. To address these issues, we developed an NMR method  (volume determination with two 

standards -VDTS) and used it to measure changes in the polar metabolomes when NR is applied either side of CW. We find 

that progression past CW correlates with the ability of NR larvae to sustain a substantial increase in the hemolymph 

concentration of tyrosine. A large post -CW increase in concentration is also observed for O -phosphotyrosine (OPT), a putative 

storage form of tyrosine. We have identified two genes involved in OPT metabolism and find that their knockdown delays 




