ABSTRACT

GARLAPOW, MEGAN ELIZABETH. Quantitative Genetics of Food Intakeldnosophila
melanogaster(Under the direction ddrs. Trudy F. C.Mackayand David W. Threadgill

Nutrient intake is an essential activityefkaryotesFood intakebehaviors ee
typically polygenic in nature and affected by the environnagt genéy-environment
interactions They are exceptionally complex tragsdform the mechanistic connection
between behavior and physiologyhile the genetic architecture of food intdkes been
studied in a variety of mammals, the model orgaridsosophila melanogastas
exceptionally positionefor elucidating our understanding of the genetic basis of variation in
food intake as it is highly genetically and experimentally tractable

The aim of my dissertation was to apply quantitative genetics approaches to
understand the genetechitecturainderlyingnaturalvariation in food intakeising
Drosophila melanogasteas a model system. | accomplished this first by assessing variation
in food intake and micrenvironmental plasticity of food intalend using genomweide
analysis tadentify genetic variantassociated witthe observed variatigand second by
applying mass selection fdivergentfeeding to determine the effects on phgpes,
genomewide gene expressipandgenetic divergencm selected populationdn both cases,
| took advantage of naturally occurring polymorphisms to assess the quantitative genetics of
food consumption.

Animals performmanydecisions affecting thimitiation, continuation, and cessation
of feeding These decisions are affected by the available food source, ambient temperature,
reproductve status, senspperception, circadian cycles, and aged are modulated by

signaling pathwayacting in varios tissues and organs, with the central nervous system



serving as the ultimate integrator of internal physiological cues and the environment to
determine total food intake.

To better understand the genetic architecture underlying variation in food amdke
micro-environmental plasticity of food intakeekploitednaturally occurring polymorphisms
in theDrosophila melanogastgéenetic Reference Panel (DGRRYvild-derived, fully
inbred, fully sequenced panel Bfosophila melanogastesuitable for genme wide
association analysis. | measured food intake under controlled laboratory conditions across the
paneland further assessed variation in mierovironmental plasticity of food intake,
whereby some lines consume consistent volumes of food and abherse widely varying
volumes of food The predicted genetic variants affecting mean and variation of variance of
food intake were overwhelmingly novel, with subsequent functional validation experiments
revealing aminopeptidases, neuropeptide signalmgiuine sgtem enzymes,
metalloproteinase receptogenes of unknown molecular function, and others as affecting
mean and/or variation of varianoéfood intake.

Next, | assessetheresponse of organismal phenotygsnomewide gene
expression, and gemetivergence tanassselection fodivergentfood intake to gain further
understandingf this complex trait.Ten generations of twenty percent selection pressure on
outbred populations ddrosophila melanogastaterived from crossing 3maximally
divergentDGRPIlinesenabled analysis of responses@dection realized heritability, body
composition, body mass, transcript abundance, and genes under seléaim@sults
indicatethat response teelection folow and high feeding is asymmetrical, withlyhigh
feeder populations phenotypically separating from the control population. Body mass was

not affectel by selectionRNA and DNA sequencing analysis revealed several genes



functionally validated in the first, DGRPased projecas well asadditionalnovel transcripts
and genes affecting food intake. Both projects support the notion that food séddaly
polygenic andexually dimorphic.Quantitative genetics approachefinmelanogaster
reveal novel genes affecting food intake ahgtidate mah of the previously unknown

genetic architecture dfis complex trait
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CHAPTER 1

INTRODUCTION

Food intake is an essential animal activity, affecting homeostasis, growth, healing,
reproductive ability, and body mass, among other t(&lesndel and Anderson 1926, Kleiber

and Dougherty 1934awns and Bourne 1953, Dubos 1955, Dipasquale and Stttz
Wheeler 1996, Lee et al. 2008, Reddiex et al. 2013, Barry 2ii8)regulated by signaling
pathwgs, environment, nutrient perception, taste perception, and other prodesses.

humans, excessive food intake is central to the development of obesity, type 2 diabetes, and
metabolic syndromgGoncalves et al. 201Raja et al. 2012, Azadbakht et al. 201Epod

intake is not only important to humans for human health considerations but also plays critical
roles in two agricultural areas: Egeding livestocko maximize theiagricultural output

must be balancedith minimizing the cost of rearin@Riley 1969, Hay 1969, Wragg 1970,
Hemingway 1972, Thompson et al. 1972, Parsons and Allison 1991, Jabbar et al. 1997,
Heitschmidt, Vermeire, and Grings 2004, Dalrymple 2006, $ah 2012) 2) Animal pests
feeding on crops cause extraordinary econdosgs(Harris et al. 2003, Jacob et al. 2014,
Zhang and Xia 2014Pest management approaches frequently rely on the pest food intake
system(Tattersall et al. 2001, Zhu et al. 201While othersuse natural predators of the pest
(Prischmann et al. 2011, Hung et al. 201Rcently, management of agricutil pests has

been improved with increased understanding of the genetic regulation of pest feeding to
elucidate target gené€hardonnet et al. 2014, Bezerra et al. 2014)derstanding the
geneticbasis of natwal variation regulating feeding behaviormgagral to understanding

food intake as it affects human health and agricultural economMibie weunderstand

some of the genetic factors regulating feeding, miaafains to be elucidated in thisalth



and eonomically critical trait.Food intake is affected by the environment eqblygenic

in nature. Indeed, it is a quantitative trgi€ai et al. 2006, Kumar et al. 2007, Choquette et al.
2008, GularteMZrida et & 2014, de Oliveira et al. 2014)n humans, however, partitioning

the variance of complex traitsto sources attributable to genetic and environmental variation
and their interactiooan be challengindue to a variety of factors, including shared
environments confounded with polygenic relatedn@san, Gregersen, and Seldin 2008,
Manolio et al. 2009, Visscher, McEvoy, and Yang 2010, Park et al. 2010, Vattikuti, Guo, and
Chow 2012) In model systems such Bsosophilamelanogasterwe can partition the

sources of quantitate genetic variatiothat are confounded in humans.

My dissertation focuses on dissecting the genetic architecture of variation in adult
food intakein D. melanogaster While previous reseeh has explored the genetic bases of
food intake in larval and adull. melanogastertheseapproaches have proceeded one gene
at a time mutant screens daot cover entire genomég®ollock and Larkin 2004, Kalajdzet
al. 2012) and epistasis cannot be assess#dh the availability of a panel of wilderived,
fully inbred, fully sequenced. melanogastelines, theD. melanogasteGenetic Reference
Panel (DGRPJMackayet al. 2012, Huang et al. 20149r genome widessociation
analyses, | could approach food intake research from a distinct dire\fioie the
guantitative genetics of food intake have been explored in humans, cattle, and (©deets
al. 2006, Kumar et al. 2007, Choquette et al. 2008, Gti\dfiéda et al. 2014, de Oliveira et
al. 2014) the use oD. melanogasteto examine the genetic architecture of food intake
providedthe opportunity to take advantagethe powerful genetic tools of this highly
experimentally and genetically tractable model systéwiditionally, use of the DGRP to

interrogate the genetic architecture of other quantitative traits has revealed novel genetic



variants(Ayroles et al. 2009, JumHaucioni et al. 2010, Weber et al. 2012, Jordan et al.
2012, Harbison, McCoy, and Mackay 2013, Swarup et al. 2013, Huang et al. 2014, Ivanov et
al. 2015, Gaertner et al. 2015, Ayroles et al. 2015, Dembetk2215, Morgante et al.
2015, Unckless, Rottschaefer, and Lazzaro 2Gdf)gestingur understanding of the
genetic basis of natural variation is incomplete and is better elucidated through afie use
resources such as tb&SRP. What genetic variarasid Single Nucleotide Polymorphisms
(SNPs) unddie variation in food intake What is the genetic basiswariation inmicro-
environmental plasticity of food intaka previously genetically unexplored traitDn
melanogasteét How do the genes affecgrfood intake irD. melanogasteaffect
metabolically related traits in humans and other mammalsanswer to these questions
comprises Chapter 2 of this dissertation.

| further applied quantitative genetics approaches to examine food udizkgnass
selection.In Chapter 3, | describe tiphenotypic responsdsom the application ofelection
pressure o base population a@utbredD. melanogastefor low and highfeeding across ten
generations DNA and RNA sequencingf the selection lineallow inferenceof genesand
co-regulated transcriptional networkstween théigh and low selection linesAlthough
previous studies have reported the response to artgeli@attionfor food intake irrodent
and porcinanodels(Selman et al. 2001, Lefaucheur et al. 2011, Copes et al.,20E5%, to
my knowledge, the first study of this sortln melanogasteralthoughfood intake changes
as acorrelated response $electionon othertraitshave been examined Drosophila(Guo,
Mueller, and Ayala 1991, Riha and Luckinbill 1996, Vijendravarma, Narasimha, and
Kawecki 2012, Masek et al. 2014)aken together, the phenotypic, genomic, and

transcriptionalesponses to seleati fordivergentfeedingprovide even further insight into



the genetic variants affecting feeding while exploring related phenotypic consequences of
divergentfood intakephenotypes

In this introduction) describe whyD. melanogasteis an appropriate nul system
to study food intake, providing a detailed description oieésling behavior| nextdiscuss
how the environment and nutrient content of food act and interact to affect fegdatgs
known about signaling pathways and their role in fodake,andhow the central nerus
system regulates feedingjreview available assays for measuring food intake.in
melanogaster Finally, | discuss food intake as a quantitative trait and how the DGRP
enableslucidation ofputativecausakingle nuctotide polymorphismsSNP9 affecting
variation in food intakend describ@ow mass selection experiments can enable further
interrogation othegenetic architecturef a complex trait | follow this with a description of
functional validation approacbéo assess genes éiPsaffecting food intake iD.

melanogaster

REGULATION OF FOOD INTAKE

Drosophilamelanogasteas a model system to study food intake

Food intake is a quantitative behavi@ai et al. 2006Kumar et al. 2007, Choquette et al.

2008, GularteMZrida et al. 2014, de Oliveira et al. 2014t is particularly challenging to

study in humans. Beyond confounding genetic and environmental factors, mere participation
in a food intake study can caus@erson to change his behavior from its original téita

et al. 1984)andhumans are likely to misreport, accidentally or intentionally, how much or
what they atéSchoeller 1990, 1995, Kaczkowski et al. 200B¢trospetive studies are

challenged by an inability to remember what and how much food was confbeae et al.



2002) and studies may not last long enough to account for natural variation in food
consunption (Basiotis et al. 1987, Bray et al. 2008, Champagne et al. 2013)

Evolutionarily conserved mechanisniat underlie critical animal behavicgsable
D. melanogasteto serve as a powerful resource for studyiegding. Using model
organisms such d3. melanogasteto delineate the genetic and neural basis of food
consumption and metabolism, obesity, typidbetes, and other traits and disorders
connected with food consumption can identify evolutionarily conserved candidate genes and
pathways relevant to human biolo@harucha 2009, Lai et al. 2009, Pospisilik le2810)
Indeed, most human disease genes hd¥emaelanogasteortholog(Chien et al. 2002)and
D. melanogasteis increasingly used to study diseases related to metab@isker and
Thummel 2007, Melcher, Bader, and Pankratz 2007, Padmanabha and BakerA2014)
excessive food intake is central to the developnoéiype 2 diabetes, obesity, and metabolic
syndromgGoncalves et al. 2012, Naja et al. 2012, Azadbakht et al. 20d@¢rstanding the
genetic regulation of food take is critical to elucidating the etiology of these diseases and
disorders.

D. melanogasteperceive food odorants and tastants through similar mechanisms as
mammals.D. melanogastecan detect potential food sources via volatile chemicals
perceived wit olfactory receptor@atsunami and Amrein 2003)0Once a potential food
source is identified, animals taste thed. InD. melanogastergustatory receptors are
located in internal sensory clusters in the pharynx, two labial palps on the head, the anterior
margins of the wings, on all the legs, and with some olfactory neurons in the antégnae (
1.1) (Matsunami and Amrein 2003)These gustatory receptors carry their information about

a particular tastant to the subesopl@ganglion (SOG), where gustatory receptors terminate



(Miyazaki and 1to 2010) The SOG projections differ depending on the tastant, with bitter
and sugar tastants occupying different areas within the SOG poog¢tig.1.2) (Isono and
Morita 2010)
Postprandial metabolic processing of nutrient intak®irmelanogastealso shares
similarities with mammal§Tennessen et al. 2014, Owelnsah and Perrimon 20147 he
lipid transport system regulategitl metabolism irD. melanogastefFig. 1.3 (Canavoso et
al. 2001, Arrese et al. 2001, Brankatschk et al. 20Th fat body serves as a lipid storage
tissue(Butterworth, Bodenstein, and Kid@65) similar to mammalian adipose tissue, and
coordnates with the oenocytes, which are similar to mammalian hepatic (Sstierrez et
al. 2007) to regulate lipidnetabolismwith various lipophorins, includingDL
receptor protein {LRP1) (Gutierrez et al. 2007, Brankatschk et al. 2014h)mice, st
prandial glucosenetabolismand lipid transport are regulated by LRRhjch functiorsto
clear lipids and moderate adipose tissue energy st@ragmann et al. 2007) Additionally,
hepatic LRP1 in mice indirectly modulates chstézol synthesis and plasma lev@asford
et al. 2011) Indeed, LRP1 variants associate with obesity in humans via an interaction with
dietary saturated fg&mith, Tucker, et al. 2013, Smith, Ngwa, et al. 20LBP1 expressio
is upregulated in the adipose tissue of lean con{ftiismentePostigo et al. 2011)
Adipokinetic hormone (AKH) an@rosophilainsulin-like pegides (DILPS) are the
orthologs to mammalian glucagon and insulin, respectively, and regulate circulating sugars
(Lee and Park 2004, Broughton et al. 2005, Gronke et al. 2Ab8jrant sugar metabolism
in D. melanogasteand nammals cawessdisregulated metabolic homeostasis gk 2
diabeticphenotypesrespectivelyHoward et al. 1981, Nankervis et al. 1982, Lockwood and

Amatruda 1983, Kim and Rulifson 2004, Baker and Thummel 200&3tly, neuropeptide



control of feeding is further evolutionarily conserved between mammald.and
melanogaste(Brown et al. 1999, Lee et al. 2004, Kapan et al. 2012, Hergarden, Tayler, and
Anderson 2012, Steinert et al. 201F)ood intake is both an effector aaitecterof
metabolism, with the metabolic and neuropeptide réigulaf food intake generally
evolutionarily conserved.

In addition to the abovdescribed evolutionarily conserved mechanisms in
perceiving and metabolizing fooD, melanogasteare an exceptional model organism.
They arenexpensiveeasy, and quiclotrear in laboratory settings, enabling increased
replicaton and control of the environmeiatr improved statistical pogr. The whole
genome oD. melanogastebeen sequencedssemble@nd weltannotatedMyers & al.
2000) andvarious community resources are available for interrogating the genetics of a trait
of interest(Handler and Harrell 1999, Lobo, Li, and Fraser 1999, Handler and Harrell 2001,
Li, Heinrich, and Scth 2001, Ryder and Russell 2003, Thibault et al. 2004, Metaxakis et al.
2005, Dietzl et al. 2007, Bellen et al. 2011, Venken et al. 2011, Mackay et al. 2012, Huang et
al. 2014, Lowe et al. 2014, Singari et al. 2014, Javeed et al. 2015, Gnerer, Venken, and
Dierick 2015, Diao et al. 2015, Nagark#aiswal et al. 2015)Food intake is an
exceptionally challenging phenotype as it exists at the cornerstone of both a behavior and an
essential physiological input. Behaviors are quantitative {fartbolt and Mackay 2004)
and understanding the genetic architecture of quantitative traits is further enabled by high
replicates across populationsaitow the gatistical powemnecessaryor thegenetic
elucidation of such trait@Mackay 2001b, a, Mackay et al. 2012, Huang et al. 2014)
Furthermore, as LD decays rapidlylin melanogaste(Miyashita and Lagley 1988, Long

et al. 1998, Geigerhornsberry and Mackay 20Q2happing of causal genetic variants is



possible Finally, thenumerougyenetic tools irD. melanogasteallow for relative ease in
functional validation of statistically predicted causaiamts affecting a trait. From
evolutionarily conserved feeding and metabolic modalities to extraordinary resources and

genetic toolsD. melanogasteis an exceptional animal in which to study food intake.

Environment, nutrientantent,physiology,andfeeding

The external and inteal environments affe¢éeeding The microbiome, which refers to
microorganismshat share an animalOs body sg@inenbaugh et al. 2007, Peterson et al.
2009) affects an alarming vigty of phenotypes across the animal wdkldy et al. 2008)
The microbiomeparticularly the microbiome of the digestive trastinfluenced by diet and
in turn affecs feeding(Ley et al. 2008, Hang et al. 2013, GagnZ et al. 2@i@Yyelated
metabolic plenotypes Obese humans possess distinct gut microbiomes from lean
individuals(Turnbaugh et al. 2009, Turnbaugh and Gordon 2009, Tilg 2010, Elli, Colombo,
and Tagliabue 2010)While the gut microbiome can be afted by the environment,
components of it remain sufficiently stable so as to be identifying of individual (Buttiks
et al. 2009pnd humangFranzosa et al. 2015)n animals, theransferencef the
microbiome can follow complex genetic and rearing relationgfipsbaugh et al. 2009,
Tarpy, Mattila, ad Newton 2015, Kapheim et al. 2013)ue to these complexitied,
melanogastecan enabléight laboratory control of digPiper et al. 2014and other
environmental factarto allow for the elucidation of microbiome maintenafiélem et al.
2013)and theeffect of themicrobiome on dietnduced mating preferen¢€haron et al.
2011) gene expression and gut morpholdByodeick, Buchon, and Lemaitre 2014nd

amino acid metabolism as it affects ag{ifgmada et al. 2015)



Research on the relationshipradn-gut microbiome organisms and food intake is
additionally facilitated irD. melanogaster The maternally transmitted
alphaproteobacteriumolbachiapipientisaffects a variety of phenotyp&s melanogaster
with its removalwith tetracyclinetreatmentaffects the lifespan extension phenotype of an
Indy mutant stocKToivonen et al. 2007, Werren, Baldo, and Clark 2@0®) the sterility of
the Sxf mutant allelgStarr and Cline 2002)FurthermoreWolbachiahas beeshown to
increase insulin signaling D. melanogastemwhichregulates food consumptidtkeya et al.
2009) In addition to insulirsignaling,Wolbachiaalso affects ecdysteroid signaling and
otha metabolic phenotypddegri 2011)

The microbiome encompasses multiple aspects of theattenvironment of an
animal, while he external environment is composed of a wide range of factors, including
nutrient composition ofliet Dietary composition affects feeding aothermetabolically
relatedphenotype¢Muralidhara and Desautels 1994, Le Gall and Behmer 2014, Weidemann
et al. 2015, Seo et al. 2015, lannotti et al. 201Bnimds. D. melanogasteis a powerful
modelwith which to assess the effects of different diets on feeding, nutrition, and
metabolism(Williams et al. 2012, OwusAnsah and Perrimon 2014, Padmanabha and Baker
2014, Snth et al. 2014) For examplgl46 lines oD. melanogastelarvae were reared on
high fat, high glucose, calorie restricted, or standard diets to examine whether increases in
triglycerides or circulating sugavgere due to a change in the population n@ancreased
variance in a predisposing underlying t{&ted et al. 2010)Dietary perturbations resulted
in changes in metabolic trait mean and variance, suggesting changes in both population mean
and variancén underlying traits as contributing to increasesiglyceride and circulating

sugar levelg¢Reed et al. 2010)



Changes inigtary composition can also elucidake effect on feednof toxic or
bitter compoundsAdult D. melanogasteacceptance ainpalatable foodncreases with
long-term exposuréo otherwise previouslgvoided food. Theactivation ofTransient
Receptor Potentidlike (TRPL), localized in theGRNSs, attenuassgushtion(Zhang et al.
2013) Larval feeding ratehoweverslow in the presencd anpalatable tastes and toxic
compoundgMueller and Barter 2015)Compensatory food intake in adlit melanogaster
increasedeeding rate when preseedwith food dilutions such that caloric intake aligns with
physiological need@arvalho, Kapahi, and Benzer 2005)

Reproductive cycles and status affect physioldggd intake andfood preference.

In humans, the menstrual cy¢ferank et al. 2010, McVay et al. 20M¢Neil et al. 2013)
and pregnancyfFessler 2002, Herrell 2014, Orloff and Hormes 2@&ké)particularly notable
for their impacts on food preferences, aversions, and consumpil@mammals,
reproductive statuaffects insect food intake and preferemc®rosophila(Maklakov et al.
2008, Reddiex et al. 2013, Barry 201%) D. melanogastemales transfeBex Reptide (SP)
to femalesduring mating, resulting in increaséeeding(Carvalho et al. 2006yvhile
reproductive diapaussuses decreased female food intgdbrak et al. 2014) The SP
receptor angpK regulate nated femald. melanogasteyeastprotein preference via
signaling in theeproductive tract sensory neurdgfsbeiro and Dickson 2010)
Additionally, sugar/carbohydratgeference irb. melanogastevirgins and malesxtends
lifespan while limitingreproductive succegbricke, Bretman, and Chapman 2008, Lee et al.
2008, Maklakov et al. 2008, Reddiex et al. 2013)

Circadian cycles, i. e. lighdark cycles, provide additional environmerdaésfor

food consumptioiGiebultowicz and Kapahi 2010)n animals, circadian clocks exisith
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in the central nervous systemdatineperipheral tissuesiebultowicz 2000, Balsalobre
2002) Food intake hakng been known to correlate with circadian rhythmiaityodents
(Galicich, Halberg, and Frend®63, Reinberg 1974, Fisher and Gardner 19F6pd intake
cycles differ between lean, normoglycemic, and obespehglycemic micgBailey et al.
1975) and food intake timing affestifespan(Nelson, Cadotte, and Halberg 1973)
Previouschronobiology interests motivatedsearch intthumanfeeding and circadian
affected orrelated trait§Hellbrueggeet al. 1964, Jarrett and Keen 1970, Gibson et al. 1975,
Goetz et al. 1976) There has beemrecent resurgence in research in circadian cycles and
food intake in mammals aimed at improved understanding afrttierlyingregulatory
mechanism¢Bailey, Udoh, and Young 2014, Archer and Oster 2015, Opperhuizen et al.
2015, Nohara, Yoo, and Chen 2015, Hatori and Panda 2015)

Technological advances and a mutant screenae nevealedlock(CIk) as affecting
mammalian circadian rhythng¥itaterna et al. 1994)D. melanogasteresearch elucidated
genetic components of circadian rhythmicity decades previdkisiyopka and Benzer
1971) The genetic mechanisms affecting food intake in animals are evoliityonar
conserved just as the physiological integration of food and light cues are conserved (Fig. 1.4)
(Tevy et al. 2013) Clk controls the rhythm dD. melanogastefeeding with perpheral
tissues and clocks playing a criticale in the contrbof metabolism.D. melanogaster
withoutfat bodyclocksincrease food intakenddecrease glycogen storagedstarvation
resistancéXu, Zheng, and Sehgal 2008foo0d intake affects tissue clocks and tissue clocks
affect food intake, with part of tfeod-clock feedbak loop in the fat body regulated by
mi9593964 (Vodala et al. 2012)Neuronal and peripheral clockather coordinate to

regulatefood consumption and energy expendit(fa, Zheng, and Sehgal 200&)d to
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integrate metabolisntjrcadian cyclesand sugar perceptigBartok et al. 2015)As in
mammalsfime-restricted feedingh D. melanogastecan affect life history traits, decreasing
the cardiac declin¢hat typically accompanies agingven when total caloric intake is equal
between timaestricted and unrestrict&l melanogastefGill et al. 2015) The

physiological response to fasting and starvasioares additional milarities with mammals
Thesearch for foods regulated irD. melanogaste(Farhadan et al. 2012py

octopaminergic signalinfrang et al. 2015)while mammalian orthologous dopaminergic
signding regulates circadian food anticipation in rg@mit et al. 2013) This food searching
and anticipation isoordinated witltircadian cyclesn D. melanogaste(SarovBlat et al.
2000, So et al. 2000, Meunier, Belgacend Martin 2007and rodent§OrozcoSolis et al.
2015, Grosbellet et al. 2015%till, D. melanogasteserves as the foremost organism in
which to elucidate the genetic regulation of the integration ofdianacycles and food
intake. Clearly, a variety of complex environmental factors affect feeding across animals,
with their physiological integration coordinated by signaling pathways acting in different

tissues and regulated by the central nervous system.

Signaling pathways and foodtake

Consumption of excessive calories is associated with an increased incidence of type 2
diabetes, obesity, cardiovascular disease, and other disorders and {{Seasak/es et al.
2012, Naja et al. 2012, Azadbakht et al. 2012, Muhlhausler et al. 20il8)insufficient
caloric intake is correlated with impaired fertility, abnormal liver function, skin disorders,
and other disordei@arris Sasson, and Mehler 2012, Tuziak and Volkoff 2013, Strumia

2013) Optimized food intake is essential for balancing the cost of livestock rearing with
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agricultural outputRiley 1969, Hay 1969Vragg 1970Hemingway 1972Thompson et al.
1972,Parsons andllison 1991, Jabbar et al. 199Heitschmidt, Vermeire, and Grings 2004,
Dalrymple 2008. The complex phenotype of food congutionis regulated by a variety of
signaling pathways and neuroendocrine factditse insulin signaling pathway plays an
integal role in @& assortmendf metabolic phenotypes in animals, including growth, lifespan,
adaptation to seasonal temperature fluctuatiamnd,food intakWozniak et al. 1993,
Schwartz et al. 1995, Mihaylova et 4899, Wolkow et al. 2002, McCulloch and Gems
2003, Sim and Denlinger 2013, Weitten et al. 2013, McCain, Ramsay, and Kirk 2013, Nelson
et al. 2014, Sano et al. 2015, Hu et al. 2015, Jia et al. 2015, Gotoh et al. 2015, O'Neill et al.
2015) Insulin signaing affects and is affected by a variety of signaling pathways, peptides,
and hormones to elicit its behavioral effe@tgy. 15). In D. melanogasteras in other
animals and their orthologshort neuropeptide F (SNPF) amchibrain (mnb interactwith
forkhead box O transcription fact@fOXO), a component of the insulin signaling pathway,
to affect food intake Specifically, increased Mnb activatéistuinl (Sirtl) to deacetylate
FOXO, inducing sNPF expression and increasing food ir(tdkag et al. 2012) The
mammalian ortblog to Mnb, Drykalaacts similarly with neuropeptide Y (NPY) to also
regulate food intake iMus musculugHong et al. 2012)

The insulin signing pathway plays an important soin regulation of metabolism
and food intake in animald/arious aspects @. melanogastefeeding are coordinated and
affected by components of the insulin signaling path(#yda et al. 2011, SSderberg,
Carlsson, and NSssel 2012, Hong et al. 2012, Liu et al. 201&ammals, insulin is

produced in the pancreatic ! cells and effectively causes the creation of glycogen from
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glucose. Tere are eighbrosophilainsulin-like peptides (DILPs), which are insullike

ligands. The eightDILPsvary in their temporal and spatial expression, enhancing or
suppressing insulin signalings they modulate a variety of phenoty(#®giolo et al. 2001,
Ikeya et al. 2002, Rulifson, Kim, and Nusse 2002, Broughton et al. 2005, Broughton et al.
2008, Veenstra, Agricola, and Sellami 2008, Yang et al. 2008, Hsu and DrurBadyasa
2009, Okamoto et al. 2009, Slaidina et al. 200@n&e et al. 2010, Chell and Brand 2010,
Hsu and Drummond#arbosa 2011, O'Brien et al. 2011, Selsmes, Yee, and Gould 2011,
Garelli et al. 2012, Colombani, Andersen, and LZopold 2012, Bai, Kang, and Tatar 2012,
Katsuyama et al. 2015)Some DILPs appedo function in coordination with other DILPs.
DILP3 is required for normal function of both DILP2 and DILPS5 in brain neurosecretory
cells, while DILP6 in the fat body compensates for loss of DILPs in brain function. Loss of
other DILPs has been assderwith changes in longevity, hypoxia resistance, and cold
resistanc€Gronke et al. 2010)dilp2 is themostcloselyrelated to human insulin with 35%
sequence identityollowed bydilp5 with 27.8% sequence idaty (Brogiolo et al. 2001)
Analysis of two variants of the crystal structure of DILP5 demonstrates conservation of the
classical insulin foldSajid et al. 2011) Furhermorejn vitro DILP5 binds to the human

insulin receptor (IR) while human insulin binds to (hemebnogasterdR. DILP5in vivo

binds to both rat anD. melanogastelRs and lowers blood glucose and trehalose levels in
rats andD. melanogasterrespetively (Sajid et al. 2011) TheD. melanogastefat body
secretes the protein Unpaired2 (Upd2) upon fee(Ragan and Perrimon 2012Pisruption

of Upd2results in lower growth and disrupted energy metabolism as Upd2 affects neuronal
insulin-producing cells, resulting in a lowered secretion of DILPs from the-basedPCs

(Rajan and Perrimon 2012Remarkably, human Leptin administration resdupd2 mutant
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phenotypes, suggestitupd? is a functional homologf Leptin(Rajan and Perrimon 2012)
Given the functional homology and evolutionarilynserved mechanisms of insulin
signaling across animals, the ugd. melanogasteto disentangle the complex
modifications of insulin signaling enhancement and suppression in fasting, hunger, feeding,
and posfprandial nutrientmetabolism offers an excepnal system in which to elucidate the
genetic regulation of feeding.

The Epidermal Growth Factor (EGF) signaling pathwegulats insulin signaling
and sensitivityfZhang, Thompson, et al. 2011, Brankatschk €2@l4) Modulation of
insulin signaling byEGF signaling is increasingly understo@dcNeill, Craig, and Bateman
2008, Zhang, Thompson, et al. 2011, Brankatschk et al. 2O0)EGF signaling pathway
receptor IRP1 allovs LTP to cross the blood brain barrier to conasstary lipid
compositionnformation to IPCs (Fig. 1.3Brankatschk et al. 2014)Additionally,
mammalian LRPAffectsa variety of feeding and metabolism related phenotypes, including
energy homeostasasd metabolisnfHofmann et al. 2007, Liu et al. 2011, Koniecznalet
2014, Delgadd.ista et al. 2014)cholesterol metabolisiiiiu et al. 2007)andadipogenesis
and obesitfMasson et al. 2009, Clemerostigo et al. 2011, Frazi¥vood et al. 2012,
Smith, Tucker, et al. 2013, Smith, Ngwa, et al. 2013, Constantinou et al. 26131)
melanogasterEGF signalingactivategointed(pnt) (O'Neill et al. 1994, Brunner et al.
1994) inducing insuh resistance and downregulating th& gene(Zhang, Thompson, et al.
2011) Thegene expression levels of temmmalian orthologsf pntare increaseth
adipogenesis and subsequent obdsiiyazawaHoshimoto et al. 2003, Birsoy et al. 2011,
KulytZ € al. 2014) and tyge 2 diabetes and sevecaimorbid pathophysiologid¥airaktaris

et al. 2007, Du et al. 2007, Seeger et al. 2009, Kato et al..2013)
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Mammalian EGF signaling enhances glucose absorption mguti{Bird et al. 1994)
In mammals, part of this signaling occurs within the small bowel mucosa. The small bowel
mucosa is a tissue that is sensitive to nutrients and undergoes rapid adaptation in response to
fasting and refeeding via changes in apoptosis and cell proliferation, respe(@aietami,
Yusta, and Drucker 2010JThe refeedingnduced adaptations of cell proliferation occur via
crosstalk between EGF and the Glucagloke Peptide2 ReceptofBahrami, Yusta, and
Drucker 2010) EGF signaling mdulatesthe development of obesiand is increaseith
white adipose tissuedurachi et al. 1993)n aged femal&1. musculugAdachi et al. 1995)
In ovariectomied, obedd. musculusEGF receptor antagonismaduced body weight and
white adipose tissuesithout affecting the relative size of other measured organs such as
liver and kidneyKurachi et al. 1993) M. musculusalorierestrictionreduces adipose
EGFR expressiofMoore et al. 2008)and EGFR upregulatiae associaté with human
hyperglycemigMemon et al. 2015)Indeed, various components of the EGF signaling
pathway affect metabolism and moderate insulin signaling in evolutionarily conserved
mechanisms, thougbGF signaling has not been shown to affect food intake in
melanogaster

The endocannabinoid pathway further regulates food irfaken et al. 2012,
Alizadeh et al. 2015) In M. musculusendocannabinoid lev@tan be altered by over
expression of monoacylglycerol lipase in the small intesiimeeasingrequency and
volume of food intake and resultimg obesity(Chon et al. 2012) The endocannibinoid
pathway also interacts thileptin signaling to further modulate food intgdkeé Schmidt, and
Friedman 2013, Niki et al. 201.50ne mechanism of endocannibinoid signaling and

modulationof food intake through leptin signalirgcurs thragh counteractinthe effects
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of sweet taste sensitivity M. musculugNiki et al. 2015) Mutant leptinM. musculus
(ob/ob) consume less foodhen treated witla Cannabinoid receptor 1 (Cnrl) antaganist
though Cnrl antagonist treatment hadefiect on glucose metatism (Li, Schmit, and
Friedman 2013) The endocannibinoid signaling pathway can, however, impact glucose
metabolism in peripheral tissu€Silvestri and Di Marzo 2013)Cnrl is present in mature
white adipose tissuand playsa role in the nearly immediate energy and metabolic
regulation that occurs in white adipocy{&slvestri and Di Marzo 2013)Cnrl and
Cannabinoid receptor 2 (Cnn@ere previously thought to Ispecific to deuterostome
lineages with no apparent orthgkin protostomes, including. melanogastefElphick,
Satou, and Satoh 2003, Elphick and Egertova 2005, Elphick 2003te recent research,
however, has elucidated the evolutionary conservation of endocandibigoaling in
protostomegMcPartland et al. 2006, Vrablik and Watts 2013, Khaliullina et al. 20i5).
melanogasteand mammalsendocannibinoids circulate as lipids in lipoproteaffgcting
metabolismby repressing hedgehog signalifi¢haliullina et al. 2015) Hedgehogsignaling
regulatesadipogenesis iD. melanogasteand mammals, affecting the differentiation of
brown ovemwhite adipocytes itM. musculugPospisilik et al. 2010) Enhanced hedgehog
signaling affects mammalian glucose metabolism by increasing its uptake by muscle and
brown adipocytes independent of insulireperino et al. 2012)Similarly inD.
melanogasterhedgehog signaling coordinates fat development with nutiiBotdenfels et
al. 2014) Giventhese evolutionarily conserved signaling pathways singikfecting
metabolism, taste, and feeding througkregulation, integration, and coordinatidh,
melanogasters apowerfulgenetic system for disentangling the complex signaling effectors

and affectors of food intake.
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Central nervous systenomtrol offeeding
Thecentralnervous system serves as the master regué food intake, integrating
physiological signaland environmental inpand secreting neuroendocrine factors to affect
feeding. Signals such as the hormones leptin and ghrelin, nutigemls such as glucose
and free fatty acids, and neural signals coordinati@mihe central nervous systém
modulate feedingh mammalgMithieux 2013) InD. melanogasterfeeding behavior
resuls from organized and stereotyped motor patterns originally coordinated within the
central nervous syste(Bwert 1997) The natural feeding pattern Of mdanogasteris
characterized by cessation of locomotor activity followed by the execution of eight basic
motor patterngFlood et al. 2013) This motorpattern is initiated by a specific pair of
Feeding (Fdg) neurons within the brain, and the pattern is followed by rhythmic pharyngeal
pump activity necessary for swallowing fo@€lood et al. 2013) The Fdg neurons have
extensive arborization and are located in the suboesophageal gdRtyimohet al2013)
where gustatory sensory neurons termiijgig. 1.2)(Miyazaki and Ito 2010and mouth
muscle specific motor neurons extend dend(i&sgh 1997) In contrast with the
commencement of mammalian feeding, which can take several minutes toobegin,
triggeredD. melanogastefeeding occurs within secon@slood et al. 2013)though both
mammalian an@®. melanogastefood intake initiation are coordinated in thiain

Central nervous system regulation of feeding further involves variable regulation of
many neuronal populations and receptors in afferent and efferent signaling to elicit feeding
responsesin D. melanogasterleucokinin neuropeptid@deuc) along with theleucokinin
receptor(lkr), regulate meal size and meal freque(lyAnzi et al. 2010)Ikr-expressing

neurons are affected by serotonin and inslitiea peptideqLiu et al. 2015) Insulin
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producing cells in th®. melanogastebrainarefurther regulated by serotonin and
octopamine receptofkuo et al. 2014, Liu et al. 2015As previously described, these
signaling pathways affect food intake across animals, and here we observe how their
signaling is coordinated by the brain to affect feedipyg@n evolutionarily conserved
mechanism.

In mice, the galanin family afeuropeptideare involved in feeding, energy
metabolism, and adipogenesis with prominent signaling in the amygdala and hypothalamus
(Fang et al. 2011, Ferretti et al. 2011, Fang €22, Ito et al. 2013, Laque et al. 2013)
Galanin signaling coordinates with leptin signaling to decrease fe@dingge et al. 2013)
andhuman galanin allelemreassociated with the development of obeditgvidson et al.
2011) TheD. melanogasteorthologs of galanin are the allatostatins (ASWa)ich are
similarly involved in a number of behavioral and physiological phenotypes, including food
intake. RNAI suppression of PheGlyl-amideASTs(FGLa/ASTs) and their cognate
receptor, Dail, in larvae significantly reduces lanfaraging(Wang, ChinSang, and
Bendena 2012) Neuroral expression of AstA decreasastiation of feeding and
responsiveness to sugdthough metabolic rate arsétietyremained the sani{élergarden,
Tayler, and Anderson 2012)

The central nervous systemanfimals directly senses nutrients carried in the blood
and hemolymph to affect feeding behavior and metabolic homeodtasiset al. 2005, Al
Anzi et al. 2009, Zhang, Zhang, et al. 2011, Tae<b et al. 2013, Brankatschk et al. 2014, Cansell
et al. 2014, Le Foll et al. 2014, Le Foll, Duhteynell, and Levin 2015) While both
mammals and. melanogastedirectly senseirculating nutrients, théd. melanogastebrain

is both small compared to mammals and sufficiently complex to yield relevant detailed
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functional and structural analygidirth 2010)of how animals sense circulating food to

coordinate a feedingesponse For examplein theD. melanogastebrain, the gustatory

recepbr Gr43asenses fructose circulating in the hemolymph and promotes feeding in hungry

flies and suppresses feeding in satiated {idéigamoto et al. 2012) Additionally, theD.

melanogastebrain senses circulating sugar independent of gustation of sugarOs sweetness,

allowing brainmediateddetermination otaloric conten{Dus et al. 2011)D. melanogaster
brainrmediated calorisensings not onlyindependent of tastaut also allowshe formation
of metabolic memories that balance caloric intake with metabolic(Ziaéag, Liu, et al.
2015) D. melanogastertherefore, ca enable elucidatioaf the molecular and behavioral
genetics underlying tastadependent calorie sensimganimal brainand subsequent

feeding and metabolism regulation.

Assays

As food intake is such an integral animal activity, it is essential te ted\able assays that
accurately measure quantity and choicBimelanogaster Here | describe the available
assays, including the Capillary Feeding (CAFE) Assay and why we (Jsedt al. 2007)
The development of a variety of food intake and nutrient sensing adkays for
measurement of a variety of aspects of fowdke inD. melanogaster Labeling strategies
can utilize measurement of the poggestion label within the digestive tract of the

melanogasteto quantify food intake. With single dyes mixed into the fly food media, the

level of dyes within the diggstive tract can be measured directly once the dyed food has been

ingested by grinding thB. melanogasteand usinga spectrophotometés measure dye

guantities(Edgecomb, Harth, and Schneiderman 1994, Wood 20@4) This approach,
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however, requires killinghe animals, soontinuous observations of the saimaividual are
impossible further,transferringflies to the food mediaontaining the dyenay interrupt
natural feedingDeshpande et al. 2014Hnally, only the linear pase of food intake can be
measured with thisingledye-based approadiWong et al. 2008)

Radiolabeling assayare set up similarly to single dyes mixed into food, but instead
substitutinga radioactive isotopfr the dye After food ingestionguantification of
radioactive isotopes differs from dye labeling as it does not necessitate homogenization of
theflies (McMasterKaye and Taylofl958, Ritossa et al. 1966, Goldin and Keith 1968, Keith
1967a, b, Kiyomoto and Keith 1970, Carvalho, Kapahi, and Benzer.20086)fed
radioisotope approach hasong history ofuse and enableshe assessment of patterns of
radioisotope incorporation into RNA in chromatin and nucl@dtMasterKaye and Taylor
1958) of the tiromosomal distribution of specific stretches of D{Atossa et al. 1966)
and of fatty acid metabolism, among other sréifteith 1967a, b, Goldin and Keith 1968,
Kiyomoto and Keith 1970)As radioisotope concentration does not affect fomasumption
we can infer that the typically low concentrations of radioisotope used ina$sses has no
impact on feedingDeshpande et al. 2014)

A two dye testlso relies on dyes as labels to assess iffak@mura, Isono, and
Yamamoto 1988) Here, however, the assay can meapteterence, and intake can be
measured visuallguch that killing thdlies is not necessary. In this test, a red dye is mixed
with one type of food and a blue dye is mixed with a different type of f6odthe control,
the same type of food can be nuxeith both dyes.Controlling for dye preference is
importantin this assay Postfood-ingestion observation of the abdoreshows a redinted

abdomen if thdlies preferred the food mixed with red dye, a btueed abdomen if the
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preferred the food ired with blue dye, and a purptmted abdomen if thehad no
preference.This assay is typically conducted usimggrotiter plates containing alternating
wells of the redand bluedyedfoods (Fig 16) (Tanimura, Isono, and Yamamoto 1988)
Originally, this assay was used to explore preference for 1 mM sucrose mixed with red dye
over 5 mM sucrose and a bitter tastant mixed with blue dye. Even with the higher sucrose in
theblue-dye option, the presence of the bitter tastant causdd. timelanogasteto prefer
the reddye sucrose solution. When the dyes and foods were swappaatttol for dye
preference such that red dyentained the bitter tastamiteflies hadblueabdomens,
demonstrating a clear preference for suc{@s@imura, Isono, and Yamamoto 1988Yhile
this preference test has the advantage of keepirfijebalive, preferene measurements
cannot be madeontinuously.

The Proboscis Extension (PE) tésig 1.7) takes advantage of the need for a@ult
melanogasteto extend their probosci to fe€d/ong et al. 2009) In this test, fivdlies per
sex pemgenotypewere placed in vials, and observations of the proportion of individuals
extending their probosci while bobbing their heads was marked over a three second
observatiorperiodthat occurred once every two to five minutes perWabng et al. 2009)
The proportion ohdults withextendedrobosci is used as the point of comparisamwben
experimental and contrahimak, with higher food intake inferred from higher prohesc
extension proportion@Vong et al. 2009) Automation of the PEest can yield improved
resolution in the inference of feedifigskov et al. 2014) An alternative use of PE can be to
assess the ability of an individual to taste, sometimes referred to as a tarsal PE, and can be

importantfor assessing mutants flmod ingestion independent of differences in tasting
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(Deak 1976, Gordesk§old et al. 2008) The tarsal PE, howevaramot be usedfor
guantification of food intakéDeak 1976)

In the CAFE Assay, ingestion of liquid food in a capillary is measured by marking the
descending menissun the capillaryFig. 18) (Ja et al. 2007) In this setup, adul.
melanogasteare placed in vials, and a liquid food solution inside a capillary is held through
the top of the vial, allowing access for food ingestion. The intake of food can be measured as
the physical distance between two marks on the capillary, vatfirgt mark indicating the
starting level of the liquid food and the second mark indicating the level of the food at a
chosen time pointJa et al. 2007) One obvious advantagéthe CAFE Assay is that food
intake is directly quantified rather than inferred. Additionally, homogenization is
unnecessary, and measurements eaméade continuouska et al. 2007, Deshpande et al.
2014)

With the variety of feeding assays for quantification and inferences available, a
comparison of single dye labeling, radioisotope labeling, the PEatesthe CAFE Assay
sought to assess the ability of each to reliably quantify food intake. This approach used
different nutrient dilutions, known to affect quantity of food consumed through
compensatory mechanisr{@arvalho, Kapahi, and Benzer 2005, Ja et al. 2007, Vigne and
Frelin 2010, Fanson, Yap, and Taylor 2QXt)d assessed whether the known effects on
feeding were reliably replicated the different assay®eshpande et al. 2014Yhis
comparative assessment found that bl¢hradioisotope and CAFE Assay hratiably
replicable quantificationf foodintake, while PE and single dye approaches were not reliable
and did not have sufficient resolutiideshpande et al. 2014PE did not quantify food

intakeand the PEesultswere notreproducible In fact, the PE failed to provide significant
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results even when extremely concentrated food sources and larger numbers of replicates than
had been previously used were measyibEshpande et al. 2014%imilarly, single dye food

intake measurementgere notreproduciblg Deshpande et al. 2014lRadioisotope food

labeling accuracy can depend on the specific type of isofap2“C]choline and

[**C]leucineis notreliable but["-**P]dCTP provides reliable estimates of food intake
(Deshpande et al. 2014pPne concern about the CAFE Assay is that feeding is dosides

down, which could disrupt feeding behayvibowever feeding rates were similar whére

flies werepresented witlfiood on the bottom or top of the enclosed yizd¢shpande et al.

2014)

Assessing the feeding assayairwise conjunctioallowed for the assessment of
whether the reproducible feeding differences observed in the CAFE Assay and radioisotope
labeling were due to behavioral differences these assays introduced. Radioisotope labeling
and the CAFE Assay were able to detect differences in feeding in coajunith each
other while radioisotope labeling, when paired with PE or single dye measurevasnts
alone able to detect feeding differences that Bé&land single dye assays were unable to
discern(Deshpande et al. 20147 he pairing of radioisotope labeling with the CAFEsAg
did, however, reveal that significantly more food is excreted from a liquid diet than a solid
diet, suggesting a reduced absorption of nutrients on a liquid diet and perhaps explaining the
earlier mortality observed on CAFE Asgsdge et al. 2008, Deshpande et al. 201%he
CAFE Assay, therefore, should be used for several hours to a few days but is not ideal for
constant food intake measurements over a lifepashpande et al. 2014An additional
drawback of the CAFE Assaytisat only wateisoluble food can be used, eliminating the

option ofconsumption ofipids.
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We used various modified versions of the CAFE Assay throughout the projects
described in this dissertation. We chose the CAFE Assay as it allowed us to dirantlfyqu
food intake rather than infer(da et al. 2007, Wong et al. 2009, Deshpande et al. 2044)
further found the CAFE Assay amenable to increasing in scale as is necessary with

guantitative genetics apprdees.

CHARACTERISTICS OF QUANTITATIVE TRAITS

Quantitative tras exhibit continuous phenotypi@riationwithin populatiors, caused by
segregating allelest multiple loci whose effects are sensitive to the environi@erttolt

and Mackay 2010)A quantitative trait locus (QTL) ia region on a chromosome containing
one or more genetic variants that contribute to phenotypic vari@rmmwlt and Mackay

2010) Association analysis uses linkage disequilibrium (B¢ norrandom association of
alleles at two or more loctd map QTLwith molecular markers a samp of individuals

from an outbred populatiogAnholt and Mackay 2010)As the effect size of a QTL
decreases, the number of individuals needed to detect the QTL ind@haseshill and

Doerge 1994, Zeng 1994, Scherag et al. 2003, Anholt andav&004) Like other
guantitative traitsbehaviors are extremely intricate due to sensitivity to the environment and
genetic background, sexual dimorphism, and pleiotrBpynelanogasteserves as an
exceptionally attractive model organism in whiclstedythe genetic basis of phenotypic
variation inbehaviors as genetically identical individuals can be reared easily in controlled
environmentgAnholt and Mackay 2004)Thegenetic variance of a quantitative trait can be
divided into the additive variance, in which the combined effects of alleles are equal to the

sum of variance of alleles, and the dominance variance, in whichnasam interactions
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occur between alleles @ite same locus (Fig.9).(Anholt and Mackay 2010)Epistatic

variance, in which notinearinteractions occur between alleles at different (8eiholt and
Mackay 2010)is increasingly thought to be an important aspeth®fyenetic architecture of
guantitative traitgMackay 2015) Exploratian of the role of epistasis in quantitative
geneticshowever, necessitates higher statistical power Bewchative approaches beyond
association mappin@ackay 2015) Quantitative traits araffected by more than one locus,
andmore than one genotype can give rise to identical phenotypes such thattb@onee
genotypeto-phenotype ratio that we observe for Mendelian traits disappears, and the
complexity of multiple genotypes yielding idecdl phenotypes contributes to the Gaussian
distribution typically observed in quantitative trgigsholt and Mackay 2010)An

additional feature of quantitative traits is that the same genotype is likely to have a range of
phenotypes across different environments, which is knowmasr@environmental
plasticityQ/Anholt and Mackay 2010, Morgante et al. 2018uantitative genetics

approaches have allea for the improved understanding of the genetic basis of Gmicro
environmental plasticity,O when identical genoty@eyg widely or narrowly for phenotypic
values within a single envirorent(Whitlock and Fowler 199, Mackay and Lyman 2005,

Hall et al. 2007, Sangster et al. 2008, Ansel et al. 2008, Harbison, McCoy, and Mackay 2013,
Morgante et al. 2015)

Quantitative trait@re important tthuman helth and disease. Not only are a large
number of human diseasesagtitativetraits but also responses to treatmehthose
diseases canave aguantitativegenetic basigBonkovsky et al. 1994, Shanawani 2006,
Davidson, Liu, and Sheikh 2010, Leong, Ramsey, and Celed—n 2012t @h&014,

Kohler et al. 2015, Tao et al. 2015, Tichy et al. 20¥&]dditionally, agricultural advances in
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both crops and animals rely on our understanding of the unique, complex genetic architecture
underlying each phenotype in each populatwith improved understanding of the genetic
architecture of food intake critical for balancing the cost of animal rearing with agricultural
output and for controlling crop pegRiley 1969, Hay 1969, Wragg 1970, Hemiragnl972,
Thompson et al. 1972, Parsons and Allison 1991, Jabbar et al. 1997, Heitschmidt, Vermeire,
and Grings 2004, Dalrymple 2006, Sun et al. 2012, Chardonnet et al. 2014, Bezerra et al.

2014)

TheD. melanogasteGenetic Reference Panel

The availabiliy of various communityesources and decreasmxbts of nexgeneration
sequencing have allowed for the dissection of quantitative traits in model organisms and
systems In Zeamays the Nested Association Mapping population consists of 5,000
recombinantnbred lines in 25 populatior{¥u et al. 2008, McMullen et al. 200@hd has
allowed for improved understanding o¥ariety of complex traits, including flowering time
(Buckler et al. 2009)leaf architecturéTian et al. 2011)souhern leaf blight resistance
(Kump et & 2011) kernel compositiofiCook et al. 2012)and carbon and nitrogen
metabolism(Zhang, Gibon, et al. 2015)'he 1001 Arabidopsis thalianaenomes project
(Weigel and Mott 2009 as enabled better derstanding of salinity toleran¢8un et al.
2015) roa hair density and lengfitStetter, Schmid, and Ludewig 2018)ot response to
potassium starvatiofiKellermeier, Chardorand Amtmann 2013)and other complex traits.

In Mus musculusthe Collaborative Crog€hurchill et al. 2004, Chesler et al. 2008, Aylor et
al. 2011, Threadgill et al. 201has allowed for genetic analysis okegy balance traits

(Mathes et al. 200 1influenza susceptibiliff-erris et al. 2013and wesNile virus
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resistancéGraham et al. 2@®), while the Diversity Outbred populatighogan et al. 2013)
enabled genetic dissection of several behavioral (ladigan et al. 2013nd serum
cholestero(Svenson et al. 2012)'hese resources improve understanding of the genetic
basis of quantitative traits and serve as complementary resources to mutant screens and
single gene analyses.

Similarly, theD. melanogastetGenetic Reference Panel (DGRR)ackay et al.
2012, Huang et al. 2014ps enabled improved understanding of the genetic variants
affecting a variety o€omplextraits, includingtranscript modulesbody mass, oxidative
stress resistance, sleep, olfaction, chill coma recogtayvation resistance, body
composition, variation in micrenvironmental plasticity, abdominal pigmentation, lifespan,
and turning directioifAyroles et al. 2009, JumHaucioni et al. 2010, Weber et al. 2012,
Jordan et al. 2012, Harbison, McCoy, and Mackay 2013, Swarup et al. 2013, Huang et al.
2014, Unckless, Rottschaefer, and Lazzaro 2015, Morgaate2étl5, Dembeck et al. 2015,
Ivanov et al. 2015, Ayroles et al. 2019)he DGRRs a population of 205 wildlerived,
fully inbred, fully sequenced lines Bf. melanogastein which the measurement of a
guantitative trait and subsequent associationyaisatan generate a list génetic variants
predicted to underlie the genetic architecture of the phenotype of intéigest 10) (Mackay
et al. 2012, Huang et al. 2014¥sofemale lines were collected in 200@m the Raleigh,
North Carolina, Farmers® Market, and twenty generations-sfifliig mating generated the
fully inbred panel, adapted for stand#&boratory conditiongMackay et al. 2012, Huang et
al. 2014) Within each line, genetic variation is minimal, while genetic variation remains
large across all lingg-ig. 110) (Mackay et al. 2012, Huang et al. 201#4ssociation

analysis accounts for possible effectd\afibachiainfection status, polygenic relatedness,
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and major inversion@ackay et al. 2012, Huang et al. 2054 is precise as LD decays
rapidlyin D. melanogastefMiyashta and Langley 1988, Long et al. 1998, Geiger
Thornsberry and Mackay 2002, Mackay 2009, Flint and Mackay 2009, Mackay et al. 2012)
As individuals within the same line are genetically identical, multiple replicates enable
precise phenotypic measurementkich further allows for the genetic dissection of variation
in micro-environmental plasticityHarbison, McCoy, and Mackay 2013, Morgante et al.

2015, Ayroles et al. 2015)

Mass selection and thésdetion of complex taits
In addition to phenotypic measurements and GWA predictions of causal genetic variants, the
DGRP can be used to rapidly generate outbred populations on which mass selection can
enable further dissection of complex traildass selectiomiD. melanogastehas yielded
novel insights into thehenotypic and transcriptomiesponses to selectigguo, Mueller,
and Ayala 1991, Riha and Luckinbill 1996, Mackay et al. 2005, Dierick and Greenspan 2006,
Edwards et al. 2006, S¢ rensen, Nielsen, and Loeschcke 2007, Jordan et al. 2007, Vishalakshi
and Singh 2009, TeloniScott et al. 2009, Malmendal et al. 2013, Masek et al. 2014)
Assessment of getic and genomic changes accompanying phenotypic divergetite wi
artificial selectiorhas been enabled with decreasing costs ofgexération sequencing.
Historically, mass selection has been appineagricultureto produceancreased and
improved crop and livestock yie{@drboledaRivera and Compton 1974, Kuhlers and Jungst
19914, b, Farnham et al. 1992)d long before that, artificial selection was used to
domesticate wild animals and plants for human be(@fitant 2007, MacEa@hn et al.

2009, GutiZrregil, Arranz, and Wiener 2015Mass selectioexperimentsnvolve
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divergentlyselectingndividuals from an outbred population and allowing theced
individualsto breednter seto produce the next generation (Fig. 1.1ass selection
experimentssometimes referred to as truncatarartificial selection, aim to shift the
populationwide average in the direction in which selection is being applied. These
experimentallow for estimates of a type of narrow sense haiita called realized
heritability that predicts populatienide average in the subsequent generati@mefly, R =
X1DXo=h%4"pandS= XsDXo- i"p, whereRis the response to selecti@is the selection
differential, X is the population average of G0, X the population average of G1s X the
population average of the selected subgroup of 8Ghe selection intertsi, and"p is the
phenotypicstandard deviation of the GO population (Fig. 1.1A%0m this, we caestimate
h?, the realized heritability 8% = RIS Selectionovermultiple generations allows for a
populationwide estimation of cumulative heritabiligsh? = #R/#S.

A major benefit of conducting mass selection experiments in a laboratory setting is
that selection on nitiple replicate populationsiaintained in identical environments and
underidentical selection regimeasprovesdistinction ofrandomfrom deterministic effects
(Schlstterer et al. 2015)With available sequencing for assessatrof the effects of selection
on RNA and DNA, mass selection experiments uSingnelanogasteare optimally
positionedn the quantitative genetics tdat to improve our understanding of the genetics

of complex traits.
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Functional validation approaches to assesseg and iigle Nucleotide Polymorphisms
affecting food mtake inDrosophila melanogaster

TheDGRPcan be used to assess the genetic arthigeof variation in food intake iD.
melanogasteby first determining candidat8NPs and genesssociated witfiood intake
using genome widassociation analyséblackay et al. 2012, Huang et al. 2014 unctiaal
validation, however, is necessary to biologically confirm statistical predictiors.
melanogastera variety of mutants, tools, and approaches are available to functionally
validate and characteripandidategenes and SNPdHere | describe theesources and tools
of functional validation that we used to further exantinenelanogastefood intake.

The RNA interference (RNAi) approach relies on gene silencing achieved through
driven transgene expression of douslieanded hairpin RNA containingverted repeat
sequences of the target gene. Through use diitlaey GAL4Upstream Activation
SequencedJAS expression system, the getaegeted hairpifRNA can be expressed
temporally and/or in specific tissues or cells. The intensity oGthie4d/UASdriver can also
be chosen to achieve weak to strong levels of tayge¢ knockdowiiBrand and Perrimon
1993, Van Roessel et al. 2002n Drosophila RNAI approaches can be successfully used
vivo (Dietzl et al. 2007pr in vitro (Klueg et al. 2002, Boutros et al. 2004, Kuttenkeuler and
Boutros 2004)

The expression of the transgene is controlled by#hg ard GAL4 activates the
UAS UASandGAL4corstructs therefore, are maintained in separate parental lines such
that when the lines are crossedScontrolled expression is driven BAL4in the R
progeny(Fig. 112; (Fischer et al. 1988, Duffy 2002AvailableGAL4drivers are diverse in

their tissue and temporal specificity as well as their strength of expréBsitiy 2002) The
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GAL4/UASsystem is versatile arghn allow modulatory control of tissue and/or
developmental time dRNAI knockdownsuch that genes that would result in lethality in
other mutant systemsue be specifically examined for their phenotypic eff¢€ig. 1.12)
(Duffy 2002)

Transposablelementbased vectorBave been widely used fgermline
transformation irD. melanogaste(Ryder and Russell 2003)This approackas firstused
to insertUASInverted RepeatdJASIR) randomly across the genome to generdde a
melanogastetransgenidRNA. library (Dietz| et al. 2007) Random insertion dJASIR
constructs, however, can lead to variable levels of hairpin RNA expressivitgf and
disruption ofgenes at or near th@sertion site To address these issues of random insertion,
a new sitedirected RNAI library for conditional gene knockdowrOnmelanogastewas
generatedFish et al. 2007) Sitespecificity relies on a!C31 integrase enzyme from a
streptomycete bacteriopha@fuhstoss and Rao 1991, Kuhstoss, Richardson, and Rao 1991,
Thorpe and Smith 1998, Groth and Calos 200¥)his method, theC31 integrase enzyme
facilitates recombination betweattP andattB, two DNA sequences-(g 1.13)(Kuhstoss
and Rao 1991, Groth et al. 2000, Groth et al. 2004, Ni et al. 2008)

This sitespecific library was first created by utilizing tReelement transformation
system to insefttP sites across the. melanogastegenome. The various sites were tested
for basal levels of expression and miikisue inducible expression, with a Ogolden locusO
chosen for its low basal expression levels and its strong inducible expression in multiple
genes. Transgenes using plasmiits theattB site were then inserted this Ogolden locusO
site, on the second chromosoffesh et al. 2007) These RNAI lines have allowed for

mutant screens identifying novel genes affecting phenotypes of interest as well as functional,
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temporal, and spatial dissemtiof the action o$pecific genes of intereftu et al. 2007,
Perrimon and MathefPrevot 2007, Perrimon et al. 2007, Swarup, Williams, and Anholt
2011, MoutinhePereira et al. 2013, Swarup et al. 2014)

Mutant bols inD. melanogastecan enable functional validation of specific genes
from association analyses, but a gene that does not confirm from a GWA list may not be a
false positive. Indeed, there are a variety of reasons any gene may not biologicablyereplic
its GWA predicted role in a particular phenoty@eene et al. 2009)he first of which is
that genetic background differences raath the presence of epistasisother words, when
assessing a trait in the DGRP, we taleng advantage of naturally occurring polymorphisms
to address the underlying genetic aretiitire of variation in a trafMackay et al. 2012,
Huang et al. 2014)hereas the followup mutantbased functional validation posits that if a
gene is indeed causal of part of the variance of the trait, then disrupting that geneOs
expression will result in mutalt. melanogastethat have a significantly different phenotype
than their casogenic controls Additionally, individual SNPs that may not be close to a
gene cannot be assessed in this miltased functional validation approadie can,
however, apply a SNBased functioal validation approach, allowing us to use DGRP lines
to isolate and functiwally validate individual SNP&eigerThornsberry and Mackay 2002)
In this approach, we clbge a SNP that has at least ten lines in the DGRP that contain the
minor allele. We then select ten minand ten majceallele-containing DGRP lines
randomly from across our original DGRP measurements. We then creatgearefation
that is homozygoufor either the minor or the major allele but in otherwise completely
randomized backgrounds since LD decays rapid@rwsophila(Miyashita and Langley

1988, Long et al. 1998, Geig&€hornsberry and Mackay 2002%pecifically, we cross the
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male of major line one with the female of major line two, the male of major line three with
the female of major line four, and so on, resultinfva homozygous major and five
homozygous minor allele F1 lines with randomizedkgrounls (GeigerThornsberry and
Mackay 2002) We then test these knes in the assay we used to assess the DGRP. We
validate the SNP if the minoand majorSNP InesO results replicate the effect predicted by
the GWA. The advantageof this approach arhat individual SNPs cabe isolated and
assessed for replicating the predicted effect in the GWA, in other words, the functional
validation experiments in this $h\based approach are still using naturally occurring
polymorphisms of the DGRP to address the underlying genetic architecture of variation in a
trait, and SNPs that are in the middle of nowhere can be as¢€ssgel-Thornsberry and
Mackay 2002, Mackay et al. 2012, Huang et al. 20T4e disadvantage is that if the SNP
being tested interacts epistatically with other SNPs that are at different allelic frequencies in
the DGRP than in the validation population, tlepmstasis may mask any real effects of the
SNP(Greene et al. 2009, Swarup et al. 201I2}he phenotype is sufficientlgasy to

measure, then different parental crosses and designs could be applied to tiaé paren
generation such that additive variance is given sufficiently large sample sizercome

masking epistasis.

Contributions of this dsertation

Chapter 2 describes the first useDofmelanogasteto assessaturally occurring quantitate
genetic vaation infood intake as well athe genetic basis of variance in micro
environmental plasticity of food intakel'he results of the GWAnalyseseveal primarily

novel genetic variants predicted to affect food intake and/or variation in phenotypicifylasti
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of food intake. Subsequent functional validation experimesnérmed24 candidate genes
(23 ofwhich were novelaffectingD. melanogastefood intake. For exampl&gfris

known to affect other metabolically relevant traits such as gkedfenyi, Greenspan, and
Newport 2007, Donlea, Ramanan, and Shaw 2009, Potdar and Sheebia 2013)
melanogasterhere we show for the first time that it also afédobd consumptionWe also
observed the human orthokgf most of the validated gena® known to be involveith the
development of obesity, cardiovascular disease, and type 2 diabetes and its comorbid
pathophysiologiesThe results of this study emphasize the incredible power of
melanogasteto study netabolically related traits that are relevant to human health and to
livestock yield and economics.

Chapter Joresents the results ten generations of mass selectiondimergent food
intake onfeeding andseveralbtherorganismaphendypes thetransriptome, andthe
genome.Although artificialselection experiments on various metabolically related traits in
D. melanogastehave reported correlated response$eeqing behavior§Guo, Mueller, and
Ayala 1991 Riha and Luckinbill 1996, Vijendravarma, Narasimha, and Kawecki 2012,
Masek et al. 2014}his is the first application of mass selection directly on food intake. In
addition to describing the feeding responses and realized heritability, we also alsedgsed
mass and body composition in the final two generations. Whereas prBvimedanogaster
metabolically related mass selection projects have focused on corigaadsmal
phenotypegGuo, Mueller, and Ayala991, Riha and Luckinbill 1996, Vijendravarma,
Narasimha, and Kawecki 2012, Masek et al. 20th®) advent of nexgeneration sequencing
at increasingly favorable costs allowed &othorough description of the transcriptional

response with RNA sequengiand an assessment of the genes on which selection was
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acting. This integrated phenotypic and genomic approach revealed additional novel genes
affecting feeding as well as the transcriptomic regulation of genes underlying the genetic

architecture of foodhtake.
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Figure 1.1:Gustatory receptors @irosophila melanogasteihegustatory receptors are

located in internal sensory clusters in the pharynx, two labial palps on the head, the anterior
margins of the wings, on all the legs, andwvgbme olfactory neurons in the antennae.

These receptors allofd. melanogasteto taste potential food sources, among other things.

Figure adapted frorfMatsunami and Amrein 2003)
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Sweet Taste Bitter Taste

O O

Figure 1.2Bitter and sweet subesophageal ganglion projections: This schematic of SOG
projections for sweet (left) and bitter (right) shows anterior (aqua), medial (pink), and
pogerior (yellow) projection areas, both superimposed on the same plane. Bitter and sweet
taste neurons occupy distinct projection areas. The oval represents the esophagus, which is

the dorsal direction. Adapted frofisono and Morita 2010)
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Figure$1.3Schematic of lipid metabolism DrosophilamelanogasterFatty acid (FA)
absorptionnto the midgut enterocyte, diacylglycerol (DA&)nthesisn themidgut cell,
DAG transporto the fat body for storagand fat body synthesis of triacylggmol (TAG).
The phosphatidic acid (PA) pathweyoderates DAG synthesis in the midgut. Midegxpot
of DAG requires a lipophorin receptor and lipid transfer particle (LLPR shuttling across
the blood brain barrier also requires a lipophorin recgpui@nkatschk et al. 2014)The fat
body synthesizes lipophorirFatty acid transporter (FATP)Adapted fron{Canavoso et al.

2001)
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Figure 1.4: Conservation of the circadian clocBimmelanogasteand mammald:-ight and
food cues generatgene expressiothangeswith food intake lengthening the cirdad
period through TOR signalingn D. melanogasteand mammalghe fundamental clock
genes interact in a negative feedback loopD.ImelanogasteiClock(CIk), cycle(cyc an
ortholog ofBMAL1in mammals)timelesgtim), andperiod(per), and in maaxmalsBMAL1
acting with CLK,mPer (Perl, PerzandPer3)andmCry (Cryptochrome; Cryl and Cry2)
The central pcemaker neurons (CPNs)In melanogasteand the suprachiasmatic cell
nucleus (SCN) in mammat®nstitute the central clockn addition to tle fundamental
negative feedback loop, in mammals the CLOCK/BMAL1 complex actiREASERB"/!
and ROR"/!/% and &anscription and is modulated BYyRT1(Tevy et al. 2013) Adapted

from (Tevy et al. 2013)
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Figure 1.5: Behavioral consequences of the insulin signalingvpgtim D. melanogaster

Behavioral consequences of activating insulin signaling and insulin producing cells (IPCs) in
D. melanogasteare similar to those elicited in other animaBecreased insulin production

from thelPCs results in increased ethanBt@H) sensitivity and motivated foraging.
Decreasednisulin signaling in SNPFR (sNFFReceptor) expressing odoitreceptor neurons
(ORNSs) and in NPFR (Neuropeptide F Receptor) expressing neurons, increasks diné
sensitivity of ORNS, increasing thecaptance oéversive or noxious food sourdesD.
mehknogaster Corpus allatum (CA)nsulin signaling $quare)regulates sexual dimorphic
locomotion. hsulin signalingurther modifies sleep via circadian rhythm interactionthe
circadian small ventlateral neurons (SLNVgErion and Sehgal 201.3Adapted from

(Erion and Sehgal 2013)
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Figure 1.6 The twodye food preference assdy: melanogasteare allowed to feed on
microtiter plates containing alternating wells of+radd bluedyed foods. The dyes are
mixed with different foods, and preference is assessed via observation of the color of the
abdomen, with purple abdomens indicating no preferéfemeimura, Isono, and Yamanoot

1988) Figure adapted froifTanimura, Isono, and Yamamoto 1988)
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Figure 1.7:Proboscis extension reflex in adDit melanogasterThe tarsal PE can be used to
assess the ability &. melanogasteto tastgDeak 1976) When PE is used to quantify food
intake, the flies are not restrained and are in vials, during which time regular observations of
the proportion of adults with extended posbi are used to infer food intake in order to

guantify ingestiorfWong et al. 2009) Image adapted frofGordeskyGold et al. 2008)
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Humid Chamber

Figure 1.8The CAFE Assay: | used modified versions of the CAFE Assay, developed by
(Ja et al. 2007) 1 depict here a representation of the CAFE Assay used in my first project,
described in Chapter 2. Briefly, | placed eight flies per sex per line in a vial containing 1.5%
agarse and three capillaries. Each capillary contains 4% sucrose and a mineral oil cap to
limit evaporation. Negative controls allow for accounting of evaporation. Measurement of
the descending meniscus of the sucrose solution enables quantificationdofidaglintake

(Ja et al. 2007)
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Figure 1.9: Additivity and dominaneg a single locus with two alleles. We observe two
examples of dominance and one example of additivity in a hypothetical locus, B, with two
alleles affecting variance in food intake. If the effects of both alleles are additive, then the
heterozygous (B,) food intake is exactly between the food intake of the homozygotes
(magenta line). TheRallele is dominant to theRllele if the heterozygous effect is the
same as the;Bhomozygous effect (cyan line). Similarly, thed@lele is dominant to theB
allele if the heterozygous effect is the same as theBiozygous effect (green lingdnholt

and Mackay 2010)
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Figure 1.10TheDrosophila melanogasteeenetic Reference Panel: The DGRP consists of
205 wild-derived, fully inbred, fully sequenced lines®f melanogaster Polygeic
relatedness)Volbachiainfection status, karyotyped major inversions, and insertions and
deletions are all known. Association analyses enable identification of candidate genes and
candidate epistatic interactions underlying phenotypic varififackay et al. 2012, Huang

et al. 2014) Figure provided by Dr. Richard F. Lyman.
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Figure 1.11: Mass selection and narrow sense heritability. Phenotypic selection, in this
representation selection for high food intaisecarried out such theelectedeeders (orange
shading) of GO (solid black curve) become the parents of G1 (solid red curve), where X
the average food intake of GO, i$ the average food intake of G1, angliXthe average
food intake of the seléion group. The goal of selection experiments is to shift the
populationwide average in the direction in which selection is being applied. We can
calculateR, the response to selection, asbXo, andS,the selection differential, ass» Xo.
The narow sense heritability, then, can be estimatelof asR/S, where selection across
multiple generations allows for a populatiniide estimation of cumulative heritability bS

= #R#S
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Tissue-specific promoter UAS Inverted repeat of target gene

Figure 1.12Generation oRNAiline from UASandGAL4parental ines. TheGAL4and
UAStrasngenes are maintained in separate parental lines such that hairpin RNA for the

targeted gene is only driven to expression in therégeny(Dietz| et al. 2007)
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Figure 1.13:1C31 site-directed insertion of transgenebmosophila This schematic depicts

how the!lC31 integrase enzyme makes use of recombination atttRe@ndattB sites to
direct insertion of a transgene into a specific location oDthmelanogastegenome. Figure

adapted fronfFish et al. 2007)

49



References

Adachi, H., H. Kurachi, H. Homma, K. Adachi, T. Imai, M. Sakata, Y. Matsuzawa, and A.
Miyake. 1995. "Involvement of epidermal growth factor in inducing adiposity of age
female mice. J Endocrinol146 (3):38193.

Al-Anzi, B., E. Armand, P. Nagamei, M. Olszewski, V. Sapin, C. Waters, K. Zinn, R. J.
Wyman, and S. Benzer. 2010. "The leucokinin pathway and its neurons regulate meal
size in Drosophila."Curr Biol 20 (11):96978. doi: 101016/j.cub.2010.04.039.

Al-Anzi, B., V. Sapin, C. Waters, K. Zinn, R. J. Wyman, and S. Benzer. 2009. "Obesity
blocking neurons in DrosophilaNeuron63 (3):32941. doi:
10.1016/j.neuron.2009.07.021.

Alizadeh, A., M. Zendehdel, V. Babapour, S. Charkh&ad S. Hassanpour. 2015. "Role of
cannabinoidergic system on food intake in neonatal {gymr chicken."Vet Res
Commur9 (2):1517. doi: 10.1007/s11250159636:3.

Anholt, R. R., and T. F. Mackay. 2004. "Quantitative genetic analyses of complexdugbavi
in Drosophila.”" Nat Rev Genéi (11):83849. doi: 10.1038/nrg1472.

Anholt, Robert R., and Trudy F. C. Mackay. 2010. Principles of Behavioral Genetics.
Burlington, MA, USA: Academic Press.

Ansel, J., H. Bottin, C. RodrigueBeltran, C. Damon, M. Nagajan, S. Fehrmann, J.
Franeois, and G. Yvert. 2008. "Calh-cell stochastic variation in gene expression is a
complex genetic trait.'PL0oS Genet (4):e1000049. doi:
10.1371/journal.pgen.1000049.

ArboledaRivera, F., and W. A. Compton. 1974. "Differehtiesponse of maiz&éa mays
L.) to mass selection in diverse selection environmeftséor Appl Genet4 (2):77
81. doi: 10.1007/BF00277957.

Archer, S. N., and H. Oster. 2015. "How sleep and wakefulness influence circadian
rhythmicity: effects of insdicient and mistimed sleep on the animal and human
transcriptome."J Sleep Regloi: 10.1111/jsr.12307.

Arrese, E. L., L. E. Canavoso, Z. E. Jouni, J. E. Pennington, K. Tsuchida, and M. A. Wells.
2001. "Lipid storage and mobilization in insects: currégiius and future directions.”
Insect Biochem Mol Bid@1 (1):717.

50



Aylor, D. L., W. Valdar, W. Fould$/athes, R. J. Buus, R. A. Verdugo, R. S. Baric, M. T.
Ferris, J. A. Frelinger, M. Heise, M. B. Frieman, L. E. Gralinski, T. A. Bell, J. D.
Didion, K. Hug D. L. Nehrenberg, C. L. Powell, J. Steigerwalt, Y. Xie, S. N. Kelada,
F. S. Collins, I. V. Yang, D. A. Schwartz, L. A. Branstetter, E. J. Chesler, D. R.
Miller, J. Spence, E. Y. Liu, L. McMillan, A. Sarkar, J. Wang, W. Wang, Q. Zhang,
K. W. Broman, R. Kestanje, C. Durrant, R. Mott, F. A. Iraqi, D. Pomp, D.

Threadgill, F. P. de Villena, and G. A. Churchill. 2011. "Genetic analysis of complex
traits in the emerging Collaborative Cros§&enome Re21 (8):121322. doi:
10.1101/gr.111310.110.

Ayroles, J. F.S. M. Buchanan, C. O'Leary, K. Sk#takaria, J. K. Grenier, A. G. Clark, D.
L. Hartl, and B. L. de Bivort. 2015. "Behavioral idiosyncrasy reveals genetic control
of phenotypic variability."Proc Natl Acad Sci U S A12 (21):6706L1. doi:
10.1073/pnas303830112.

Ayroles, J. F., M. A. Carbone, E. A. Stone, K. W. Jordan, R. F. Lyman, M. M. Magwire, S.
M. Rollmann, L. H. Duncan, F. Lawrence, R. R. Anholt, and T. F. Mackay. 2009.
"Systems genetics of complex traitdrosophila melanogastér Nat Genetét1
(3):299-307. doi: 10.1038/ng.332.

Azadbakht, L., F. Haghighatdoost, G. Karimi, and A. Esmaillzadeh. 2012. "Effect of
consuming salad and yogurt as preload on body weight management and
cardiovascular risk factors: a randomized clinical triéht'J FoodSci Nutr doi:
10.3109/09637486.2012.753039.

Bahrami, J., B. Yusta, and D. J. Drucker. 2010. "ErbB activity links the gluddgon
peptide2 receptor to refeedingduced adaptation in the murine small bowel."”
Gastroenterology. 38 (7):244756. doi: S006-5085(10)00340 [pii]

10.1053/j.gastro.2010.03.006.

Bai, H., P. Kang, and M. Tatar. 2012. "Drosophila instike peptide6 (dilp6) expression
from fat body extends lifespan and represses secretion of Drosophila-ikgulin
peptide2 from the brain."Aging Cell11 (6):97885. doi: 10.1111/acel.12000.

Bailey, C. J., T. W. Atkins, M. J. Conner, C. G. Manley, and A. J. Matty. 1975. "Diurnal
variations of food consumption, plasma glucose and plasma insulin concentrations in
lean and obese hyperglycaemicenf Horm Res (56):3806.

Bailey, S. M., U. S. Udoh, and M. E. Young. 2014. "Circadian regulation of metabolism."
Endocrinol222 (2):R7596. doi: 10.1530/JO&#4-0200.

51



Baker, K. D., and C. S. Thummel. 2007. "Diabetic larvae and obeseifliesging tidies of
metabolism in Drosophila.Cell Metab6 (4):25%66. doi:
10.1016/j.cmet.2007.09.002.

Balsalobre, A. 2002. "Clock genes in mammalian peripheral tiss@dl Tissue Re309
(1):1939. doi: 10.1007/s0044002-05850.

Barry, K. L. 2013. "You arevhat you eat: food limitation affects reproductive fitness in a
sexually cannibalistic praying mantidPLoS One3 (10):e78164. doi:
10.1371/journal.pone.0078164.

Bartok, O., M. Teesalu, R. Ashwatluss, V. Pandey, M. Hanan, B. M. Rovenko, M.
Poukkula, EHavula, A. Moussaieff, S. Vodala, Y. Nahmias, S. Kadener, and V.
Hietakangas. 2015. "The transcription factor Cabut coordinates energy metabolism
and the circadian clock in response to sugar sensEgIBO J doi:
10.15252/embj.201591385.

Basford, J. E.L. Wancata, S. M. Hofmann, R. A. Silva, W. S. Davidson, P. N. Howles, and
D. Y. Hui. 2011. "Hepatic deficiency of low density lipoprotein recepétaited
proteinl reduces high density lipoprotein secretion and plasma levels in ndice."
Biol Chem286 (15):1307987. doi: 10.1074/jbc.M111.229369.

Basiotis, P. P., S. O. Welsh, F. J. Cronin, J. L. Kelsay, and W. Mertz. 1987. "Number of days
of food intake records required to estimate individual and group nutrient intakes with
defined confidence.'J Nutr117 (9):163841.

Bellen, H. J., R. W. Levis, Y. He, J. W. Carlson, M. Evaiasdm, E. Bae, J. Kim, A.
Metaxakis, C. Savakis, K. L. Schulze, R. A. Hoskins, and A. C. Spradling. 2011.
"The Drosophila gene disruption project: progress using transposons withtolist
site specificities."Geneticsl88 (3):73143. doi: 10.1534/genetics.111.126995.

Bezerra, C. A, L. L. Macedo, T. M. Amorim, V. O. Santos, R. R. Fragoso, W. A. Lucena, A.
M. Meneguim, A. Valencidimenez, G. Engler, M. C. Silva, E. V. Albuquergased
M. F. Grosside-Sa. 2014. "Molecular cloning and characterization of-am¥ylase
cDNA highly expressed in major feeding stages of the coffee berry borer,
Hypothenemus hampeiGene553 (1):716. doi: 10.1016/j.gene.2014.09.050.

Bharucha, K. N. 2009The epicurean fly: usinBrosophila melanogastdo study
metabolism."Pediatr Re$5 (2):1327. doi: 10.1203/PDR.0b013e318191fc68.

52



Bird, A. R., W. J. Croom, Jr., Y. K. Fan, L. R. Daniel, B. L. Black, B. W. McBride, E. J.
Eisen, L. S. Bull, and I. L. Tédgr. 1994. "Jejunal glucose absorption is enhanced by
epidermal growth factor in mice.J Nutr124 (2):23140.

Birsoy, K., R. Berry, T. Wang, O. Ceyhan, S. Tavazoie, J. M. Friedman, and M. S.
Rodeheffer. 2011. "Analysis of gene networks in white adipgesed development
reveals a role for ETS2 in adipogenesiBévelopmen138 (21):470919. doi:
10.1242/dev.067710.

Blum, J. E., C. N. Fischer, J. Miles, and J. Handelsman. 2013. "Frequent replenishment
sustains the beneficial microbiome@fosophila melaogaster' MBio 4
(6):e0086013. doi: 10.1128/mBio.008603.

Bonkovsky, H. L., R. E. Kane, D. P. Jones, R. E. Galinsky, and B. Banner. 1994. "Acute
hepatic and renal toxicity from low doses of acetaminophen in the absence of alcohol
abuse or malnutritiorevidence for increased susceptibility to drug toxicity due to
cardiopulmonary and renal insufficiencyHepatologyl9 (5):11418.

Boutros, M., A. A. Kiger, S. Armknecht, K. Kerr, M. Hild, B. Koch, S. A. Haas, R. Paro, N.
Perrimon, and Heidelberg Fly Agr&onsortium. 2004. "Genorreide RNAI
analysis of growth and viability in Drosophila cellsStience803 (5659):835. doi:
10.1126/science.1091266.

Brand, A. H., and N. Perrimon. 1993. "Targeted gene expression as a means of altering cell
fates and genating dominant phenotypesDevelopmen118 (2):40115.

Brankatschk, M., S. Dunst, L. Nemetschke, and S. Eaton. 2014. "Delivery of circulating
lipoproteins to specific neurons in the Drosophila brain regulates systemic insulin
signaling.” Elife 3. doi: 10.7554/eL.ife.02862.

Bray, G. A., J. P. Flatt, J. Volaufova, J. P. Delany, and C. M. Champagne. 2008. "Corrective
responses in human food intake identified from an analysisldb@dintake
records.” Am J Clin Nutr88 (6):150410. doi: 10.3945/ajcn.20085289.

Broderick, N. A., N. Buchon, and B. Lemaitre. 2014. "Micragimduced changes in
Drosophila melanogastdrost gene expression and gut morphologyBio 5
(3):e0111714. doi: 10.1128/mBio.0111¥4.

Brogiolo, W., H. Stocker, T. Ikeya, F. Rinteldd, Fernandez, and E. Hafen. 2001. "An
evolutionarily conserved function of the Drosophila insulin receptor and iFgdin

53



peptides in growth control.Curr Biol 11 (4):21321. doi: S0968822(01)0006®
[pii].

Broughton, S., N. Alic, C. Slack, T. Bags,lkeya, G. Vinti, A. M. Tommasi, Y. Driege, E.
Hafen, and L. Partridge. 2008. "Reduction of DILP2 in Drosophila triages a
metabolic phenotype from lifespan revealing redundancy and compensation among
DILPs." PLoS One3 (11):e3721. doi: 10.1371/journabmpe.0003721.

Broughton, S. J., M. D. Piper, T. Ikeya, T. M. Bass, J. Jacobson, Y. Driege, P. Martinez, E.
Hafen, D. J. Withers, S. J. Leevers, and L. Partridge. 2005. "Longer lifespan, altered
metabolism, and stress resistance in Drosophila from abldtmell® making insulin
like ligands." Proc Natl Acad Sci U S 202 (8):310510. doi:
10.1073/pnas.0405775102.

Brown, M. R., J. W. Crim, R. C. Arata, H. N. Cai, C. Chun, and P. Shen. 1999.
"Identification of a Drosophila braigut peptide related to theur@peptide Y
family." Peptides20 (9):103542.

Brulc, J. M., D. A. Antonopoulos, M. E. Miller, M. K. Wilson, A. C. Yannarell, E. A.
Dinsdale, R. E. Edwards, E. D. Frank, J. B. Emerson, P. Wacklin, P. M. Coutinho, B.
Henrissat, K. E. Nelson, and B. A. Whi©2009. "Geneentric metagenomics of the
fiber-adherent bovine rumen microbiome reveals forage specific glycoside
hydrolases."Proc Natl Acad Sci U S 206 (6):194853. doi:
10.1073/pnas.0806191105.

Brunner, D., K. DYcker, N. Oellers, E. Hafen, H. Szhahd C. KISmbt. 1994. "The ETS
domain protein pointe®2 is a target of MAP kinase in the sevenless signal
transduction pathway.Nature370 (6488):38®. doi: 10.1038/370386a0.

Bryant, V. M. 2007. "Microscopic evidence for the domestication and spfeadize."
Proc Natl Acad Sci U S 204 (50):1965%0. doi: 10.1073/pnas.0710327105.

Buckler, E. S., J. B. Holland, P. J. Bradbury, C. B. Acharya, P. J. Brown, C. Browne, E.
Ersoz, S. FliGarcia, A. Garcia, J. C. Glaubitz, M. M. Goodman, C. Harjes, K.
Guill, D. E. Kroon, S. Larsson, N. K. Lepak, H. Li, S. E. Mitchell, G. Pressoir, J. A.
Peiffer, M. O. Rosas, T. R. Rocheford, M. C. Romay, S. Romero, S. Salvo, H.
Sanchez Villeda, H. S. da Silva, Q. Sun, F. Tian, N. Upadyayula, D. Ware, H. Yates,
J. Yu, Z.Zhang, S. Kresovich, and M. D. McMullen. 2009. "The genetic architecture
of maize flowering time."Science325 (5941):7148. doi: 10.1126/science.1174276.

54



Butterworth, F. M., D. Bodenstein, and R. C. King. 1965. "Adipose tissDeosophila
melanogastern. An experimental study of larval fat batlyJ Exp Zool158:14153.

Cai, G., S. A. Cole, N. Butte, C. Bacino, V. Diego, K. Tan, H. H. GSring, S. O'Rahilly, I. S.
Farooqi, and A. G. Comuzzie. 2006. "A quantitative trait locus on chromosome 18q
for physial activity and dietary intake in Hispanic childrerObesity (Silver Spring)

14 (9):1596604. doi: 10.1038/0by.2006.184.

Canavoso, L. E., Z. E. Jouni, K. J. Karnas, J. E. Pennington, and M. A. Wells. 2001. "Fat
metabolism in insects.Annu Rev NutR1:23-46. doi: 10.1146/annurev.nutr.21.1.23.

Cansell, C., J. Castel, R. G. Denis, C. Rouch, A. S. Delbes, S. Martinez, D. Mestivier, B.
Finan, J. G. MaldonadAviles, M. Rijnsburger, M. H. Tschsp, R. J. DiLeone, R. H.
Eckel, S. E. la Fleur, C. Magnan, T. S.dsko, and S. Luquet. 2014. "Dietary
triglycerides act on mesolimbic structures to regulate the rewarding and motivational
aspects of feeding.Mol Psychiatryl9 (10):1095105. doi: 10.1038/mp.2014.31.

Carvalho, G. B., P. Kapahi, D. J. Anderson, and Sz8er2006. "Allocrine modulation of
feeding behavior by the Sex Peptide of Drosophiuitr Biol 16 (7):6926. doi:
10.1016/j.cub.2006.02.064.

Carvalho, G. B., P. Kapahi, and S. Benzer. 2005. "Compensatory ingestion upon dietary
restriction inDrosophilamelanogastel Nat Method< (11):8135. doi:
10.1038/nmeth798.

Champagne, C. M., H. Han, S. Bajpeyi, J. Rood, W. D. Johnson, C. J. Hepefhe, J. P.
Flatt, and G. A. Bray. 2013. "Dayp-day variation in food intake and energy
expenditure in healthy woam: the Dietitian 11 Study.'J Acad Nutr Dietl13
(11):15328. doi: 10.1016/}.jand.2013.07.001.

Chardonnet, F., C. Capdeviellmlac, B. Chouquet, N. Joly, M. Harry, B. Le Ru, J. F.
Silvain, and L. Kaiser. 2014. "Food searching behaviour of a Lepidgmetapecies
is modulated by the foraging gene polymorphisthExp Biol217 (Pt 19):3465 3.
doi: 10.1242/jeb.108258.

Chell, J. M., and A. H. Brand. 2010. "Nutritisasponsive glia control exit of neural stem
cells from quiescence.Cell 143 (7):116173. doi: 10.1016/j.cell.2010.12.007.

55



Chen, L., H. M. Linden, B. O. Anderson, and C. I. Li. 2014. "Trendsyed survival rates
among breast cancer patients by hormone receptor status and Biaggest' Cancer
Res Treafl47 (3):60916. doi: 10.1007/s10%4014-31126.

Chesler, E. J., D. R. Miller, L. R. Branstetter, L. D. Galloway, B. L. Jackson, V. M. Philip, B.
H. Voy, C. T. Culiat, D. W. Threadgill, R. W. Williams, G. A. Churchill, D. K.
Johnson, and K. F. Manly. 2008. "The Collaborative Cross at GlgeRiational
Laboratory: developing a powerful resource for systems genetéaiim Genome
19 (6):3829. doi: 10.1007/s003360891358.

Chien, S., L. T. Reiter, E. Bier, and M. Gribskov. 2002. "Homophila: human disease gene
cognates in Drosophila.Nucleic Acids Re80 (1):14951.

Chon, S. H., J. D. Douglass, Y. X. Zhou, N. Malik, J. L. Dixon, A. Brinker, L. Quadro, and J.
Storch. 2012. "Oveexpression of monoacylglycerol lipase (MGL) in small intestine
alters endocannabinoid levels and whole body gnieatance, resulting in obesity."
PL0oS On€ (8):e43962. doi: 10.1371/journal.pone.0043PENED-11-16566 [pii].

Choquette, A. C., S. Lemieux, A. Tremblay, Y. C. Chagnon, C. Bouchard, M. C. Vohl, and
L. PZrusse. 2008. "Evidence of a quantitative lwaits for energy and macronutrient
intakes on chromosome 3g27.3: the Quebec Family Stusin.'d Clin Nutr88
(4):11428.

Churchill, G. A., D. C. Airey, H. Allayee, J. M. Angel, A. D. Attie, J. Beatty, W. D. Beauvis,
J. K. Belknap, B. Bennett, W. Berrettii. Bleich, M. Bogue, K. W. Broman, K. J.
Buck, E. Buckler, M. Burmeister, E. J. Chesler, J. M. Cheverud, S. Clapcote, M. N.
Cook, R. D. Cox, J. C. Crabbe, W. E. Crusio, A. Darvasi, C. F. Deschepper, R. W.
Doerge, C. R. Farber, J. Forejt, D. Gaile, &arlow, H. Geiger, H. Gershenfeld, T.
Gordon, J. Gu, W. Gu, G. de Haan, N. L. Hayes, C. Heller, H. Himmelbauer, R.
Hitzemann, K. Hunter, H. C. Hsu, F. A. Iraqi, B. lvandic, H. J. Jacob, R. C. Jansen,
K. J. Jepsen, D. K. Johnson, T. E. Johnson, G. Kemperr@arnKendziorski, M.
Kotb, R. F. Kooy, B. Llamas, F. Lammert, J. M. Lassalle, P. R. Lowenstein, L. Lu, A.
Lusis, K. F. Manly, R. Marcucio, D. Matthews, J. F. Medrano, D. R. Miller, G.
Mittleman, B. A. Mock, J. S. Mogil, X. Montagutelli, G. Morahan, D.N&rris, R.
Mott, J. H. Nadeau, H. Nagase, R. S. Nowakowski, B. F. O'Hara, A. V. Osadchuk, G.
P. Page, B. Paigen, K. Paigen, A. A. Palmer, H. J. Pan, L. PelRaletie, J. Peirce,
D. Pomp, M. Pravenec, D. R. Prows, Z. Qi, R. H. Reeves, J. Roder, G. &h, Eos
E. Schadt, L. C. Schalkwyk, Z. Seltzer, K. Shimomura, S. Shou, M. J. SillanpSS, L.
D. Siracusa, H. W. Snoeck, J. L. Spearow, K. Svenson, L. M. Tarantino, D.
Threadgill, L. A. Toth, W. Valdar, F. P. de Villena, C. Warden, S. Whatley, R. W.
Williams, T. Wiltshire, N. Yi, D. Zhang, M. Zhang, F. Zou, and Complex Trait
Consortium. 2004. "The Collaborative Cross, a community resource for the genetic
analysis of complex traits.Nat Gene6 (11):11337. doi: 10.1038/ng1164133.

56



Churchill, G. A., and R. WDoerge. 1994. "Empirical threshold values for quantitative trait
mapping."” Geneticsl38 (3):96371.

ClementePostigo, M., M. |. Queip®rtu—o, D. Fernande®@arcia, R. GomeHuelgas, F. J.
Tinahones, and F. Cardona. 2011. "Adipose tissue gene exprestotors related
to lipid processing in obesity.PL0S One (9):€24783. doi:
10.1371/journal.pone.0024783.

Colombani, J., D. S. Andersen, and P. LZopold. 2012. "Secreted peptide Dilp8 coordinates
Drosophila tissue growth with developmental timinGdence336 (6081):585.
doi: 10.1126/science.1216689.

Constantinou, C., D. Mpatsoulis, A. Natsos, P. I. Petropoulou, E. Zvintzou, A. M. Traish, P.
J. Voshol, I. Karagiannides, and K. E. Kypreos. 2014. "The low density lipoprotein
receptor modulates the effts of hypogonadism on digtduced obesity and related
metabolic perturbations.J Lipid Reb5 (7):14341447. doi: 10.1194/jlr.M050047.

Cook, J. P., M. D. McMullen, J. B. Holland, F. Tian, P. Bradbury, J.zssa, E. S.
Buckler, and S. A. FlinGarcia. 2012. "Genetic architecture of maize kernel
composition in the nested association mapping and inbred association pRieats."
Physiol158 (2):82434. doi: 10.1104/pp.111.185033.

Copes, L. E., H. Schutz, E. M. Dlugosz, W. Acosta, M. A. ChappellTarland. 2015.
"Effects of voluntary exercise on spontaneous physical activity and food consumption
in mice: Results from an artificial selection experimemiysiol Behavdoi:
10.1016/j.physbeh.2015.05.025.

Dalrymple, J. 2006. "We are eating welhile spending less.Can Vet A7 (5):483.

Davidson, E., J. J. Liu, and A. Sheikh. 2010. "The impact of ethnicity on asthma leare."
Care Respir 19 (3):2028. doi: 10.4104/pcrj.2010.00013.

Davidson, S., M. Lear, L. Shanley, B. Hing, A. Baifaaige A. Herwig, J. P. Quinn, G.
Breen, P. McGuffin, A. Starkey, P. Barrett, and A. MacKenzie. 2011. "Differential
activity by polymorphic variants of a remote enhancer that supports galanin
expression in the hypothalamus and amygdala: implications for olsegingssion
and alcoholism."Neuropsychopharmacolo@®6 (11):221121. doi:
10.1038/npp.2011.93.

57



de Oliveira, P. S., A. S. Cesar, M. L. do Nascimento, A. S. Chaves, P. C. Tizioto, R. R.
Tullio, D. P. Lanna, A. N. Rosa, T. S. Sonstegard, G. B. Mourao, Rekty, D. J.
Garrick, M. A. Mudadu, L. L. Coutinho, and L. C. Regitano. 2014. "ldentification of
genomic regions associated with feed efficiency in Nelore ca®BIC Genet
15:100. doi: 10.1186/s1286R8.4-01000.

Deak, I. 1. 1976. "Demonstration of semg neurones in the ectopic cuticle of spineless
aristapedia, a homoeotic mutant of Drosophildature260 (5548):2524.

DelgadolLista, J., P. Perelartinez, J. Solivera, A. Garcilios, A. |. PerexCaballero, J. A.
Lovegrove, C. A. Drevon, C. DefooE, E. Blaak, A. DembinskKie(, U. RisZrus,
E. HerruzeGomez, A. Camargo, J. M. Ordovas, H. Roche, and J. tlr@nda.
2014. "Top single nucleotide polymorphisms affecting carbohydrate metabolism in
metabolic syndrome: from the LIPGENE study.'Clin Erdocrinol Metab99
(2):E3849. doi: 10.1210/jc.2013165.

Dembeck, L. M., W. Huang, M. M. Magwire, F. Lawrence, R. F. Lyman, and T. F. Mackay.
2015. "Genetic Architecture of Abdominal Pigmentatio®nosophila
melanogastel PL0S Genell (5):€1005163. dnl10.1371/journal.pgen.1005163.

Deshpande, S. A., G. B. Carvalho, A. Amador, A. M. Phillips, S. Hoxha, K. J. Lizotte, and
W. W. Ja. 2014. "Quantifying Drosophila food intake: comparative analysis of
current methodology.'Nat Method<l1 (5):53540. doi: 1.1038/nmeth.2899.

Diao, F., H. Ironfield, H. Luan, W. C. Shropshire, J. Ewer, E. Marr, C. J. Potter, M.
Landgraf, and B. H. White. 2015. "Phagndplay genetic access to drosophila cell
types using exchangeable exon casseti€sll Repl0 (8):141621. cbi:
10.1016/j.celrep.2015.01.059.

Dierick, H. A., and R. J. Greenspan. 2006. "Molecular analysis of flies selected for
aggressive behavior.Nat GeneB8 (9):102331. doi: 10.1038/ng1864.

Dietzl, G., D. Chen, F. Schnorrer, K. C. Su, Y. Barinova, M. FelBeGasser, K. Kinsey,
S. Oppel, S. Scheiblauer, A. Couto, V. Marra, K. Keleman, and B. J. Dickson. 2007.
"A genomewide transgenic RNAI library for conditional gene inactivation in
Drosophila." Nature448 (7150):15%6. doi: 10.1038/nature05954.

Dipasquale G., and B. G. ®inetz 1964. "Relationship of food intake to the effect of
cortisone acetate on skin wound heallnBroc Soc Exp Biol Metl17:11821.

58



Donlea, J. M., N. Ramanan, and P. J. Shaw. 2009 -8gpendent plasticity in clock neurons
reguldes sleep need in DrosophilaStience824 (5923):105. doi:
10.1126/science.1166657.

Du, Z. J., M. Kamei, M. Suzuki, Y. Tano, B. R. Wang, and Y. N. Hui. 2007. "Coordinated
expression of Et§, pERK1/2, and VEGF in retina of streptozoteriduced diabét
rats." Ophthalmic Re89 (4):22431. doi: 10.1159/000104831.

Dubos R. J. 1955. "Effect of metabolic factors on the susceptibility of albino mice to
experimental tuberculosis.J Exp MedlL01 (1):5984.

Duffy, J. B. 2002. "GAL4 system in Drosophilaflya geneticist's Swiss army knife."
Genesis34 (1-2):1-15. doi: 10.1002/gene.10150.

Dus, M., S. Min, A. C. Keene, G. Y. Lee, and G. S. Suh. 2011. "“Tiedépendent detection
of the caloric content of sugar in Drosophild&Yoc Natl Acad Sci U S 208
(28):116449. doi: 10.1073/pnas.1017096108.

Edgecomb, R. S., C. E. Harth, and A. M. Schneiderman. 1994. "Regulation of feeding
behavior in adulDrosophila melanogasteraries with feeding regime and nutritional
state." J Exp Biol197:21535.

Edwards, A. G.S. M. Rollmann, T. J. Morgan, and T. F. Mackay. 2006. "Quantitative
genomics of aggressive behavioDrosophila melanogastér PLoS Gene?
(9):e154. doi: 10.1371/journal.pgen.0020154.

Elli, M., O. Colombo, and A. Tagliabue. 2010. "A common core nhiota between obese
individuals and their lean relatives? Evaluation of the predisposition to obesity on the
basis of the fecal microflora profile Med Hypotheseg5 (4):3502. doi:
10.1016/j.mehy.2010.03.022.

Elphick, M. R. 2007. "BfCBR: a cannabinoiéceptor ortholog in the cephalochordate
Branchiostoma floridae (Amphioxus)Gene399 (1):6571. doi:
10.1016/j.gene.2007.04.025.

Elphick, M. R., and M. Egertova. 2005. "The phylogenetic distribution and evolutionary
origins of endocannabinoid signallitgHandb Exp Pharmacdll68):28397.

59



Elphick, M. R., Y. Satou, and N. Satoh. 2003. "The invertebrate ancestry of endocannabinoid

signalling: an orthologue of vertebrate cannabinoid receptors in the urochordate
Ciona intestinalis."Gene302 (12):95101.

Erion, R., and A. Sehgal. 2013. "Regulation of insect behavior via the irsghaling
pathway." Front Physiol4:353. doi: 10.3389/fphys.2013.00353.

Ewert, J. P. 1997. "Neural correlates of key stimulus and releasing mechanism: a case study
and two conggts." Trends Neuros@0 (8):3329. doi: S0166223696010429 [pii].

Fang, P. H., M. Yu, Y. P. Ma, J. Li, Y. M. Sui, and M. Y. Shi. 2011. "Central nervous system

regulation of food intake and energy expenditure: role of galaediated feeding
behavior." Neurosci Bull27 (6):40712. doi: 10.1007/s1226@11-1841-7.

Fang, P., M. Yu, M. Shi, Z. Zhang, Y. Sui, L. Guo, and P. Bo. 2012. "Galanin peptide family
as a modulating target for contribution to metabolic syndror@eti Comp
Endocrinol179 (1):11520. doi 10.1016/j.ygcen.2012.07.029.

Fanson, B. G., S. Yap, and P. W. Taylor. 2012. "Geometry of compensatory feeding and

water consumption iDrosophila melanogastér J Exp Biol215 (Pt 5):76673. doi:
10.1242/jeb.066860.

Farhadian, S. F., M. Sufreari-asC. E. Cho, M. Pellegrino, and L. B. Vosshall. 2012.

"Postfasting olfactory, transcriptional, and feeding responses in Drosophila.”
Physiol Behad05 (2):54453. doi: 10.1016/j.physbeh.2011.09.007.

Farnham, M. W., N. R. Degenhart, C. P. Vance, and D.an&s. 1992. "Molecular and
whole-plant responses to selection for enzyme activity in alfalfa root nodules:

evidence for molecular compensation of aspartate aminotransferase expression."
Theor Appl Gene&4 (34):35561. doi: 10.1007/BF00229494.

Fawns H.T., and G. H. Burne 1953. "The effect of fruisyrup supplements on the

assimilation of food from the alimentary canal. Il. Their effect on the growth rate,
nitrogen assimilation and calorie intake of young rai:.'J Nutr7 (1-2):21-8.

Ferretti, S.A. Fornari, P. Pedrazzi, M. Pellegrini, and M. Zoli. 2011. "Developmental

overfeeding alters hypothalamic neuropeptide mRNA levels and response te a high
fat diet in adult mice."Peptides32 (7):137183. doi: 10.1016/j.peptides.2011.06.001.

60



Ferris, M. T.D. L. Aylor, D. Bottomly, A. C. Whitmore, L. D. Aicher, T. A. Bell, B. Bradel
Tretheway, J. T. Bryan, R. J. Buus, L. E. Gralinski, B. L. Haagmans, L. McMillan, D.
R. Miller, E. Rosenzweig, W. Valdar, J. Wang, G. A. Churchill, D. W. Threadgill, S.
K. McWeeaey, M. G. Katze, F. Paredanuel de Villena, R. S. Baric, and M. T.
Heise. 2013. "Modeling host genetic regulation of influenza pathogenesis in the
collaborative cross.'PL0S Patho® (2):€1003196. doi:
10.1371/journal.ppat.1003196.

Fessler, D. M. 2002Reproductive immunosupression and diet. An evolutionary perspective
on pregnancy sickness and meat consumpti@ut Anthropol43 (1):1961.

Fischer, J. A., E. Giniger, T. Maniatis, and M. Ptashne. 1988. "GAL4 activates transcription
in Drosophila." Nature 332 (6167):853%. doi: 10.1038/332853a0.

Fish, M. P., A. C. Groth, M. P. Calos, and R. Nusse. 2007. "Creating transgenic Drosophila
by microinjecting the sitapecific phiC31 integrase mRNA and a transgene
containing donor plasmid.Nat Protoc2 (10)232531. doi: 10.1038/nprot.2007.328.

Fisher, R. B., and M. L. Gardner. 1976. "A diurnal rhythm in the absorption of glucose and
water by isolated rat small intestinel"Physiol254 (3):8215.

Flint, J., and T. F. Mackay. 2009. "Genetic architecturguaintitative traits in mice, flies,
and humans.'Genome Re%9 (5):72333. doi: 10.1101/gr.086660.108.

Flood, T. F., S. Iguchi, M. Gorczyca, B. White, K. Ito, and M. Yoshihara. 2013. "A single
pair of interneurons commands the Drosophila feeding motgram" Nature doi:
nature12208 [pii]10.1038/nature12208.

Foltenyi, K., R. J. Greenspan, and J. W. Newport. 2007. "Activation of EGFR and ERK by
rhomboid signaling regulates the consolidation and maintenance of sleep in
Drosophila." Nat NeuroscilO (9Y11607. doi: 10.1038/nn1957.

Frank, T. C., G. L. Kim, A. Krzemien, and D. A. Van Vugt. 2010. "Effect of menstrual cycle
phase on corticolimbic brain activation by visual food cué&din Resl363:8192.
doi: 10.1016/j.brainres.2010.09.071.

Franzosa, EA., K. Huang, J. F. Meadow, D. Gevers, K. P. Lemon, B. J. Bohannan, and C.
Huttenhower. 2015. "Identifying personal microbiomes using metagenomic codes."
Proc Natl Acad Sci U S A12 (22):E29368. doi: 10.1073/pnas.1423854112.

61



FrazierWood, A. C., E. K. kkbagambe, I. B. Borecki, H. K. Tiwari, J. M. Ordovas, and D.
K. Arnett. 2012. "Preliminary evidence for an association betweenl §fhotype
and body mass index in human®LoS Onée (2):e30732. doi:
10.1371/journal.pone.0030732.

Fricke, C., A. Bretmamnd T. Chapman. 2008. "Adult male nutrition and reproductive
success irosophila melanogaste Evolution62 (12):31767. doi: 10.1111/j.1558
5646.2008.00515.x.

Gaertner, B. E., E. A. Ruedi, L. J. McCoy, J. M. Moore, M. F. Wolfner, and T. F. Mackay.
2015. "Heritable Variation in Courtship Patternddrosophila melanogaster G3
(Bethesdap (4):5319. doi: 10.1534/9g3.114.014811.

GagnZ, J. W., J. J. Wakshlag, K. W. Simpson, S. E. Dowd, S. Latchman, D. A. Brown, K.
Brown, K. S. Swanson, and G. C. Fah2913. "Effects of a synbiotic on fecal
guality, shortchain fatty acid concentrations, and the microbiome of healthy sled
dogs." BMC Vet Re9:246. doi: 10.1186/17461489-246.

Galicich, J. H., F. Klberg and L. A. Fench 1963. "Circadian adrenal cgcin C mice kept
without food and water for a day and a halNature197:8113.

Garelli, A., A. M. Gontijo, V. Miguela, E. Caparros, and M. Dominguez. 2012. "Imaginal
discs secrete insuliike peptide 8 to mediate plasticity of growth and maturation."
Science336 (6081):57382. doi: 10.1126/science.1216735.

GeigerThornsberry, G. L., and T. F. Mackay. 2002. "Association of singtdeotide
polymorphisms at the Delta locus with genotype by environment interdation
sensory bristle number Drosophilamelanogastet’ Genet Re39 (3):2118.

Gibson, T., L. Stimmler, R. J. Jarrett, P. Rutland, and M. Shiu. 1975. "Diurnal variation in
the effects of insulin on blood glucose, plasma-asterified fatty acids and growth
hormone." Diabetologiall (1):838.

Giebultowicz, J., and P. Kapahi. 2010. "Circadian clocks and metabolism: the Autrient
sensing AKT and TOR pathways make the lin&tirr Biol 20 (14):R6089. doi:
10.1016/j.cub.2010.05.052.

Giebultowicz, J. M. 2000. "Molecular mechanism and cellularidigipn of insect circadian
clocks." Annu Rev Entomdl5:76993. doi: 10.1146/annurev.ento.45.1.769.

62



Gill, S., H. D. Le, G. C. Melkani, and S. Panda. 2015. "Fiesdricted feeding attenuates
agerelated cardiac decline in DrosophileStience847 (6227)12659. doi:
10.1126/science.1256682.

Gnerer, J. P., K. J. Venken, and H. A. Dierick. 2015. "Gspeific cell labeling using
MiMIC transposons."Nucleic Acids Re43 (8):e56. doi: 10.1093/nar/gkv113.

Goetz, F., J. Bishop, F. Halberg, R. B. SotherrBfenning, B. Senske, B. Greenberg, D.
Minors, P. Stoney, I. D. Smith, G. D. Rosen, D. Cressey, E. Haus, and M. Apfelbaum.
1976. "Timing of single daily meal influences relations among human circadian
rhythms in urinary cyclic AMP and hemic glucagon, insand iron." Experientia
32 (8):10814.

Goldin, H. H., and A. D. Keith. 1968. "Fatty acid biosynthesis by isolated mitochondria from
Drosophila melanogastér J Insect Physiol4 (7):88799.

Goncalves, H., D. A. Gonzalez, C. P. Araujo, L. Muniz, P. Tessavl. C. Assuncao, A. M.
Menezes, and P. C. Hallal. 2012. "Adolescents' perception of causes of obesity:
unhealthy lifestyles or heritaged'Adolesc Health1 (6 Suppl):S4&2. doi: S1054
139X(12)00359X [pii]10.1016/j.jadohealth.2012.08.015.

GordeskyGold, B., N. Rivers, O. M. Ahmed, and P. A. Breslin. 20@.d5sophila
melanogasteprefers compounds perceived sweet by huma@iém Sensed3
(3):3019. doi: 10.1093/chemse/bjm088.

Gotoh, H., J. A. Hust, T. Miura, T. Niimi, D. J. Emlen, and L. C. Lav#tH5. "The
Fat/Hippo signaling pathway links withoisc morphogen patterning to whadaimal
signals during phenotypically plastic growth in insect3¢v Dyn doi:
10.1002/dvdy.24296.

Graham, J. B., S. Thomas, J. Swatrts, A. A. McMillan, M. T. Fawiss. Suthar, P. M.
Treuting, R. Ireton, M. Gale, and J. M. Lund. 2015. "Genetic diversity in the
collaborative cross model recapitulates human west nile virus disease outcomes."
MBio 6 (3). doi: 10.1128/mBio.004985.

Greene, C. S., N. M. Penrod, S. MilN&ms, and J. H. Moore. 2009. "Failure to replicate a
genetic association may provide important clues about genetic archited®lueS'
One4 (6):€5639. doi: 10.1371/journal.pone.0005639.

Gronke, S., D. F. Clarke, S. Broughton, T. D. Andrews, and liriéhge. 2010. "Molecular
evolution and functional characterization of Drosophila inslite peptides."PL0S
Genet6 (2):€1000857. doi: 10.1371/journal.pgen.1000857.

63



Grosbellet, E., S. Dumont, C. Schuskédein, B. GuardiolaLemaitre, P. Pevet, F. Crisulo,
and E. Challet. 2015. "Leptin modulates the daily rhythmicity of blood glucose."
Chronobiol Int32 (5):63749. doi: 10.3109/07420528.2015.1035440.

Groth, A. C., and M. P. Calos. 2004. "Phage integrases: biology and applicafioviel”
Biol 335 (3)667-78.

Groth, A. C., M. Fish, R. Nusse, and M. P. Calos. 2004. "Construction of transgenic
Drosophila by using the s#gpecific integrase from phage phiC315kneticsl66
(4):177582.

Groth, A. C., E. C. Olivares, B. Thyagarajan, and M. P. Calos. 28Qthage integrase
directs efficient sitespecific integration in human cellsProc Natl Acad SciU S A
97 (11):59956000. doi: 10.1073/pnas.090527097.

GularteMZrida, R., L. M. DiCarlo, G. Robertson, J. Simon, W. D. Johnson, C. Kappen, J. F.
Medrano, ad B. K. Richards. 2014. "Higresolution mapping of a genetic locus
regulating preferential carbohydrate intake, total kilocalories, and food volume on
mouse chromosome 17PLoS Oné& (10):e110424. doi:
10.1371/journal.pone.0110424.

Guo, P. Z., L. D. Muker, and F. J. Ayala. 1991. "Evolution of behavior by density
dependent natural selectionProc Natl Acad Sci U S 88 (23):1090%.

Gutierrez, E., D. Wiggins, B. Fielding, and A. P. Gould. 2007. "Specialized hepalizeyte
cells regulate Drosophilapid metabolism."Nature445 (7125):2750. doi:
10.1038/nature05382.

GutiZrrezGil, B., J. J. Arranz, and P. Wiener. 2015. "An interpretive review of selective
sweep studies in Bos taurus cattle populations: identification of unique and shared
selection gynals across breedsFront Gene6:167. doi: 10.3389/fgene.2015.00167.

Hall, M. C., I. Dworkin, M. C. Ungerer, and M. Purugganan. 2007. "Genetics of
microenvironmental canalization Arabidopsis thaliand Proc Natl Acad SciU S A
104 (34):1371722. cbi: 10.1073/pnas.0701936104.

Handler, A. M., and R. A. Harrell. 1999. "Germline transformatioBDmfsophila
melanogastewith the piggyBac transposon vectoirisect Mol Biol8 (4):44957.

64



Handler, A. M., and R. A. Harrell. 2001. "PolyubiquitegulatedDsRed marker for
transgenic insects.Biotechniques81 (4):820, 8248.

Hang, I., R. M. Heilmann, N. GrYtzner, J. S. Suchodolski, J. M. Steiner, F. Atroshi, S.
Sankari, A. Kettunen, W. M. de Vos, J. Zentek, and T. Spillmann. 2013. "Impact of
diets with ahigh content of greavemeal protein or carbohydrates on faecal
characteristics, volatile fatty acids and faecal calprotectin concentrations in healthy
dogs." BMC Vet Re9:201. doi: 10.1186/17461489-201.

Harbison, S. T., L. J. McCoy, and T. F. Macka@13. "Genomavide association study of
sleep inDrosophila melanogastér BMC Genomic44:281. doi: 10.1186/1471
216414-281.

Harris, M. O., J. J. Stuart, M. Mohan, S. Nair, R. J. Lamb, and O. Rohfritsch. 2003. "Grasses
and gall midges: plant defensedansect adaptation.Annu Rev Entomal8:54977.
doi: 10.1146/annurev.ent0.48.091801.112559.

Harris, R. H., G. Sasson, and P. S. Mehler. 2012. "Elevation of liver function tests in severe
anorexianervosa.Int J Eat Disord doi: 10.1002/eat.22073.

Hatorn, M., and S. Panda. 2015. "Response of peripheral rhythms to the timing of food
intake." Methods Enzym@&@52:14561. doi: 10.1016/bs.mie.2014.10.027.

Hay, T. 1969. "Low cost milk productionVet Re@34 (20):5023.

Heitschmidt, R. K., L. T. Vermeire, drE. E. Grings. 2004. "Is rangeland agriculture
sustainable?'J Anim ScB2 ESuppl:E138146.

HellbrueggeT., J. E. lange K. Sehr, and J. Rtenfranz 1964. "Grcadian periodicity of
physiological functions in different stages of infancy and childtiodshn N Y Acad
Scill7:36173.

Hemingway, R. G. 1972. "Natural intake and practical supplementation of trace elements in
diets for livestock."J Sci Food Agri@3 (6):8001.

Hergarden, A. C., T. D. Tayler, and D. J. Anderson. 2012. "Allatostatiauronsnhibit
feeding behavior in adult DrosophilaProc Natl Acad Sci U S 209 (10):396772.
doi: 10.1073/pnas.12007781009.

65



Herrell, H. E. 2014. "Nausea and vomiting of pregnan@ni Fam PhysiciaB9 (12):965
70.

Hirth, F. 2010. Drosophila melanogasten the study of human neurodegeneratioBNS
Neurol Disord Drug Target9 (4):50423.

Hofmann, S. M., L. Zhou, D. Perdilve, T. Greer, E. Grant, L. Wancata, A. Thomas, P. T.
Pfluger, J. E. Basford, D. Gilham, J. Herz, M. H. Tschsp, and D. Y. Hui. 2007.
"Adipocyte LDL receptorelated proteirl expression modulates postprandial lipid
transport and glucose homeostasis in mideClin Investl17 (11):327182. doi:
10.1172/J3CI131929.

Hong, S. H., K. S. Lee, S. J. Kwak, A. K. Kim, H. Bai, M. S. Jung, O. YoKWV. J. Song,

M. Tatar, and K. Yu. 2012. "Minibrain/Dyrkla regulates food intake through the
Sir2-FOXO-sNPF/NPY pathway in Drosophila and mammaBL0oS Gene8
(8):€1002857. doi: 10.1371/journal.pgen.1002857PGENEDCIR-00166 [pii].

Howard, B. V., DM. Mott, H. Hidaka, R. M. Fields, H. Katzeff, W. J. Howard, and P. H.
Bennett. 1981. "Cell culture studies of a patient with congenital lipoatrophic diabetes
-normal insulin binding with alterations in intracellular glucose metabolism and
insulin action." Metabolism30 (9):84552.

Hsu, H. J., and D. Drummori8larbosa. 2009. "Insulin levels control female germline stem
cell maintenance via the niche in Drosophil&foc Natl Acad Sci U S 206
(4):111721. doi: 10.1073/pnas.0809144106.

Hsu, H. J., and D. mmmondBarbosa. 2011. "Insulin signals control the competence of the
Drosophila female germline stem cell niche to respond to Notch ligabas'Biol
350 (2):296300. doi: 10.1016/}.ydbio.2010.11.032.

Hu, L., G. Yang, D. HSgg, G. Sun, J. M. Ahn, N. dia@. L. Ricupero, J. Wu, C. H. Rodhe,
J. A. Ascherman, L. Chen, and J. J. Mao. 2015. "IGF1 Promotes Adipogenesis by a
Lineage Bias of Endogenous Adipose Stem/Progenitor C8lein Cellsdoi:
10.1002/stem.2052.

Huang, W., A. Massouras, Y. Inoue, J.flegj M. RImia, A. Tarone, L. Turlapati, T.
Zichner, D. Zhu, R. Lyman, M. Magwire, K. Blankenburg, M. A. Carbone, K. Chang,
L. Ellis, S. Fernandez, Y. Han, G. Highnam, C. Hjelmen, J. Jack, M. Javaid, J.
Jayaseelan, D. Kalra, S. Lee, L. Lewis, M. Munid&&ngeri, S. Patel, L. Perales,
A. Perez, L. Pu, S. Rollmann, R. Ruth, N. Saada, C. Warner, A. Williams, Y. Q. Wu,
A. Yamamoto, Y. Zhang, Y. Zhu, R. Anholt, J. Korbel, D. Mittelman, D. Muzny, R.
Gibbs, A. Barbadilla, S. Johnston, E. Stone, S. Richard3eplancke, and T.

66



Mackay. 2014. "Natural variation in genome architecture amond2@&ophila
melanogastetenetic Reference Panel linessenome Resloi:
10.1101/gr.171546.113.

Hung, N. M., N. V. Duc, J. R. Stauffer, and H. Madsen. 2013. "Use of b&apk
(Mylopharyngodon piceus) in biological control of intermediate host snails ef fish
borne zoonotic trematodes in nursery ponds in the Red River Delta, Vietnam."
Parasit Vector$:142. doi: 10.1186/17583056-142.

lannotti, L. L., N. M. Henretty, R. Delnatus, W. Previl, T. Stehl, S. Vorkoper, J. Bodden,
A. Maust, R. Smidt, M. L. Nash, C. A. Tamimie, B. C. Owen, and P. B. Wolff. 2015.
"Readyto-use supplementary food increases fat mass and BMI in Haitian school
aged children."J Nutr145 (4):81322. doi: 10.3945/jn.114.203182.

Ikeya, T., S. Broughton, N. Alic, R. Grandison, and L. Partridge. 2009. "The endosymbiont
Wolbachia increases insulin/I@kke signalling in Drosophila."Proc Biol Sci276
(1674):3799807. doi: rspb.2009.0778 [pii]10.1098/bsp009.0778.

Ilkeya, T., M. Galic, P. Belawat, K. Nairz, and E. Hafen. 2002. "Nutdependent
expression of insuliike peptides from neuroendocrine cells in the CNS contributes
to growth regulation in Drosophila.Curr Biol 12 (15):1293300.

Isono,K., and H. Morita. 2010. "Molecular and cellular designs of insect taste receptor
system." Front Cell Neurosc#:20. doi: 10.3389/fncel.2010.00020.

Ito, K., H. Kageyama, S. Hirako, L. Wang, F. Takenoya, T. Ogawa, and S. Shioda. 2013.
"Interactive effect bgalaninlike peptide (GALP) and spontaneous exercise on
energy metabolism.Peptides49:10916. doi: 10.1016/j.peptides.2013.09.003.

Itskov, P. M., J. M. Moreira, E. Vinnik, G. Lopes, S. Safarik, M. H. Dickinson, and C.
Ribeiro. 2014. "Automated monitog and quantitative analysis of feeding behaviour
in Drosophila." Nat Commurb:4560. doi: 10.1038/ncomms5560.

Ivanov, D. K., V. EscotPrice, M. Ziehm, M. M. Magwire, T. F. Mackay, L. Partridge, and J.
M. Thornton. 2015. "Longevity GWAS Using the DrosdalGenetic Reference
Panel." J Gerontol A Biol Sci Med Saloi: 10.1093/gerona/glv047.

Ja, W. W., G. B. Carvalho, E. M. Mak, N. N. de la Rosa, A. Y. Fang, J. C. Liong, T.
Brummel, and S. Benzer. 2007. "Prandiology of Drosophila and the CAFE assay."
Proc Natl Acad Sci U S 204 (20):825%. doi: 10.1073/pnas.0702726104.

67



Jabbar, M. A., L. Reynolds, A. Larbi, and J. Smith. 1997. "Nutritional and economic benefits
of Leucaena and Giliricidia as feed supplements for small ruminants in humid West
Africa." Trop Anim Health Pro®9 (1):3547.

Jacob, J., P. Manson, R. Barfknecht, and T. Fredricks. 2014. "Common vole (Microtus
arvalis) ecology and management: implications for risk assessment of plant protection
products." Pest Manag Sci0 (6):86978. doi: 10.100/ps.3695.

Jarrett, R. J., and H. Keen. 1970. "Further observations on the diurnal variation in oral
glucose tolerance.Br Med J4 (5731):3347.

Javeed, N., N. J. Tardi, M. Maher, S. Singari, and K. A. Edwards. 2015. "Controlled
expression of Drosophilaomeobox loci using the Hostile takeover systeidéev
Dyn 244 (6):80825. doi: 10.1002/dvdy.24279.

Jia, S., Z. Du, H. Jiang, X. Huang, Z. Chen, and N. Chen. 2015. "Daintaifi/AtEelerates
the activation of insulilike growth factorl receptor signalim pathway in HepG2
cells." Oncol Repdoi: 10.3892/0r.2015.4002.

Jordan, K. W., M. A. Carbone, A. Yamamoto, T. J. Morgan, and T. F. Mackay. 2007.
"Quantitative genomics of locomotor behavioDrosophila melanogastéer
Genome Bio8 (8):R172. doi: 10.186/gb2007-8-8-r172.

Jordan, K. W., K. L. Craver, M. M. Magwire, C. E. Cubilla, T. F. Mackay, and R. R. Anholt.
2012. "Genomavide association for sensitivity to chronic oxidative stress in
Drosophila melanogastér PLoS Onée/ (6):€38722. doi:
10.1371/jounal.pone.0038722.

JumbeLucioni, P., J. F. Ayroles, M. M. Chambers, K. W. Jordan, J. Leips, T. F. Mackay,
and M. De Luca. 2010. "Systems genetics analysis of body weight and energy
metabolism traits iDrosophila melanogastér BMC Genomic41:297. doi:
10.1186/1474216411-297.

Kaczkowski, C. H., P. J. Jones, J. Feng, and H. S. Bayley. 2000-d&punultimedia diet
records underestimate energy needs in middked and elderly women as determined
by doublylabeled water."J Nutr130 (4):8025.

Kalajdzic, P., S. Oehler, M. Reczko, N. Pavlidi, J. Vontas, A. G. Hatzigeorgiou, and C.
Savakis. 2012. "Use of mutagenesis, genetic mapping and next generation

68



transcriptomics to investigate insecticide resistance mechanigtheS One/
(6):€40296. doi: 10.137jburnal.pone.0040296.

Kapan, N., O. V. Lushchak, J. Luo, and D. R. NSssel. 2012. "Identified peptidergic neurons
in the Drosophila brain regulate insufmoducing cells, stress responses and
metabolism by coexpressed short neuropeptide F and coraz@sh.Mol Life Sci
doi: 10.1007/s0001812-109%z.

Kapheim, K. M., V. D. Rao, C. J. Yeoman, B. A. Wilson, B. A. White, N. Goldenfeld, and
G. E. Robinson. 2015. "Casspecific differences in hindgut microbial communities
of honey bees (Apis mellifera) PLoS On€lo (4):e0123911. doi:
10.1371/journal.pone.0123911.

Kato, M., V. Dang, M. Wang, J. T. Park, S. Deshpande, S. Kadam, A. Mardiros, Y. Zhan, P.
Oettgen, S. Putta, H. Yuan, L. Lanting, and R. Natarajan. 2013.-1Ti@ékices
acetylation of chromatin araf Ets1 to alleviate repression of miE92 in diabetic
nephropathy."Sci Signab (278):ra43. doi: 10.1126/scisignal.2003389.

Katsuyama, T., F. Comoglio, M. Seimiya, E. Cabuy, and R. Paro. 2015. "During Drosophila
disc regeneration, JAK/STAT coordinatad| proliferation with Dilp8mediated
developmental delay.Proc Natl Acad Sci U S A12 (18):E232736. doi:
10.1073/pnas.1423074112.

Keith, A. D. 1967a. "Fatty acid metabolismDn melanogasterformation of palmitoleate."
Life Sci6 (2):2138.

Keith, A. D. 1967b. "Fatty acid metabolismbrosophila melanogastemteraction between
dietary fatty acids and de novo synthesi88mp Biochem Physiall (3):587600.

Kellermeier, F., F. Chardon, and A. Amtmann. 2013. "Natural variation of Arabidopsis roo
architecture reveals complementing adaptive strategies to potassium starvation."
Plant Physioll61 (3):142132. doi: 10.1104/pp.112.211144.

Khaliullina, H., M. Bilgin, J. L. Sampaio, A. Shevchenko, and S. Eaton. 2015.
"Endocannabinoids are conservedilors of the Hedgehog pathwayProc Natl
Acad SciU S A12 (11):341520. doi: 10.1073/pnas.1416463112.

Kim, S. K., and E. J. Rulifson. 2004. "Conserved mechanisms of glucose sensing and
regulation by Drosophila corpora cardiaca celldature431 (7®6):31620. doi:
10.1038/nature02897.

69



Kim, W. W., W. Mertz, J. T. Judd, M. W. Marshall, J. L. Kelsay, and E. S. Prather. 1984.
"Effect of making duplicate food collections on nutrient intakes calculated from diet
records.” Am J Clin Nutr40 (6 Suppl):1333.

Kiyomoto, R. K., and A. D. Keith. 1970. "Fatty acid metabolisrDmsophila
melanogasterll. Metabolic origin of monoenes Lipids5 (7):61720.

Kleiber, M., and J. E. Dougherty. 1934 hf influence of environmental temperature on the
utilization d food energy in baby chicks J Gen Physiol7 (5):70126.

Klueg, K. M., D. Alvarado, M. A. Muskavitch, and J. B. Duffy. 2002. "Creation of a
GAL4/UAS-coupled inducible gene expression system for use in Drosophila cultured
cell lines." Genesis34 (1-2):119-22. doi: 10.1002/gene.10148.

Kohler, B. A., R. L. Sherman, N. Howlader, A. Jemal, A. B. Ryerson, K. A. Henry, F. P.
Boscoe, K. A. Cronin, A. Lake, A. M. Noone, S. J. Henley, C. R. Eheman, R. N.
Anderson, and L. Penberthy. 2015. "Annual report to tieman the status of
cancer, 1972011, featuring incidence of breast cancer subtypes by race/ethnicity,
poverty, and state.J Natl Cancer Ins107 (6):djv048. doi: 10.1093/jnci/djv048.

Konieczna, J., J. Sinchez, E. M. van Schothorst, J. M. TorreBsinachoten, M. Palou, C.
Pic—, J. Keijer, and A. Palou. 2014. "Identification of early transcrigiases
biomarkers related to lipid metabolism in peripheral blood mononuclear cells of rats
nutritionally programmed for improved metabolic healtk&nesdNutr 9 (1):366. doi:
10.1007/s122681303662.

Konopka, R. J., and S. Benzer. 1971. "Clock mutanBro$ophila melanogastér Proc
Natl Acad Sci U S A8 (9):21126.

Kubrak, O. I., L. Ku)erovt, U. Theopold, and D. R. NSssel. 2014. "The sleeping beauty: how
reproductive diapause affects hormone signaling, metabolism, immune response and
somatic maintenance Drosophila melanogastér PLoS Oné (11):e113051. doi:
10.1371/journal.pone.0113051.

Kuhlers, D. L., and S. B. Jungst. 1991a. "Mass selection for increasethg@@eight in a
closed line of Duroc pigs.J Anim Scb9 (2):50716.

Kuhlers, D. L., and S. B. Jungst. 1991b. "Mass selection for increaseth20@eigh in a
closed line of Landrace pigsJ Anim Scb9 (3):97784.

70



Kuhstoss, S., and R. N. Rao. 1991. "Analysis of the integration function of the streptomycete
bacteriophage phi C31.J Mol Biol 222 (4):897908.

Kuhstoss, S., M. A. Richardson, and R. NOREQ91. "Plasmid cloning vectors that integrate
site-specifically in Streptomyces sppGene97 (1):1436.

KulytZ, A., Y. Belarbi, S. Lorent€ebritn, C. Bambace, E. Arner, C. O. Daub, P. HedZn, M.
RydZn, N. Mejhert, and P. Arner. 2014. "Additive effaftsnicroRNAs and
transcription factors on CCL2 production in human white adipose tisfiabetes
63 (4):124858. doi: 10.2337/db18702.

Kumar, K. G., A. C. Poole, B. York, J. Volaufova, A. Zuberi, and B. K. Richards. 2007.
"Quantitative trait loci focarbohydrate and total energy intake on mouse
chromosome 17: congenic strain confirmation and candidate gene analyses (Glol,
Glp1r)." Am J Physiol Regul Integr Comp Phys28P (1):R20716. doi:
10.1152/ajpregu.00491.2006.

Kump, K. L., P. J. Bradbury, R. Wisser, E. S. Buckler, A. R. Belcher, M. A. Oropeza
Rosas, J. C. Zwonitzer, S. Kresovich, M. D. McMullen, D. Ware, P. J. B&lirit,
and J. B. Holland. 2011. "Genomede association study of quantitative resistance to
southern leaf blight in the nm& nested association mapping populatidddt Genet
43 (2):1638. doi: 10.1038/ng.747.

Kurachi, H., H. Adachi, S. Ohtsuka, K. Morishige, K. Amemiya, Y. Keno, I. Shimomura, K.
Tokunaga, A. Miyake, Y. Matsuzawa, and et al. 1993. "Involvement of epidermal
growth factor in inducing obesity in ovariectomized micé&rh J PhysioR65 (2 Pt
1):E32331.

Kuttenkeuler, D., and M. Boutros. 2004. "Genewide RNAI as a route to gene function in
Drosophila." Brief Funct Genomic Proteom&:(2):16876.

Lai, C. Q., L.D. Parnell, D. K. Arnett, B. GarcBailo, M. Y. Tsai, E. K. Kabagambe, R. J.
Straka, M. A. Province, P. An, |. B. Borecki, K. L. Tucker, and J. M. Ordovis. 2009.
"WDTC1, the ortholog of Drosophila adipose gene, associates with human obesity,
modulated byMUFA intake." Obesity (Silver Spring}7 (3):593600. doi:
10.1038/0by.2008.561.

Lam, T. K., A. Pocali, R. Gutierreluarez, S. Obici, J. Bryan, L. AgudBryan, G. J.
Schwartz, and L. Rossetti. 2005. "Hypothalamic sensing of circulating fatty acids is
required for glucose homeostasisNat Med11 (3):3207. doi: 10.1038/nm1201.

71



Laque, A., Y. Zhang, S. Gettys, T. A. Nguyen, K. Bui, C. D. Morrison, and H. MYnzberg.
2013. "Leptin receptor neurons in the mouse hypothalamus are colocalized with the
neuropeptie galanin and mediate anorexigenic leptin actigxni J Physiol
Endocrinol Metal804 (9):E9991011. doi: 10.1152/ajpendo0.00643.2012.

Le Foll, C., A. A. DunaMeynell, and B. E. Levin. 2015. "Role of FAT/CD36 in fatty acid
sensing, energy, and glucose hostasis regulation in DIO and DR ratAin J
Physiol Regul Integr Comp Physi08 (3):R18898. doi:
10.1152/ajpregu.00367.2014.

Le Foll, C., A. A. DunaMeynell, H. M. Miziorko, and B. E. Levin. 2014. "Regulation of
hypothalamic neuronal sensing and faatdke by ketone bodies and fatty acids."”
Diabetes63 (4):125969. doi: 10.2337/db%t3090.

Le Gall, M., and S. T. Behmer. 2014. "Effects of protein and carbohydrate on an insect
herbivore: the vista from a fitness landscapategr Comp Biob4 (5):94254. doi:
10.1093/icb/icul02.

Lee, G., and J. H. Park. 2004. "Hemolymph sugar homeostasis and staindticed
hyperactivity affected by genetic manipulations of the adipokinetic hormone
encoding gene iDrosophila melanogastér Geneticsl67 (1):31123.

Lee, K. P., S. J. Simpson, F. J. Clissold, R. Brooks, J. W. Ballard, P. W. Taylor, N. Soran,
and D. Raubenheimer. 2008. "Lifespan and reproduction in Drosophila: New insights
from nutritional geometry."Proc Natl Acad Sci U S 205 (7):2498503. doi:
101073/pnas.0710787105.

Lee, K. S., K. H. You, J. K. Choo, Y. M. Han, and K. Yu. 2004. "Drosophila short
neuropeptide F regulates food intake and body siz&iol Chen279 (49):50780.
doi: 10.1074/jbc.M407842200.

Lefaucheur, L., B. Lebret, P. EcolanLbuveau, M. Damon, A. Prunier, Y. Billon, P. Sellier,
and H. Gilbert. 2011. "Muscle characteristics and meat quality traits are affected by
divergent selection on residual feed intake in pigsAnim ScB9 (4):9961010. doi:
10.2527/jas.2013493.

Leorg, A. B., C. D. Ramsey, and J. C. Celed—n. 2012. "The challenge of asthma in minority
populations."Clin Rev Allergy Immunat3 (1-2):156-83. doi: 10.1007/s1201611-
82631.

72



Ley, R. E., C. A. Lozupone, M. Hamady, R. Knight, and J. I. Gordon. 2008. "Weitlis
worlds: evolution of the vertebrate gut microbiot&lat Rev Microbiob (10):776
88. doi: 10.1038/nrmicro1978.

Li, X., J. C. Heinrich, and M. J. Scott. 2001. "piggyBaediated transposition Drosophila
melanogasteran evaluation of the use obnstitutive promoters to control
transposase gene expressioimsect Mol Bioll0 (5):447%55.

Li, Z., S. F. Schmidt, and J. M. Friedman. 2013. "Developmental Role for Endocannabinoid
Signaling in Regulating Glucose Metabolism and Growibidbetes doi: db120901
[pii]10.2337/db120901.

Liu, Q., C. V. Zerbinatti, J. Zhang, H. S. Hoe, B. Wang, S. L. Cole, J. Herz, L. Muglia, and
G. Bu. 2007. "Amyloid precursor protein regulates brain apolipoprotein E and
cholesterol metabolism through lipoprotein recepRP1." Neuron56 (1):6678.
doi: 10.1016/j.neuron.2007.08.008.

Liu, Q., J. Zhang, C. Zerbinatti, Y. Zhan, B. J. Kolber, J. Herz, L. J. Muglia, and G. Bu.
2011. "Lipoprotein receptor LRP1 regulates leptin signaling and energy homeostasis
in the adult entral nervous systemPLoS Biol9 (1):e1000575. doi:
10.1371/journal.pbio.1000575.

Liu, Y., J. Luo, M. A. Carlsson, and D. R. NSssel. 2015. "Serotonin and iiigelipeptides
modulate leucokiniproducing neurons that affect feeding and water hom&esta
Drosophila." 3 Comp Neuroldoi: 10.1002/cne.23768.

Lobo, N., X. Li, and M. J. Fraser. 1999. "Transposition of the piggyBac element in embryos
of Drosophila melanogasteAedes aegypti and Trichoplusia niMol Gen Genet
261 (45):80310.

Lockwood D. H., and J. M. Amatruda. 1983. "Cellular alterations responsible for insulin
resistance in obesity and type Il diabetes mellitésyi J Med/5 (5B):2331.

Logan, R. W., R. F. Robledo, J. M. Recla, V. M. Philip, J. A. Bubier, J. J. Jay, C. Harwood,
T. Wilcox, D. M. Gatti, C. J. Bult, G. A. Churchill, and E. J. Chesler. 2013. "High
precision genetic mapping of behavioral traits in the diversity outbred mouse
population.” Genes Brain Behal2 (4):42437. doi: 10.1111/gbb.12029.

73



Long, A. D., R. F. LymanC. H. Langley, and T. F. Mackay. 1998. "Two sites in the Delta
gene region contribute to naturally occurring variation in bristle number in
Drosophila melanogastér Geneticsl49 (2):9991017.

Lowe, N., J. S. Rees, J. Roote, E. Ryder, I. M. Armean, Gsdolh E. Drummond, H.
Spriggs, J. Drummond, J. P. Magbanua, H. Naylor, B. Sanson, R. Bastock, S.
Huelsmann, V. Trovisco, M. Landgraf, S. KnowRarley, J. D. Armstrong, H.
White-Cooper, C. Hansen, R. G. Phillips, K. S. Lilley, S. Russell, D. St Johrstdn,
UK Drosophila Protein Trap Screening Consortium. 2014. "Analysis of the
expression patterns, subcellular localisations and interaction partners of Drosophila
proteins using a pigP protein trap librarypevelopmen141 (20):39944005. doi:
10.1242/deyi11054.

Lu, J., M. L. Ruhf, N. Perrimon, and P. Leder. 2007. "A genantde RNA interference
screen identifies putative chromatin regulators essential for E2F repred3rog."”
Natl Acad Sci U S A04 (22):93836. doi: 10.1073/pnas.0610279104.

Luo, J., O V. Lushchak, P. Goergen, M. J. Williams, and D. R. NSssel. 2014. "Drosophila
insulinproducing cells are differentially modulated by serotonin and octopamine
receptors and affect social behavioPLoS Oné (6):€99732. doi:
10.1371/journal.pone.00997.32

MacEachern, S., B. Hayes, J. McEwan, and M. Goddard. 2009. "An examination of positive
selection and changing effective population size in Angus and Holstein cattle
populations (Bos taurus) using a high density SNP genotyping platform and the
contributian of ancient polymorphism to genomic diversity in Domestic catBC
Genomicsl0:181. doi: 10.1186/147216410-181.

Mackay, T. F. 2001a. "Quantitative trait loci in Drosophil&lat Rev Gene? (1):1%20. doi:
10.1038/35047544.

Mackay, T. F. 2001b.The genetic architecture of quantitative traitdrinu Rev Genet
35:30339. doi: 10.1146/annurev.genet.35.102401.090633.

Mackay, T. F. 2009. "The genetic architecture of complex behaviors: lessons from
Drosophila." Genetical36 (2):295302. doi: 10.100410709008-9310-6.

Mackay, T. F. 2015. "Epistasis for quantitative traits in DrosophNéethods Mol Biol
1253:4770. doi: 10.1007/978-493921553 4.

74



Mackay, T. F., S. L. Heinsohn, R. F. Lyman, A. J. Moehring, T. J. Morgan, and S. M.
Rollmann. 2005. "@netics and genomics of Drosophila mating behaviBrdc Natl
Acad Sci U S A02 Suppl 1:662-3. doi: 10.1073/pnas.0501986102.

Mackay, T. F., and R. F. Lyman. 2005. "Drosophila bristles and the nature of quantitative
genetic variation."Philos Trans R & Lond B Biol Sc860 (1459):15127. doi:
10.1098/rsth.2005.1672.

Mackay, T. F., S. Richards, E. A. Stone, A. Barbadilla, J. F. Ayroles, D. Zhu, S. Casillas, Y.
Han, M. M. Magwire, J. M. Cridland, M. F. Richardson, R. R. Anholt, M. Barr—n, C.
Bess, K. PBlankenburg, M. A. Carbone, D. Castellano, L. Chaboub, L. Duncan, Z.
Harris, M. Javaid, J. C. Jayaseelan, S. N. Jhangiani, K. W. Jordan, F. Lara, F.
Lawrence, S. L. Lee, P. Librado, R. S. Linheiro, R. F. Lyman, A. J. Mackey, M.
Munidasa, D. M. Muzny, L. Bizareth, I. Newsham, L. Perales, L. L. Pu, C. Qu, M.
R"mia, J. G. Reid, S. M. Rollmann, J. Rozas, N. Saada, L. Turlapati, K. C. Worley,
Y. Q. Wu, A. Yamamoto, Y. Zhu, C. M. Bergman, K. R. Thornton, D. Mittelman,
and R. A. Gibbs. 2012. "THBrosophila melangasterGenetic Reference Panel.”
Nature482 (7384):1738. doi: 10.1038/nature10811.

Maklakov, A. A., S. J. Simpson, F. Zajitschek, M. D. Hall, J. Dessmann, F. Clissold, D.
Raubenheimer, R. Bonduriansky, and R. C. Brooks. 2008-sfesific fithess
effeds of nutrient intake on reproduction and lifespa@tirr Biol 18 (14):10626.
doi: 10.1016/j.cub.2008.06.059.

Malmendal, A., J. G. S¢rensen, J. Overgaard, M. Holmstrup, N. C. Nielsen, and V.
Loeschcke. 2013. "Metabolomic analysis of the selection respmiirosophila
melanogasteto environmental stress: are there links to gene expression and
phenotypic traits?'Naturwissenschafteb00 (5):41727. doi: 10.1007/s0011d13
10407.

Manolio, T. A., F. S. Collins, N. J. Cox, D. B. Goldstein, L. A. Hindddff,J. Hunter, M. .
McCarthy, E. M. Ramos, L. R. Cardon, A. Chakravarti, J. H. Cho, A. E. Guttmacher,
A. Kong, L. Kruglyak, E. Mardis, C. N. Rotimi, M. Slatkin, D. Valle, A. S.
Whittemore, M. Boehnke, A. G. Clark, E. E. Eichler, G. Gibson, J. L. Hainds, T
Mackay, S. A. McCarroll, and P. M. Visscher. 2009. "Finding the missing heritability
of complex diseases Nature461 (7265):7443. doi: 10.1038/nature08494.

Masek, P., L. A. Reynolds, W. L. Bollinger, C. Moody, A. Mehta, K. Murakami, M.
YoshizawaA. G. Gibbs, and A. C. Keene. 2014. "Altered regulation of sleep and
feeding contributes to starvation resistancBriosophila melanogastér J Exp Biol
217 (Pt 17):312:32. doi: 10.1242/jeb.103309.

75



Masson, O., C. Chavey, C. Dray, A. Meulle, D. DavidndQuilliot, C. Muller, P. Valet,
and E. LiaudeCoopman. 2009. "LRP1 receptor controls adipogenesis and is up
regulated in human and mouse obese adipose tisBlueS Onel (10):e7422. doi:
10.1371/journal.pone.0007422.

Mathes, W. F., D. L. Aylor, D. RMiller, G. A. Churchill, E. J. Chesler, F. P. de Villena, D.
W. Threadgill, and D. Pomp. 2011. "Architecture of energy balance traits in emerging
lines of the Collaborative CrossAm J Physiol Endocrinol Meta®00 (6):E112434.
doi: 10.1152/ajpendo.007@010.

Matsunami, H., and H. Amrein. 2003. "Taste and pheromone perception in mammals and
flies." Genome Bio# (7):220. doi: 10.1186/gB0034-7-220.

McCain, S., E. Ramsay, and C. Kirk. 2013. "The effects of hibernation and captivity on
glucose metabolm and thyroid hormones in American black bear (Ursus
americanus)."J Zoo Wildl Med44 (2):32432.

McCulloch, D., and D. Gems. 2003. "Body size, insulin/IGF signaling and aging in the
nematode Caenorhabditis elegan&xp GerontoB8 (1-2):12936.

McMaste-Kaye R., and J. H. dylor. 1958. "Evidence for two metabolically distinct types
of ribonucleic acid in chromatin and nucleolid"Biophys Biochem Cytdl(1):511.

McMullen, M. D., S. Kresovich, H. S. Villeda, P. Bradbury, H. Li, Q. Sun, S.iatcia, J.
Thornsberry, C. Acharya, C. Bottoms, P. Brown, C. Browne, M. Eller, K. Guill, C.
Harjes, D. Kroon, N. Lepak, S. E. Mitchell, B. Peterson, G. Pressoir, S. Romero, M.
Oropeza Rosas, S. Salvo, H. Yates, M. Hanson, E. Jones, S. Smith, J. C. Glaubitz, M.
Goodman, D. Ware, J. B. Holland, and E. S. Buckler. 2009. "Genetic properties of the
maize nested association mapping populati@clenced25 (5941):73#40. doi:
10.1126/science.1174320.

McNeil, J., J. D. Cameron, G. Finlayson, J. E. Blundell, and f Bo2013. "Greater overall
olfactory performance, explicit wanting for high fat foods and lipid intake during the
mid-luteal phase of the menstrual cyclé&hysiol Behaw12-113:849. doi:
10.1016/j.physbeh.2013.02.008.

McNeill, H., G. M. Craig, and J. MBateman. 2008. "Regulation of neurogenesis and
epidermal growth factor receptor signaling by the insulin receptor/target of rapamycin
pathway in Drosophila.'Geneticsl79 (2):84353. doi: 10.1534/genetics.107.083097.

76



McPartland, J. M., I. Matias, V. Di 8zo, and M. Glass. 2006. "Evolutionary origins of the
endocannabinoid systemGene370:6474. doi: 10.1016/j.gene.2005.11.004.

McVay, M. A., A. L. Copeland, H. S. Newman, and P. J. Geiselman. 2012. "Food cravings
and food cue responding across the nteastycle in a noreating disordered
sample." Appetite59 (2):591600. doi: 10.1016/j.appet.2012.07.011.

Melcher, C., R. Bader, and M. J. Pankratz. 2007. "Amino acids, taste circuits, and feeding
behavior in Drosophila: towards understanding the psygyadb feeding in flies and
man." J Endocrinol192 (3):46772. doi: 10.1677/J086-0066.

Memon, A. A., L. Bennet, B. Zsller, X. Wang, K. Palmer, K. Sundquist, and J. Sundquist.
2015. "Circulating human epidermal growth factor receptor 2 (HERZ2) is assbciate
with hyperglycaemia and insulin resistane82ER2>"." J Diabetes/ (3):36977.
doi: 10.1111/1753407.12184.

Mendel, L. B., and W. E. Anderson. 1926. "DIET AND BODY FATStience4
(1659):3846. doi: 10.1126/science.64.1659.384

Metaxakis, A., S. Oehl, A. Klinakis, and C. Savakis. 2005. "Minos as a genetic and
genomic tool irDrosophila melanogastér Geneticsl71 (2):57181. doi:
10.1534/genetics.105.041848.

Meunier, N., Y. H. Belgacem, and J. R. Martin. 2007. "Regulation of feeding behaviour and
locomotor activity by takeout in DrosophilaJ'Exp Biol210 (Pt 8):142484. doi:
10.1242/jeb.02755.

Mihaylova, V. T., C. Z. Borland, L. Manjarrez, M. J. Stern, and H. Sun. 1999. "The PTEN
tumor suppressor homolog in Caenorhabditis elegans regulatesitgragel/dauer
formation in an insulin receptdike signaling pathway.'Proc Natl Acad SciU S A
96 (13):742732.

Mithieux, G. 2013. "Nutrient control of hunger by extrinsic gastrointestinal neurdmerids
Endocrinol Metabdoi: S10432760(13)00079D [pii]
10.1016/j.tem.2013.04.005.

Miyamoto, T., J. Slone, X. Song, and H. Amrein. 2012. "A fructose receptor functions as a
nutrient sensor in the Drosophila brairCell 151 (5):11135. doi:
10.1016/j.cell.2012.10.024.

77



Miyashita, N., and C. H. Langley. 8. "Molecular and phenotypic variation of the white
locus region irDrosophila melanogastér Geneticsl20 (1):199212.

Miyazaki, T., and K. Ito. 2010. "Neural architecture of the primary gustatory center of
Drosophila melanogastesisualized with GAL4 ad LexA enhancetrap systems."J
Comp Neurob18 (20):414781. doi: 10.1002/cne.22433.

MiyazawaHoshimoto, S., K. Takahashi, H. Bujo, N. Hashimoto, and Y. Saito. 2003.
"Elevated serum vascular endothelial growth factor is associated with visceral fat
acaimulation in human obese subject®labetologiad46 (11):14838. doi:
10.1007/s0012H03-1221-6.

Moore, T., L. Beltran, S. Carbajal, S. Strom, J. Traag, S. D. Hursting, and J. DiGiovanni.
2008. "Dietary energy balance modulates signaling through the &ktnalian
target of rapamycin pathways in multiple epithelial tissu€ahcer Prev Res (Phila)
1 (1):6576. doi: 10.1158/1946207.CAPR08-0022.

Morgante, Fabio, Peter S¢ rensen, Daniel A. Sorensen, Christian Maltecca, and Trudy F. C.
Mackay. 2015. "GenetiArchitecture of MicreEnvironmental Plasticity in
Drosophila melanogastér Sci. Rep5. doi: 10.1038/srep09785
http://www.nature.com/srep015/150506/srep09785/abs/srep09785.html#supplementary
information

Moutinho-Pereira, S., N. Stuurman, O. Afonso, M. Hornsveld, P. Aguiar, G. Goshima, R. D.
Vale, and H. Maiato. 2013. "Genes involved in centrosordependent mitotic
spindle assembly in@sophila S2 cells.'Proc Natl Acad Sci U S A10 (49):19808
13. doi: 10.1073/pnas.1320013110.

Mueller, L. D., and T. T. Barter. 2015. "A model of the evolution of larval feeding rate in
Drosophila driven by conflicting energy demand&eénetical43 (1)93-100. doi:
10.1007/s107091598185.

Muhlhausler, B. S., J. R. Gugusheff, Z. Y. Ong, and M. A. Vithayathil. 2013. "Nutritional
approaches to breaking the intergenerational cycle of obesign'J Physiol
Pharmacol91 (6):4218. doi: 10.1139/cjpi20120353.

Muralidhara, D. V., and M. Desautels. 1994. "Changes in brown adipose tissue composition
during fasting and refeeding of diiduced obese mice Am J PhysioR66 (6 Pt
2):R190715.

78



Myers, E. W., G. G. Sutton, A. L. Delcher, I. M. Dew, D. P. FasMloJ. Flanigan, S. A.
Kravitz, C. M. Mobarry, K. H. Reinert, K. A. Remington, E. L. Anson, R. A.
Bolanos, H. H. Chou, C. M. Jordan, A. L. Halpern, S. Lonardi, E. M. Beasley, R. C.
Brandon, L. Chen, P. J. Dunn, Z. Lai, Y. Liang, D. R. Nusskern, M. Zharihgnhg,

X. Zheng, G. M. Rubin, M. D. Adams, and J. C. Venter. 2000. "A wheleme
assembly of Drosophila.Science287 (5461):219&04.

NagarkarJaiswal, S., P. T. Lee, M. E. Campbell, K. Chen, S. Anguiarate, M. C.
Gutierrez, T. Busby, W. W. Lir¥. He, K. L. Schulze, B. W. Booth, M. Evaiilm,
K. J. Venken, R. W. Levis, A. C. Spradling, R. A. Hoskins, and H. J. Bellen. 2015.
"A library of MiMICs allows tagging of genes and reversible, spatial and temporal
knockdown of proteins in DrosophilaElife 4. doi: 10.7554/eLife.05338.

Naja, F., N. Hwalla, L. Itani, M. Salem, S. T. Azar, M. N. Zeidan, and L. Nasreddine. 2012.
"Dietary patterns and odds of Type 2 diabetes in Beirut, Lebanon:-accadel
study." Nutr Metab (Londp (1):111. doi: 17430759-111 [pii]10.1186/174F 075
9-111.

Nankervis, A., J. Proietto, P. Aitken, M. Harewood, and F. Alford. 1982. "Differential effects
of insulin therapy on hepatic and peripheral insulin sensitivity in Type 2i(rsothn-
dependent) diabetesDiabetobgia 23 (4):3205.

Negri, I. 2011. "Wolbachia as an "infectious" extrinsic factor manipulating host signaling
pathways."Front Endocrinol (Lausanne):115. doi: 10.3389/fendo0.2011.00115.

Nelson, O. L., H. T. Jansen, E. Galbreath, K. Morgenstern, J. if@eK. S. Rigano, J.
Lee, J. Gong, A. J. Shaywitz, C. A. Vella, C. T. Robbins, and K. C. Corbit. 2014.
"Grizzly bears exhibit augmented insulin sensitivity while obese prior to a reversible
insulin resistance during hibernatiorCell Metab20 (2):37682. doi:
10.1016/j.cmet.2014.07.008.

Nelson, W., L. Cadotte, and F. Halberg. 1973. "Circadian timing of single daily "meal"
affects survival of mice.'Proc Soc Exp Biol Metl44 (3):7669.

Ni, J. Q., M. Markstein, R. Binari, B. Pfeiffer, L. P. Liu, C. Vit M. Booker, L. Perkins,
and N. Perrimon. 2008. "Vector and parameters for targeted transgenic RNA
interference irbrosophila melanogastér Nat Methods (1):4951. doi:
10.1038/nmeth1146.

79



Niki, M., M. Jyotaki, R. Yoshida, K. Yasumatsu, N. Shigemitay. DiPatrizio, D.
Piomelli, and Y. Ninomiya. 2015. "Modulation of sweet taste sensitivities by
endogenous leptin and endocannabinoids in mid¢dhysiol593 (11):252745. doi:
10.1113/JP270295.

Nohara, K., S. H. Yoo, and Z. J. Chen. 2015. "Manipulgtiine circadian and sleep cycles to
protect against metabolic diseas&ront Endocrinol (Lausanneg:35. doi:
10.3389/fendo.2015.00035.

O'Brien, L. E., S. S. Soliman, X. Li, and D. Bilder. 2011. "Altered modes of stem cell
division drive adaptive intestal growth." Cell 147 (3):60314. doi:
10.1016/j.cell.2011.08.048.

O'Neill, B. T., H. P. Lauritzen, M. F. Hirshman, G. Smyth, L. J. Goodyear, and C. R. Kahn.
2015. "Differential Role of Insulin/IGR Receptor Signaling in Muscle Growth and
Glucose Homeoasis." Cell Repll (8):122035. doi: 10.1016/j.celrep.2015.04.037.

O'Neill, E. M., I. Rebay, R. Tjian, and G. M. Rubin. 1994. "The activities of twodiised
transcription factors required for Drosophila eye development are modulated by the
Ras/MAPK pshway." Cell 78 (1):13747.

Okamoto, N., N. Yamanaka, Y. Yagi, Y. Nishida, H. Kataoka, M. B. O'Connor, and A.
Mizoguchi. 2009. "A fat bodylerived IGFlike peptide regulates postfeeding growth
in Drosophila." Dev Cell17 (6):88591. doi: 10.1016/j.devc£009.10.008.

Opperhuizen, A. L., L. W. van Kerkhof, K. I. Proper, W. Rodenburg, and A. Kalsbeek. 2015.
"Rodent models to study the metabolic effects of shiftwork in humdherit
Pharmacol6:50. doi: 10.3389/fphar.2015.00050.

Orloff, N. C., and J. M. Hones. 2014. "Pickles and ice cream! Food cravings in pregnancy:
hypotheses, preliminary evidence, and directions for future resedfaimt Psychol
5:1076. doi: 10.3389/fpsyg.2014.01076.

OrozcaeSolis, R., G. Ramadori, R. Coppari, and P. Sas§tsi. 2A5. "SIRT1 Relays
Nutritional Inputs to the Circadian Clock Through the Sf1 Neurons of the
Ventromedial Hypothalamus.Endocrinologyl56 (6):217484. doi:
10.1210/en.2014805.

80



OwusuAnsah, E., and N. Perrimon. 2014. "Modeling metabolic homeostasis arehtu
sensing in Drosophila: implications for aging and metabolic diseaBes Model
Mech7 (3):34350. doi: 10.1242/dmm.012989.

Padmanabha, D., and K. D. Baker. 2014. "Drosophila gains traction as a repurposed tool to
investigate metabolism.TrendsEndocrinol Metal®5 (10):51827. doi:
10.1016/j.tem.2014.03.011.

Park, J. H., S. Wacholder, M. H. Galil, U. Peters, K. B. Jacobs, S. J. Chanock, and N.
Chatterjee. 2010. "Estimation of effect size distribution from genoide
association studies and imgieons for future discoveriesNat Genet2 (7):5705.
doi: 10.1038/ng.610.

Parsons, S. D., and C. D. Allison. 1991. "Grazing management as it affects nutrition, animal
production and economics of beef productiowgt Clin North Am Food Anim Pract
7 (2):77-94.

Perrimon, N., A. Friedman, B. Mathd3revot, and U. S. Eggert. 2007. "Drtagget
identification in Drosophila cells: combining highroughout RNAi and small
molecule screens.Drug Discov Today 2 (1-2):2833. doi:
10.1016/j.drudis.2006.10.006.

Perrimon, N., and B. Mathelyrevot. 2007. "Applications of higihnroughput RNA
interference screens to problems in cell and developmental biol@gnéticsl75
(1):7-16. doi: 10.1534/genetics.106.069963.

Peterson, J., S. Garges, M. Giovanni, P. Mclnbe#/ang, J. A. Schloss, V. Bonazzi, J. E.
McEwen, K. A. Wetterstrand, C. Deal, C. C. Baker, V. Di Francesco, T. K. Howcroft,
R. W. Karp, R. D. Lunsford, C. R. Wellington, T. Belachew, M. Wright, C. Giblin, H.
David, M. Mills, R. Salomon, C. Mullins, B. Altkar, L. Begg, C. Dauvis, L.
Grandison, M. Humble, J. Khalsa, A. R. Little, H. Peavy, C. Pontzer, M. Portnoy, M.
H. Sayre, P. StarkReed, S. Zakhari, J. Read, B. Watson, M. Guyer, and NIH HMP
Working Group. 2009. "The NIH Human Microbiome Projed&&none Resl9
(12):231723. doi: 10.1101/gr.096651.109.

Piper, M. D., E. Blanc, R. Leit«@onealves, M. Yang, X. He, N. J. Linford, M. P.
Hoddinott, C. Hopfen, G. A. Soultoukis, C. Niemeyer, F. Kerr, S. D. Pletcher, C.
Ribeiro, and L. Partridge. 2014. "A holdmedium forDrosophila melanogastéer
Nat Methoddl1 (1):1005. doi: 10.1038/nmeth.2731.

81



Pollock, D. D., and J. C. Larkin. 2004. "Estimating the degree of saturation in mutant
screens."Geneticsl68 (1):489502. doi: 10.1534/genetics.103.024430.

Pospisiik, J. A., D. Schramek, H. Schnidar, S. J. Cronin, N. T. Nehme, X. Zhang, C. Knauf,
P. D. Cani, K. Aumayr, J. Todoric, M. Bayer, A. Haschemi, V. Puviindran, K. Tar,
M. Orthofer, G. G. Neely, G. Dietzl, A. Manoukian, M. Funovics, G. Prager, O.
Wagner, D. Errandon, F. Aberger, C. C. Hui, H. Esterbauer, and J. M. Penninger.
2010. "Drosophila genomeide obesity screen reveals hedgehog as a determinant of
brown versus white adipose cell fateCell 140 (1):14860. doi:
10.1016/j.cell.2009.12.027.

Potdar, S.and V. Sheeba. 2013. "Lessons from sleeping flies: insightsrasophila
melanogasteon the neuronal circuitry and importance of sleepNeurogene®7
(1-2):23-42. doi: 10.3109/01677063.2013.791692.

Prischmann, D. A., E. M. Knutson, K. E. Dashialid J. G. Lundgren. 2011. "Generalist
feeding subterranean mites as potential biological control agents of immature corn
rootworms." Exp Appl Acarob5 (3):23348. doi: 10.1007/s1049311-9468y.

Rajan, A., and N. Perrimon. 2012. "Drosophila cytokineaingal 2 regulates physiological
homeostasis by remotely controlling insulin secretidg@éll 151 (1):12337. doi:
S00928674(12)010173 [pii]10.1016/j.cell.2012.08.019.

Reddiex, A. J., T. P. Gosden, R. Bonduriansky, and S. F. Chenoweth. 2013p&stx
fitness consequences of nutrient intake and the evolvability of diet prefereAces."”
Nat182 (1):91102. doi: 10.1086/670649.

Reed, L. K., S. Williams, M. Springston, J. Brown, K. Freeman, C. E. DesRoches, M. B.
Sokolowski, and G. Gibson. 2010. "Géyye-by-diet interactions drive metabolic
phenotype variation iDrosophila melanogaster Geneticsl85 (3):100919. doi:
genetics.109.113571 [pii]10.1534/genetics.109.113571.

Reinberg, A. 1974. "Chronobiology and nutritiorChronobiologial (1):227.

Ribeiro, C., and B. J. Dickson. 2010. "Sex peptide receptor and neuronal TOR/S6K signaling
modulate nutrient balancing in DrosophilaCurr Biol 20 (11):10065. doi:
10.1016/j.cub.2010.03.061.

82



Riha, V. F., and L. S. Luckinbill. 1996. "Selection for lonige favors stringent metabolic
control inDrosophila melanogastér J Gerontol A Biol Sci Med SBil (4):B28494.

Riley, K. P. 1969. "Feeding.Vet Re@4 (11):27880.

Ritossa, F. M., K. C. Atwood, D. L. Lindsley, and S. Spiegelman. 1966. "On the
chromeomal distribution of DNA complementary to ribosomal and soluble RNA."
Natl Cancer Inst Monog23:44972.

Rodenfels, J., O. Lavrynenko, S. Ayciriex, J. L. Sampaio, M. Carvalho, A. Shevchenko, and
S. Eaton. 2014. "Production of systemically circulating ¢&dabg by the intestine
couples nutrition to growth and developmen&énes DeR8 (23):263651. doi:
10.1101/gad.249763.114.

Rulifson, E. J., S. K. Kim, and R. Nusse. 2002. "Ablation of ingatoducing neurons in
flies: growth and diabetic phenotypesStience296 (5570):111&0. doi:
10.1126/science.1070058.

Ryder, E., and S. Russell. 2003. "Transposable elements as tools for genomics and genetics
in Drosophila." Brief Funct Genomic Proteomit(1):5771.

Ryuda, M., S. Tsuzuki, H. Matsumoto, Y. Oda,Tenimura, and Y. Hayakawa. 2011.
"ldentification of a novel gene, anorexia, regulating feeding activity via insulin
signaling inDrosophila melanogastér J Biol Chen286 (44):3841726. doi:
10.1074/jbc.M111.267344.

Sajid, W., N. Kulahin, G. SchluckeljdJ. Ribel, H. R. Henderson, M. Tatar, B. F. Hansen,
A. M. Svendsen, V. V. Kiselyov, P. Norgaard, P. O. Wahlund, J. Brandt, R. A.
Kohanski, A. S. Andersen, and P. De Meyts. 2011. "Structural and biological
properties of the Drosophila insuliike peptide5 show evolutionary conservation.”
J Biol Chen286 (1):66173. doi: M110.156018 [pii]10.1074/jbc.M110.156018.

Sangster, T. A., N. Salathia, S. Undurraga, R. Milo, K. Schellenberg, S. Lindquist, and C.
Queitsch. 2008. "HSP90 affects the expression néte variation and
developmental stability in quantitative trait€?foc Natl Acad Sci U S 205
(8):29638. doi: 10.1073/pnas.0712200105.

Sano, H., A. Nakamura, M. J. Texada, J. W. Truman, H. Ishimoto, A. Kamikouchi, Y. Nibu,
K. Kume, T. Ida, and M. Kapna. 2015. "The NutrieAResponsive Hormone
CCHamide2 Controls Growth by Regulating Insulitke Peptides in the Brain of

83



Drosophila melanogastér PLoS Genell (5):e1005209. doi:
10.1371/journal.pgen.1005209.

SarovBlat, L., W. V. So, L. Liu, and M. Rgbash. 2000. "The Drosophila takeout gene is a
novel molecular link between circadian rhythms and feeding behaviail"101
(6):647-56.

Scherag, A., H. H. MYller, A. Dempfle, J. Hebebrand, and H. SchSfer. 2003. "Data adaptive
interim modification of samle sizes for candidatgene association studiesfum
Hered56 (1-3):56:62. doi: 73733.

Schistterer, C., R. Kofler, E. Versace, R. Tobler, and S. U. Franssen. 2015. "Combining
experimental evolution with nexfeneration sequencing: a powerful tool talgtu
adaptation from standing genetic variatiofieredity (Edinb)114 (5):43140. doi:
10.1038/hdy.2014.86.

Schoeller, D. A. 1990. "How accurate is s@ported dietary energy intake®Nutr Rev48
(10):3739.

Schoeller, D. A. 1995. "Limitations in thesessment of dietary energy intake by-self
report.” Metabolismd4 (2 Suppl 2):182.

Schwartz, M. W., E. J. Boyko, S. E. Kahn, E. Ravussin, and C. Bogardus. 1995. "Reduced
insulin secretion: an independent predictor of body weight gdilClin Endocrinol
Metab80 (5):15716. doi: 10.1210/jcem.80.5.7745002.

Seale, J. L., G. Klein, J. Friedmann, G. L. Jensen, D. C. Mitchell, and H. SmMikigist.
2002. "Energy expenditure measured by doubly labeled water, activity recall, and diet
records in the rural éérly." Nutrition 18 (7-8):56873.

Seeger, F. H., L. Chen, I. Spyridopoulos, J. Altschmied, A. Aicher, and J. Haendeler. 20009.
"Downregulation of ETS rescues diabeteduced reduction of endothelial progenitor
cells." PLoS Onel (2):e4529. doi: 10.137burnal.pone.0004529.

Selman, C., T. K. Korhonen, L. BYnger, W. G. Hill, and J. R. Speakman. 2001.
"Thermoregulatory responses of two moes musculustrains selectively bred for
high and low food intake.J Comp Physiol B71 (8):6618.

84



Seo, D. B., HW. Jeong, D. Cho, B. J. Lee, J. H. Lee, J. Y. Choi, |. H. Bae, and S. J. Lee.
2015. "Fermented green tea extract alleviates obesity and related complications and
alters gut microbiota composition in dietduced obese mice.J Med Foodl8
(5):54956. doi 10.1089/jmf.2014.3265.

Shanawani, H. 2006. "Health disparities and differences in asthma: concepts and
controversies."Clin Chest Me®7 (1):1#28, v. doi: 10.1016/j.ccm.2005.11.002.

Sharon, G., D. Segal, I. Zilb&osenberg, and E. Rosenberg. 2011 niBiptic bacteria are
responsible for dieinduced mating preference Drosophila melanogaster
providing support for the hologenome concept of evolutigaut Microbes?
(3):1902.

Silvestri, C., and V. Di Marzo. 2013. "The endocannabinoid system igyehemeostasis
and the etiopathology of metabolic disorder€&ll Metabl17 (4):47590. doi: S1550
4131(13)00103! [pii]10.1016/j.cmet.2013.03.001.

Sim, C., and D. L. Denlinger. 2013. "Insulin signaling and the regulation of insect diapause."
Front Physiol 4:189. doi: 10.3389/fphys.2013.00189.

Singari, S., N. Javeed, N. J. Tardi, S. Marada, J. C. Carlson, S. Kirk, J. M. Thorn, and K. A.
Edwards. 2014. "Inducible protein traps with dominant phenotypes for functional
analysis of the Drosophila genomesenetics196 (1):92105. doi:
10.1534/genetics.113.157529.

Singh, R. N. 1997. "Neurobiology of the gustatory systems of Drosophila and some
terrestrial insects.'Microsc Res TecB9 (6):54763. doi: 10.1002/(SICI)1097
0029(19971215)39:6<547::ADEMT7>3.0CO;2-A [pii]10.1002/(SICI)1097
0029(19971215)39:6<547::ADEMT7>3.0.CO;2A.

Slaidina, M., R. Delanoue, S. Gronke, L. Partridge, and P. LZopold. 2009. "A Drosophila
insulin-like peptide promotes growth during nonfeeding stat&el Celll7 (6):874
84.doi: 10.1016/j.devcel.2009.10.009.

Smit, A. N., D. F. Patton, M. Michalik, H. Opiol, and R. E. Mistlberger. 2013.
"Dopaminergic regulation of circadian food anticipatory activity rhythms in the rat."
PL0oS One3 (11):e82381. doi: 10.1371/journal.pone.0CBR3

85



Smith, C. E., J. Ngwa, T. Tanaka, Q. Qi, M. K. Wojczynski, R. N. Lemaitre, J. S. Anderson,
A. Manichaikul, V. MikkilS, F. J. van Rooij, Z. Ye, S. Bandinelli, A. C. Frazier
Wood, D. K. Houston, F. Hu, C. Langenberg, N. M. McKeown, D. Mozaffarian, K.
E. North, J. Viikari, M. C. Zillikens, L. DjoussZ, A. Hofman, M. KSh&nen, E. K.
Kabagambe, R. J. Loos, G. B. Saylor, N. G. Forouhi, Y. Liu, K. J. Mukamal, Y. D.
Chen, M. Y. Tsali, A. G. Uitterlinden, O. Raitakari, C. M. van Duijn, D. K. Arnett, I.
B. Borecki,L. A. Cupples, L. Ferrucci, S. B. Kritchevsky, T. LehtimSki, L. Qi, J. I.
Rotter, D. S. Siscovick, N. J. Wareham, J. C. Witteman, J. M. Ordovis, and J. A.
Nettleton. 2013. "Lipoprotein receptoelated protein 1 variants and dietary fatty
acids: metaanalysis of European origin and African American studidst'J Obes
(Lond)37 (9):121120. doi: 10.1038/ij0.2012.215.

Smith, C. E., K. L. Tucker, Y. C. Lee, C. Q. Lai, L. D. Parnell, and J. M. Ordovis. 2013.
"Low-density lipoprotein receptoelated proteirl variant interacts with saturated
fatty acids in Puerto RicansObesity (Silver Springd1 (3):6028. doi:
10.1002/0by.20001.

Smith, W. W., J. Thomas, J. Liu, T. Li, and T. H. Moran. 2014. "From fat fruit fly to human
obesity." Physiol Behaw36:1521.doi: 10.1016/j.physbeh.2014.01.017.

So, W. V., L. SaroBlat, C. K. Kotarski, M. J. McDonald, R. Allada, and M. Rosbash. 2000.
"takeout, a novel Drosophila gene under circadian clock transcriptional regulation.”
Mol Cell Biol 20 (18):693%44.

SousaNunes R., L. L. Yee, and A. P. Gould. 2011. "Fat cells reactivate quiescent
neuroblasts via TOR and glial insulin relays in DrosophiMature471 (7339):508
12. doi: 10.1038/nature09867.

Starr, D. J., and T. W. Cline. 2002. "A host parasite interactionesdarosophila oogenesis
defects." Nature418 (6893):760. doi: 10.1038/nature00843nature00843 [pii].

Steinert, R. E., C. FeinlBisset, N. Geary, and C. Beglinger. 2013. "Digestive physiology of
the pig symposium: secretion of gastrointestinal hormandseating control.'J
Anim Sci91 (5):196373. doi: 10.2527/jas.201@022.

Stetter, M. G., K. Schmid, and U. Ludewig. 2015. "Uncovering genes and ploidy involved in
the high diversity in root hair density, length and response to local scarce phosphate
in Arabidopsis thaliana PL0S Onel0 (3):e0120604. doi:
10.1371/journal.pone.0120604.

86



Strumia, R. 2013. "Eating disorders and the skidlih Dermatol31 (1):805. doi: S0738
081X(11)003373 [pii]
10.1016/j.clindermatol.2011.11.011.

Sun, T., Z. Liu, L. @1, and R. Long. 2012. "Meat fatty acid and cholesterol level of free
range broilers fed on grasshoppers on alpine rangeland in the Tibetan Plat8au."
Food Agric92 (11):2239%43. doi: 10.1002/jsfa.5609.

Sun, Y., X. Kong, C. Li, Y. Liu, and Z. Ding025. "Potassium Retention under Salt Stress
Is Associated with Natural Variation in Salinity Tolerance among Arabidopsis
Accessions."PL0oS Onel0 (5):e0124032. doi: 10.1371/journal.pone.0124032.

Svenson, K. L., D. M. Gatti, W. Valdar, C. E. Welsh, R. Ghdn J. Chesler, A. A. Palmer,
L. McMillan, and G. A. Churchill. 2012. "Highesolution genetic mapping using the
Mouse Diversity outbred populationGeneticsl90 (2):43747. doi:
10.1534/genetics.111.132597.

Swarup, S., S. T. Harbison, L. E. Hahn, T.Mbrozova, A. Yamamoto, T. F. Mackay, and
R. R. Anholt. 2012. "Extensive epistasis for olfactory behaviour, sleep and waking
activity in Drosophila melanogastér Genet Res (Cami9y (1):920. doi:
10.1017/S001667231200002X.

Swarup, S., W. Huang, T. F.adkay, and R. R. Anholt. 2013. "Analysis of natural variation
reveals neurogenetic networks for Drosophila olfactory behavitnot Natl Acad
Sci U S A110 (3):101722. doi: 10.1073/pnas.1220168110.

Swarup, S., T. V. Morozova, S. Sridhar, M. Nokes, anB RAnholt. 2014. "Modulation of
feeding behavior by odorabinding proteins ilDrosophila melanogastér Chem
Sense89 (2):12532. doi: 10.1093/chemse/bjt061.

Swarup, S., T. I. Williams, and R. R. Anholt. 2011. "Functional dissection of Odorant
binding protein genes iBrosophila melanogastér Genes Brain BehalO (6):648
57. doi: 10.1111/j.160183X.2011.00704..x.

S&derberg, J. A., M. A. Carlsson, and D. R. NSssel. 2012. "IfBwitucing Cells in the
Drosophila Brain also Express Satidtylucing GholecystokininLike Peptide,
Drosulfakinin." Front Endocrinol (Lausanneg:109. doi: 10.3389/fendo.2012.00109.

87



S¢rensen, J. G., M. M. Nielsen, and V. Loeschcke. 2007. "Gene expression profile analysis
of Drosophila melanogasteselected for resistance éavironmental stressorsJ'
Evol Biol20 (4):162436. doi: 10.1111/;.1420101.2007.01326.x.

Tanimura, T., K. Isono, and M. T. Yamamoto. 1988. "Taste sensitivity to trehalose and its
alteration by gene dosagelmosophila melanogaster Geneticsl19 (2)399-406.

Tao, L., S. L. Gomez, T. H. Keegan, A. W. Kurian, and C. A. Clarke. 2015. "Breast Cancer
Mortality in African-American and NoiHispanic White Women by Molecular
Subtype and Stage at Diagnosis: A PopulaBased Study."Cancer Epidemiol
Biomarkes Prev doi: 10.1158/1059965.EP115-0243.

Tarpy, D. R., H. R. Mattila, and I. L. Newton. 2015. "Development of the honey bee gut
microbiome throughout the queesaring process.Appl Environ Microbiol81
(9):318291. doi: 10.1128/AEM.003075.

Tatterall, D. B., S. Bak, P. R. Jones, C. E. Olsen, J. K. Nielsen, M. L. Hansen, P. B. H¢j, and
B. L. M¢ller. 2001. "Resistance to an herbivore through engineered cyanogenic
glucoside synthesis.Science293 (5536):1826. doi: 10.1126/science.1062249.

Taeb, B, K. Bouyakdan, C. Hryhorczuk, D. Rodaros, S. Fulton, and T. Alquier. 2013.
"Glucose regulates hypothalamic lealgain fatty acid metabolism via AMP
activated kinase (AMPK) in neurons and astrocytdsBiol Chen88 (52):37216
29. doi: 10.1074/jbc.M11306238.

TelonisScott, M., R. Hallas, S. W. McKechnie, C. W. Wee, and A. A. Hoffmann. 2009.
"Selection for cold resistance alters gene transcript lev&sasophila
melanogastel J Insect Physiob5 (6):54955. doi: 10.1016/}.jinsphys.2009.01.010.

Tennessen, J. M., W. E. Barry, J. Cox, and C. S. Thummel. 2014. "Methods for studying
metabolism in Drosophila.Methods68 (1):10515. doi:
10.1016/j.ymeth.2014.02.034.

Teperino, R., S. Amann, M. Bayer, S. L. McGee, A. Loipetzberger, T. Connor, C. Jaeger, B.
Kammerer, L. Winter, G. Wiche, K. Dalgaard, M. Selvaraj, M. Gaster, R. S. Lee
Young, M. A. Febbraio, C. Knauf, P. D. Cani, F. Aberger, J. M. Penninger, J. A.
Pospisilik, and H. Esterbauer. 2012. "Hedgehog partial agonism drives Wakeurg
metabolism in rascle and brown fat.Cell 151 (2):41426. doi:
10.1016/j.cell.2012.09.021.

88



Tevy, M. F., J. Giebultowicz, Z. Pincus, G. Mazzoccoli, and M. Vinciguerra. 2013. "Aging
signaling pathways and circadian cledgpendent metabolic derangementBrénds
Endocrirol Metab24 (5):22937. doi: 10.1016/j.tem.2012.12.002.

Thibault, S. T., M. A. Singer, W. Y. Miyazaki, B. Milash, N. A. Dompe, C. M. Singh, R.
Buchholz, M. Demsky, R. Fawcett, H. L. Frantieng, L. Ryner, L. M. Cheung, A.
Chong, C. Erickson, W. W. Fishé€, Greer, S. R. Hartouni, E. Howie, L. Jakkula, D.
Joo, K. Killpack, A. Laufer, J. Mazzotta, R. D. Smith, L. M. Stevens, C. Stuber, L. R.
Tan, R. Ventura, A. Woo, |. Zakrajsek, L. Zhao, F. Chen, C. Swimmer, C.
Kopczynski, G. Duyk, M. L. Winberg, and J. kmlis. 2004. "A complementary
transposon tool kit fobrosophila melanogastarsing P and piggyBac.Nat Genet
36 (3):2837. doi: 10.1038/ng1314.

Thompson, J. K., A. L. Gelman, R. W. Warren, and A. M. Petchey. 1972. "A survey of dairy
herd rations in Abeleenshire."J Sci Food Agri@3 (1):218.

Thorpe, H. M., and M. C. Smith. 1998. "In vitro sgipecific integration of bacteriophage
DNA catalyzed by a recombinase of the resolvase/invertase farRitp¢ Natl Acad
Sci U S A5 (10):550510.

Threadgill,D. W., D. R. Miller, G. A. Churchill, and F. P. de Villena. 2011. "The
collaborative cross: a recombinant inbred mouse population for the systems genetic
era." ILAR J52 (1):2431.

Tian, C., P. K. Gregersen, and M. F. Seldin. 2008. "Accounting for ayicpspulation
substructure and genomeéde association studiesHum Mol Genel7 (R2):R143
50. doi: 10.1093/hmg/ddn268.

Tian, F., P. J. Bradbury, P. J. Brown, H. Hung, Q. Sun, S-Ghmtia, T. R. Rocheford, M.
D. McMullen, J. B. Holland, and E. S. Bkler. 2011. "Genomwide association
study of leaf architecture in the maize nested association mapping populatain.”
Genet43 (2):15962. doi: 10.1038/ng.746.

Tichy, J. R., A. M. Deal, C. K. Anders, K. Reed#ayes, and L. A. Carey. 2015. "Race,
respnse to chemotherapy, and outcome within clinical breast cancer subtypes.”
Breast Cancer Res Treab0 (3):66774. doi: 10.1007/s1054@15-33502.

Tilg, H. 2010. "Obesity, metabolic syndrome, and microbiota: multiple interactidnSlin
Gastroenterol4 Suppl 1:S1@. doi: 10.1097/MCG.0b013e3181dd8b64.

89



Toivonen, J. M., G. A. Walker, P. Martinéxaz, |. Bjedov, Y. Driege, H. T. Jacobs, D.
Gems, and L. Partridge. 2007. "No influence of Indy on lifespan in Drosophila after
correction for genetic and cytiagmic background effectsPLoS GeneB (6):€95.
doi: 07-PLGE-RA-0086 [pii]10.1371/journal.pgen.0030095.

Turnbaugh, P. J., and J. I. Gordon. 2009. "The core gut microbiome, energy balance and
obesity." J Physiol587 (Pt 17):4153. doi: 10.1113/jphysi.2009.174136

Turnbaugh, P. J., M. Hamady, T. Yatsunenko, B. L. Cantarel, A. Duncan, R. E. Ley, M. L.
Sogin, W. J. Jones, B. A. Roe, J. P. Affourtit, M. Egholm, B. Henrissat, A. C. Heath,
R. Knight, and J. I. Gordon. 2009. "A core gut microbiome in obaddean twins."
Nature457 (7228):4861. doi: 10.1038/nature07540.

Turnbaugh, P. J., R. E. Ley, M. Hamady, C. M. Frasggett, R. Knight, and J. I. Gordon.
2007. "The human microbiome projectNature449 (7164):80410. doi:
10.1038/nature06244.

Tuziak, S. M., and H. Volkoff. 2013. "Gonadotroph®easing hormone in winter flounder
(Pseudopleuronectes americanus): Molecular characterization, distribution and effects
of fasting." Gen Comp Endocrinoboi: S00166480(12)0047+7
[pii]10.1016/j.ygcen.202.12.010.

Unckless, R. L., S. M. Rottschaefer, and B. P. Lazzaro. 2015. "A gewalaessociation
study for nutritional indices in DrosophilaG3 (Bethesda} (3):41725. doi:
10.1534/93.114.016477.

Vairaktaris, E., L. Goutzanis, G. Kalokerinos, Aanfiopoulos, C. Yapijakis, S. Vassiliou, S.
Spyridonidou, A. Vylliotis, E. Nkenke, A. C. Lazaris, C. Tesseromatis, and E.
Patsouris. 2007. "Diabetes increases botiatNand etd expression during rat oral
oncogenesis resulting in enhanced cell proliferaind metastatic potentiallh Vivo
21 (4):61521.

Van Roessel, P., N. M. Hayward, C. S. Barros, and A. H. Brand. 2002:-¢o0GFP
imaging demonstrates celutonomy of GAL4driven RNA interference in
Drosophila." Genesis34 (1-2):170-3. doi: 10.102/gene.10146.

Vattikuti, S., J. Guo, and C. C. Chow. 2012. "Heritability and genetic correlations explained
by common SNPs for metabolic syndrome traiBL'oS Gene8 (3):€1002637. doi:
10.1371/journal.pgen.1002637.

9(



Veenstra, J. A., H. J. Agricola, ad Sellami. 2008. "Regulatory peptides in fruit fly
midgut.” Cell Tissue Re334 (3):499516. doi: 10.1007/s0044008-0708 3.

Venken, K. J., K. L. Schulze, N. A. Haelterman, H. Pan, Y. He, M. Eahs, J. W.
Carlson, R. W. Levis, A. C. Spradling, R. lAoskins, and H. J. Bellen. 2011.
"MIMIC: a highly versatile transposon insertion resource for engine@&rogophila
melanogastegenes."Nat Methods (9):73743.

Vigne, P., and C. Frelin. 2010. "Food presentation modifies longevity and the beneficial
adion of dietary restriction in DrosophilaExp Geronto#5 (2):1138. doi:
10.1016/j.exger.2009.10.016.

Vijendravarma, R. K., S. Narasimha, and T. J. Kawecki. 2012. "Evolution of foraging
behaviour in response to chronic malnutritiolrosophila melangaster" Proc
Biol Sci279 (1742):354@. doi: 10.1098/rspb.2012.0966.

Vishalakshi, C., and B. N. Singh. 2009. "Effect of directional selection for body size on
fluctuating asymmetry in certain morphological traitbmosophila ananassaé J
Biosci34 (2):27585.

Visscher, P. M., B. McEvoy, and J. Yang. 2010. "From Galton to GWAS: quantitative
genetics of human heightGenet Res (Cami9p (56):3719. doi:
10.1017/S0016672310000571.

Vitaterna, M. H., D. P. King, A. M. Chang, J. M. Kornhauser, P. L.dsywJ. D. McDonald,
W. F. Dove, L. H. Pinto, F. W. Turek, and J. S. Takahashi. 1994. "Mutagenesis and
mapping of a mouse gene, Clock, essential for circadian behaBoiehce264
(5159):71925.

Vodala, S., S. Pescatore, J. Rodriguez, M. Buescher, €héh, R. Weng, S. M. Cohen,
and M. Rosbash. 2012. "The oscillating miRNA @81 cluster impacts Drosophila
feeding time and other circadian output&ell Metab16 (5):60112. doi:
10.1016/j.cmet.2012.10.002.

Vrablik, T. L., and J. L. Watts. 2013. "Palysaturated fatty acid derived signaling in
reproduction and development: insights from Caenorhabditis elegafby@saphila
melanogastelf Mol Reprod De\80 (4):24459. doi: 10.1002/mrd.22167.

91



Wang, C., I. ChirSang, and W. G. Bendena. 2012. "The FGldmailatostatins influence
foraging behavior ibrosophila melanogastér PLoS Oné&’ (4):e36059. doi:
10.1371/journal.pone.0036059.

Weber, A. L., G. F. Khan, M. M. Magwire, C. L. Tabor, T. F. Mackay, and R. R. Anholt.
2012. "Genomavide association analigsof oxidative stress resistanceDnosophila
melanogastel PLoS Oné€r (4):e34745. doi: 10.1371/journal.pone.0034745.

Weidemann, B. J., S. Voong, F. I. Morafeantiago, M. Z. Kahn, J. Ni, N. K. Littlejohn, K.
E. Claflin, C. M. Burnett, N. A. Pearsoml. L. Lutter, and J. L. Grobe. 2015.
"Dietary Sodium Suppresses Digestive Efficiency via the RAngiotensin
System." Sci Refb:11123. doi: 10.1038/srep11123.

Weigel, D., and R. Mott. 2009. "The 1001 genomes projecrabidopsis thaliand
Genome Bil 10 (5):107. doi: 10.1186/gp003-10-5-107.

Weitten, M., J. P. Robin, H. Oudart, P. PZvet, and C. Habold. 2013. "Hormonal changes and
energy substrate availability during the hibernation cycle of Syrian hamskéwai
Behavo4 (4):6117. doi: 10.1016/yhbeh.2013.08.015.

Werren, J. H., L. Baldo, and M. E. Clark. 2008. "Wolbachia: master manipulators of
invertebrate biology."Nat Rev Microbiob (10):74151. doi: 10.1038/nrmicro1969.

Wheeler, D. 1996. "The role of nourishment in oogene#sitiu Rev Elomol41:40731.
doi: 10.1146/annurev.en.41.010196.002203.

Whitlock, M. C., and K. Fowler. 1999. "The changes in genetic and environmental variance
with inbreeding irDrosophila melanogastér Geneticsl52 (1):34553.

Williams, M. J., M. S. AImZn, R. Freésson, and H. B. Schisth. 2012. "What model
organisms and interactomics can reveal about the genetics of human olsesity."
Mol Life Sci69 (22):381934. doi: 10.1007/s000181210225.

Wolkow, C. A., M. J. Mu—oz, D. L. Riddle, and G. Ruvkun. 2008stilin receptor substrate
and p55 orthologous adaptor proteins function in the Caenorhabditis elegans daf
2/insulintlike signaling pathway."'J Biol Chen277 (51):4959%7. doi:
10.1074/jbc.M207866200.

92



Wong, R., M. D. Piper, E. Blanc, and L. Partridge. 20@&falls of measuring feeding rate
in the fruit fly Drosophila melanogastér Nat Method$ (3):2145; author reply
215. doi: 10.1038/nmeth03a8L4.

Wong, R., M. D. Piper, B. Wertheim, and L. Partridge. 2009. "Quantification of food intake
in Drosophi." PLoS Onet (6):€6063. doi: 10.1371/journal.pone.0006063.

Wood, J. G., B. Rogina, S. Lavu, K. Howitz, S. L. Helfand, M. Tatar, and D. Sinclair. 2004.
"Sirtuin activators mimic caloric restriction and delay ageing in metazo&ettire
430 (7000):686. doi: 10.1038/nature02789.

Wozniak, M., B. Rydzewski, S. P. Baker, and M. K. Raizada. 1993. "The cellular and
physiological actions of insulin in the central nervous systeédetirochem In2
(1):1-10.

Wragg, S. R. 1970. "The economics of intensive twes production."Vet Re@6 (2):337.

Xu, K., X. Zheng, and A. Sehgal. 2008. "Regulation of feeding and metabolism by neuronal
and peripheral clocks in DrosophilaCell Metab8 (4):289300. doi:
10.1016/j.cmet.2008.09.006.

Yamada, R., S. A. Deshpandé,D. Bruce, E. M. Mak, and W. W. Ja. 2015. "Microbes
Promote Amino Acid Harvest to Rescue Undernutrition in Drosophz!l Rep
doi: 10.1016/j.celrep.2015.01.018.

Yang, C. H., P. Belawat, E. Hafen, L. Y. Jan, and Y. N. Jan. 2008. "Drosophilay&um
site selection as a system to study simple decisiaking processes.Science319
(5870):167983. doi: 10.1126/science.1151842.

Yang, Z., Y. Yu, V. Zhang, Y. Tian, W. Qi, and L. Wang. 2015. "Octopamine mediates
starvationinduced hyperactivity in adurosophila.” Proc Natl Acad Sci U S A12
(16):521924. doi: 10.1073/pnas.1417838112.

Yu, J., J. B. Holland, M. D. McMullen, and E. S. Buckler. 2008. "Genetic design and
statistical power of nested association mapping in maGerieticsl78 (1):53951.
doi: 10.1534/genetics.107.074245.

Zeng, Z. B. 1994. "Precision mapping of quantitative trait loGeneticsl36 (4):145768.

93



Zhang, H., G. Zhang, F. J. Gonzalez, S. M. Park, and D. Cai. 2011. "Hypduizble
factor directs POMC gene to mediate hypddimic glucose sensing and energy
balance regulation.PLoS Biol9 (7):e1001112. doi: 10.1371/journal.pbio.1001112.

Zhang, N., Y. Gibon, J. G. Wallace, N. Lepak, P. Li, L. Dedow, C. Chen, Y. S. So, K.
Kremling, P. J. Bradbury, T. Brutnell, M. Stitt, and& Buckler. 2015. "Genome
wide association of carbon and nitrogen metabolism in the maize nested association
mapping population.'Plant Physioll68 (2):57583. doi: 10.1104/pp.15.00025.

Zhang, W., B. J. Thompson, V. Hietakangas, and S. M. Cohen. 20APK/ERK signaling
regulates insulin sensitivity to control glucose metabolism in DrosophadS
Genet7 (12):€1002429. doi: 10.1371/journal.pgen.1002429.

Zhang, W., and Y. Xia. 2014. "ER type | signal peptidase subunit (LmSPC1) is essential for
the suvival of Locusta migratoria manilensis and affects moulting, feeding,
reproduction and embryonic developmernin$ect Mol Biol23 (3):26985. doi:
10.1111/imb.12080.

Zhang, Y., G. Liu, J. Yan, B. Li, and D. Cai. 2015. "Metabolic learning and memory
formation by the brain influence systemic metabolic homeostadlat'Commun
6:6704. doi: 10.1038/ncomms7704.

Zhang, Y. V., R. P. Raghuwanshi, W. L. Shen, and C. Montell. 2013. "Food experience
induced taste desensitization modulated by the Drosophila TRPheliaNat
Neuroscil6 (10):146876. doi: 10.1038/nn.3513.

Zhu, F., J. Xu, R. Palli, J. Ferguson, and S. R. Palli. 2011. "Ingested RNA interference for
managing the populations of the Colorado potato beetle, Leptinotarsa decemlineata."
Pest Manag S@&7(2):17582. doi: 10.1002/ps.2048.

94



CHAPTER TWO

QUANTITATIVE GENETICS OF FOOD INTAKE IN

DROSOPHILA MELANOGASTER

95



Submission information
Authors:Megan E. Garlapow? 2 Wen Huang ? 3 Michael T. Yarborf Kara R. Petersén

Trudy F. C. Mackay >3

'Program in GeneticdDepartment of Biological Sciencésy. M. Keck Center for

Behavioral Biology, North Carolina State University, Raleigh, NC 278354

Submitted tdPLoS OneJuly 2015

Keywords: GWA, feeding behavidbrosgphila Genetic Reference Panel, genetic variance

in environmental sensitivity, RNAI

Short title: Genetics ddrosophilafeeding behavior

96



Abstract

Food intake is an essential animal activity, regulated by neural circuits that motivate food
localization, evluate nutritional content and acceptance or rejection responses through the
gustatory system, and regulate neuroendocrine feedback loops that maintain energy
homeostasis. Excess food consumption in people is associated with obesity and metabolic
and cardigascular disorders. However, little is known about the genetic basis of natural
variation in food consumption. To gain insights in evolutionarily conserved genetic
principles that regulate food intake, we took advantage of a model sy3tesophila
melan@aster in which food intake, environmental conditions and genetic background can
be controlled precisely. We quantified variation in food intake among 182 inbred, sequenced
lines of theDrosophila melanogastégenetic Reference Panel (DGRP). We found

significant genetic variation in the mean and witlime environmental variance of food
consumption and observed sexual dimorphism and genetic variation in sexual dimorphism
for both food intake traits (mean and variance). We performed genome wide association
(GWA) analyses for mean food intake and environmental variance of food intake (using the
coefficient of environmental variatioQ\Vg, as the metric for environmental varianaayl
identified molecular polymorphisms associated with both traits. Validaipariments using
RNAi-knockdown confirmed 24 of 31 (77%) candidate genes affecting food intake and/or
variance of food intake, and a test cross between selected DGRP lines confirmed a SNP
affecting mean food intake identified in the GWA analysis. The ntgjof the validated
candidate genes were novel with respect to feeding behavior, and many had mammalian

orthologs implicated imetabolic diseases.
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Introduction

Food intake is a fundamental fitness trait as it is essential for the maintenance pf energ
balance and survival. In humans, consumption of excessive calories is associated with an
increased incidence of type 2 diabetes, obesity, cardiovascular disease, and other disorders
and disease&soncalves et aR012, Naja et al. 2012, Azadbakht et al. 20%2)ile

insufficient caloric intake is correlated with abnormal liver function and skin and other
disordergHarris, Sasson, and Mehler 2012, Strumia 20B8ever dissecting the genetic

and environmental contributions to variation in food intake in human populations is
challenging, due to difficulties in quantifying food intafkém et al. 1984, Basiotis et al.

1987, Schoedlr 1990, 1995, Kaczkowski et al. 2000, Seale et al. 2002, Bray et al. 2008,
Champagne et al. 2018hd small effects of segregating variants that together account for
only a small fraction of the estimated genetic varigi@an, Gregersen, and Seldin 2008,
Manolio et al. 2009, Visscher, McEvoy, and Yang 2010, Park et al. 2010, Vattikuti, Guo, and
Chow 2012) Using model organisms such@sosophila melanogastdo delineate the

genetic and neural basis of food samption and metabolism, obesity, type 2 diabetes, and
other traits and disorders connected with food consumption can identify evolutionarily
conserved candidate genes and pathways relevant to human l{ihagycta 2009, Lai et

al. 2009)

The development of rapid and reproducible techniques for quantifying food intake
has facilitated many recent studies on the genetic, neural, and environmental factors
modulating food consumption D. melanogasterMeasuring feding frequency by
guantifying proboscis extension provides an estimate of total food intake, and can be applied

to the same group of flies over tirfi@ong et al. 2009and automated for continuous
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resolution(ltskov et al. 2014)Radioactive tracers can permit measurement of food intake
and fecabnd egg excretio(Zeng et al. 2011 )while the development of the Clary

Feeding (CAFE) assay allows for continuous measurement of food intake with high
resolution(Ja et al. 2007, Deshpande et al. 2014)

The genetic and environmental basis of food consumptiBmasophilahas may
components.Drosophilautilize gustatory receptors (GRSs), olfactory receptors (ORs) and
odorant binding proteins (OBPs) to sense food and assess its quality as they integrate food
cues with physiological state to affect feeding decisions. Expressghodfneuropeptide F
(SNPF) and its receptor in OR42b neurons is required for increasing food search behavior
induced by starvatiofRoot et al. 2011)Food odors elicit rapid, tramsit physiological and
transcriptional increases in circulating glucose and expression of four of th®esgbphila
Insulin-Like Peptides (DILPs) and adipokinetic hormone (AKO)shch, Carlsson, and
NSssel 2015Y0BPs are thought to transport bitter hydrophobic tastants to gustatory
receptors to modulate food inta@warup et al. 2014)'he receptor for trehalose, Gr5a, acts
with the Gprotein alpha subunit, Gs", to allow sugar taste transdugtieno et al. 2006)
Gustatory perception of food quality can distinguish among major tastant groups but not
individual compounds within a modalifiMasek and Scott 20Q). Gustatory sugar
acceptance is modulated by dopaminergic signdMeyella, Mann, and Scott 2012)
Acceptance of unpalatable, often bitter, foods increases withtémngexposure, with
attenuation of gustation achieved through activation of Transient Receptor Pdtédial
(TRPL) localized in the GR neurofghang et al. 2013)n the brain, Gr43aerses fructose
circulating in the hemolymph, promotes feeding in hungry flies, and suppresses feeding in

satiated fliegMiyamoto et al. 2012)integration of OBPs, GRs, and subsequent
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neuroendocrine and motor responses can be modulated by gustatory interneurons connecting
food sensing modalities with neuroendocrine and motor outbaisis et al. 2015)

Gustatory and olfactory sensing assess the tastants and odorants of food, while the
brain assesses caloric content independent of gustatory and olfactorytiesdétie brain
directly senses caloric content of circulating sugar without tasting sugar via the hemolymph,
and communicates necessary feeding and metabolic ch@wgest al. 2011)In fact, caloric
sensing by the brain forms metabolic memories that dllcygophilato balance caloric
intake with metabolic state independent stééZhang et al. 2015Adult D. melanogaster
increase their feeding rate under dietary restriction, thereby adjusting caloric intake to
physiologcal needgCarvalho, Kapahi, and Benzer 2008)dorant sesing to locate and
anticipate feeding, gustation to assess palatability, and caloric density assessment by the
brain independent of taste are integrated with physiological state to regulate metabolism and
determine feeding behavior.

Mating status and physbgical state affect food intake and preference. Males
transfer Sex Peptide (SP) to females during mating, which increases female feeding
(Carvalho et al. 2006and entrance into reproductive diapause decreases female food intake
(Kubrak et al. 2014)Mated femald. melanogasteprefer to eat yeast, a choice behavior
that is modulated by the SP receptor ppl reproductive tract sensory neurqfsbeiro
and Dickson 2010)Nutrient ratios of carbohydrate to protein in virgin males and females
affect reproductive succefsricke, Bretman, and Chapman 2008, Lee et al. 2008, Maklakov
et al. 2008, Reddiex et al. 2013)

Lifespan, which is in a complex tradeoff with reproduction, is also affected by

feeding bbavior(Carvalho, Kapahi, and Benzer 20@®)d food prefemces(Ja et al. 2009)
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A preference for carbohydrate in both sexes increases lifespan and overrides a reproductive
optimization gained with higher amounts of prot@Reddiex et al. 2013}hough males
exposed to brief starvation engage in intensive protein irftateeton et al. 2014)laste
quality can further affect lifespan, shortening it with negative gustatory cues and lengthening
it with positive gustatory cues. The different gustatory inputs affect lifespan via distinct
signaling pathwaygOstojic et al. 2014)

Circadian cycles further scaffold feedi(@iebultowicz and Kapahi 2010n
animals, circadian clocks exist in the central nervous system and in peripheral tissues
(Konopka and Benzer 1971, Giebultowicz 2000, Balsalob@2RClockcontrols the rhythm
of Drosophilafeeding, with peripheral tissues playing a crucial role in the control of
metabolismDrosophilalacking clocks in the fat body have increased food intake, increased
susceptibility to starvation and decreasbaggen storagéXu, Zheng, and Sehgal 2008
feedback loop in the fat body involvimgi959964 coordinates fooditake with circadian
rhythms(Vodala et al. 2012)Neuronal and peripheral clocks interact to maintain energy
homeostasis and feedifgu, Zheng, and Sehgal 200&)d to coordinate sugar sensing,
metabolism, and circadian cycl@artok et al. 2015)Further circadian effects of feeding
can occur through the timing of food intake. Timestricted feeding decreases agkated
cardiac decline, even when total caloric intake is equal betweendstrected and
unrestrictedrosophila(Gill et al. 2015) The physiological responsegtarvation elicits a
search for fooqFarhadian et al. 2012)odulated by octopamin@&ang et al. 2015and
takeout(to) (Meunier, Belgacem, and Martin 200af)d integréed onto circadian cycles by
to (SarovBlat et al. 2000, So et al. 2000)he clocks of the central nervous system and

peripheral tissues thus affect and are affected by food intake across the circadian cycle.
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Thecentral nervous system serves as the master regulator of food intake, integrating
various physiological signals with external cues. Decreases in food intake are achieved
through various peptides and signaling modalities: Leucokinin (Lk) and the Leucokinin
Receptor (LkrYAl-Anzi et al. 2010)Forkhead Box O transcription factor (FOX@®yitton
et al. 2002, Kramer et al. 2003, JYnger et al. 200B)tostatingWang, ChirSang, and
Bendena 2012)serotoninNeckameyer 2010heuronal populations ab73a(Al-Anzi et al.
2009) peripheral cAMPresponsive transcription factor (CRE@)ima et al. 2009) hugin
(Melcher and Pankratz 2005, Melcher, Bader, and Pankratz 2007, Sehabf2014)Rac2
(Goergen et al. 2014and Unpaired 2 (UpdZRajan ad Perrimon 2012all elicit decreased
food intake. In comparison, there are fewer signaling peptides involved in increasing food
intake: SR Carvalho et al. 20065NPFLee et al. 2004, Hong et al. 2012, Kapan et al.

2012) and dopaminéRiemensperger et al. 2014dl)cit feeding increases. Increases and
decreases of food intake are further modulated by a complex coordination of neuronal
signaling. A single pair of Feeding neurons continel initiation of food intakéFlood et al.
2013) and four GABAergic interneurons promote the cessation of feediregponse to

satiety and gustatory cu@®ool et al. 2014)insulin, serotonergic, octopaminergic,
GABAergic, and dopaminergic signaling pathways all act and interact to orchestrate
physiological and metabolic cues, sensory input, and signaling peptides into the appropriate
feeding resposegNeckameyer 2010, Marella, Mann, and Scott 2012, Wang, Pu, and Shen
2013, NSssel et al. 2013, Pool et al. 2014, Goergen et al. 2014, Liu et al. 2015, Yang et al.
2015) The decision to eat is accompanied bteegion of the proboscis and fluid ingestion

by motor neurordriven pumping; these neurons exhibit prolonged activation to palatable

tastant{Manzo et al. 2012)
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Despite these recent advances in understanding the integration of environmental,
physiological, and neuroendocrine factors affecting initiation, continuation, and cessation of
food intake, the eent to which these genes and pathways affect natural variation in food
intake inDrosophilais unknown. Here, we used the inbred, sequenced lines Df the
melanogastetsenetic Reference Panel (DGRR)ackay et al2012, Huang et al. 2014)
guantify substantial genetic variation in both mean food consumption and the hai¢hin
environmental variance (measured using the coefficient of environmental vai@grof
food consumptioriMackay and Lyman 2005, Hall et al. 2007, Sangster et al. 2008, Ordas,
Malvar, and Hill 2008, Ansel et al. 2008, Harbison, McCoy, and Mackay 2013, Morgante et
al. 2015) We performed genome wide association (GWA) analyses for both traits and
identified novel candidate genes, many of which we functionally validated using single
nucleotide polymorphisms (SNPs) in the DGIeigerThornsberry and Mackay 2008)

RNAI alleles. Based on these validations, we named three computationally predicted genes:
glutton(glutton CG2121, edesialede CG34362, anderysichthonerys CG32107,

associated with variation in food intake.

Results

Quantitative genetics of mean food consumption in the DGRP

We assessed total consumption of 4% sucrose over 24 hours for 182 DGRP lines (S1 Table)
using a modified version of the CAFE as$d& et al. 2007)We found substantial genetic
variation in food consumption among the DGRP lines, with a broad sense heritailfty of

0.45 (Fig.2.1A, Table2.1). Food intake is sexually dimorphié € 0.0001 for the seterm),

with females generally consuming more than males. In addition, there is genetic variation
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among the DGRP in the magnitude of sexual dimorphism in food consumption (Eitf8re
Table2.1, P < 0.0001 for the sex by line interaction term), with @ssisex genetic

correlation ofrgs= 0.68. Thus, we expect the genetic architecture of mean food intake to be
at least partially segpecific.

Many other physiological and life history traits have been measured in the DGRP
lines, enabling us to estimatenggic correlations between these traits and food intake. In
total, we tested correlations with food intake for 33 traits in females and 66 traits in males.
The most significant correlation with food intake was a negative correlation with starvation
resistace in both sexes € -0.31,P < 0.0001 for males and femalébjuang et al. 2014)

We observed nominally significant and modest correlations between food intake and several
sleep traits and lifespan in both sek&groles et al. 2009, Harbison, McCoy, and Mackay
2013) resistance to oxidative stress induced by pargiueber et al. 20123nd menadione
sodium bisulfite (MSB) in femalggdordan et al. 2012and several nutritional index values

in males(Unckless, Rottschaefer, and Lazzaro 2qQ82)2 Table). None of the correlations
between food intake and body weight or aspects of metab@lismboeLucioni et al. 2010)

approached significance, suggesting that consumption is independent of size.

Quantitative genetics of withiline variation in food consumption in the DGRP

Several studies have shown that the wiHime environmetal variance of inbred lines is
heritable(Mackay and Lyman 2005, Hall et al. 2007, Sangster et al. 2008, Ansel et al. 2008,
Harbison, McCoy, and Mackay 2013, Morgante et al. 200%) used Browstorsythe and
LevereQs tests to assess whether there was heterogeneity ofimétlinvironmental

variance in food consumption among the DGRP lines. These tests are modifications of one
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way ANOVA that use, respectively, the absolute deviation of each data point fromethe li
median and mean as the response variable. Indeed, we find highly significant heterogeneity
of environmental variance among the DGRP lines (Tal2lg suggesting heritability of this
trait. Within some inbred DGRP lines, individuals consume relativaigt@ant amounts of
food, whereas within others, individuals consume widely varying amounts of food.

We used the coefficient of withilme variation CVk) as the metric for withhtine
environmental variance (Fig.2). The correlation o€Ve between maleand females is =
0.16,P = 0.031 (Fig2.2), suggesting segpecific genetic architecture of variation in
environmental variance. We assessed whether variaf@é-ioould be a consequence of
variation in the numbers of segregating sites in the DGRB(lHuang et al. 2014ps it has
been hypothesized that within line environmental variation may be inversely related to
heterozygosityLerner 1954, Lewontin 1964This hypothesis was not supported by these
data: the correlation betwe&Ve and the number of segregating sites was not significant for

females { = 0.026,P = 0.72) or malesr(=-0.106,P = 0.16; 2.1 Fig.).

GWA analyses of food consumption

We performed GWA analyses for mean &\ of food intake using 1,920,276 polymorph
variants with minor allele frequencie€.05. We performed four analyses for each:tté
average of females and males, the difference between females and males (formally
equivalent to the sex by line interaction), and for females and males sgpd?aor to
performing the GWA analyses, we tested and corrected for any effédisllodichia
infection and common polymorphic inversions as well as polygenic relatedhessg et al.

2014) For mean food intakeve observed a significant effect\WWolbachiain females P =
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0.03) and for the difference between females and mRle(026); a significant effect of
In(3R)Kfor males P = 0.05); and a significant effect bf(3R)Mofor males P = 0.04) and
for thedifference between females and malRRs(0.04) (2.3 Table). None of these
covariates was significant f@Vg of food intake (8.3 Table).

At a nominal reporting threshold Bf< 10°, we found 74 variants in or near{ kb)
54 genes affecting meand intake (2.4 Table) and 160 variants in or near 101 genes
affecting food intake€CVe (S2.5 Table). Two genef)ystrophin(Dys) andCG1136 were
associated with both the mean &¥. None of the variants were significant following a
Bonferroni correctior{P = 2.6 * 10°%) for multiple tests. However, 12 of the 153 genes
implicated in these analyses have been previously associated with aspects of f&ling (S
Table). Among the candidate genes for mean food intekaned(retn), CG10477and
CG42788wnerepreviously associated with adult amino acid consumption from gene
expression and GWA analyses in the DGR&shima et al. 2014pndAldolase(Ald) was
asseiated with adult transcriptional response to dietary restri¢Wdmtaker et al. 2014)
(S2.6 Table). Among the candidate genes@&: of food intake, previous associations have
been reported fdEcdysonanducible gene LUmpL1) with larval sugar feedinf(Zinke et al.
2002) CG3502 frizzled(fz) andZwilch with amino acid intakéToshima et al. 2014)
Octopamine #3 receptdOct#3R with larval hungedriven feedingZhang, Branch, and
Shen 2013)Organc anion transporting polypeptide 74@atp74D with high glucose
rearing(Unckless, Rottschaefer, and Lazzaro 20p6)nted(pnt) with larval nutritient
control ofmitochondrial biogenesiBaltzer et al. 2009)andTyramine # hydroxylas@bh)
with adult sweet tastenduced memory formatiofHuetteroth et al. 20139nd adult response

to sucrose concentratigBcheiner et al. 201452.6 Table).

10¢€



We used gene ontology (GO) enrichment anal{ldeang, Sherman, and Lempick
2009a, b}o place the top associations in context. None of the GO terms for either trait had
enrichment scores passing a 5% false discovery raté {@ble). At nominaP-values <
0.05, the top genes associated with mean food intake were enricloéfddtory and
chemosensory behavior, and epidermal growth factor (EGF) signakng &ble). The top
genes associated wi@€We of food intake were associated with behaviorgrGtein coupled

signaling, and regulation of transcriptior2(& Table).

SNRbased functional validation

We chose one SNBR 13637022 _SNPan A/C polymorphism 174 bp upstream of
CG18012and 241 upstream tihcar with a femalespecific effect on food intake (feméefe
value = 5.14 * 10 maleP-value = 2.11 * 1¢, 2.2 Table) tcfunctionally validate in

outbred genetic backgrounds. We selected this SNP basedPevallise and a minimum of

ten minorallele-containing DGRP lines that we had measured. We created five different F1
genotypes from 10 DGRP lines homozygous for the matele (C) and five F1 genotypes
from 10 DGRP lines homozygous for the major allele (A), and measured their food intake
(Fig. 2.3A, 2.8 Table). These lines have randomized genetic backgrounds with the
exception of the target polymorphism. We indeed cordd a significant® = 0.029; Fig.

2.3B) femalespecific effect of this polymorphism on food consumption in the predicted
direction from the GWA analysis, with the major allele associated with an increase in food
intake. However, the magnitude of thiseeff 0.36 L), was not as large as the effécm

the GWA analysis (1.34L). This discrepancy of effect size can be attributed to the Beavis

Effect (Beavis 1994, Beavis 1998¥hereby the effect sizes from GWA analyses are



overestimated as the predicted effects are generated from quantitative trait loci (QTL) that
reach a critical, predetmined threshold; the distribution of QTL from which effect size is
predicted is, therefore, truncated, creating an upward bias in predicted @gsoiss 1994,

Beavis 1998, Xu 2003)

RNAI functional validation

We selected 31 genes for functional validation using RNAi knockdown and a weak,
ubiquitousGAL4driver, Ubil56-GAL4 We chose these genes based on patterns of adult
gene expression iDrosophila(ubiquitous, or in gut, fat body, and/or brain), the existenf

a human ortholog &9 Table) and/or involvement in feedinglated processesZ$ Table).

The weakelJbil56-GAL4driver line was used to prevent lethality often observed with
stronger ubiquitin promoters, while still allowing ubiquitous expressidthough the top
candidate genes from the mean &g GWA analyses are largely distinct, this is a
consequence of usirgVe as the metric for the withiine variance, as it ameliorates the
dependency of the variance on the mean. However, there isralatianship between mean
and withirtline variance of food consumption; therefore, we assessed both traits with the
RNAI lines and controls. In total, 24 (77%) of the tested RNAIi knockdown alleles affected
the mean and/or within line variance relativete control: 21 genes affected the mean, 12
affected the variance, and nine affected both the mean and variance, suggesting at least
partial joint regulation of mean and within line variance of food intake g4g.32.9 Table).

The effects of RNAI knodatown alleles on the mean and variance of food intake were highly
sexspecific, as expected from the quantitative genetic and GWA analyses. The functionally

validated genes affecting mean and/or within line variance of food intake included
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octopaminergic gees Pctopamine #3 receptdOct#3R andTyramine # hydroxylase
(Tbh)]; EGF signaling geneg&pidermal growth factor receptdEgfr), pointed(pnt), LDL
receptor protein ILRP1), andCG7468; a hydrolase©G33226; phosphatase$pn twins
(tws), andProtein trosine phosphatase 94Rtp99A]; and a calcium channefr@nsient

receptor potentia(trp)] (Fig. 2.4, .9 Table, 2.10 Table).

Discussion

The genetic architecture of food consumption

There is substantial natural variation in food intake both withthtetween the sexes in the
DGRP, ranging from the lowest intake in males from DGRP_307, which consume less than
half a microliter over 24 hours, to the largest intake in females from DGRP_42, which
consume more than four times that volume in the sameftame. The genetic architecture

of mean food consumption from quantitative genetic analyses of feeding behavior in the
DGRP, GWA analyses and functional validation studies is strikinghspegific. Perhaps
surprisingly, natural variation in food intakenot highly correlated with organismal
phenotypes related to body size and metabolism. Although there is a significant correlation
with starvation resistance, less than 10% of the total phenotypic variation in food
consumption can be explained by thisoasstion.

In addition to variation in mean food consumption, we show significant genetic
variation in withinline environmental variance of food intake, adding to the growing list of
guantitative traits for which there is genetic control of the magnitidavaronmental
variance(Mackay and Lyman 2005, Hall et al. 2007, Ordas, Malvar, and Hill 2008, Sangster

et al. 2008, Ansel et al. 2008, Harbison, McCoy, and Mackay 2013, Morgante et al. 2015)
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We show for the fst time inDrosophilathat micreenvironmental variance of food intake is
heritable and that examining its genetic basis can yield insights into the regulation of both
mean and micr@nvironmental variance of food intake. We tested 31 candidate genes from
the GWA analyses for the mean aD\k of food intake, and validated 24 (77%) of them.

The validations were not always for the trait for which they were predicted by GWA. We
speculate this is because the mean and variance of food consumption are coDafated
functional validations were for the mean and variance; whereas the GWA was @\/:the
common biological mechanism may underlie both feeding traits, which is not always true for
the mean and micrenvironmental plasticity of oth€&rosophilaquanttative traits(Ayroles

et al. 2015)

Previous studies examining the genetic underpinnings of food intéke in
melanogasterevealed interconnected sensory inputs, signaling pathways, and feedback
loops integrated in the central nervous sy<ideBelle, Hilliker, and Sokolowski 1989,
SarovBlat et al. 2000, Britton et al. 2002, Kramer et al. 2003, JYnger et al. 2003, Lee et al.
2004, Carvalho, Kapahi, and Benzer 2005, Carvalho et al. R@@@, et al. 2007, Meunier,
Belgacem, and Martin 2007, Maklakov et al. 2008AAki et al. 2009, lijima et al. 2009,
Al-Anzi et al. 2010, Ribeiro and Dickson 2010, Neckameyer 2010, Dus et al. 2011,
Riemensperger et al. 2011, Hong et al. 2012, HergardsterT and Anderson 2012, Wang,
Chin-Sang, and Bendena 2012, Miyamoto et al. 2012, Rajan and Perrimon 2012, Marella,
Mann, and Scott 2012, Wang, Pu, and Shen 2013, Kapan et al. 2012, Gasque et al. 2013,
Zhang et al. 2013, Flood et al. 2013, Kubrak et@142 Pool et al. 2014, Luo et al. 2014,
Goergen et al. 2014, Ostojic et al. 2014, Liu et al. 2015, Zhang et al. 2015, Masek et al. 2015,

Mueller and Barter 2015, Yang et al. 2013he GWA analyses for the mean and
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environmental variation of food intak®emplement these studies and identify many novel
candidate genes. Two of the functionally validated genes affecting octopaminergic signaling,
TbhandOct#3R have been implicated previously to affect feeding behavior using different
assaygZhang, Branch, and Shen 2013, Scheiner et al. 2014, Huetteroth et a].a2@{L&)

third functionally validated genent, has been implicated in feeding behavior by showing

that mitochondrial biogenesis is influenced by larval nutri(@altzer et al. 2009)The

remaining functionally validated genes have no prior associations with food consumption.

SNP funtonal validation andCG18012

We functionally validated a femakpecific effect oBR_13637022_SNP on mean food
intake. This potential regulatory polymorphism located upstreamadndCG18012could
affect either gendinc encodes a transmembrane pnotexpressed in cardioblagkdirota,
Sawamoto, and Okano 200&)d has no known mammalian orthol¢Gsay et al. 2015)
CG18012was also validated to affect mean food consumption in males using RNAI. The
human ortholog o€G18012s Chitobiosyldiphosphodolichol betaannosyltransferase
(ALG)]) (S2.10 Table)Gray et al. 2015)which catalyzes the mannosylation step of lipid
linked oligosaccharide biosynthegikmaeken, Lefeber, and Matthijs 201Bjutations inALG1
can result in congenital defects of glycosylation, caused by deficient mannosyltransferase
(Morava et al. 2012)Characteristics of the congenital defect include abnormal adipose
distributions and aberrant blood coagulation resulting in thromboses and hemorrhages
(Morava et al. 2012)Thus,3R 13637022 _SNP most likely affects the gene to which it is
most proximalCG18012 although furher work is necessary to understand the underlying

mechanism. Note that the experimental design to test additive effects of SNPs implicated by
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GWA analyses in outbred DGRP genotypes can be generalized to any variant, including
those in gene deserts. Theselvation that the SNP effect was fergpecific and the RNAI
knockdown effect was mafgpecific is not unusual; different alleles of the same gene
typically vary in the magnitude, direction and sgecific effects on quantitative traits

[reviewed in(Mackay 2010)

Bioamine signaling and feeding behavior

Two functionally validatedyenes from RNAI knockdown of gene expression igt@amine

# hydroxylas€Tbh) andOctopamine #3 receptdOct#3R. These genes both affect
octopamine signaling. Tbh converts tyramine to octopa@heu and Rao 2008Tbhis
integral in the response to differenutcrose concentrations and the habituation to sucrose in
adultD. melanogasteand may affect carbohydrate metabolism sificemutants are
starvation resistarfScheiner et al. 2014pct#3Ris a Gprotein coupled octopamine
receptor(Maqueira, Chatwin, and Evans 200Blutations inOct#3Raffect poststarvation
feeding inDrosophilalarvae, suggestin@ct#3Ris required for this response in fasted larvae
(Zhang, Branchand Shen 2013Yhe mammalian orthologs Gfct#3R histamine receptor

H2 (HRH2) and5-hydroxytryptamine receptor 4, G protatoupled(HTR4) and ofTbh
dopamine betdnydroxylas€DBH) (Gray & al. 2015) function in human food ingestion and
gastric emptyindOzawa et al. 2003, Schubert and Peura 2808)rat feeding and
glucoregulatory responsés, Wang, andRitter 2006, Ritter, Dinh, and Li 2006hd post
prandial decreases in food intglotes et al. 2010jespectively. We functionally validated
an effect 0fCG34362(edg on food consumption using RNAI. The predicted mammalian

ortholog ofedeis the RNA metabolic gen€lAl granuleassociated RNA binding protein
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(TIAL). TIALis down regulated in the fattivérs of obese humans and mice fed a high fat
diet (PinlajamSki et al. 20097 1A1 functions in thyroid hormone regulation, and thyroid
hormone signaling is integrated with adrenergic signaling in liver, adipose tissues, and the
hypothalamus [reviewed {Mullur, Liu, and Brent 2014) Octopamine is the functional
analog of mammalian norepinephrine. These results implicate an evolutia@ossigrved
pathway integrating metabolic information with bioamine signaling affecting feeding

behavior.

EGF signaling and food intake

We expected to find genes affecting insdiike signaling in the GWA analyses, since

aspects oDrosophilafeeding areaffected by components of the insulike signaling
pathway(Ryuda et al. 2011, S3derberg, Carlsson, and NSssel 2012, Hong et al. 2012, Liu et
al. 2015) However, we did not observe this, possibly because geses are under strong
purifying selection and do not harbor functional variants at high enough frequencies to be
detected by GWA analyses in the DGRP. We did, however, detect and functionally validated
four components of EGF signaling, which is knowneiguiate insulidike signaling and
sensitivity(McNeill, Craig, and Bateman 2008, Zhang et al. 2011, Brankatschk et al. 2014)
EGF signaling is involved in sleep lh melanogastefFoltenyi, Greenspan, and Newport

2007, Donlea, Ramanan, and Shaw 2009, Potdar and Sheebal2@1i3)role inDrosophila

food intake has not been demonstrated previously. We show from our RNAI functional
validation that the EGF receptd&gfr, affectsDrosophilafeeding behavior. The mammalian
EGFR and components of the mammalian EGF signaling pathway are known to enhance

glucose absorption in the gi8ird et al. 1994)induce obesity in ovariectomizédurachi et
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al. 1993)and aged female mi¢ddachi et al. 1995)are decreased in adipose tissues of
calorie restricted micéMoore et al. 2008)and are associated with hyperglycemia in humans
(Memon et al. 2015)ipid Transfer Protein (LTP) is produtéy theDrosophilafat body
and conveys information about dietary lipid composition to specific neurons innervating
insulin-like-producing cells and thereby affecting insulin signa({lBgankatschk et al. 2014)
LRPZ1 which is a promiscuous receptor in EGF signaling, allows LTP to cross the
Drosophilablood brain barrier to affect insullike signaling(Brankatschk et al. 2014)
MammalianLRP1regulates leptin signaling and energy homeostasiset al. 2011)
modulates cholesterol metabolighu et al. 2007) controls adipose tissue generation
(Masson et al. 20090 the development of obesi(Zonstantinou et al. 201d)ith obese
adipose tissue upregulati@asson et al. 2009, Clemero®stigo et al. 2011)s associated
with blood biomarkers of didtased obesity interventiofisonieczna eal. 2014) controls
post ingestion lipid transport and glucose regulatidofmann et al. 2007)and correlates
dietary carbohydrate metabolism to metabolic syndr(idetégadoLista et al. 2014and fatty
acid intake with body mass indéxrazierWood et al. 2012, Smith, Tucker, et al. 2013,
Smith, Ngwa, et al. 2013)

The EGF signaling gemantencodes an ET$ transcription facto; ETS1 and ETS2
orthologs in mammalGray et al. 20154re activated by EGF signalif@'Neill et al. 194,
Brunner et al. 1994)n Drosophila persistent EGF signaling vt induces insulin
resistance, downregulating expression ofitisallin-like receptorgene(Zhang et al. 2011)
Further,pntgene expression is correlated with larval nutrient control of mitochondrial
biogenesigBaltze et al. 2009) The mammalian orthologs are increased in the serum of

obese human@diyazawaHoshimoto et al. 2003orrelate with adipose tissue generation
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(Birsoy et al. 2011)increase obesitselated adipose tissue inflammatigtulytZ et al.

2014) areupregulated in diabeté¥airaktaris et al. 2007)ct in the development of diabetic
retinopathy(Du et al. 2007 and nephropath{Kato et al. 2013)and reduce endothel

progenitor cells in diabetéSeeger et al. 200HVhile the mammalian ortholog of the EGF
signaling gen€G7466 multiple EGFlike-domains §MEGF8) (Gray et al. 2015)did not

have a role in feeding or metabolically related mammalian traits, we did functionally validate
it in Drosophila Given the varigt of metabolically related mammalian phenotypes these

EGF signaling genes affect without directly affecting food consumption, welprasibphila

as an essential tool in elucidating the roles of EGF signaling genes in directly regulating

feeding behavior.

Novel insights in the genetic basis of feeding behavior

Eight of the 24 genes validated using RNAI either have mammalian orthologs with no known
function in metabolically related phenotypegtuton, mitochondrial ribosomal protein L54
(mRpL54, tropomodtin (tmod, Ptp99A andCG7466 or have no known mammalian

orthologs érys CG34356 andGag related proteirfGrp)) (Gray et al. 2015)The remainig

genes have mammalian orthologs involved in the development of various metabolically
related phenotypes and diseases. The orthologs, however, typically do not affect mammalian
food intake directly but rather affect the etiology of these complex phenofese

analyses of the mechanisms by which these genes Bffesbvphilafeeding harbors the

potential to better elucidate the means by which various mammalian metabolic phenotypes

are also regulated.
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branchlesgbnl) affects variance of food intake iinales.bnl encodes a growth factor
that interacts with hedgehog signaling in a variety of developmental pro¢Baset,
Krueger, and Datta 2008, Mukherjee, Choi, and Banerjee 2012, But’, Mesquita, and Aracejo
2014). Hedgehog signaling controls fat developmeridiasophila(Pospisilik et al. 2010)
and miceg(Pospisilik et al. 20104nd coordinates fat development with nutri§®sdenfels
et al. 2014) The mammalian orthologs bhl include a variety of fibroblast growth factors
(FGFs) (Table S1Q)Gray et al2015) Treatment with FGF1 restores normal blood sugar
levels in a murine model of type 2 diabefBsh et al. 2014)and FGF1 knockout mice
develop aggressive type 2 diabetes and aberrant adipose exigdasla@r et al. 2012)
Additionally, FGF1 is critical for energy homeostasis, and FGF10 plays an essential role in
the development of white adipose pads [reviewg®imta and kbh 2014).

CG33226is nested withiregfr. CG33226encodes a predicted serine protease of
which Granzyme EGzmB, an immune system enzyme, is the mammalian ortHGoay et
al. 2015) GzmBincreases inflammation in type 1 and type 2 diab@tkemas, Trapani, and
Kay 2010)and impairs insulin secretion from islet c€lisstella et al. 2006s part of the
mechanism by which it kills pancreatic ! cells in the development of type 1 diabetes
(Thomas, Trapani, and Kay 2010, Thomas and Kay 2011)

RNAI againstLysP, which encodes the immune system enzgiyeoside hydrolase,
affects mean food consumption in males and females. A mammalian orthalggPa$
LysozyméLy2) (Gray et al. 2015)iIn mammés, high LYZ protein levels negatively correlate
with decreased Paneth intestinal cells observed in the development of (Hedityet al.
2011, Andres et al. 2015 ndLyzvascular transcript levels are upregjed in athersclerotic

humans and obese juvenile sw(Radilla et al. 2013)RNAI of lilliputian (lilli ) affects mean
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food consumption in females. The human ortholotjlofis AF4/FMR2 family, member 1
(AFF1) (Gray et al. 2015)an adipogenic transcription factor that is also upregulated in
juvenile obese adipose tiss{fguilera et al. 2015)

We functionally validate&pn tws, andPtp99Ato affectDrosophila feeding. The
mammalian orthologs of these genes are protein phosphatases (Table S10). The orthologs of
Spn protein phosphatase 1, regulatory subunit(@®®P1R9A andprotein phosphatase 1,
regulatory subunit 9BPPP1R9B, are associated with pigleirth weight(Zhang, Zhou, et
al. 2014)and pig food intake and human obegDp et al. 2013)The mammalian orthologs
of tws, protein phosphatase 2, regulatory subunit Bhalpnddelta(PPP2R2Aand
PPP2R2D (Gray et al. 2015)lephosphorylate FOXO1 to cause its nuclear import during the
oxidative stress accompanying pegrtic ! cell death of diabetg¢¥an et al. 2012)associate
with increased lipid levels upon high fat feed{dgseph et al. 20153nd are regulateuay
microRNA-136 in the aberrant proliferation of vascular smooth muscle cells that
accompanies atherosclero&$ang, Kang, et al. 2014)he orthologs oPtp99Aare not
known to function in mammalian feeding or metabolically related phenotypes, but the novel
elucidation of these phosphatases affecting feedilgasophilasupports further
Drosophilabased work to understand the evolutionarily conserved mechanisms by which
they actin food intake to better understand how they act in other metabolically related traits.

RNAI of slamdancésdg affects the mean and variance of food intake in females.
The mammaliasdaortholog,alanyl aminopeptidasANPEB, is a receptor
metalloprotemase ANPEPhas been associated with regulating networks involved in the
development of type 2 diabet@socke et al. 2015and may underlie pancreatic ! cell fate

during metabolic stregSingh et al. 2013)RNAI of Limpet(Lmp{) affects females food



intake. TheLmptmammalian ortholog i®ur and a half LIM domains ¢FHL?2) (Gray et al.
2015) which has been reported to activate Wnt signaling in the pathogenesis of diabetic
nephropathyLi et al. 2015)

Transient receptor potential (TRP) channels are ion channels mediating a variety of
sensations. IDrosophila TRPL undeiks longterm desensitization to bitter food
compoundgZhang et al. 2013 ndpainless theDrosophilaTRPA channel, mediates larval
postfeeding migration away fronobd (Xu et al. 2008 and avoidance of pungent tastants
(Al-Anzi, Tracey, and Benzer 2006jere we demonstrate thgb, theDrosophilaTRPC
channelGray et al. 2015)affects total food intake in females. In mammals, TRPC channels
play an important role in platelet functi@dionisio & al. 2012, Ramanathan et al. 2012,
Vemana et al. 2015affecting thrombosis and platelet aggrega{demanaet al. 2015)
TRPC3is upregulated in platelets of type 2 diabefiisidi et al. 2009) TRPC channels at
least partially underlie diabetic complications including cardiovascular comorbid
pathophysiology via vascular tissue signaling pathway perturb@imwumng et al. 2009, Mita
et al. 2010, Wuensch et al. 20Hnd diabetic nephropatlighang et al. 2009, Chen et al.

2013, He et al. 2014)

Conclusions

We have utilized natural vatian in the mean and within line variance of food consumption

in the DGRRAMackay et al. 2012, Huang et al. 201d)dentify and functionally validate

novel genes and a SNP affecting food intake. Most of thess dtve mammalian orthologs

that are implicated in the development of many metabolically related diseases, such as type 2

diabetes, while not generally affecting food intake volume directly. These results pDsition
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melanogasteas a unique model to eldeite the etiology of these complex phenotypes.

Future work to address the tissue specificity of where and how these genes act and interact
will shed further light on the extraordinary sexual dimorphism and the genetic bases of food
intake and variation ahicro-environmental plasticity of food intake. RNAi suppression of

17 of the confirmed candidate genes affecting mean food intake led to an increase in mean
food consumption, suggesting that these genes normally act to limit food intake and that
many morepeptides, genes, and signaling pathways are involved in the attenuation of food
intake than in its initiation or continuati@Britton et al. 2002, Kramer et al. 2003, JYnger et

al. 2003, Melcher and Pankratz 200elcher, Bader, and Pankratz 2007;Axlzi et al.

2009, lijima et al. 2009, AAnzi et al. 2010, Neckameyer 2010, Wang, G&ang, and

Bendena 2012, Rajan and Perrimon 2012, Schoofs et al. 2014, Goergen et allt2914)
genetic regulation dd. melanogater food intake behavior is similar to that of humans,

further establishing this model as an integral tool for understanding why individuals eat

different amounts of food.

Materials and rathods

Drosophilastocks and culture

We used 182 sequenced, wildived, inbred DGRP lines (Sl Table) to perform GWA
analyses. We obtained RNAI transgenic fly lines/?**"" CG1047#%**%° cG18013%%
CG2121%%%% CG32107%%%% CG33226°%°%, CG34356""% CG34362°7°% CG7466***,
CG79261577, D0p1R205324’ DySlOSOOB, ngr107130, Grp110076, lilli 106142, me1100716, LpR21'07597,

LRPILO9605’ LySFi10747, Mp1073152 meL5405729’ OCt#BF%OllBg, pr1121.05390’ Ptpgg'&0393]; deAOOZIS’

Sprt®888 TR0 tmod®®38 trp3°° tws241%7 yip7'9%%%§ and the corresponding progenitor
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lines (60000 and 60010) from the VierideosophilaRNAI Center (VDRC)Dietzl et al.

2007) We crossed these lines to a weak, ubiquitously expressed driver, and we crossed the
driver to the progenitor RNAI controls (v60000 and v60010) to serve as our experimental
controls. To generate the driver, we abéa theUbiquitin-GAL4 stock from the
BloomingtonDrosophilaStock Center. We replaced the major chromosomes with isogenic
w8 CantonS-B (Norga et al. 20033hromosomes, except the X chromosome and
chromosome 2 with the driver construct. A new dritecls, Ubiquitin-GAL4[156], was

created by introducing the origindbi-GAL4 transgene onto th@antorS-B third

chromosome using2-3 mediated hopping. Thé and second chromosome were then
replaced withCantorS-B chromosomes. The driver stock was generated and provided by Dr.
Akihiko Yamamoto All lines were reared in small mass cultuoescornmeal/molasses/agar

medium under statard culture conditions (25;C, 12:12 hour light/dark cy.cle

Behavior assays

We used mated-3 day old flies in all assays. After an-iBur period of food deprivation on
1.5% agar, we placed groups of 8 flies from the same sex and genotype in indistdual
containing 2 mL 1.5% agar medium and three 5 'L capillary tubes (Kimble Glass Inc.)
containing a 4% sucrose solution inserted through a foam@lugmodified version of the
CAFE assayJa et al. 2007ncludes theagar medium to prevent desiccation affecting food
consumption. We placed the CAFE vials in a transparent plastic container in which high
humidity is maintained with open containers of water to minimize evaporation from the
capillary tubes. In addition, wessessed evaporation by placing CAFE vials with capillary

tubes containing 4% sucrose but without flies in the same humid chamber. We measured
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total food consumption in each CAFE vial after 24 hours, between 10 A.M. and 12 P.M. We
adjusted the total amouat food consumed by the average evaporation that occurred in the
control vials and the total number of flies alive at the end of the assay. We performed six
replicate assays per sex and DGRP line, artiZli@plicates per sex and genotype for RNAI

knock dbwn and their respective controls and Sib#3ed crosses.

Quantitative genetics of mean food consumption in the DGRP

We used a linear mixed model to partition variance in mean food consumption across DGRP
lines and between sexes with the following modlet:%+ L + S+ LxS+ E, whereY is the
phenotypel is the random main effect of lingjs the fixed main effect of sex, akds the

error term. We also fitted reduced models of fdfm%-+ L + E for each sex separatelie
estimated the broasense hetability (H?) pooled across sexest$= (/% + ! %)/( /% +

%5 + 1%), where! %, I %, and! %t are the amondjne, sex by line and withiine variance
components, respectiveMe estimated broad sense heritabilities for each ski% as

1%/(1% + 1'%). We estimated the crosex genetic correlation ass= covie/! Lv! e, Where

cowe is the covariance of line means between males and females,ypadd! ¢ are the

among line standard deviations for males and females.

Associations of food intakeith other quantitative traits in the DGRP

We computed PearsonOs product moment correlations of line means for food consumption

and other quantitative traits previously measured on the DGRP lines.
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Quantitative genetics of withilme variation in foodconsumption in the DGRP
We assessed whether there was heterogeneity of sitkienvironmental variance in food
consumption among the DGRP lines, using both Br&arsythe and LeveneOs tests

(Morgante et al. 2015)Ve used the coefficient of environmental variation for each line
(R 'I%) where"g is the standard deviation of food consumption between replicate

assays with each line aixdis the line mean, as our metric of within line environmental

variance, to partially account for any dependence of the a&riam mean food consumption.

GWA analyses for food consumption

We performed GWA analyses using 820,276 SNPs and indels with minor allele
frequencies: 0.05 on the DGRP webservgtuang et al. 2014dgrp2.qets.ncsu.edu). We
performed four analyses each the mean and for th@Vg of food consumption: the average
of females and males, the difference between females and males (for assessing sexual
dimorphism in the QTL effects), and females and males separdhese GWA analyses
account for effects dVolbachiainfection, cryptic relatedness due to major inversions, and
residual polygenic relatedne@suang et al. 2014)Ne performed gene ontology enrichment
and netvork analyses based on the t&p<(10°) variants associated with the mean of food

consumption using DAVID bioinformatidéiuang, Sherman, and Lempicki 2009a, b)

Functional validation
We functionally tested geravith top associations using RNAi knock down alleles and their
respective control lines. We assessed whether differences in mean food intake between RNAI

knock down alleles and the controls were significant using DunnettOs tests (JMP 10, SAS),
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separatelyor males and females. We also assessed significant variation in environmental
variance between RNAIi knock down alleles and the controls with pairwise LeveneOs tests
(JMP 10, SAS), separately for males and females.

We performed one SNPased test3R 1363022 SNP neainc andCG18012
using the DGRP lines. We randomly selected ten rmatlele containing DGRP lines and ten
major-allele containing DGRP lines. Within each genotype class, we randomly selected five
DGREP lines to be the male parent and fivbedhe female parent, thus producing 10 F
genotypes that are homozygous for either the focal major or minor alleles and outbred
elsewhere. We assessed mean food consumption witR f€plicates per sex per F
genotype, and usdetests to evaluate sigrehnt differences between the major and minor

alleles, separately for males and females.
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Table2.1. Analyses of variance (ANOVA) of food intake.

Source of

. n2

Analysis Variation df MS F P-value (SE)

Sex 1 42360 33.43 <0f°° Fixed
Line 183 125290 989 <0:000 g5 (1.00)

Sexes 1

pooled Sex x Line 181 2443  1.93 <Of00 1.92 (0.42)

12.66

Error 1867 12.37 (0.41)

Line 182 8615 535 <0000 1142

1 (1.48)

Females 16.09

Error 938 16.09 (0.74)
Line 182 63.62  6.90 <Of00 8.91 (1.10

Males

Error 929 9.22 9.21 (0.43)

df: degrees of freedom; MS: type Il mean squares:$tafistic;" variance component

estimated using restricted maximum likelihood.
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Table2.2. BrownForsythe and LeveneOs tests for unequal variance.

Test Sex df P
value
Brown-Forsythe Male 181 1.2246 0.0337
Female 182 1.4663 0.0002
L Male 181 1.6288 <.0001
CVEN®  Female 182  2.0492 <.0001

df: degrees of freedom; F: F statistic.
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Figure2.1. Variation in mean food intake in the DGRP. (A) Mean food intake in 182 DGRP
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S2.1 Table. Food consumption the DGRP Summary statistics.

Number of

DGRP Line X Replicates Variance

DGRP_100 male 6 1.534 0.2014 29.248
DGRP_101 male 6 0.899 0.0206 15.960
DGRP_105 male 6 1.287 0.0076 6.792

DGRP_109 male 6 1.058 0.0235 14.496
DGRP_129 male 6 1.394 0.0642 18.180
DGRP_136 male 6 1.276 0.0172 10.275
DGRP_138 male 6 0.969 0.0127 11.631
DGRP_142 male 6 1.161 0.0216 12.651
DGRP_149 male 3 1.354 0.0184 10.008
DGRP_153 male 6 1.130 0.0059 6.816

DGRP_158 male 6 1.007 0.0513 22.502
DGRP_161 male 6 1.120 0.1144 30.195
DGRP_176 male 6 0.991 0.0258 16.214
DGRP_177 male 9 1.442 0.0444 14.610
DGRP_181 male 6 1.177 0.0190 11.710
DGRP_195 male 6 0.834 0.0785 33.613
DGRP_208 male 6 0.872 0.081 32.819
DGRP_21 male 6 1.430 0.0296 12.030
DGRP_217 male 6 1.020 0.0163 12.529
DGRP_227 male 6 1.326 0.0148 9.192

DGRP_228 male 6 1.092 0.0284 15.438
DGRP_229 male 7 1.414 0.0310 12.462
DGRP_233 male 6 1.253 0.0648 20.311
DGRP_235 male 6 0.829 0.0191 16.675
DGRP_237 male 6 0.835 0.0048 8.318

DGRP_239 male 6 1.311 0.0449 16.167
DGRP_256 male 5 0.934 0.0367 20.524
DGRP_28 male 6 1.064 0.0662 24.188
DGRP_280 male 6 1.194 0.0862 24.591
DGRP_287 male 6 0.810 0.0322 22.158
DGRP_301 male 6 1.183 0.0842 24.529
DGRP_303 male 6 0.921 0.0193 15.090
DGRP_304 male 6 1.074 0.0571 22.246
DGRP_306 male 6 0.551 0.0212 26.447
DGRP_307 male 6 0.471 0.0162 27.069
DGRP_309 male 7 1.280 0.0391 15.454
DGRP_31 male 6 1.156 0.0082 7.844

DGRP_310 male 6 1.080 0.0288 15.707
DGRP_313 male 6 0.630 0.0083 14.482
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S2.1 Table continued

DGRP_315
DGRP_317
DGRP_318
DGRP_319
DGRP_32

DGRP_320
DGRP_321
DGRP_324
DGRP_332
DGRP_335
DGRP_338
DGRP_348
DGRP_350
DGRP_352
DGRP_354
DGRP_355
DGRP_356
DGRP_357
DGRP_358
DGRP_359
DGRP_360
DGRP_362
DGRP_365
DGRP_367
DGRP_370
DGRP_371
DGRP_373
DGRP_374
DGRP_375
DGRP_377
DGRP_378
DGRP_379
DGRP_38

DGRP_380
DGRP_381
DGRP_383
DGRP_386
DGRP_390
DGRP_391
DGRP_392
DGRP_395

male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male

male

o 0O O O O O O oo g o oo o N o o o o

=
N

o O O O O O O O O OO 0O 0O 0o o oo oo oo o b~ oo o o o

1.258
0.975
0.973
1.264
1.417
0.685
0.724
1.419
0.823
0.685
1.205
1.393
1.265
1.346
1.054
1.072
1.095
1.301
1.181
1.120
0.946
0.918
1.092
0.989
0.854
1.062
0.891
1.492
1.375
1.127
0.806
1.041
1.148
1.263
1.143
1.144
1.417
1.348
1.497
1.332
1.269

0.0086
0.0178
0.0175
0.1026
0.0727
0.0244
0.0208
0.0090
0.0355
0.0089
0.0310
0.0352
0.0721
0.0593
0.0339
0.0646
0.0445
0.1555
0.0034
0.0272
0.0230
0.0337
0.0647
0.0153
0.0222
0.0270
0.0184
0.0070
0.0260
0.0493
0.0146
0.0201
0.0340
0.0031
0.0028
0.0083
0.0132
0.0401
0.1478
0.1007
0.0096

7.357
13.674
13.588
25.328
19.028
22.817
19.910
6.668
22.894
13.811
14.622
13.466
21.231
18.090
17.461
23.703
19.277
30.315
4.922
14.726
16.032
20.001
23.305
12.496
17.462
15469
15.210
5.626
11.731
19.698
15.010
13.619
16.057
4.418
4.633
7.968
8.098
14.850
25.675
23.835
7.716
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S2.1 Table continued

DGRP_397
DGRP_399
DGRP_40
DGRP_405
DGRP_406
DGRP_409
DGRP_41
DGRP_42
DGRP_426
DGRP_427
DGRP_437
DGRP_439
DGRP_440
DGRP_443
DGRP_461
DGRP_48
DGRP_486
DGRP_49
DGRP_491
DGRP_492
DGRP_502
DGRP_505
DGRP_508
DGRP_509
DGRP_513
DGRP_517
DGRP 531
DGRP_535
DGRP_551
DGRP_555
DGRP_559
DGRP_563
DGRP_566
DGRP 57

DGRP_589
DGRP_59
DGRP_595
DGRP_596
DGRP_627
DGRP_630
DGRP_634

male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male

male

o O O O O O O O O 0O 0O 0O 0O N o o0 o0 o0 0O o0 OO 0o oo o o0 o0 o0 o0 o0 o0 o0 o0 o0 N o o o o o o o

1.135
1.143
1.231
1.041
1.208
0.916
1.007
1.242
0.791
1.219
1.260
1.363
1.147
0.740
0.862
1.045
1.308
0.908
0.885
1.014
1.229
1.689
0.915
0.727
0.976
1.296
0.844
1.183
1.326
0.986
1.111
1.194
1.026
1.116
1.287
1.293
0.967
1.032
1.315
1.018
1.360

0.0027
0.0131
0.0529
0.0313
0.0695
0.0317
0.0146
0.2055
0.0120
0.0506
0.0626
0.0822
0.0353
0.0536
0.0418
0.0269
0.0506
0.0212
0.0256
0.0489
0.0489
0.0656
0.0210
0.0296
0.0127
0.0221
0.0430
0.0280
0.0988
0.0092
0.0331
0.0045
0.0412
0.0210
0.0783
0.0286
0.0729
0.0326
0.0522
0.0310
0.0712

4.581
10.002
18.685
17.001
21.812
19.447
11.976
36.514
13.878
18.441
19.851
21.029
16.371
31.276
23.703
15.707
17.192
16.019
18.060
21.818
17.994
15.167
15.847
23.657
11.527
11.477
24574
14.134
23.699
9.731
16.366
5.629
19.776
12.983
21.737
13.092
27.928
17.506
17.373
17.308
19.624
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S2.1 Table continued

DGRP_639
DGRP_642
DGRP_646
DGRP_69

DGRP_703
DGRP_705
DGRP_707
DGRP_712
DGRP_714
DGRP_716
DGRP_721
DGRP_727
DGRP_73

DGRP_730
DGRP_732
DGRP_737
DGRP_738
DGRP_75

DGRP_757
DGRP_761
DGRP_765
DGRP_774
DGRP_776
DGRP_783
DGRP_786
DGRP_787
DGRP_790
DGRP_796
DGRP_799
DGRP_801
DGRP_802
DGRP_804
DGRP_805
DGRP_808
DGRP_810
DGRP_812
DGRP_818
DGRP_820
DGRP_822
DGRP_83

DGRP_832

male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male

male

o O O O O N o o oo oo N oo o o o0 N oo o N o o o o0 N oo o0 o0 o0 o0 o0 o0 o0 o0 N oo o o o o

0.793
0.750
1.259
1.574
1.211
0.962
1.263
1.425
0.913
0.966
1.237
0.909
1.040
0.824
1.041
1.015
1.283
0.996
1.142
0.962
1.560
0.879
1.459
1.082
0.714
0.970
0.711
1.155
1.180
1171
1.148
1.241
1.011
1.237
0.976
0.811
1.125
1511
1.002
0.799
1.061

0.0994
0.0035
0.0485
0.1262
0.0212
0.0316
0.0314
0.0166
0.0323
0.0289
0.0185
0.0740
0.0124
0.1015
0.0117
0.0088
0.0798
0.0498
0.0704
0.0143
0.0344
0.0472
0.0241
0.0351
0.0326
0.0067
0.0171
0.0678
0.0259
0.0236
0.0087
0.0104
0.0939
0.0172
0.0450
0.0598
0.0114
0.0177
0.0204
0.0637
0.0587

39.773
7.879
17.485
22.573
12.028
18.478
14.035
9.054
19.688
17.593
11.005
29.926
10.696
38.650
10.376
9.259
22.025
22.396
23.243
12.426
11.893
24.732
10.630
17.317
25.268
8.449
18.359
22.552
13.638
13.101
8.132
8.197
30.299
10.611
21.732
30.164
9.506
8.800
14.268
31.601
22.826
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S2.1 Table continued

DGRP_837
DGRP_85

DGRP_852
DGRP_855
DGRP_857
DGRP_861
DGRP_879
DGRP_88

DGRP_882
DGRP_884
DGRP_887
DGRP_890
DGRP_892
DGRP_894
DGRP_897
DGRP_907
DGRP_908
DGRP_91

DGRP_911
DGRP_93

DGRP_100
DGRP_101
DGRP_105
DGRP_109
DGRP_129
DGRP_136
DGRP_138
DGRP_142
DGRP_149
DGRP_153
DGRP_158
DGRP_161
DGRP_176
DGRP_177
DGRP_181
DGRP_195
DGRP_208
DGRP_21

DGRP_217
DGRP_227
DGRP_228

male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
male
female
female
female
female
female
female
femak
female
female
female
female
female
female
female
female
female
female
female
female
female

female

o O O O O O O 0O o o o oo g o N o oo o0 0o o0 o0 o0 o0 o0 o0 o0 OO 0o o N oo o0 o0 o0 o0 o0 o0 N o o o

0.951
1.094
0.974
1.448
0.989
1.005
0.744
1.049
1.090
1.278
1.033
0.913
1.014
1.147
1.021
1.134
1.015
1.282
1.042
0.991
1.698
1.130
1.503
1.016
1.331
0.964
1.018
1.259
1.281
1.024
1.125
1.098
1.163
1.538
0.972
0.965
1.291
1.276
0.956
1113
1.253

0.0206
0.1122
0.0204
0.1125
0.0222
0.032

0.1785
0.0072
0.0485
0.0248
0.0699
0.0042
0.01%6

0.0291
0.0226
0.0162
0.0042
0.0259
0.0412
0.00%

0.0738
0.0175
0.0968
0.0258
0.0127
0.0727
0.0529
0.0672
0.0238
0.0911
0.0188
0.0307
0.0737
0.2929
0.0356
0.0399
0.1474
0.0639
0.0998
0.0589
0.0451

15.080
30.616
14.646
23.167
15.074
17.824
56.752
8.117
20.192
12.327
25.590
7.079
11.924
14.880
14.715
11.242
6.377
12.562
19.484
7.646
16.008
11.696
20.707
15.793
8.470
27.981
22.609
20.595
12.041
29.476
12.200
15.968
23.38
35.196
19.419
20.706
29.739
19.798
33.062
21.794
16.941
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S2.1 Table continued

DGRP_229
DGRP_233
DGRP_235
DGRP_237
DGRP_239
DGRP_256
DGRP_26

DGRP_28

DGRP_280
DGRP_287
DGRP_301
DGRP_®3

DGRP_304
DGRP_306
DGRP_307
DGRP_309
DGRP_31

DGRP_310
DGRP_313
DGRP_315
DGRP_317
DGRP_318
DGRP_319
DGRP_32

DGRP_320
DGRP_321
DGRP_324
DGRP_332
DGRP_335
DGRP_338
DGRP_348
DGRP_350
DGRP_352
DGRP_354
DGRP_355
DGRP_356
DGRP_357
DGRP_358
DGRP_359
DGRP_360
DGRP_362

female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
femde
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female

female

D OO O O 0O 0O 0O N N o oo 0o N o o 0o 0o 0 o0 0O o0 0O o0 0O o0 0O 00O 0o o0 0o o0 0o oo o o o

=
N

o OO O O

1.619
0.949
0.733
1.101
1.3095
0.867
1.000
1.177
1.351
0.908
1.409
0.943
1.134
0.861
0.897
1.272
1.482
1.049
0.941
1.188
0.979
1.087
1.433
1.553
0.875
0.666
1.572
0.758
1.000
1.460
1.332
1.344
1.459
1.257
0.822
1.141
1.427
1.280
1.394
0.851
1.053

0.0461
0.0636
0.0176
0.0257
0.0868
0.1076
0.0291
0.0936
0.1010
0.1143
0.0946
0.0803
0.1223
0.0357
0.0215
0.1123
0.0942
0.0338

0.0241
0.0802
0.0125
0.1508
0.1030
0.0592
0.0709
0.0604
0.0848
0.0876
0.1429
0.0155
0.0771
0.0230
0.0805
0.0409
0.0410
0.0051
0.2092
0.0580
0.1344
0.0371
0.0366

13.257
26.578
18.099
14.575
21.124
37.810
17.060
25.994
23.520
37.232
21.822
30.044
30.825
21.940
16.334
26.351
20.714
17.535
16.495
23.829
11.406
35.711
22.405
15.675
30.438
36.884
18.519
39.056
37.819
8.536
20.83
11.293
19.436
16.085
24.639
6.234
32.058
18.827
26.303
22.632
18.151
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S2.1 Table continued

DGRP_365
DGRP_367
DGRP_370
DGRP_371
DGRP_373
DGRP_374
DGRP_375
DGRP_377
DGRP_378
DGRP 379
DGRP_38
DGRP_380
DGRP_381
DGRP_383
DGRP_386
DGRP_390
DGRP_391
DGRP_392
DGRP_395
DGRP_397
DGRP_399
DGRP_40
DGRP_405
DGRP_406
DGRP_409
DGRP_41
DGRP_42
DGRP_426
DGRP_427
DGRP_437
DGRP_439
DGRP_440
DGRP_443
DGRP_461
DGRP_48
DGRP_486
DGRP_49
DGRP_491
DGRP_492
DGRP_502
DGRP_505

female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female

female

o O O O O O O O O O 0O oo oo oo oo o0 oo o N oo oo o o0 o0 o0 o0 o0 o0 o0 o0 o0 o N oo o0 o0 NN oOoN

1.251
0.986
1211
1.041
1.000
1.489
1.256
0.902
1.104
1.230
1.170
1.415
1.381
1.246
1.268
1.649
1.433
1.278
1.457
1.202
1.354
0.813
1.125
1.154
0.983
0.729
2.004
1.176
1.263
1.369
1.488
1.017
0.705
0.767
1.142
1.382
1.151
0.775
0.806
1.314
1.583

0.1788
0.1049
0.1047
0.0045
0.0910
0.0732
0.1061
0.0542
0.0415
0.0071
0.0185
0.0386
0.0416
0.0214
0.0391
0.0302
0.1564
0.0725
0.0414
0.0297
0.1457
0.1345
0.0544
0.0333
0.0832
0.0484
0.6873
0.2193
0.0151
0.0477
0.0359
0.0352
0.0114
0.0892
0.0539
0.2044
0.0632
0.0886
0.0367
0.0109
0.0443

33.795
32.839
26.727
6.459
30.156
18.179
25.937
25.830
18.445
6.825
11.633
13.890
14.770
11.728
15.589
10.544
27.596
21.070
13.970
14.340
28.193
45.131
20.732
15.811
29.326
30.203
41.374
39.836
9.737
15.953
12.738
18.440
15.127
38.962
20.325
32.709
21.834
38.412
23.766
7.947
13.297
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S2.1 Table continued

DGRP_508
DGRP_509
DGRP_513
DGRP_517
DGRP_531
DGRP_535
DGRP_551
DGRP_55

DGRP_559
DGRP_563
DGRP_566
DGRP_57

DGRP_589
DGRP_59

DGRP_595
DGRP_596
DGRP_627
DGRP_630
DGRP_634
DGRP_639
DGRP_642
DGRP_646
DGRP_69

DGRP_703
DGRP_705
DGRP_707
DGRP_712
DGRP_714
DGRP_716
DGRP_721
DGRP_727
DGRP_73

DGRP_730
DGRP_732
DGRP_737
DGRP_738
DGRP_75

DGRP_757
DGRP_761
DGRP_765
DGRP_772

female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female

female

o O O O O O O O O 0O 0O 0O 0O 0O 0O 0O 0O o0 0O o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 0o o0 o0 o0 o o0 o o o

1.152
0.855
1.015
1.284
1.066
1.163
1.297
1.052
1.235
1.328
1.494
1.103
0.812
1.398
1.021
1.211
1.182
1.394
1.715
0.687
0.724
0.800
1.429
1.377
1.205
1.025
1.373
0.974
0.814
1.427
0.913
1.247
0.728
1.038
1.013
1.217
1.091
1.251
1.418
1.591
1.094

0.0442
0.0584
0.0268
0.0225
0.1627
0.0314
0.1583
0.0198
0.0485
0.0346
0.0272
0.0250
0.0251
0.0211
0.0749
0.0353
0.0136
0.1223
0.0747
0.0313
0.1799
0.2170
0.0421
0.0401
0.0551
0.0942
0.1331
0.0302
0.0266
0.0521
0.0100
0.0258
0.0250
0.0439
0.0399
0.0214
0.0555
0.0283
0.0048
0.1448
0.0282

18.244
28.248
16.142
11.679
37.836
15.246
30.673
13.387
17.826
14.016
11.036
14.340
19.518
10.387
26.806
15.513
9.873
25.095
15.937
25.749
58.571
58.199
14.354
14.533
19.492
29.957
26.572
17.840
20.036
15.988
10.952
12.887
21.732
20.190
19.727
12.010
21.600
13.455
4.863
23.920
15.334



S2.1 Table continued

DGRP_776
DGRP_783
DGRP_786
DGRP_787
DGRP_790
DGRP_796
DGRP_799
DGRP_801
DGRP_802
DGRP_804
DGRP_805
DGRP_808
DGRP_810
DGRP_812
DGRP_818
DGRP_820
DGRP_822
DGRP_83
DGRP_832
DGRP_837
DGRP_85
DGRP_852
DGRP_855
DGRP_857
DGRP_861
DGRP_879
DGRP_88
DGRP_882
DGRP_884
DGRP_887
DGRP_890
DGRP_892
DGRP_894
DGRP_897
DGRP_907
DGRP_908
DGRP_91
DGRP_911
DGRP 93

female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
femak
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female
female

female

o O O O O oo N oo N oo o o o0 0O 00 o 0o o0 0o N o o0 o0 o0 o0 N o N o o0 o0 o0 o0 o0 o0 NN oo

1.422
1.347
0.838
1.135
0.750
1.290
1.293
1.115
0.916
1.151
0.894
1.091
0.974
0.947
1.301
1.737
1.290
0.872
0.930
0.910
1.962
1.039
1.244
0.889
1.115
0.804
1.214
1.044
1.087
1.050
0.869
0.916
0.973
0.965
1.021
0.975
1.326
1.208
1.175

0.1577
0.0529
0.0465
0.0551
0.0232
0.0332
0.0420
0.0639
0.1333
0.0184
0.0576
0.0771
0.0413
0.0312
0.0183
0.0753
0.1200
0.1029
0.0097
0.0517
0.5654
0.0267
0.1941
0.0506
0.0365
0.0367
0.2162
0.0319
0.0727
0.0289
0.0168
0.0125
0.0442
0.0340
0.0966
0.0183
0.0270
0.0239
0.0088

27.933
17.070
25.722
20.673
20.289
14.121
15.849
22.680
39.865
11.781
26.835
25.447
20.854
18.659
10.386
15.797
26.847
36.794
10.612
25.005
38.329
15.729
35.405
25.307
17.120
23.823
38.303
17.101
24.803
16.198
14.922
12.209
21.600
19.126
30.443
13.892
12.395
12.804
7.999
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S2.2 Table. Phenotypic correlation3 between food intake and other organismal
phenotypes in the DGRP. Cells highlighted in yellow depict signifidart(.05)

correlations. Phenotypic values from the same sourceslimagame color codes.

I"#$%" 8" $(&1))*&+(,$-" &

'$%"&"$(&))*&+(,$-" &

#1 #1
" [
1%$0,& PSR 1$0,& ! 25U R,
Female Night .
Sleep 0166 | 0,034 | MaleNightSleep | 20| 5026
Female Day
Sleep -0.201 0.01| MaleDaySleep | ;0,1 0014
Female Night Male Night
Bought Number | 0.166 0.034 | Bought Number 0.114 0.15
Female Day Bout Male Day Bout -
Number -0.133 0.09 Number 0.0193 0.81
Female Night Male Night
Average Bout Average Bout
Length -0.162 0.039 Length -0.147 0.062
Female Day Male Day
Average Bout Average Bout -
Length 0.126 0.11 Length 0.0293 0.71
Female Waking Male Waking -
Activity 0.0886 0.26 Activity 0.0310 0.70
Female Night Male Night Sleep
Sleep CV¢ 0.129 0.10 CVe 0.199 0.011
Female Day Male Day Sleep
Sleep CVe 0.175 0.026 CVe 0.234 | 0.0028
Female Night Male Night Bout
Bout Number - Number CV; -
CVe 0.0650 0.41 0.0557 0.48
Female Day Bout Male Day Bout -
Number CV¢ 0.132 0.094 Number CV, 0.0804 0.31
Female Night Male Night
Average Bout Average Bout
Length CV¢ 0.143 0.068 Length CVE 0.130 0.10
Female Day Male Day
Average Bout - Average Bout
Length CV¢ 0.0506 0.52 Length CV¢ 0.103 0.19
Female Waking - Male Waking -
Activity CVg 0.0493 0.53 Activity CVg 0.0706 0.37
Female Startle - Male Startle
Response 0.0325 0.66 Response 0.0380 0.61




S2.2 Table continued

Fema!e Male Starvation
Starvation Resistance
Resistance -0.314 | <0.0001 -0.313 | <0.0001
Female Chill Male Chill Coma -
Coma Recovery | -0.112 0.16 Recovery 0.0732 0.37
Female Control Male Control
Startle Response | 0.067 0.40 | Startle Response | 0.0820 0.30
Female MSB Male MSB
Startle Response | 0.141 0.073 | Startle Response 0.133 0.090
Female Control Male Control
Negative Negative
Geotaxis 0.0088 0.91 Geotaxis 0.0744 0.35
Female MSB Male MSB
Negative Negative
Geotaxis 0.0779 0.32 Geotaxis 0.100 0.20
Female Paraquat Male Paraquat
Resistance -0.161 0.040 Resistance -0.124 0.12
Female MSB Male MSB -
Resistance -0.214 0.0060 Resistance 0.0905 0.25
-0.140 0.40
-0.239 0.15
-0.121 0.47
i le Lif
Female Lifespan Male Lifespan 0.430 | 0.0071
Mating Success -0.138 041
Male Fitness 0.0891 0.59
Female Live Male Live
Weight -0.147 0.38 Weight -0.209 0.21
Female Resting Male Resting
Metabolic Rate | 0.0520 0.76 | Metabolic Rate 0.185 0.27
Female - Male
Triacylglycerol | 0.0790 0.64 | Triacylglycerol 0.110 0.51
Female Protein | _0.106 0.53 Male Protein -0.140 0.40
Female Glycogen 0.0515 0.76 Male Glycogen 0.0623 071
Female Glycerol | g 157 0.36 | MaleGlycerol | 0215 0.90
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S2.2 Table continued

0.104 0.53
-0.0255 0.067
-0.0362 0.71
-0.0139 0.87
-0.0832 0.66
-0.0206 0.81
0.0117 0.89
-0.0466 0.59
0.0458 0.59

-0.189 0.029
-0.174 0.043

0.178 0.036

0.00517- 0.95
-0.0734 0.40
0.0543 0.53

0.163 0.060

0.109 0.20

0.189 0.026
-0.109 0.21
-0.195 0.023
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S2.2 Table continued

Body weight -
(low glucose) 0.0754 0.38

Low glucose PC1 0.0250 0.77

Low glucose PC2 0177 0.037

Low glucose PC3 0.174 0.040

Low glucose PC4 0.0593 0.49

Low glucose PC5 0.0509 0.55

High glucose PC1 0144 0.094

High glucose PC2 0.0502 0.56

High glucose PC3 0.0432 0.62

High glucose PC4 0.0553 0.52

High glucose PC5 0.15 0.081

Harbison ST, McCoy LJ, Mackay TF. Genome-wide association study of sleep
in Drosophila melanogaster. BMC Genomics. 2013;14:281. doi:
10.1186/1471-2164-14-281. PubMed PMID: 23617951; PubMed Central
PMCID: PMCPMC3644253.

Jordan KW, Craver KL, Magwire MM, Cubilla CE, Mackay TF, Anholt RR.
Genome-wide association for sensitivity to chronic oxidative stress in
Drosophila melanogaster. PLoS One. 2012;7(6):e38722. doi:
10.1371/journal.pone.0038722. PubMed PMID: 22715409; PubMed Central
PMCID: PMCPM(C3371005.

Weber AL, Khan GF, Magwire MM, Tabor CL, Mackay TF, Anholt RR.
Genome-wide association analysis of oxidative stress resistance in
Drosophila melanogaster. PLoS One. 2012;7(4):e34745. doi:
10.1371/journal.pone.0034745. PubMed PMID: 22496853; PubMed Central
PMCID: PMCPMC3319608.
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S2.2 Table continued

Ayroles JF, Carbone MA, Stone EA, Jordan KW, Lyman RF, Magwire MM, et
al. Systems genetics of complex traits in Drosophila melanogaster. Nat
Genet. 2009;41(3):299-307. doi: 10.1038/ng.332. PubMed PMID:
19234471; PubMed Central PMCID: PMCPM(C2752214.

Unckless RL, Rottschaefer SM, Lazzaro BP. A genome-wide association
study for nutritional indices in Drosophila. G3 (Bethesda). 2015;5(3):417-
25. doi: 10.1534/g3.114.016477. PubMed PMID: 25583649; PubMed
Central PMCID: PMCPMC4349095.
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S2.3 Table. ANOVA of the effects dVolbachiainfection and common polymorphic
inversions on mean ar€\Ve of food intake. df: degrees of freedom; SS: Type Ill sums of

squares; F: F statistic; AIC: Akaike information criterion. *®»< 0.001; **: P < 0.01; *:P

<0.05.
Analysis Covariates df SS Residual SS AlIC F P-value

none 2338.8 488.72
Wolbachia 1 62.45 2401.3 491.52 4.54 0.03*
In(2L)t 2 5.54 2344.4 485.15 0.20 0.82
Female Mean IN(2R)NS 2 16.41 2355.3 485.99 0.60 0.55
In(3R)P 2 25.61 2364.5 486.7 0.93 0.40
In(3R)K 2 27.21 2366.1 486.82 0.99 0.37
In(3R)Mo 2 69.17 2408 490.02 2.51 0.08

none 1706.8 430.14
Wolbachia 1 2.60 1709.4 428.42 0.26 0.61
In(2L)t 2 9.10 1715.9 427.11 0.45 0.64
Male Mean IN(2R)NS 2 10.25 1717.1 427.23 0.51 0.60
In(3R)P 2 3.33 1710.2 426.5 0.16 0.85
In(3R)K 2 62.85 1769.7 432.69 3.11 0.05*
In(3R)Mo 2 65.13 1772 43292 3.22 0.04*

none 1682.1 427.5
Sex Wolbachia 1 22.85 1704.9 427.94 2.30 0.13
Average In(2L)t 2 4.72 1686.8 424.01 0.24 0.79
Mean IN(2R)NS 2 13.18 1695.2 424.91 0.66 0.52
In(3R)P 2 11.37 1693.4 424.72 0.57 0.57
In(3R)K 2 40.70 1722.8 427.83 2.04 0.13

none 1345.4 387.07
Wolbachia 1 40.16 1385.5 390.40 5.05 0.03*
Sex In(2L)t 2 13.15 1358.5 384.83 0.83 0.44
Difference IN(2R)NS 2 0.74 1346.1 383.17 0.05 0.95
Mean In(3R)P 2 10.43 1355.8 384.47 0.66 0.52
In(3R)K 2 17.17 1362.5 385.37 1.08 0.34
In(3R)Mo 2 2.14 13475 383.36 0.13 0.87

none 14764 820.67
Wolbachia 1 6.66 14771 818.75 0.08 0.78
In(2L)t 2 186.92 14951 818.94 1.07 0.35
FemaleCVe IN(2R)NS 2 291.67 15056 820.21 1.67 0.19
In(3R)P 2 52.59 14817 817.31 0.30 0.74
In(3R)K 2 317.64 15082 820.52 1.82 0.17
In(3R)Mo 2 50.23 14814 817.28 0.29 0.75

none 9798.3 746.46
Wolbachia 1 1.486 9799.8 744.48 0.03 0.87
Male In(2L)t 2 80.86 9879.1 743.94 0.70 0.50
CV. IN(2R)NS 2 267.98 10066 747.34 2.31 0.10
E In(3R)P 2 85.84 9884.1 744.03 0.74 0.48
In(3R)K 2 241.16 10039 746.86 2.08 0.13
In(3R)Mo 2 270.74 10069 747.39 2.33 0.10

7083.9 687.74
none 3.61 7087.5 685.83 0.09 0.77
Wolbachia 1 93.13 7177 686.11 111 0.33
Sex In(2L)t 2 170.50 7254.4 688.05 2.03 0.13
AverageCVe IN(2R)NS 2 10.51 7094.4 684.01 0.13 0.88
In(3R)P 2 104.86 7188.7 686.40 1.25 0.29
In(3R)K 2 137.28 7221.2 687.22 1.64 0.20

In(3R)Mo 2 7083.9 687.74

none 20790 882.61
Wolbachia 1 1.85 20791 880.63 0.02 0.90
Sex In(2L)t 2 163.04 20953 880.03 0.66 0.52
Difference IN(2R)NS 2 437.29 21227 882.38 1.78 0.17
CVe In(3R)P 2 234.85 21024 880.64 0.95 0.39
In(3R)K 2 698.15 21488 884.59 2.84 0.06
In(3R)Mo 2 92.85 20882 879.42 0.38 0.69
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S2.4 Table. Top (nomindP < 10°) variants associated with mean food intake.
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S2.5 Table. Top (nomindP < 10°) variants associated witbVe of food intake.

2L_161111
02_sNP

2L_346480
o_sNp

2L_346511
e

2L_534462

2L_581715
2_DEL

2L_736047

2L_736950
o_sNP
2R_10532%

01_snp
2R_11798¢
67_SNP
2R_11798€
13_sNP
2R_186044
64_sNP
2R_19229¢
o7_snp
2R_19493¢
60_SNP

2R_26399C

2R _37332¢
8_s\p

2R_57028¢
s

2R 630722

2R_630722
_SNP

2R 639727
o_snp

2R_63972%
3_sNP

2R_630725
NP

2R_81865¢
_SNP

2R_81866C
3_snp

2R_96613€

3L_103208
58_INS

3L_121558
2_SNP
3L_121558
4_sNP
3L_121558
7_SNP
3L_121833
5_sNP

3L_121836

3L_124623
5_SNP

3L_124631
o1_snp

3L_124632
14_sNP

3L_124632
9_SNP

3L_124633
9_SNP

3L_124633
41_snp

3L_124633
59_DEL

3L_124633
5_SNP

3L_124950

3L_125108
1_SNP

3L_125211
o_snp

3L_133767
1_SNP

3L_140646
27_sNP

3L_140684
15_SNP
3L_143254
24_SNP
3L_155243
86_SNP
3L_166679
88_SNP

3L_174876

3L_174876
8_SNP

3L_175364
37_sNP

G

TTAAAAT

Major  Refe

Allele Al
A A
G A
c T
c c
GA GA
T T
T T
T T
T T
c c
c c
c c
G G

ATGTCCA ATGTCCA

ATAACA  ATAACA
c c
G G
G G
A T
c A
G A
A T
G c
c c
A A
T T
T T
T T
A A
G G
T T
c c
G G
T T
T T
T T
A A
T T
A A

TTGAATC TTGAATC
AA

AA
T T
A G
c c
A A
A A
A A
T T
A G
G G
T T
c c
G G
G G

Allele
Frequency

0.103

0.073

0.056

0.150

0.204

0.001

0.125

0.115

0.051

0.067

0.194

0.138

0.135

0.102

0.479

0.102

0.102

0.102

0.102

0.102

0.057

0.051

0.063

0.060

0.282

0.364

0.366

0.448

0.280

0.276

0.062

0.136

0.141

0.169

0.169

0.153

0.130

0.130

0.424

0.420

0.220

0.381

0,085

0.144

0.355

0.161

0316

0.125

0.126

0.086

M
Allele
Count

27

14

18

13

10

2

34

16

22

20

12

24

23

18

80

18

18

18

18

18

10

1

a8

63

63

79

a9

a8

1

24

25

30

30

27

23

23

73

39

67

15

25

61

28

54

22

22

15

158

166

148

138

109

149

111

146

117

154

153

160

5.057

2773

5513

-3.164

2576

0.196

1735

2124

1314

1207

-3.289

-3.207

-3.086

-4.836

2673

-3.461

-3.446

-3.449

-3.449

-3.423

-6.639

7.019

2846

-1.447

-2.661

-2.665

2774

2211

2629

2955

6337

4375

-4.307

-4.067

-4.039

-4.655

4371

4371

3.027

-2.905

3154

-0.144

3010

0591

-3.308

3813

3.129

0552

0535

-3.266

Female P-

value

8.49E-01

711605

3.61E-06

3.20-02

1.29E-04

8.24E-04

2.656-03

8.68E-01

9.06E-02

4.66E-02

3.956-01

3.36E-01

1.62E-04

1.04£-03

201603

9.72E-06

9.56E-05

1.79E-03

188€-03

1.86-03

1.86E-03

2.026-03

3.30E-06

2.86E-06

4.19€-02

351E-01

4.36E-04

1.30E-04

7.29-05

1.04£-03

4.36E-04

8.136-05

3.45E-06

5.66E-06

5.48E-06

3.62E-06

4.27€-06

324807

8.62E-06

8.62E-06

8.00E-06

175605

8.36E-05

8.38E-01

1.286-02

5.456-01

2.14E-06

2.76E-05

155605

5.91E-01

6.03E-01

6.826-03

Male Effect

3.454

3111

-2.566

-4.601

2.409

-2.350

1774

4311

3725

-4.000

5612

-5.023

1.933

2.416

2.350

0747

1286

3336

3373

-3.358

-3.358

3375

0.338

0.601

-5.320

-6.065

1874

1.090

1.034

1.346

1.458

1412

-0.690

1168

1079

-1.062

1072

-1.448

-1.463

-1.463

0015

0.695

-1.038

2625

4924

-3.626

0925

2117

-1.087

-3.785

-3.892

3912

Male P

8.63E-07

3.69E-03

5.16E-03

7.35€-06

9.35E-02

1.24€-03

333603

3.056-06

8.33E-06

157E-06

7.726-06

3.98E-06

5.09E-03

17403

2.426:03

2.94E-01

273602

2.85E-04

2.14E-04

227604

227604

212604

8.68E-01

6.526-01

2.81E-06

4.72E-06

5.94E-03

107601

131601

3.37€-02

3.97E-02

5.03-02

4.90E-01

175601

2.00E-01

1.65E-01

159E-01

5.07E-02

8.08E-02

8.08E-02

6.89E-02

126601

6.81E-02

7.31E-06

5.326-07

5.70E-06

177601

8.89E-03

123601

9.936-06

5.11E-06

212605

Sex

Averag
Effect

1.817

-4.003

3812

-3.687

1552

2757

2175

2087

2730

-3.062

-2.149

-3.160

0678

0396

0363

2792

0.693

-3.399

-3.409

-3.404

-3.408

-3.399

-3.150

-3.200

-4.083

-3.756

-2.267

0787

0870

0433

0586

0772

3514

2772

2693

2565

2555

-3.051

2917

2917

1086

1105

1.058

1384

3967

2108

2117

2.965

1.046

1616

1679

-3.589

Sex

Average P Difference

6.58E-03

5.61E-06

1.79E-07

3.40E-05

777602

1.64E-06

5.91E-06

138602

2.94E-04

8.36E-05

3.64E-02

1.39E-03

2.67E-01

5.26E-01

5.55€-01

7.68E-04

5.52E-02

3.50E-06

2.38E-06

2.51E-06

2.51E-06

2.50E-06

1.99E-03

357603

8.99E-05

4.69E-04

7.62E-06

5.98£-02

3.36E-02

1.89E-01

1.40E-01

8.44E-02

2.58E-04

7.06E-05

111E-04

9.75E-05

1.05E-04

5.69E-06

4.43E-05

4.43E-05

8.236-02

8.49E-02

1.15E-01

1.45E-02

1.09E-06

1.256-02

3.17E-05

5.96E-06

3.54E-02

6.06E-02

481E-02

3.70E-06

Sex

3273

1784

-2.490

1.828

7922

0815

-0.802

4507

1.991

1.876

6.926

3726

5221

-5.623

-5.445

-4.089

3.959

0125

0073

0000

-0.090

-0.047

6976

-7.620

2474

4618

-0.787

3755

-3.808

3557

-4.087

-4.366

-5.647

-3.206

-3.228

-3.006

2967

-3.207

-2.908

-2.908

3942

-3.509

4.192

2.482

1.915

3.036

-2.383

1.696

4167

4337

4.428

0.646

Sex
Difference

3.41E-03

232601

6.07E-02

2.36E-01

2.85E-06

4.75E-01

4.36E-01

1.14E-03

1.02E-01

1.40E-01

1.16E-04

1.91E-02

2.91E-07

8.03E-07

3.00E-06

187€-03

8.20E-07

9.25E-01

9.56E-01

9.46E-01

9.46E-01

9.72E-01

4.28E-05

2.04E-05

137€-01

1.14E-02

3.88E-01

5.05E-06

377606

6.71E-06

3.06E-06

6.74E-07

5.81E-04

5.80E-03

477E-03

4.62E-03

5.18E-03

378603

1.44E-02

1.44E-02

8.24E-07

6.96E-06

9.36E-06

252603

1.85E-01

813603

4.78E-03

1.24E-01

1.05E-06

3.00E-04

222604

6.55E-01

AyBase ID
Gene 1

>1kb from
gene

FBgn00056
16

FBgn00056
16

FBgn00039
63

FBgn00516
44

FBgn00319
03

FBgn00319
03

FBgn00339
51

FBgn02640
89

FBgn02640
89

FBgn00502
68

FBgn00462
53

FBgn00348
84

FBgn00270
66

FBgn00270
66

FBgn00853
%
FBgn00334
46
FBgn00056
30
FBgn00056
30
FBgn00056
30
FBgn00056
20
FBgn00056
30
FBgn00337
08

FBgn00337
08

FBgn00338
67
>1kb from
gene
FBgn00361
34
FBgn02642
72
FBgn02642
72

FBgn02642
72
FBOn00044,
29
FBgn00044
29
FBgn00521
02
FBOn00521
02
FBOn00521
02
FBgn00521
02
FBgn00521
02
FBOn00521
02
FBOn00521
02
FBgn00521
02
FBgn00351
95
FBOn00351
9%
FBOn00351
98
FBgn00012
56
FBgn00521
38
FBOn00135
63
FBgn00010
85
FBn02628
93
FBOn00366,
52
FBOn00367
32
FBgn00367
32

FBgn02591
74

Gene 1
Symbol

msi-2

msk-2

ush

CG31644

Wht10

wht10

cG10139

©G30268

€G3502

CG17662

Eb1
Eb1
Dgk

cG1648

lola

lola

lola

lola

lola

€G8850

G850

Cprsoca

fd6BA
muh
muh

muh

LysP

LysP

€G32102

cG32102

€G32102

€G32102

€G32102

cG32102

€G32102

€G32102

Sact

cao129

cGo133

ImpL1

ce32138

Pexi

z

CG43248

ce13032

Oatp74D

©Oaip74D

Nedda

Genel FyBaseID G

2 Gene2
Symbol

Site Class

AyBase ID
te Class

SYNONYM
ous_cop!
NG
SYNONYM
oUs_cop!
INTRON
737 bp

DOWNSTR
EAM

INTRON CRA44063 DOWNSTR

EAM

FBgn02648
72

INTRON CR44063 DOWNSTR

EAM

FBgn02648
72

475 bp
UPSTREA
M

INTRON

INTRON

SYNONYM 362 bp
ous cont IR ot
o5
oomarn
syonw

FBgn00348

0Us_cop! CG17664  INTRON
NG

INTRON
INTRON

INTRON

161bp

INTRON lectin-46Cb UPSTREA
M

FBgn00400
)
808 bp
DOWNSTR

wrron FEn02618

CGA42700 DOWNSTR
EAM

851
©G42700 DOWNSTR

FBgn02616
INTRON "

INTRON

INTRON
INTRON
INTRON

INTRON

SYNONYM

FBgn02642
ous copi

mwh  INTRON
SYNONYM

0Us_cop! mwh
NG

FBgn02642
gy INTRON

476 bp
UPSTREA
M
501 bp
UPSTREA
M

SYNONYM
©ous_cop!
NG
NON_SYNO
NYMOUS_
CODING

630 931 bp
DOWNSTR UPSTREA
EAM

Sacl

FBgn00351
pol cGe133

FBgn00351
o8
M
3320p
DOWNSTR
EAM

€G9130

UTR_5_PRI FBgn00351
Ve " cGo129

UTR_5_PR FBn00351
ME %
SYNONYM
0Us_CoD!
G

365 bp
UPSTREA
M
457bp
bl UPSTREA

M

UTR_3_PRI FBgn00135
e 3 Pext
SYNONYM
oUs Copi FBIN000SS
- )
NG

INTRON

INTRON

SYNONYM
©ous_cop!
NG
357 bp
UPSTREA
M

INTRON edin

FBgn00521
8
352 bp
UPSTREA
M

FBgn00521

INTRON Ban! edin
85

INTRON

14¢



S2.5 Table continued

3L_179400
12_sNP

3L_179475

3L_179551

3L_179770
79_INS

3L_187841
49_SNP

3L_216748
84_SNP

3L_220017

01_sN
3L_220017

3L_220114
73_sNP

3L_220663
7_SNP

3L_233262

3L_289388
6_SNP
3L_289389
5_SNP
3L_289398
9_sNp
3L_405625
9_snp

3L_523004
9_sNP

3647144
o_sNP
3L_786838
5_SNP.
3L_786856
2_SNP

3L_840364

3L_940355
6_SNP

3L_988182
6_sNP

3R_11104¢
52_SNP

3R_15378¢
39_SNP

3R_161751

3R_16702€
81_DEL

3R_175422
3R_18925¢
06_SNP

3R_189261
83_DEL

3R_189262
01_DEL

3R_189267
12_sNP

3R_189262
3_SNP

3R_189262
15_DEL

3R_189262
21_SNP

3R_18980¢

3R_219801
69_SNP
3R_219904
57_INS
3R_22256€
96_SNP
3R_22598¢
3_SNP
3R_22760C
97_snp
3R_227601
02_DEL

3R_220137
15_SNP

3R_230508
38_SNP

T

c
TTAGATT
G

B

T

G

CAGAGCA CAGAGCA
ATGTGGT ATGTGGT

TC

CCGCTTT  CCGETTT
G

e

T

TC

T

0.076

0.060

0.050

0.056

0.051

0.058

0.051

0.097

0.056

0.056

0.097

0.056

0.051

0.057

0.057

0.052

0.051

0.185

0132

0.070

0.337

0.327

0.068

0.073

0.468

0.070

0.054

0.073

0.068

0.084

0.254

0.113

0.233

0.129

0.208

0.443

0.051

0.383

0213

0.052

0.082

0.089

0.051

0.159

0.084

0.070

0.115

0.115

0.099

0.110

0.115

0.115

0.114

0.052

0.058

0.081

0.067

0.124

0.103

0.071

0.093

0.141

157

141

170

166

163

168

159

169

168

-1.668

-1.061

1240

-0.683

1209

0694

1273

0769

-0.709

0713

0795

-0.706

0215

0179

-0.840

-0.828

0207

-4.030

2972

-3.643

2203

2234

4712

3535

-2.140

0390

0.220

5392

5714

-3.998

2874

-4.058

3220

2779

-2.565

-0.101

2015

-3.074

-0.500

-0.908

-4551

3540

-5.001

0973

-4.586

5.427

2832

2832

-3.382

2662

2832

2832

1835

1.690

-6.849

5973

1171

3676

0.160

0.263

1155

0874

2.00E-01

4.94E-01

4.22E-01

6.426-01

4.34E-01

6.37E-01

4.09E-01

5.04E-01

6.30E-01

6.276-01

4.90E-01

6.31E-01

8.89E-01

9.036-01

5.68E-01

5.926-01

8.94E-01

8.24E-06

2.926-03

6.476-03

2.87€-03

2.54E-03

3.86E-04

6.05£-03

2.98E-03

7.82E-01

893601

2.14E-05

1.41E-05

8.64E-04

2.41E-04

112604

42805

6.51E-03

2.46E-03

8.83E-01

191E-01

6.79E-06

5.61E-01

5.576-01

233604

2.45€-03

1.026-03

2.95€-01

122604

3.99E-05

7.726-03

7.72€-03

3.01E-03

1.45€-02

7.726-03

7.726-03

8.58E-02

273801

155606

9.44E-07

3.85€-01

2.74E-04

8.93E-01

8.46E-01

361E-01

3.79E-01

-4.995

-5.698

6153

5676

-6.160

-5.720

-6.169

4216

-5.601

-5.601

-4.243

-5.704

-5.988

-6.046

-6.061

6335

5,704

05610

2.206

5.622

2509

-2.589

-4.020

-5.047

2470

5131

-6.807

4311

-3.026

-3.691

1384

2775

0.951

-3.667

2670

2330

-5.968

-0.104

-3.110

5747

2896

-4.196

4213

-3.452

3127

2.042

2975

2975

2012

2972

2,075

2975

-4.058

-5.823

-0.806

1705

-4.730

3373

-4.106

5.245

-4.948

-3.602

451E-06

7.87E-06

1.68E-06

2.58E-06

1.49E-06

2.24E-06

1.44E-06

7.40E-06

2.43E-06

2.44E-06

6.32E-06

2.29E-06

2.48E-06

5.14E-07

8.42E-07

3.956-07

9.64E-06

3.62E-01

6.35E-03

5.11E-07

1.39E-04

6.47E-05

2.61E-04

3.35E-06

6.05E-05

6.66E-06

7.16E-08

371605

5.54E-03

1.62E-04

6.25E-02

1.80E-03

1.89E-01

161E-05

7.50E-05

9.10E-06

1.77€-06

6.83E-01

9.28E-06

6.936-06

5.99E-03

7.25E-06

4.92E-04

8.94E-06

159E-03

5.456-02

6.09E-04

6.09E-04

2.04E-03

8.05E-04

6.00E-04

6.09E-04

4.31E-06

3.68E-06

4.40E-01

7.61E-02

9.85E-06

2.14E-05

7.10E-06

4.79E-07

3.56E-06

5.52E-06

3331

-3.380

-3.607

3179

-3.685

-3.207

3721

-2.493

-3.200

-3.202

2519

-3.205

-2.886

3112

-3.451

-3.581

2,955

1710

-0.383

-4.632

2356

2411

-4.366

-4.201

-2.305

2761

3338

-4.851

-4.370

-3.844

-0.745

3416

1135

3223

2618

1216

-3.901

1634

-1.805

3327

3723

-3.868

-4.607

2212

-3.857

1603

0071

0071

0235

0155

0.071

0071

-2.947

-2.066

3827

-3.839

2951

-3.524

1973

-2.401

-3.051

2238

3.97E-04

4.726-03

2.14E-03

5.94E-03

2.12€-03

5.436-03

183603

273603

5.51E-03

5.51E-03

2.426-03

5.47E-03

2.29E-02

9.256-03

2.84E-03

1.30E-03

142602

351E-02

6.51E-01

6.51E-07

9.90E-06

351E-06

3.71E-06

7.16E-06

8.01E-06

5.426-03

3.45E6-03

4.42€-08

2.46E-06

7.81E-06

9.70E-02

4.67E-06

272602

9.22E-06

5.49E-06

2.68E-02

1.736-04

1.87E-04

5.54E-03

6.69E-03

5.26E-06

5.99E-07

8.43E-06

2.50E-03

8.76E-07

1.05E-01

8.65E-01

8.65E-01

5.63E-01

9.63E-01

8.65E-01

8.65E-01

177604

8.90E-02

9.53-05

4.68E-06

2.39E-03

1.47E-06

9.68E-03

577603

4.59E-03

8.36E-04

3.326

4637

4914

4.903

4950

5.026

4.895

3.447

4.982

4977

3.448

4.998

6.203

5.866

5.221

5.508

5.498

-4.639

5177

1979

0.306

0356

0692

1512

0330

4741

7117

-1.081

-2.689

-0.307

-4.258

1284

4171

0.888

0.105

2229

3.953

-2.880

25610

4.839

1655

0656

-0.788

2479

1459

7.469

-5.806

-5.806

-6.204

-5.634

-5.806

-5.806

2223

7513

-6.042

-4.268

3560

-0.304

4.266

5.508

3793

2728

3.04E-02

111E-02

6.77E-03

3.78E-03

6.39E-03

358E-03

7.00E-03

1.10E-02

3.85E-03

3.88E-03

1.09E-02

3.74E-03

5.85E-04

6.33E-04

2.44E-03

2.36E-03

2.39E-03

1.57E-05

9.24E-06

2.16E-01

7.30E-01

6.89E-01

6.66E-01

3.27E-01

7.03E-01

4.20E-03

1.96E-04

4.83E-01

9.21E-02

8.32E-01

3.59E-06

3.126-01

7.21E-06

4.68E-01

9.18E-01

5.50E-03

3.00E-02

4.40E-04

9.91E-03

7.74E-03

2.67E-01

6.40E-01

6.67E-01

2.38E-02

3.126-01

1.55E-06

2.62E-06

2.62E-06

2.14E-06

8.91E-06

2.62E-06

2.62E-06

7.94E-02

2.72E-05

431E-04

3.86E-03

252602

8.03E-01

2.24E-03

4.82E-04

1.09E-02

1.99E-02

FBgn02627
o
FBgn00005.
68
FBgn00005
68
FBgn00005
FBgn00005.
68
FBgn00005
68
FBgn00005
68
FBgn00005
68
FBgn00005
68
FBgn00005
68
FBgn00005.
68
FBgn00005
68
FBgn00005
68
FBgn00005
68
FBgn00005
FBgn00005
68
FBgn00005.
68
FBgn00005.
68
FBgn00010
78
FBgn00371
17
>1kbfrom
gene
>1kbirom
gene
>1kb from

>1kb from
gene

FBgn00371
50

FBgn00102
15

>1kb from
gene

>1 kb from
>1kbfrom
FBgn00354
2
FBgn00524
23
FBgn02618
o1
FBgn00523
65
FBgn00523
3

FBgn00351
66
FBgn00359
86
FBgn00258
66

FBgn00114
76
FBgn02600
03
>1kbirom
FBgn00388
26
FBgn00448.
00

FBgn00511.
76

FBgn00390
54

FBgn00390
54

FBgn00390
54
FBgn00390
54
FBgn00390
54
FBgn00390
54
FBgn00390
54
>1kb from
gene
FBgn00031
18

>1kbfrom
gene

>1kb from

FBgn00155
a1
FBgn00155
a1
FBgn00394
80

>1kb from
gene

798 bp
CG43174 DOWNSTR
EAM

SYNONYM
Eip758  OUS_CODI
NG

Eip758  INTRON
Eip758  INTRON
Eip758  INTRON
Eip758  INTRON
Eip758  INTRON
Eip75B  INTRON
Eip758  INTRON
Eip758  INTRON
Eip758  INTRON
Eip758  INTRON
Eip758  INTRON
Eip75B  INTRON
Eip758  INTRON
Eip758  INTRON
Eip758  INTRON

Eip758  INTRON

fizfl  INTRON

NON_SYNO

€G11248 NYMOUS_
CODING

NON_SYNO
CG7133  NYMOUS_
CODING

alpha-Cat  INTRON

CG1136  INTRON
shep  INTRON

CG42747  INTRON
©G32365 INTRON

©G32365 INTRON

SYNONYM
€G13902 OUS_CODI
NG
€G4022  INTRON
36 bp.
CalpB  UPSTREA
M
601 bp
I(3)ne0a3  UPSTREA
M
Dys  INTRON
Syp  INTRON
776 bp

Toz  UPSTREA
M

CG31176  INTRON

©G13830  INTRON

CG13830  INTRON

CG13830  INTRON
CG13830  INTRON
CG13830  INTRON
©G13830  INTRON

CG13830  INTRON

. UTRS5.PR
P ME
sda INTRON
sda  INTRON

215
Cpi97Ea  UPSTREA
M

FBgn02647
7

FBgn00355
9%

FBgn00351.
65

FBgn00359
87

FBgn00390
53

FBgn00390
53

FBgn00390
53

FBgn00390
53

FBgn00390
53

FBgn00390
53

FBgn00390
53

667 bp
CR43995 DOWNSTR
EAM

CG4669

318 bp
DOWNSTR

CG13887 DOWNSTR

cG3689

Taf2

ca6738

CG6738

CG6738

ce6738

CG6738

ca6738

CG6738

EAM
582 bp
UPSTREA
Y

43 bp
UPSTREA
M

NON_SYNO
NYMOUS_
CODING
CODON_C
HANGE_PL.
US_CODON
_DELETIO
N
CODON_D
ELETION
SYNONYM
©ous_copi
NG
NON_SYNO
NYMOUS_
CODING
FRAME_SH

I

T
NON_SYNO
NYMOUS_
CODING

FBgn00390
52

3 bp
CG6733  DOWNSTR
EAM

14



S2.5 Table continued

3R_260617
32_58P

3R_26061¢
35_SNP

3R_265341
02_sNP

3R_265384
95_snp

3R_270377
19_sNP

3R_27037€
72_SN
3R_27037€
74_SNP
3R_27037€
93_snp
3R_270301
41_sNP

3R_34577¢
_SNP.

3R_38940€
8_DEL

3R_523674
6_S\P

3R_711331
6_SNP

3R_790451
2_SNP

3R_79150€
7_SP

3R_791601
4_sNP
3R_795031
2_S\P
3R_808852
o_s\P
3R_80893€
9_s\P
3R_82552¢
7_SNP
3R_834662
3_s\P
3R_959534
2_s\p
3R_96262C
o_swp
X_1184045
7_s\P
X_1413275
5_S\P

X_1433159
4_s\P
X_2028620
9_S\P
X_2130534

NP

7
X_2130539
3_S\P
X_2130539
4_INS
X_2130549
1_sNP
X_2130550
7_s\P
X_2130551
9_s\P
X_2822430

X_2823357
INS

X_4679355

X_6251076
SN
X_7068918
_sNp
X_7905772
_sNp
X_8277575
_swi
X_8368258
_swi
X_8368267
_sNP
X_8368525
X_8997832
NP

X_9723014
_sNP

AG

ccasa

ccaaa

0.080

0.061

0.083

0.058

0.058

0.056

0.056

0.056

0.056

0.056

0179

0055

0.146

0.145

0.068

0.051

0.051

0.106

0051

0.182

0.080

0.169

0.056

0.493

0.402

0153

0.050

0.411

0076

0052

0.057

0.052

0.058

0.060

0.062

0.064

0.079

0051

0.420

0126

0.061

0.083

0.083

0.083

0232

0277

168

168

168

160

143

104

150

170

160

164

166

5.411

0590

0.656

-5.407

-4.922

1744

1744

1744

1744

1735

1201

0258

0776

2.413

0.440

0.440

0.465

-0.104

1326

2.269

0527

2,032

-1.402

3.176

2231

0.390

-5.340

0.250

1299

0473

-0.154

0173

0211

0303

0781

1127

2.439

0.239

-2.889

3814

-4.692

-1.441

-1.441

-0.803

3514

0643

9.97E-06

6.74E-01

5.90E-01

1.79E-04

6.78E-04

2.34E-01

2.34E-01

2.34E-01

2.34E-01

237601

1.79E-01

8.61E-01

4.27E-01

127602

7.45€-01

7.76E-01

7.63E-01

927601

3.90E-01

1.07E-02

6.75E-01

261E-02

3.40E-01

1.12E-05

1.19E-03

6.79E-01

4.37E-04

7.386-01

3.18E-01

7.59E-01

9.17E-01

9.11E-01

8.86E-01

8.37E-01

5.78E-01

4.236-01

512602

8.77€-01

1.95E-05

1.59E-04

6.92E-04

2.36E-01

2.36E-01

5.00E-01

7.11E-06

4.06E-01

1476

-5.441

-4.462

2184

2738

5477

5477

5477

5477

-5.466

-3.352

5515

-3.664

-3.303

5.216

-6.124

6136

-4.360

-6.074

2705

4871

2671

-4.903

0.768

2014

-3.146

-4.030

-2.586

-4.868

-6.015

-5.199

5.476

5.196

5.336

-4.940

5377

-4.242

-5.859

-1.283

2235

-4.375

-4.257

-4.257

-4.405

-0.358

2677

1.20E-01

1.88E-06

4.97E-06

5.95E-02

1.936-02

6.34E-06

6.34E-06

6.34E-06

6.34E-06

6.71E-06

3.97E-06

6.22E-06

5.03E-06

2553605

5.08E-06

3.78E-06

3.66E-06

4.35E-06

3.20E-06

2.86E-04

6.82E-06

7.20E-04

3.86E-06

375601

257604

7.97E-06

1.336-03

4.87E-06

431E-06

9.50E-07

9.06E-06

8.84E-06

9.56E-06

5.26E-06

7.50E-06

1.92E-06

2.926:05

1.11E-06

2.19E-02

3.326-03

1.13E-04

6.52E-06

6.52E-06

3.20E-06

6.18E-01

6.79E-06

-3.444

-3.016

-1.903

1612

-1.092

3611

3611

3611

3611

-3.601

2277

2886

2220

2858

2388

2842

-2.835

2232

2374

0218

2172

0319

3153

1208

2123

1378

-4.685

1168

-3.083

277

2677

-2.824

2704

-2.820

-2.860

3252

-0.902

2810

-2.086

-3.024

4534

-2.849

-2.849

-2.604

-1.936

1660

412605

2.09E-03

4.02€-02

133601

332601

2.00-03

2.09E-03

2.09E-03

2.09E-03

2.206-03

6.90E-05

8.53E-03

2.94E-03

8.79E-06

3.236:02

3.49E-02

3.50E-02

9.96E-03

5.10E-02

6.97E-01

5.64E-02

925601

9.17E-04

6.63£-03

2.34E-06

127€-02

7.19E-06

188602

2.02€-04

451E-03

373603

3.30E-03

327603

2.19E-03

118602

5.36E-03

2.408-01

3.78€-02

7.85E-06

3.06E-06

3.06E-06

5.49E-04

5.49E-04

2.256-03

1.07€-03

23503

-3.935

4.851

5.118

7591

7,660

3732

3732

3732

3732

3731

2151

5.257

2.887

0.890

5655

6564

6.601

4.256

7.400

4974

5.398

4704

3501

3.044

0217

3536

1310

2.836

3569

6.488

5.046

5.302

4.985

5.032

4.159

4.250

6.681

6.098

1607

1579

0316

2816

2816

3.602

3157

2.034

777603

3.25E-03

3.126-04

7.87E-06

6.46E-06

3.13E-02

3.136-02

3.13E-02

3.13E-02

3.13E-02

4.17E-02

2.26E-03

1.20E-02

4.42E-01

3.28E-04

2.67E-04

2.46E-04

123603

3.62E-05

1.41E-06

231E-04

9.54E-06

4.35E-02

4.06E-06

7.94E-01

137603

4.74E-01

117E03

2.01E-02

3.17E-04

3.44E-03

3.45E-03

3.88E-03

3.58E-03

1.19E-02

1.02E-02

4.02E-06

7.326-:04

4.98E-02

1.95E-01

8.50E-01

5.01E-02

5.01E-02

1.19E-02

7.84E-04

2.58E-02

FBgn00151
20

>1kbfrom
gene

FBgn02634
02
>1kbirom
gene
>1kbfrom
gene
FBgn00614.
7%
FBgn00614.
76
FBgn00614
76
FBgn00614
7
FBgn00398
28
FBgn00839.
63
FBgn00375
6
FBgn00376
%
FBgn00513
8
FBgn00379.
89
FBgn00379.
89
FBgn00379
80
>1kbfrom
FBgn02648
29
FBgn00036
51
FBgn00380
a7
FBgn02509
10
FBgn00381
80
>1kbfrom
gene
FBgn02631
1
FBgn00305
54
FBgn00526
00
FBgn00311
09
FBgn02592
5
FBgn02592
a5
FBgn02592
45
FBgn02592
45
FBgn02592
5
FBgn02592

4
FBgn00283
69

FBgn00283
69

FBgn00297
21
FBgn02619.
55
FBgn00299
29
FBgn00103
20
>1kbfrom
FBgn00532
23
FBgn00532
2
FBgn00532
23
FBgn00300
87

FBgn00526
o8

DopR2

CG43448

2wilch

2wilch
2wilch

2wilch

ce1542

cG3a127

ce7918

Task?

CR31386
cG1a741

cG14741

ce14741

CG44037

sp

cG5245

Octbeta3R

chts

Obp19a

CG42343
€G42343
CG42343
CG42343
CG42343
CG42343

kirre

Kirre

cee978

kdn
€G9650

Toh

CG33223
CG33223

cG33223

cG7766

CG32698

INTRON

981 bp
DOWNSTR
EAM

SYNONYM
©ous_cop!
NG

INTRON
INTRON
INTRON

39 bp
UPSTREA
[
INTRON

INTRON
SYNONYM
0Us_cop!
NG
INTRON
INTRON
UTR_5_PRI
3
580 bp

UPSTREA
[

UTR_3_PRI
3

INTRON
10 bp

UPSTREA
[

INTRON

INTRON

INTRON

SYNONYM
0Us_copi
NG

INTRON

563 bp
UPSTREA
[

INTRON
INTRON
INTRON
INTRON
INTRON
INTRON

INTRON

INTRON
NONYM

sv
©oUs_cop!
NG

INTRON
INTRON

INTRON

INTRON
INTRON

INTRON

76 bp
UPSTREA
[

INTRON

FBn0614
76

FBn00038 betaTub8s
89 D

FBn00036
51
FBgn02648
29

FBQn00380
46

FBQn00305
55

FBgn00406
51

FB00527
9

FBgn00144
65

FBgn00144
5

FBQn00144
65

FBn00048
56

43bp
Zwilch  UPSTREA
M

742bp
UPSTREA
M

svp INTRON

768 bp
CG44037 DOWNSTR
EAM
205 bp
CGS641  UPSTREA
M

799 bp
Foxi4  UPSTREA

983 bp
CG15458 UPSTREA
M

1bp
CG32793 UPSTREA
M

Cp7Fb  INTRON
Cp7Fb  INTRON
Cp7Fb  INTRON

210 bp

Bx42  DOWNSTR

14¢



S2.6 Table. Candidate genes affecting mean@wgof food intake Previous asxciations

with feeding related traits are given.

GWA Tvpe of Phenotype(s)
Flybase ID Gene Name Gene Gene Function S)tl:ld ! and
List Y Reference(s)
FBgn0052423 a'az‘sﬁggfard CVe | RNA binding; gravitaxis|  None N/A
FBgn0014135 branchless Mean fibroblast growth factor None N/A
(bnl) receptor
protein kinase;
breathless fibroblast growth factor
FBgn0005592 (btl) CVe activated receptor None N/A
activity; CNS
development
CalpainB calciumdependent
FBgn0025866 p CVe cysteinetype None N/A
(CalpB) f
endopeptidase
Cuticular
FBgn0033867| protein 50Ca | CVe cuticle protein None N/A
(Cpr50Ca)
Diacyl calcium ion binding;
FBgn0085390 glycerol CVe diacylglycerol kinase None N/A
kinase (Dgk) activity
calcium and zinc ion
binding; neuromuscula
synaptic transmission;
Dystrophin Mean regulation of
FBgn0260003 and - None N/A
(Dys) neurotransmitter
CVe - ]
secretion; regulation of
shortterm neuronal
synaptic plasticity
Ecdysone Larval sugar
FBgn0001256| inducible gene| CVe unknown Microarray feedin [?L]
L1 (ImpL1) 9
elevated
during defenge response to
FBgn0052185 . . CVe bacterium; humeral None N/A
infection .
(edin) immune response

14¢



S2.6 Table continued

F box and
FBgn0030555| euCnerich- |y, F-box domain None N/A
repeat gene 4
(Fbxl4)
Whnt receptoraxon Adult amino
FBgn0001085| frizzled (fz) CVe extension, GPCR Microarray S
h ; acid intake [2]
signaling
ftz nuclear hormone
transcription receptor; transcription
FBgn0001078 factor 1 (ftz CVe factor; olfactory None N/A
f1) behavior
FBgnoo2g371|  Jterbug CVe actin binding None N/A
(jbug)
kin of irre cell adhesion molecule
FBgn0028369 (kirre) CVe binding, protein binding None NIA
knockdown citrate (Si}synthase
FBgn0261955 (kdn) CVe activity; tricarboxylic None N/A
acid cycle
LDL receptor calcium i binding;
FBgn0053087 protein 1 Mean | low-density lipoprotein None N/A
(LRP1) receptor activity
carbohydrate binding;
FBgn0040092| lectin46Cb | CVe regulation of female None N/A
receptivity, sperm
competition
lethal (3) Cytochrome ¢ oxidase
FBgn0011476 neo43 CVe assembly pratin None N/A
(I(3)neo43) COX16
transcription factor,
FBgnoo41111| MPUtian ooy | olfatory behavior; None NIA
(lini) regulation of lipid
transport
FBgn0261565| Limpet (Lmpt)| Mean transcription factor None N/A

15C



S2.6 Table continued

longitudinals

transcription factor;
nervous system

FBgn0005630 ; CVe development and None N/A
lacking (lola) RN
function; highly
pleiotropic
Lysozyme P
FBgn0004429 (LysP) CVe lysozyme None N/A
malespecific I
chromatin binding,
FBgn0005616 Iethal2§ (msl CVe DNA binding None N/A
FBgr0020269 M-spondin Mean myoblast fusion None N/A
(mspo)
FBgno264272| Multiple wing |, actin binding, Wnt None N/A
hairs (mwh) signaling
FBgn0260660 MU(I&F;)GX'H Mean carbohydrate binding None N/A
muscarinic
Acetylcholine
FBgn0037546| Receptor, B CVe GPCR None N/A
type (MAChR
B)
Octopamine . Conditional hunléaerr\(/jarlilven
FBgn0250910| #3 receptor CVe octopamine receptor .
(OCt#3R) knockdown | food intake
(3]
Odorant
FBgn0031109 binding CV; odorant binding protein None N/A
protein 19a E
(Obp19a)
?ﬁi?}'c Principal
transportin Component 2
FBgn0®B6732 porting CVe organic ion transport GWA of high
polypeptide |
74D glucose
(Oatp74D) rearing [4]
FBgn0013563 Peroxin 1 CVe peroxisome biogenesis| None N/A
(Pex1) factor
transcripion factor; nb?rri\t/iiln
FBgn0003118| pointed (pnt) | CVe h_|gh|y_ pleiotropic, Egfr qPCR control of
signaling pathway, PNS itochondrial
development mitochondria
biogenesis [5]
retained - Microarray | Adult amino
FBgn0004795 (retn) Mean transcription factor and GWA | acid intake [2]
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S2.6 Table conted

nuclear hormone,
receptor; trnascription

factor; epithelial cell
proliferation involved in

FBgn0003651| seven up (svp] CVe Malpighian tubule None N/A
morphogenesis; glial
cell development;
neuronneuron synaptic
transmission
Csr?:r'"ir SH3/SH2 adaptor
FBgn0051163| . - Mean activity; sensory None N/A
Interacting erception of smell
protein (SKIP) P p
FBgn0015541 S'E’Eg‘dd:;”ce CVe peptidase None N/A
calcium ion binding;
FBgn0264089|  slit (sli) Cve | Proteinbinding;axon | o0 N/A
guidance; nervous
system developent
se eptidase, transription
FBgn0011836| associated | Cve | PEPHAaSe, ansip None N/A
factor 2 (Taf2)
FBgnoos25g2| tropomodulin |, | tropomyosin binding; | 500 N/A
(tmod) actin binding
FBgn0004889| twins (tws) | Mean protein phosphatase None N/A
Adult sweet
. tasteinduced
. many behaviors,
Tyramine # including aggression; FlyLight memoary
FBgn001032 hydroxylase | CWe g agar S yL9 formation [6];
octopamine signaling Screen
(Tbh) adult sucrose
pathway concentration
response [7]
FBgn0003963 u-(su Z?Sed CVe transcription fator None N/A
Wnt oncogene|
FBgn0031903| analog 10 CVe GPCR None N/A
(Wnt10)
FBgn0061476|  Zwilch Cve | R#Zcomplex, subunit| oo, | Adultamino

zwilch; mitosis

acid intake [2]
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S2.6 Table continued

FBgn0010215| & Czét:t’;'” @1 cw cadherin binding None N/A
Adult
transcriptional
FBgn0000064| Aldolase (Ald) | Mean glycolysis Microarray | response to
dietary
restriction [8]
Blastoderm
FBgn0000227| specific gene | Mean chromatin silencing None N/A
25A (Bsg25A)
FBgn0004856|  Bx42 Cv | Proteinbinding, mRNA| o N/A
splicing
voltagegated calcium
channel;
FBgno263111| Cacophony | neurotransmitter -y, ne N/A
(cac) secretion; locomotion;
courtship behavior;
synaptic transmission
capping
FBgn0034577| protein alpha | Mean actin binding None N/A
(cpa)
FBgn0033951 CG10139 CVe not known None N/A
. . Adult amino
FBgn0035661 CG10477 Mean endopeptidase Microarray acid intake [2]
FBgn0037117 CG11248 CVe not known None N/A
Mean
FBgn0035490 CG1136 and cuticle protein None N/A
CVe
FBgn0031620 CG11929 Mean unknown None N/A
FBgn003652 CG13032 CVe not known None N/A
FBgn0033579| CG13229 | Mean| CGPCR.neuropeptide | ..o N/A
receptor
FBgn0034820 CG13538 Mean unknown None N/A
FBgn0036785 CG13700 Mean unknown None N/A
FBgn0039054| CG13830 | Cve | C&lclum ion binding; None N/A
signal transduction
B-cell receptor
FBgn0035165| CG13887 CVe associated 3like None N/A
FBgn0035166 CG13902 CVe not known None N/A
FBgn0030554| CG1434 cv. | tRNA-dihydrouridine None N/A

synthase

15
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S2.6 Table continued

Cationtransporting P

type ATRase;
FBgn0037989 CG14741 CVe phospholipid None N/A
translocating ATPase
activity
FBgn0039828 CG1542 CVe rRNA processing None N/A
FBgn0040651 CG15458 CVe not known None N/A
FBgn0034578| CG15653 | Mean| CYiochrome oxidase None N/A
assembly protein 1
FBgn0033446 CG1648 CVe lipid paticle None N/A
FBgn0034884 CG17662 CVe water channel None N/A
FBgn0034883 CG17664 CVe water channel None N/A
FBgn0038552| CG18012 | Mean betal,4 None N/A
mannosyltransferase
FBgn0033289| CG2121 | Mean | 100 channel regulatory |, 0 N/A
protein
FBgn0050268 CG3268 CVe not known None N/A
FBgn0050287 CG30287 Mean endopeptidase None N/A
FBgn0051176 CG31176 CVe not known None N/A
FBgn0051644| CG31644 | cve | Cvtochromecoxidase| ..o N/A
subunit 6C
FBgn0052102 CG32102 CVe not known None N/A
FBgn0052105| CG32105 | Mean homeodomain None N/A
transcription factor
FBgn0052107 CG32107 Mean unknown None N/A
actin binding; neuron
FBgn0052138 CG32138 CVe projection None N/A
morphogenesis
FBgn0052170 CG32170 Mean unknown None N/A
FBgn0052365 CG32365 CVe not known None N/A
carbonate dehydratase
FBgn0052698 CG32698 CVe activity; zinc ion None N/A
binding
FBgn0052793 CG32793 CVe not known None N/A
FBgn0053223 CG33223 CVe not known None N/A
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S2.6 Table continued

FBgn0069056 CG33226 Mean | peptidase (inside Egfr) None N/A
carboxylesterase;
FBgnm®83963| CG34127 | Cve | neurexinfamily protein| oo \a
binding; neurogenesis,
synapse assembly
FBgn0085385| CG34356 | Mean | Protein kinase, ATP None | N/A
binding
FBgn0085391 CG34362 Mean nucleic acid binding None N/A
Adult
Microarray amino
FBgn0046253 CG3502 CVe pepidase and GWA _aC|d
intake
[2]
FBgn0035987| CG3689 | C\k hydrolase, mRNA None | N/A
binding
positive regulation of
FBgn0035986 CG4022 CVe JAK-STAT cascade None N/A
FBgn0259245 CG42343 CVe not known None N/A
FBgn0261267 CG42615 Mean unknown None N/A
FBgn0261611 CG42700 CVe not known None N/A
FBgn0261801 CG42747 CVe not known None N/A
Adult
Microarra amino
FBgn0261859 CG42788 Mean signal transduction Y| acid
and GWA | .
intake
[2]
FBgn0262793 CG43174 CVe not known None N/A
FBgn0262893 CG43248 CVe not known None N/A
FBgn0263402 CG43448 CVe not known None N/A
FBgn0264829 CG44037 CVe not known None N/A
FBgn0035598| CG4669 | cve | " knol‘a”eéNeStEd N1 None | NIA
FBgn0038047 CG5245 CVe nucleic acid binding None N/A
FBgn0038046| CG5641 CVe ATP binding; DNA None N/A
binding
FBgn0039052 CG6733 CVe peptidase None N/A
FBgn0039053 CG6738 CVe peptidase None N/A
FBgn0029727| CG6978 | C\e sodium:phosphate None | N/A
symporter activity
FBgn0037150 CG7133 CVe not known None N/A

15¢



S2.6 Table continued

EGFlike, calcium ion

FBgn0031981 CG7466 Mean D None | N/A
binding
FBgn0030087 CG7766 CVe calmodulin binding None | N/A
Acetyl-CoA
FBgn0039737 CG7920 Mean hydrolase/transferase;| None | N/A
neurogenesis
FBgn0027585 CG8740 Mean unknown None | N/A
FBgn0033708| CG88s0 | cv, | Sedium:neurotransmitte) oo | ny/a
symporter
FBgn0035196 CG9129 CVe not known None | N/A
FBgn0035197 CG9130 CVe not known None | N/A
FBgn0035198 CG9133 CVe not known None | N/A
FBgn0034560 CG9235 Mean | carbonate dehydratasg None | N/A
FBgn0029939 CG9650 CVe DNA binding None | N/A
Chorion chorion protein, nested
FBgn0014465| protein b at CVe in £G332é3 None | N/A
7F (Cp7Fb)
FBgn0038180 Cht5 CVe chitin binding; chitinase| None | N/A
FBgn0051386 CR31386 CVe not known None | N/A
FBgn0264603 CR43952 Mean unknown None | N/A
FBgn0264727 CR43995 CVe not known None | N/A
FBgn0264872 CR44063 CVe not known None | N/A
Cuticular
FBgn0039480| protein 97Ea | CVe cuticle protein None | N/A
(Cpr97Ea)
Dopamine 1
FBgn0015129| like receptor 2| CVe GPCR None | N/A
(Dop1R2)
FBgn0052600 dpr8 Cve | Sersoryperception of |\ oo | /A
chemical stimulus
FBgn0027066 Ebl Cve | Myosin binding, protein| 0 | \yA
binding
Ecdysone
induced nuclear hormone
FBgn0000568 : CVe receptor; transcription | None | N/A
protein 758 factor; lifespan
(Eip75B) - esp
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S2.6 Table continued

Epidermal
FBgr0003731 growth factor Mean | highly pleiotropic | None N/A
receptor
(Egfr)
forkhead
FBgn0036134| domain 68A | CVe | transcription factor] None N/A
(fd68A)
FBgnoo3ee27| Cagrelated |, unknown None | N/A
protein (Grp)
Glycerol carbohydrate
FBgn0035266 kinase (Gk) Mean metabolism None N/A
FBgn0015946 grim Mean apoptosis None N/A
calcium ion
. ) binding; low
Lipophorin L .
FBgn0051092| Receptor2 | Mean density I'pOPTO.te'_n None N/A
(LpR2) receptor activity;
neuron projection
morphogenesis
. . negative
Misexpression regulation of Ras
FBgn0032694| suppressor of | Mean 3rotein signal None N/A
ras 3 (MESRS) transduction
mitochondrial
FBgn0034579 rlbos_omal Mean | ribosomal subunit| None N/A
protein L54
(mRpL54)
myosin binding,
protein binding,
FBgn0259174 Nedd4 CVe Notch binding: None N/A
axon guidance
FBgn0053554 NippedA Mean protein kinase None N/A
Protein
FBgn0004369| _ Y/OSINE | \oan | Motor neuralaxoni \one | A
phosphatase guidance
99A (Ptp99A)
Reversion
inducing
FBgn0036463 cystel_nem_:h Mean erdopeptidase None N/A
protein with
kazal motifs
(Reck)




S2.6 Table continued

Synaptojanin, N
terminal; nervous

FBgn0035195 Sacl CVe None N/A
system
development
protein
FBgn0010905| SPINoPhilin -y, | Phosphatase, |\ oo | A
(Spn) aggression;
olfactory behavior
calcium
Synaptotagmin dependent
FBgn0261090 # (SyH) Mean phosphalipid None N/A
binding
) mRNA binding,
FBgn0038826| Syncrip (Syp) | CVe neurogenesis None N/A
TATA box
binding TATA box-
protein L .
associated binding protein
FBgn0037792 Mean | associatediactor None N/A
factor RNA
RNA polymerase |
polymerase | subunit B
subunit B
(TAF1B)
regulation of eye
FBgn0261649| tincar (tinc) Mean | photoreceptor celll None N/A
development
transfer CAC codon
FBgn0050223| RNA:his:56E | Mean amino acid None N/A
(tRNA:H:56E) adaptor activity
transient
FBgn0003861 receptor Mean | calcium channel | None N/A
potential (trp)
cellular response
Turandot Z to heat, oxidative
FBgn0044809 (Tot2) CVe stress, UV, None N/A
bacterium
TWIK-related
acid-sensitive two pore domain
FBgn0037690 K+ channel 7 CVe potassium channe None N/A
(Task7)
yippee
FBgn0040060 interacting Mean endopeptidase None N/A
protein 7
(yip7)
#Tubulin at .
FBgn0003889 85D CVe t“ﬁ’)‘i‘xginGTP None | N/A
(#Tub85D) 9
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S2.6 Table continued
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S2.7 Table. Gen®©ntology enrichment analyses for mean @ of food intake. Only

nominally enriched GO categories were observed.

Category % P-Value Ber::jggini
GOTERM_BP_FAT imaginal disc development 6 12.2 1.20E-02 1.00E+00
GOTERM_BP_FAT behavior 6 12.2 1.40E-02 9.70E-01
GOTERM_BP_FAT olfactory behavior 3 6.1 4.10E-02 1.00E+00
GOTERM_BP_FAT imaginal disc pattern formation 3 6.1 4.20E-02 1.00E+00
GOTERM_MF_FAT calcium ion binding 5 10.2 1.70E-02 8.70E-01
GOTERM_MF_FAT low-density lipoprotein binding 2 4.1 2.90E-02 8.20E-01
GOTERM_MF_FAT low-density lipoprotein receptor activity 2 4.1 2.90E-02 8.20E-01
GOTERM_MF_FAT lipoprotein binding 2 4.1 3.70E-02 7.70E-01
GOTERM_MF_FAT lipoprotein receptor activity 2 4.1 3.70E-02 7.70E-01

INTERPRO EGF calcium-binding 3 6.1 2.70E-03 2.80E-01

INTERPRO EGF-like calcium-binding, conserved site 3 6.1 5.00E-03 2.60E-01

INTERPRO EGF-type aspartate/asparggine hydroxylation 3 6.1 5.30E-03 1.90E-01

Mean conserved site

INTERPRO EGF-like calcium-binding 3 6.1 5.30E-03 1.90E-01

INTERPRO EGF-like, type 3 3 6.1 1.70E-02 4.00E-01

INTERPRO EGF-like 3 6.1 2.50E-02 4.60E-01

INTERPRO Peptidase S1/S6, chymotrypsin/Hap, active site 4 8.2 2.90E-02 4.50E-01

INTERPRO Low-density lipoprotein receptor, YWTD repeat 2 4.1 3.10E-02 4.20E-01

INTERPRO EGF-like region, conserved site 3 6.1 4.70E-02 5.20E-01

SMART EGF_CA 3 6.1 9.30E-03 2.80E-01
SMART LY 2 4.1 4.20E-02 5.30E-01
SMART EGF 3 6.1 4.30E-02 4.00E-01
SP_PIR_KEYWORD$ egf-like domain 3 6.1 1.40E-02 6.30E-01
SP_PIR_KEYWORDS transmembrane protein 3 6.1 2.80E-02 6.20E-01
UP_SEQ_FEATURE splice variant 6 12.2 2.10E-02 7.80E-01

activation of adenylate cyclase activity by G-prote

GOTERM_BP_FAT . .
- - signaling pathway

2 2.3 4.00E-02 9.30E-01

GOTERM_BP_FAT behavior 8 9.1 2.50E-02 9.50E-01
GOTERM_BP_FAT cell surface receptor linked signal transduction 11 12.5 8.90E-03 1.00E+00
GOTERM_BP_FAT epithelium development 6 6.8 2.10E-02 9.80E-01
GOTERM_BP_FAT gland development 5 5.7 2.40E-02 9.70E-01
GOTERM_BP_FAT gland morphogenesis 4 4.5 4.20E-02 9.20E-01
GOTERM_BP_FAT heart development 4 4.5 1.10E-02 9.80E-01
GOTERM_BP_FAT immune response 5 5.7 2.70E-02 8.90E-01
GOTERM_BP_FAT locomotory behavior 5 5.7 3.40E-02 9.10E-01
GOTERM_BP_FAT morphogenesis of an epithelium 6 6.8 1.80E-02 9.90E-01
GOTERM_BP_FAT positive regulation of adenylate cyclase activity by 2 23 | 4.00e-09 9.30E-01

protein signaling pathway
regulation of adenylate cyclase activity involved in

GOTERM_BP_FAT L .
- - protein signaling

2 2.3 4.00E-02 9.30E-01
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S2.7 Table continued

v,

GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_CC_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
INTERPRO
INTERPRO
INTERPRO
INTERPRO
INTERPRO
INTERPRO
INTERPRO

INTERPRO

INTERPRO
INTERPRO
INTERPRO
INTERPRO
INTERPRO

PIR_SUPERFAMILY

PIR_SUPERFAMILY
SMART
SMART
SMART

SP_PIR_KEYWORDS

SP_PIR_KEYWORDS

SP_PIR_KEYWORDS

SP_PIR_KEYWORDS

SP_PIR_KEYWORDS

SP_PIR_KEYWORDS

SP_PIR_KEYWORDS

SP_PIR_KEYWORDS

SP_PIR_KEYWORDS

salivary gland morphogenesis

secondary branching, open tracheal system

tissue morphogenesis

internal side of plasma membrane

amine receptor activity

aminoacylase activity

ligand-dependent nuclear receptor activity

metallopeptidase activity

sequence-specific DNA binding

steroid hormone receptor activity

water channel activity
water transporter activity
zinc ion binding
Calponin-like actin-binding
EF-Hand type
Immunoglobulin

Immunoglobulin-like fold

N-acyl-L-amino-acid amidohydrolase
Nuclear hormone receptor, ligand-binding

Nuclear hormone receptor, ligand-binding, core
Peptidase M1, membrane alanine aminopeptidase

terminal
Peptidase M20

Peptidase M20, dimerisation

Steroid hormone receptor

Zinc finger, NHR/GAT A-type

Zinc finger, nuclear hormone receptor-type

PIRSF036696:ACY-1

PIRSF036696:acyl-amino-acid amidohydrolase L

CH
HOLI
ZnF_C4
alternative splicing
disulfide bond
dna-binding
membrane
phosphoprotein
receptor
steroid hormone receptor
Transcription

transcription regulation

N N WO R DWW WO NN

W W W NN W W W NN W

[N
N

4.5
2.3
6.8
3.4
3.4
2.3
4.5
5.7
6.8
3.4
2.3
2.3
15.9
3.4
45
4.5
5.7
2.3
3.4
3.4

3.4

2.3
2.3
3.4
3.4
3.4
2.3
2.3
3.4
3.4
3.4
15.9
6.8
11.4
15.9
13.6
9.1
2.3

4.20E-02
2.70E-02
2.60E-02
4.50E-02
1.20E-02
4.90E-02
5.70E-04
3.20E-02
2.40E-02
8.00E-03
3.50E-02
4.90E-02
2.80E-02
2.10E-02
3.30E-02
1.90E-02
8.90E-03
4.10E-02
6.10E-03
6.10E-03

1.20E-02

4.80E-02
4.80E-02
5.40E-03
1.40E-02
1.00E-02
4.30E-02
3.60E-02
2.30E-02
6.90E-03
1.10E-02
1.70E-04
3.00E-02
1.60E-03
3.30E-02
1.70E-02
7.60E-03
3.90E-02
4.40E-02
4.10E-02

9.20E-01
9.10E-01
9.30E-01
9.90E-01
5.20E-01
6.90E-01
9.90E-02
6.40E-01
6.80E-01
5.30E-01
6.20E-01
6.90E-01
6.50E-01
3.50E-01
4.60E-01
3.70E-01
3.90E-01
5.00E-01
4.00E-01
4.00E-01

3.30E-01

5.20E-01
5.20E-01
5.90E-01
3.20E-01
3.40E-01
3.70E-01
5.40E-01
2.90E-01
2.60E-01
2.20E-01
1.60E-02
3.80E-01
7.20E-02
3.70E-01
2.80E-01
1.60E-01
3.40E-01
3.20E-01
3.30E-01
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S2.7 Table continued

SP_PIR_KEYWORDS
SP_PIR_KEYWORDS
SP_PIR_KEYWORDS$
UP_SEQ_FEATURE
UP_SEQ_FEATURE
UP_SEQ_FEATURE
UP_SEQ_FEATURE
UP_SEQ_FEATURE

transmembrane
zinc finger
zinc-finger
compositionally biased region:Gln-rich
compositionally biased region:Pro-rich
DNA-binding region:Nuclear receptor
splice variant

zinc finger region:NR C4-type

14.8 3.80E-02
3.4 4.40E-02
9.1 4.50E-03
6.8 1.90E-02
4.5 4.50E-02
3.4 1.40E-02
15.9 3.40E-03
3.4 1.20E-02

3.60E-01
3.00E-01
1.30E-01
5.30E-01
7.60E-01
5.10E-01
4.10E-01
6.10E-01
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S2.8 Table . Functional Validation f@R13637022SNP. Summary statistis. All units are

'L/fly. M: male parent; F: female parent.

SNP

Genotype

Minor
Minor
Minor
Minor
Minor
Major
Major
Major
Major
Major
Minor

Major

DGRP_332 M x DGRP_397 F
DGRP_101 M x DGRP_492 F
DGRP_774 M x DGRP_630 F
DGRP_235 M x DGRP_395 F
DGRP_320 M x DGRP_41 F
DGRP_195 M x DGRP_335 F
DGRP_907 M x DGRP_486 F
DGRP_801 M x DGRP_161 F
DGRP_280 M x DGRP_491 F
DGRP_21 M x DGRP_802 F
All minor crosses

All major crosses

Female
Average
0.86
11
1.07
0.97
0.83
1.57
1.12
1.72
1.23
0.98
0.96
1.32

Female
Standard
Deviation

0.22
0.19
0.18
0.13
0.25
0.77
0.28
0.5
0.4
0.12
0.12
0.31

Male
Average
0.75
1.06
0.78
1.16
0.95
1.02
1.14
1.06
0.96
0.84
0.94

Male
Standard
Deviation

0.17
0.13
0.06
0.16
0.17
0.12
0.27
0.16
0.49
0.12
0.18
0.11
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S2.9 Table. RNAI functional validation. (Ap-values from tests of differencésm

controls. (B Summary statistics.

(A)

GWA Female Male Female

Flybase ID Gene Name Allele Gene List Mean P- Mean P- variance

value value P-value
FBgn0014135 branchless bn[t0:377 Mean 0.85 0.253 0.0854 0.0431
FBgn0035661 CG10477 CG104779340 Mean 1 0.196 0.278 0.0835
FBgn0038552 CG18012 CG18013%% Mean 0.820 0.0443 0.062 0.127
FBgn0033289 CG2121 CG2121%%% Mean 0.0002 <0.0001 0.368 0.0023
FBgn0052107 CG32107 CG321079%%4 Mean 0.39 <0.0001 0.138 0.0009
FBgn0069056 CG33226 CG332240%84 Mean 0.0319 0.431 0.574 0.696
FBgn0085285 CG34356 CG34356%7%° Mean 0.391 0.242 0.0357 0.833
FBgn0085391 CG34362 CG34362°7°03 Mean 0.0077 0.432 0.0681 0.292
FBgn0®B1981 CG7466 CG7466%4% Mean 1 0.0465 0.611 0.267
FBgn0039737 CG7920 CG7926"" Mean 0.522 0.150 0.789 0.313
FBgn0015129 Dopamine 1 Receptor 2 Dop1R3%%24 CVe 0.330 1 0.103 0.0295
FBgn0260003 Dystrophin Dys'08006 Mean,CVe 0.777 0.309 0.404 0.773
FBgn0003731 Epidermal growth factor receptor Egfrt0710 Mean 1.0000 <0.0001 0.0923 0.0015
FBgn0036627 Gag related protein Grp!oore Mean 0.0002 0.993 0.0086 0.0368
FBgn0041111 lilliputian Jillj 106142 Mean 0.0302 1 0.376 0.235
FBgn0261565 Limpet Lmpt%"® Mean 0.0491 0.0732 0.588 0.408
FBgn0051092 Lipophorin Receptor 2 LpRZ075%7 Mean 0.399 0.694 0.153 0.537
FBgn0053087 LDL receptor protein 1 LRP 10905 Mean 0.990 <0.0001 0.764 0.0068
FBgn0004429 Lysozyme P LyspHore? CVe 0.0143 0.0156 0.590 0.464
FBgn0260660 Multiplexin Mp!0731e Mean 0.363 1 0.112 0.108
FBgn0034579  mitochondrial ribosomal protein L54 ~ mRplL54%7%° Mean 0.275 <0.0001 0.0852 0.0002
FBgn0250910 Octopamine #3 receptor Octh3R18 CVe 1 0.0188 0.0993 0.927
FBgn0003118 pointed pnt09390 CVe 0.999 0.0345 0.261 0.293
FBgn0004369 Protein tyrosine phosphatase 99A  Ptp99A®3! Mean 0.160 0.982 0.0384 0.315
FBgn0015541 slamdance sdg 021 CVe 0.0381 0.205 0.0136 0.619
FBgn0010905 Spinophilin Spri©seee Mean 0.480 <0.0001 0.0004 <0.0001
FBgn0010329 Tyramine # hydroxylase Thht07070 CVe 0.262 0.0013 0.112 0.234
FBgn0082582 tropomodulin tmod %83 Mean 0.998 0.0092 0.486 0.0173
FBgn0003861 transient receptor potential trpt*®® Mean 0.0436 1 0.300 0.589
FBgn0004889 twins twgt04167 Mean 0.574 0.0190 0.0754 0.720
FBgn0040060 yippee interacting protein 7 yip7-02226 Mean 0.930 0.999 0.237 0.204

Significant P-value from low variance of contemporaneous control in block 1; not considered further.
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S2.9 Table continued

(B)

Female Female Female Mean Female Variance Male Male Standard Male Mean Male Variance
Genotype Standard Difference from Difference from : ” Difference from Difference from

Mean Deviation Control Control Mean Deviation Control Control

bnfo17? 1.034 0.254 -0.082 0.0421 0.923 0.204 -0.132 0.0308
CG10477034%0 1.181 0.254 0.021 -0.0422 1.079 0.263 -0.147 0.0404
CG18013058° 1.069 0.292 0.078 0.0592 0.767 0.141 -0.214 -0.0095
CG21240084 1.379 0.427 0.554 0.1132 1.744 0.432 0.725 0.1626
CG32107028%4 1.045 0.344 -0.261 -0.0849 0.963 0.178 0.811 0.0315
CG33226023%4 1.442 0.296 0.282 -0.0195 1.114 0.154 -0.112 -0.0049
CG34356%97%° 1.382 0.206 0.091 0.0231 0.936 0.196 -0.107 0.0008
CG343630750 1.573 0.535 0.538 0.2658 1.236 0.296 0.224 0.0549
CG74662462 0.999 0.183 0.008 0.0079 0.768 0.154 -0.213 -0.0057
CG7926'7 1.109 0.150 0.119 -0.0034 0.813 0.159 -0.168 -0.0042
Dop1R205324 1.023 0.352 -0.283 -0.0797 0.147 0.025 -0.005 0.0005

Dysl08006 1.059 0.239 -0.101 -0.0497 1.355 0.165 0.128 -0.0012

Egfrlo71e0 1.283 0.312 -0.022 -0.1061 0.861 0.364 0.709 0.1327

Grpt1oo7s 1.580 0.356 0.464 0.1042 1.080 0.248 0.025 0.0508

Jillj 106142 0.852 0.411 -0.453 -0.0347 0.155 0.019 0.003 0.0201

Lmptoo7ie 1.364 0.179 0.225 0.0032 1.271 0.215 0.257 0.0121
LpRZ075%7 1.015 0.246 -0.125 0.0316 1.120 0.256 0.105 0.0312
LRP 09605 1.382 0.552 0.077 0.1018 1.002 0.240 0.850 0.0574
LyspHoma7 1.200 0.306 0.375 0.0243 1.343 0.205 0.324 0.0180

Mpto731e 1.386 0.190 0.094 0.0167 1.044 0.111 0.001 -0.0252
MRpL54%572° 1.305 0.419 0.269 0.1554 2.120 0.756 1.108 0.5383
Octb3R01189 1.130 0.281 0.014 0.0561 1.276 0.113 0.220 0.0019

pniosa0 0.813 0.197 -0.012 -0.0307 1.312 0.194 0.294 0.0218
PtpggA0est 1.355 0.456 0.320 0.1876 0.960 0.157 -0.052 -0.0082

sdalo021s 1.435 0.142 0.275 -0.0866 1.372 0.145 0.146 -0.0076

Spriosees 1.067 0.163 -0.238 -0.1768 0.805 0.142 0.653 0.0002

Thhto7o7 0.979 0.247 0.102 0.0269 0.845 0.087 0.174 -0.0097

tmodho82e0 1.153 0.287 0.013 0.0532 1.367 0.401 0.352 0.1266

trpl26s 1.236 0.310 0.245 0.0706 0.987 0.318 0.006 0.0720

twsl04167 1.291 0.177 0.131 -0.0756 1.003 0.166 -0.223 -0.0010

yip7102226 1.052 0.189 -0.064 0.0132 1.039 0.216 -0.016 0.0357
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S2.10 Table. Summary of genes validated by RNAi knock down.

Flybase ID

Gene Name

(&
Gene List

Human Orthologs

hindgut, mostly low

fibroblast growth factor YFGF1);fibroblast
growth factor 2FGF2);fibroblast growth factor
4 (FGF4);fibroblast growth faatr 5 (FGF5);

FBgn0014135| branchless bn[o2s77 Mean Male variance expression fibroblast growth factor §FGF6);fibroblast
P! growth factor 1QFGF10);fibroblastgrowth
factor 11(FGF11);fibroblast growth factor 14
(FGF14)
FBgn0038552 C©G18012 CG18013%580 Mean Male mean W|despread_, hlghest in Chitohiosyldiphosphodolichol beta
reproductive tissue mannosyltransferas@LG1)
Female &
FBgn0033289 CG2121 CG21240%845 Mean male mean, head unc-93 homolog AUNC93A)
male variance
Male mean & midgut, hindgut,
FBgn0052107 CG32107 CG3210702854 Mean - malphigian tubulesyone No
variance
elsewhere
GZMB); cathepsin GCTSG);
no FlyAtlas data, not granzyme B N -
FBgn0069056| CG33226 | CG33226%%% Mean Female mean detected in granzyme HGZMH); chymotrypsirlike elastase
family, member {CELA1); chymase 1, mast cel
modENCODE
(CMAL1)
moderate in brain,
FBgn0085285 | CG34356 CG343540979 Mean Female thoracieabdominal No
variance ganglion, not detectable
elsewhere
head. brain and thoraeic TIA1 granuleassociatedRNA binding protein
FBgn0085391 CG34362 CG3436207508 Mean Female mean ' - (TIAL); TIAL granuleassociated RNA binding
abdominal ganglion only S
proteintlike 1(TIALL)
FBgn0031981|  CG7466 CG7466262 Mean Male mean head, bgi'(;‘)’, crop, fat multiple EGFlike-domains §MEGF§)
Epidermal epidermal growth factor recept¢EGFR); erb-
107130 Male mean b2 receptor tyrosine kinase(ERBB2);erb-b2
FBgn0003731 gr(r):/ég ftaocrtor Eqfr Mean and variance fat body receptor tyrosine kinase (ERBB3);erb-b2
p receptor tyrosine kinase #RBB4)
Gag related Fermale mean, low in brain and eye
FBgn0036627 y Grptioore Mean female and A : No
protein N moderate in hindgut
male variance
. . . AF4/FMR2 family, member (AFF1);
low in brain and hindgut, "
S . 106142 ? AF4/FMR2 family, member(&FF2);
FBgn0041111 lilliputian lilli Mean Female mean mostlgtﬂgmiesteectable AF4/EMR2 family, member BAFE3):
AF4/FMR2 family, member AFF4)
FBgn0261565 Limpet Lmpt00716 Mean Female mean | SVerywhere, very highin four and a half LIM domains 2 (FHL2)
hindgut and crop
low density lipoprotein recepteaelated protein 1
(LRP1);low density lipoprotein recepteelated
protein 2(LRP2);low density lipoprotein
FBgn0053087 LDL ret_:eplor L RP 109605 Mean Male mean & moderate in hindgut, low r_eceptor_related protein 4LRP4);_IUW densn_y
protein 1 variance mostly everywhere lipoprotein receptorrelated protein §LRP5);
low density lipoprotein recepteaelated protein 6
(LRP6);low density lipoprotein recepteelated
protein 1B(LRP1B)
very high in salivary lysozyméLYZ); lactalbumin, alpha(LALBA);
10747 Female and gland (FlyAtlas) lysozymdike 1(LYZL1); lysozymdike 2
FBgn0004429|  Lysozyme P LysP CVe male mean digestive system and (LYZL2); lysozymdike 4 (LYZL4); sperm
carcass (ModENCODE) acrosome associated(SPACA3)
mitochondrial Male mean low-moderate
FBgn0034579 ribosomal mRpL54%572° Mean y mitochondrial ribosomal protein LS¢MRPL54)
> and variance everywhere
protein L54
Octopamine low in brain, thoracie histamine receptor HHHRH2); 5-
FBgn0250910 P Octb3R01189 CVe Male mean abdominal ganglion; not| hydroxytryptamine receptor 4, G protetoupled
#3 receptor
detectable elsewhere (HTR4)
widespread low v-ets avian erythroblastosis virus E26 oncoger|
FBgn0003118 pointed pnfLos390 CVe Male mean p homolog AETS1);v-ets avian erythroblastosis

expression

virus E26 oncogene homa@ (ETS2)




S2.10 Table continued

FBgn0004369

Protein
tyrosine
phosphatase
99A

Ptp99AL3est

Mean

Female
variance

brain

protein tyrosine phosphatase, receptor type, g
(PTPRG);protein tyrosine phosphatase, receptq
type, C(PTPRC);protein tyrosine phosphase,

receptor type, IPTPRD);protein tyrosine
phosphatase, receptor type(FTPRF);protein
tyrosine phosphatase, receptor typP$PRS);

protein tyrosine phosphatase, receptor type, 4

polypeptide X\PTPRZ1)

FBgn0015541

slamdance

sda0021s

CVe

Femak mean
and variance

high in brain, hidgut,
malphigian tubules,
moderate and widesprea
elsewhere

thryotropinreleasing hormone degrading enzy
(TRHDE); alanyl aminopeptidasANPEP);
glutamyl aminopeptidas&NPEP);endoplasmic
reticulum aminopeptidase(ERAP1);
endoplasmic reticulum aminopeptidase 2
(ERAP2);leucyl/cystinyl aminopeptidase
(LNPEP);aminopeptidase puromycin sensitive|
(NPEPPS)laeverin(LVRN)

FBgn0010905

Spinophilin

Spr}osass

Mean

Male mean,
female
variance

brain

protein phosphatase 1,galatory subunit 9A
(PPP1R9A)protein phosphatase 1, regulatory
subunit 9B(PPP1R9B)

FBgn0010329

Tyramine #
hydroxylase

ThHto7070

CVe

Male mean

Low in brain and fat
body, thoracieabdominal
ganglion, not detectable
elswhere

dopamine betdydroxylasg DBH)

FBgn0082582

tropomodulin

tmoci08389

Mean

Male mean
and variance

everywhere (highest in
male accssory gland)

tropomodulin (TMOD1); tropomodulin 2
(TMOD2); tropomodulin 3TMOD3);
tropomodulin {TMOD4); leimodin 1(LMOD1);
leimodin 2(LMOD2); leimodin 3(LMOD3)

FBgn0003861

transient
receptor
potential

trplses

Mean

Female mean

head and eye

transient receptor potential cation channel,
subfamily C, member 1 (TRPC1); transient
receptor potential cation channel, subfamily C
member 3 (TRPC3); transient receptor potentig
cation channel, subfamily C, member 4 (TRPC/
transient receptor potential catiocchannel,
subfamily C, member @RPC5);transient
receptor potential cation channel, subfamily C
member §TRPC6);transient receptor potential
cation channel, subfamily C, membefTRPC7)

FBgn0004889

twins

twslo4167

Mean

Male mean

hindgut, ovary

protein phosphatase 2, regulatory subunit B,
alpha(PPP2R2A)protein phosphatase 2,
regulatory subunit B, betPPP2R2B)protein
phosphatase 2, regulatory subunit B, gamma|
(PPP2R2C)protein phosphatase 2, regulatory
subunit Bdelta(PPP2R2D)
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Abstract

Food consumption is critical for animal survival and reproduction. The biomedical and
economic onsequences of metabolic diseases arising from excessive food intake, however,
are a burden for human society. While the role of neuroendocrine feedback loops, food
sensing modalities, and physiological state in regulating food intake are increasingly well
understood, other genetic mechanisms remain elusive. Here, we applied ten generations of
artificial selection for high and low food consumption in replicate populatioBsagophila
melanogasterThe phenotypic response to selection was highly asymmeiticefficient
selection and an average realized heritability of 0.15 in the lines selected for high food
consumption. We assessed correlated responses in body mass and composition; only
glycogen content in males was significant. We performed whole geiiA sequencing of

the high and low selection lines, and identified 5,544 single nucleotide polymorphisms
(SNPs) within or near 2,081 genes with significantly divergent allele frequencies after
accounting for genetic drift. To further nominate candidateeg contributing to response to
selection for feeding behavior, we evaluated differences in genome wide gene expression
between the selection lines using whit}eRNA sequencing. We identified 1,631

differentially expressed genes in the analysis poateasa sexes, and 1,267 (2,321)
differentially expessed genes in females (malésyignificant total of 519 genes were both
genetically divergent and differentially expressed between the divergent selection lines,
among which several have been previogslgwn to affect food consumption. These genes

are excellent candidates for causing the selection response.
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Introduction

All animals consume food to obtain the calories and nutrients necessary for survival,
reproduction, growth, recovery, and other bgabal processes. In humans, consumption of
excessive calories is associated with an increased incidence of type 2 diabetes, obesity,
cardiovascular disease, and other disorders and difé&mgsalves et al. 2012 ,dja et al.
2012, Azadbakht et al. 20%2yhile insufficient caloric intake is correlated with abnormal
liver function and skin and other disord@rarris, Sasson, and Mehler 2012, Strumia 2013)
In spite of this]ittle is known about the genetic architecture underlying naturally occurring
variation in food intake. Food consumption is a typical quantitative trait, with phenotypic
variation in populations due to multiple segregating loci with alleles with small and
environmentally sensitive effects as well as direct environmental effeadtoner and
Mackay 1996) Dissecting the genetic and environmental contributions to variation in food
consumption is challenging in human populations, not least due to the difficulty in accurately
qguantifying fad intake(Basiotis et al. 1987, Schoeller 1990, 1995, Kaczkowski et al. 2000,
Bray et al. 2008, Champagne et al. 20T3)ese challenges can be more readily overcome
using genetically tractable model organisme/imch food consumption can be rapidly and
accurately quantified, environmental conditions controlled, and different and complementary
experimental designs for genotypkenotype mapping applied. Inferences about the genetic
architecture of food consumptigiheaned from studies of model organisms may be relevant
to human health given the evolutionary conservation of basic biological processes across
eukaryotic taxa.

Single gene studies D. melanogasteusing mutations or manipulation of gene

expression & yielding insights regarding the multiple genetic factors affecting food
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consumption in this species. These include genes affecting chemosensation, assessment of
food quality and caloric content, and integration of feeding behavior with physiologieal stat
((Garlapow et al. 2015yeviewed i(Rajan and Perrimon 2013, Tennessen, Barry, et al.
2014, Padmanabha aBdker 2014). However, little is known about the extent to which
alleles of these genes affect phenotypic variation in feeding behavior in natural populations.
Recently, we performed a genome wide association study (GWAS) to identify genes and
genetic valants affecting food intake in the sequenced inbred lines dithgophila
melanogastetenetic Reference Panel (DGRR)ackay et al. 2012, Huang et al. 2014,
Garlapow et al. 2015)Ve identified 74 common (minatlele frequency (MAF}: 0.05)

variants in or near 54 genes associated with mean food intake at a nominal significance
threshold o + 10°. We functionally validated many of the candidate genes using RNAI
suppression of gene expression. The majorithe$¢ genes were not previously implicated

in Drosophilafeeding behavioper se but most were plausible candidates based on functions
of mammalian orthologs, tissigpecific expression patterns, and correlations in gene
expression with environmental pethation of feeding. From these data we infer that the
genetic architecture of natural variation in food consumption is polygenic, that many of the
effects may be mediatedh transcriptional regulation; and that analysis of natural variation
complements sigle gene perturbation studies.

Here, we complement the GWAS in the DGRP by using an Oevolve seglLience
approach(Parts et al. 2011, Hine, McGuigan, and Blows 2011, Dettman et al. 2012, Turner
and Miller 2012 OrozceterWengel et al. 2012, Tobler et al. 2014, Burke, Liti, and Long
2014, Jha et al. 2015, Schistterer et al. 20&8)nbined with analysis of divergence in

genome wide gene expressidioma et al. 2002, Takaff, Bhave, and Hoffman 2003,
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Mackay et al. 2005, Edwards et al. 2006, Mulligan et al. 2006, Dierick and Greenspan 2006,
Morozova, Anholt, and Mackay 2007, Jordan et al. 2007, S¢rensen, Nielsen, and Loeschcke
2007, TelonisScott et al. 2009, Malmendal &t 2013, Konczal et al. 201§) identify

strong candidate genes affecting transcriptional regulation of food consumption and to
independently functionally validate the DGRP association mapping results. We performed
ten generations of replicated, divengartificial selection for high and low food consumption
using an advanced intercross population (AIP) derived from as subset of DGRP lines as the
base population. We performed whole genome DNA and RNA sequencing of pools of
individuals from the lines &t nine generations of selection. We validated the effects of 24
genes previously identified by association mapping in the DGRP as well as candidate
variants modulating food consumptieia differential regulation of gene expression. This

complementary appach further elucidates the genetic architecture of food intake.

Results

Response to selection for food consumption

We used a modified version of the Capillary Feeding (CAFE) AGkagt al. 2007p

artificially select for divergent feeding behavior from an AIP derived from 37 DGRP
(Mackay et al. 2012, Huang et al. 20fidgs with maximal genetic diversity and minimal
heterozygosity that were not infected wilolbachiaand that did not contain common
segregating inversions. We derived two high (H1 and H2) and two low (L1 and ld?) foo
consumption selection lines by 10 generations of selecting the most extreme 20 males and
females from 100 scored of each sex. We also maintained an unselected control (C)

population at the same census population size. Responses to selection were a&symwithetr
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response to selection for increased, but not decreased food consumpti8rlfiglrhe
realized heritability If? + SE) of food intake (calculated from the regressions of cumulative
reponse (#R) on cumulative selection differential $#(Falconer and Mackay 1998y ash?

= 0.156+ 0.018 P < 0.0001) andh? = 0.148+ 0.031 P = 0.0013) for H1 and H2,
respectively; anth’ = 0.057+ 0.038 P = 0.17) anch® = 0.0200+ 0.044 P = 0.66) for L1

and L2, respectively (Fi.1B, 3.1C). Realized heritabilities from the divergence of high
and low lines weré?® = 0.120+ 0.013 P < 0.0001) andh’ = 0.097x 0.026 P = 0.0056) for

replicate 1 and replicate 2, respectively (B4D).

Correlated response to selection for food caonption

Causes of genetic correlation include linkage and net directional pleiotropy, whereby
segregating polymorphisms in a pleiotropic gene under selection affect not only the selected
trait but also the correlated tréifalconer and Mackay 199@ody mass and body

composition can beorrelated with food compositiqiiReed et al. 2010, Jumthaucioni et al.

2010) We assessed whether body mass, protein, glycogen, and/or triglyceride levels changed
as correlated responses to selection. We cotldties from G9 and G10 for the selection and
control lines and measured wet weight before flash freezing the same flies for body
composition measurements, assessing males and females separately. We pooled the data for
both generations, and used Tukey®esity significant difference (HSD) tests to assess
differences between linesRk 0.05. We did not observe consistent correlated responses

body mass (Fig3.2A, 3.2B), total protein (Fig3.2C, 3.2D), female glycogen (Fi.2E) or
triglycerides (Fig3.2G, 3.2H) between the high and low selection lines. However, glycogen

was increased in males in the high selection lines 82¢).
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Sequence divergence between selection lines

To identify genomic regions that are target of selection, we obtained geegpunences of

pools of females from the high and low lines at G9 and G10, and from GO. We identified
1,042,033 biallelic SNPs segregating in the populations meeting coverage, frequency, and
strand bias criteria (see Methods). We computed allele frequem@&ash population,

defining the minor allele as the less frequent allele in the AIP. We identified SNPs with
significant allele frequency differences in the same direction in both replicate high and low
selection lines that were unlikely to be due toussging error. However, these differences
could have arisen by genetic drift given the small population size of the selection lines. To
identify alleles with frequency changes that could be attributable to drift, we first identified
SNPs not likely to bender selection as those with hiBhvalues for the difference in allele
frequency at G10. We binned these SNPs into groups defined by their allele frequency in the
base population, and used the variance in allele frequency across all SNPs in the frequency
bin across all selection lines to compute the variance effective populatiohgigégrton et

al. 2007) The mediarN. across all initial allele frequencies was 18.7; therefore, we used a
census size dfl = 10 maleand 10 females to simulate drift. We validated that our simulation
provides an accurate estimate of drift for this experiment by comparing the vaNes of
computed from our simulations to those originally computed from our observed data (Fig.
3.3). Notethat this population size is roughly half of the actual number of progenitors used in
the selection experiment and therefore provides a conservative estimate of drift. We then
performed 10,000 drift simulations for starting allele frequencies betweead01.5 to
determine an upper bound on the divergence of allele frequencies due to genetic drift,

separately for autosomal aidinked loci (Fig.3.4). For each significant SNP at each



generation, we compared the observed absolute average differerempuentry to that

computed from the simulations with the same starting allele frequency, for the same
chromosome type. Only SNPs with an absolute average difference in frequency greater than
the upper bound computed from the simulation at either G9 or GriHinferred to be under
selection for feeding behavior.

We identified 5,544 SNPs likely to be under selection, of which 1,117 were , 1kb
from the nearest gene, and 4,427 were near or within 2,081 geneagfigve performed
gene ontology (GO) enrichmeanalysigHuang, Sherman, and Lempicki 2009boa)the
significant genesThe most significantly enriched GO terms and clusters involved
development and function of the nervous system, as expected for a bedaditire genes
were enribed for immunoglobulin domain¥he most significant SNP within a gene is a
synonymous T (major)/C (minor) polymorphism3orting nexin SnxQ with P = 9.94 x
10°*with an average allele frequency of 0.113 in the high lind<0a®95 in the low lines. In
total, thirteen SNPs are upstream, in the 30 UTR, intronic, and synonyn®usifdhe
most significant SNP , 1kb from a gene is a G (major)/A (minor) polymorphism at
3L_6289981, 35,999 bp downstreamEafdysonanducible gee L3(ImpL3) and 23,730 bp
upstream ofdorant receptor 6580r65a) with P = 9.27 x 10*. Given the location of the
latter SNP in a gene desert, it is a putative enhalmpt.3encodes a lactate dehydrogenase
involved in carbohydrate metaboligfdlyBase, Swis$rot Project, and InterPro Project
2004)and that regulates glucose metabolism in the glycolytic pathway to coordinate
metabolism with growtliNirala et al. 2013, Terassen, Bertagnolli, et al. 2014, de la Cova et

al. 2014)and nutrient availabilityTeleman et al. 2008Yhe mammalian orthologs bhpL3

20C



are selectively dowanegulated in healthy pancreatic ! cells andregulated in type 2

diabetes to induce excessive insulin secretion (review@liten and Rutter 201B)

Gene expression divergence between selection lines
Genes with significant changes in expression between the replicate selection lines are
candida¢ genes affecting variation in food consumption. We assessed genome wide gene
expression in the high and low selection lines at G9 and G10, separately for males and
females, using RNA sequencing. All flies were at the same age and physiological state as
during selection. As neither L1 nor L2 appeared to respond to selection for food
consumption, we used them for comparison to H1 and H2 rather than the control population.
We analyzed aligned read counts for all 12,991 known genes with sufficient expression
across all samplessS(3.3Table using the generalized linear model (Gl-Bgsed methods
(McCarthy, Chen, and Smyth 201iB)the EdgeR packag&obinson, McCarthy, and Smyth
2010) We included all relevant primary and interaction effect terms in our model (see
Methods), ad fit three separate models encompassing: (1) females only; (2) males only; (3)
females and males combined with primary sex effects and secondary sex interactions
included. For each model, we defined differentially expressed genes as those passing a 5%
FDRthreshold from the EdgeR likelihood ratio test on the kigtow lines across both
replicate lines at both generations

In total, 811 (1,341) genes were dovagulated and 456 (980) were-tggulated in
the high line females (males) relative to the lowes. In the analysis pooled across sexes,
1,033 genes were dowegulated and 598 were npgulated in the high lines, 338 of which

are unique to the pooled analysis. Of the 1,267 differentially expressed genes in females and
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the 2,321 differentially exppssed genes in males, 400 are shared between bothS@&xes (
Table, which is more than predicted by chance (hypergeometriP tegt x 10°°). Of the
400 shared differentially expressed genes, 74 had sexually antagonistic gene expression
differences beveen high and low lines: 52 genes are deoegulated in high line females
and upregulated in high line males, and 22 areregulated in high line females and dewn
regulated in high line male§3.1Table).

We used GO cluster analygg¢tuang, Sherman, and Lempicki 200%b)nfer
processes and functions enriched inamd dowrregulated genes, separately for the pooled
sexes, female and male analysesall analyses, dowregulated genes in the high Isweere
enriched for terms involved in mitochondrial function whileregulated genes in the high
lines were enriched for terms involving protein synthesis and the cell cycle, mitosis, meiosis
and DNA replication. In females, genes involved in egg proon@nd muscle function and
development were dowregulated in the high lines while in males, genes involved in
metabolic processes and detoxification of xenobiotics weregyated in high lines. Thus,
although the genes with divergent gene expressmfaggely different between males and
females, many belong to the same enriched categories while others give enrichment clusters
specific to each sex. These results suggest a complex genetic regulatory mechanism by which

similar feeding outcomes are acheeWbetween the sexes.

Integrating genetic and gene expression divergence
Causal variants affecting food consumption are among those with divergent allele
frequencies between the high and low selection lines. However, selection introduces linkage

disequilbrium (LD) between the selected variants and nearby genes, and hence it is not
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possible to determine which of many variants in LD are causal. Candidate genes affecting
food consumption behavieta a transcriptional mechanism are also among the genes with
differences in expression between the high and low selection lines. However, gene
expression analyses alone cannot discriminate between gene expression changes causing
phenotypic divergence in food consumption from those that are a consequence of phienotypi
divergence; and a@s-regulatory change in expression of one gene can tanseregulatory
changes in gene expression of other genes, leading to correlated gene expression modules
(Sieberts and Schadt 2007, Alge et al. 2009, JumHaucioni et al. 2010, Civelek and Lusis
2014, Reed et al. 2014)herefore, integrating the results of genetic and gene expression
divergence should enable us to identify the most likely candidate genes affecting variation in
food cansumption. We found a total of 519 genes that overlap between the two an@lyses (
3.7Tablg, which is greater than expected by chance (hypergeortedtjP = 0.0029). We

further refined this list by requiring that at least one variant in the 30 afiR56gibn was
significant from the genetic divergence analysis, becauseaiseQTLs are located in these
regions(Massouras et al. 2012) total of 50 candidate genes remained after applying this

filter (S3.2Tablg.

Discussion

The response to artificial selection fontbconsumption iD. melanogasteis asymmetric,

with significant selection response in the direction of increased, but not decreased food
consumption. The low realized heritability’ € 0.15) in the high lines from the higbw
divergencelf® = 0.11 aveage) as well as the asymmetric selection response is the hallmark

of a trait closely related to fithegSalconer and Mackay 1996, Frankham 19%@)pd intake
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affects fitnesgLee et al. 2008, Reddiex et al. 201Bjaits that are components of fithess are
expected to &ive reduced additive genetic variaifealconer and Mackay 1996, Fisher
1999) mostly attributable to alleles segregating due to mutatbection balanc@-alconer
and Mackay 1996, Fisher 199 Thus, there will be little selection response in the direction
of increased fitness, but response in the direction of decreased (@uessngham and
Siegel 1978, Mackay et al. 2005, Vishalakshi and Sing®,2D6bler and Hosken 2010)
From this, we infer that increased food consumption is deleteriddisnrelanogaster

We did not observe correlated response to selection for body mass, total protein,
triglycerides, and female glycogen content. It is possitht genes affecting food
consumption do not have directional pleiotropic effects on these traits and selection response
is not directly related to body size or lipid energy storage. However, correlated responses to
selection depend on the narrow sensetdibility of both the directly selected and correlated
traits, the genetic correlation between these traits, the phenotypic standard deviation of the
correlated trait and the selection intengiglconer and Mackay 1996)hus, if the
heritabilities of both the selected and correldtads are low, little correlated response may
be observed after ten generations of direct selection even with moderately high genetic
correlations. We did observe a correlated response in male glycogen content, suggesting a
sexspecific effect of selean on increased energy stores. Glycogen levels are bothrskx
sucroseconcentratiordependenfRovenko et al. 2015While we did not vary the sucrose
concentration, the individusibf the high selection lines consumed more sucrose. At G10 the
average food consumption §D) was 2.12 0.75 'L/fly for the high lines vs. 0.64 0.42

'L/fly for the control and low lines, a threefold difference.
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To gain insight into the genetic andngenic correlates of response to selection for
food consumption, at G9 and G10 we assessed genetic divergence between the high and low
selection lines by DNA sequencing of pools of females (which are diploid for all
chromosomes) and the differences in geaevide gene expression by RNA sequencing of
males and females. The two approaches are complementary. Causal variants associated with
food consumption are among the genetically divergent variants, but there is additional noise
from genetic drift and LD arisg from both drift and selection. Genes affecting food
consumptiorvia a transcriptional mechanism are among those with differences in expression
between the selection lines, but a sirg&eregulatory variant can affect the expression of
modules of cearegulated genes. Therefore we also integrated information from genetic
divergence and divergence in gene expression to identify candidate genes with pigtative
regulatory variants affecting natural genetic variation in food consumption. The candidate
gene implicated in each of these analyses indicate that genes previously known to affect
feeding behavior by analysis of induced mutations are also associated with natural genetic
variation in food consumption; confirm our previous GWAS of food consumptithrein
DGRP inbred lines; and implicate novel and plausible candidate genes for future study.

Some of the genetic mechanisms affecting food consumptidnnmelanogaster
have been revealed from effects of induced mutations and manipulation of gensierpres
(reviewed in(Rajan and Perrimon 2013, Padmanabha and Baker 2014, Tennessen, Barry, et
al. 2014). Notably, variants in some of these genes had different allele frequencies in the
high and low selection linesuggesting these genes also affect natural variation in food
consumption. Specifically, we identified genetic divergence in genes previously known to

affect food intake, such as two genetically divergent SNPs imsiudin Recepto(InR) gene,
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four in the gene encoding tHeeucokinin receptofLkr), one upstream of the gene encoding
Tryptophan hydroxylas@rh), one in the gene encodibghydroxytryptamine receptor 1A
(5-HT1A), two near thé&erotonin TransportefSerT) gene (1 upstream, 1 in 3OUTR), two i
the gene encodinghort neuropeptide ESNPH, and one in the gene encoding siNPF
receptorsNPFR ( Neckameyer 2010, Kapan et al. 2012, Britton et al. 2002, Lee et al. 2004,
Wu, Zhao, and Shen 2005,-Anhzi et al. 2010, Hong et al. 2012, Huser et al. 2012, NSssel et
al. 2013, Luo et al. 2014iu et al. 201%. These results suggest that variants in genes
previously known to affect feeding from single gene studies may partially underlie natural
genetic variatn in food intake.

None of the variants in genes pi@ssly known to affect feedinigehavior were
detected in our GWAS for food consumption in the DGRP l{eslapow et al. 2015)his
could be because the alleles were too rare to be included in the GWAS, which used common
(MAF = 0.05) variants only. However, effects of low frequency alleles can be detected by
selection if they are present in the AliRdahave large effects. A second possibility is that the
alleles are common in the DGRP, but their effects are too small to be detected in a population
of ~200 lines, or they interact epistatically with other [btuang et al. 2012, Mackay 2015,
Shorter et al. 2015)n the latter case, differences in allele frequency at the interacting loci
between the DGRP and AIP used to derive the selection lines can cause a difference in the
additive effects of the focal allebetween the two populatiofiduang et al. 2012, Mackay
2015, Shorter et al. 2018)Ve therefore compared the frequency of the genetically divergent
SNPs in these genes between the DGRP and the AIP. One of fosiir8MP, 3L_5519044
(minor allele frequency = 0.029 in the DGRP), and one of two SN&SRi; 220038844

(minor allele frequency = 0.041 in the DGRP), are not sufficiently frequent to be evaluated
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for association in the DGRP. The remaining eleven SiéRs highP-values P < 10" to P
< 10%) and correspondingly small effect sizes in the DGRP. The selection experiment may
have had increased power to detect these variants, in part because we useddeD/@RP
AIP such that all founder haplotypes are@wm (Franssen et a015)and we have a smaller
multiple testing penalty than with GWAS; alternatively, the effects of these SNPs in the AIP
could be greater in the AIP than the DGRP because allele frequencies of epistatic partners are
different between the two populatiomsder(Huang et al. 2012, Mackay 2015, Shorter et al.
2015)

The genetic and genomic responses to selection can also serve as a functional
validation for genes and variants implicated by the GWAS for food congamysing the
inbred DGRP lines. Of the 54 candidate genes identified in the GWAS for mean food
consumption, 24 were identified in one or both analyses reported here (eleven for sequencing
divergence only, eight for expression divergence only, five fur bequencing and
expression divergenc83.3Table. Of those 24, we previously tested thirteen, functionally
validating eleven of them. The Epidermal Growth Factor (EGF) signaling pathway
previously has been shown to regulate the indikensignaling @thway in posprandial
metabolism(Zhang, Thompson, et al. 2011, Brankatschk et al. 2@idyigh components of
EGF signaling had not been known to affect food intake voluenee Previously, we
showed that an IRAI knockdown of theEgf recepto(Egfr) elicited a malespecific increase
in food intake(Garlapow et al. 2015Here, we observe downegulation ofEgfr expression
in the high selection lines in the pooled analysis of differential gene expression (FDR =
0.011), and five intronic SNPs withigfr have divergent allele frequencies (the most

significant is SNR2R17419950P = 1.6 x 10°%. Similarly, LDL receptor protein {LRP3),



a component of the EGF signaling pathway, was identified in the DGRP GWAS and elicited
increases in male food intake when knocked down with Ri&arlapow et al. 2015Here,

we observe thirteen SNPs (twelve intronic, one-sgmonymous with lowed$? = 7.25 x 10

% of LRP1with differences in allele frequency consistent with selecti®P1is involved

in modulating posprandal insulin signaling irDrosophila(Brankatschk et al. 2014)nd
mammalgLiu et al. 2011, Hofmann et al. 200af)d here further implicated in underlying
natural variation in food consumption.

The other 22 genes that were implicated by the DGRP mean food intake GWAS and
were significant in the sequence divergence and/or esipredivergence analysis reported
here areMuliplexin (Mp), CG34356 glutton (CG2121), lilliputian (lilli ), Spinophillin(Spn),
CG1136CG42788CG13229 M-spondin(mspq, Gagrelated protein(Grp), erysichthon
(erys CG32107, transient receptor potentigtrp), CG30287 Shal K channel interacting
protein (SKIP), NippedA, CG13229CG11929 CG15653 retained(retn), Misexpression
suppressor of ras QMESR3J, tincar (tinc) andLimpet(Lmp) (S3.3Table. RNAI
knockdown affected mean food consumptionLfopt, trp, Grp, lilli , erys andgluttonbut
notMp andCG34356Garlapow et al. 2015kimilar future functional validation
experiments could confirm thieles for the remaining 14 genes that have not been previously
functionally tested in regulating food consumption.

The remaining genes identified by divergence in allele frequencies between the high
and low selection lines and/or that overlap betweergdnetic and genomic analyses are
plausible and interesting candidate genes for future analyses. Two of these genes further
implicate aspects of EGF signaling with the regulation of food consumption. The most

significant SNP from the DNA sequencing an&yges inSnx1 which is also ugegulated
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in females from the high selection lines. Snx1 is an essential component of the retromer
complex and is a positive regulator of Wnt protein secrédbang, Wu, et al. 2011)n
mammals, SNX1 interacts with the EGFR as part of the mechanism by which EGFR is
degradedKurten, Cadena, and Gill 1996)/e also observed ten SNPs (nine intronic, one
nonsynonymous, smalleft= 7.77 x 10" in rugose(rg), a known modulator of EGF and
Notch signalingShamloula et al. 2002 hemammalian orthologues o are
Neurobeachir{Nbeg andLPSresponsive, beigkke anchor(Lrba) (Volders et al. 2012)
Mice heterozygous for adbeanull allele increased food intake and white adipose tisssue,
while in humans, variants iNbeaare significantly associated with an increased body mass
index(Olszewski et al. 2012NBEA interactswith the glycine receptor ! subunit in the
central nervous system, where it may help traffic neurotransniitelr®ino et al. 2011)n
D. melanogasterglycine cleavage has been implicated in the cessation of €Ainkg et al.
1999, Melcher, Bader, and Pankratz 20870 glycine levels in larvae are predictive of a
variety of metabolically related phenotypes, including adult heart arrhythmia, sugar levels,
and lipid level§Reed et al. 2014Recentlyrg was shown to affect microbiortependent
triacylglycerol and glucose levelPobson et al. 2015PreviousDrosophilaand mammalian
researh positionrg as a plausible candidate gene directly affecting food intake. Future work
IS necessary to assess whetigadirectly regulates food intake and whether it interacts with
glycine perception to do so.

Other novel and plausible candidate gere®aled in these analyses had interesting
patterns of sexually antagonistic gene expressenupregulated in females of the high
selection lines and dowregulated in males, aice versaOne of these genes Wa&7441

which was ugregulated in femas (FDR = 0.0053) and dowegulated in males (FDR =
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0.021) of the high selection lineSG7441is involved in tryptophanytlRNA aminoacylation
(FlyBase, Swis$rot Project, and InterPro Project 2040 has beepreviously implicated

in sexbiased gene expressi@cintyre et al. 2006)Its human ortholognitochondrial
tryptophanyl tRNA synthetasg\®ars2, is associated with sexually dimorphic fat
distributions(Heid et al. 2010across diverse populatiofisu et al. 2014) ard future
experiments could determine the mechanisms by which sexually antagonistic expression of
CG7441may underlie variation in feeding. Several genes affecting metabolic and feeding
related phenotypes were dowegulated females and wpgulated in makof the high

selection linesCG8093(FDR = 7.04 x 13°in females, FDR = 0.041 in males) affects
triglyceride lipase activityFlyBase, Swis$’rot Project, and InterPro Project 200dnd is
up-regulated iD. mdanogasterfed high sugar dietdMusselman et al. 2011lks human
orthologs are upegulated in obese individugl§uZnard et al. 2012hough it is unclear
whether it achievediese regulatory outcomem sexually antagonistic expression.
Senescence marker proted0 (smp30) (FDR = 5.98 x 18°in females, FDR = 1.65 x 18

in males) is ugegulated in mated femal@¥cGraw, Clark, and Wolfner 2008nd downr
regulated in females fed a hidgt diet(Heinrichsen et al. 2014As we used virgin females

in our RNA-seq experiments, this could palty account for the sexually antagonistic gene
expression asmp30. CG6277(FDR = 0.0059 in females, FDR = 9.86 x%k@n males) is
downregulated in larvae fed a high sugar dMdtisselman et al. 2011yvhile Lipin (Lpin)

(FDR =0.014 in females, FDR = 0.045 in males) regulates adipogenesis in larvae and pupae
(Ugrankar etl. 2011) Lpinis the only gene with sexually antagonstic effects on divergence
in gene expression that is also genetically divergent. It further harbsegulatory SNP

in its 50 UTR, SNPR4044151 P = 1.01 x 10?). We speculate thaipin is causally
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selected for feeding, though further work is needed to elucidate the mechanisms by which it
may affect food intake in males and females.

In addition toLpin, we identified 49 genes that were significant in both the sequence
and expression divergenaaalyses with at least one SNP in their 50/30 UTR and thus have a
putativecis-regulatory SNP with signatures of selecti&3.2Table. None of these genes
have previously been shown to affect food intake, though 19 of them are known to affect
metabolicdly related phenotypes iDrosophilaand/or mammals. For examp(@ytochrome
¢ proximal(Cytc-p) andCytochrome c distglCyt-c-d) are electron carrie &lyBase, Swiss
Prot Project, and InterPro Project 20@#taffect mitochrondrial energy regulation and
metabolism irDrosophila(de la Cova et al. 2014)nd in mammals affect diabetic muscle
oxidative capacityAmrutkar et al. 2015)Previously, polymorphisms is-regulatory
elements oMalic enzyméMen) have been shown tdfact Men function inrDrosophila
(Rzezniczak et al. 2012and in mammals malic enzyme 3 (ME3) is important for
appropriate pancreaticdell glucosestimulated insulin secretigiffasan et al. 2015Yhe 50
genes with putativeis-regulatory SNPs with signatures of selecionl expression
divergence are top candidates for future mechanistic analyses of their roles in regulating

feeding behavior.

Conclusions

In summary, we have shown that the genetic architecture of natural variation in food
consumption irD. melanogasteis highly polygenic and that candidate genes have sex
specific effects at the level of gene expression; confirmed that genes that affect food

consumption when genetically manipulated can also affect natural variation in food intake;
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confirmed candidate gen&®m a previous analysis of natural variation in the DGRP; and
identified many novel candidate genes for future functional validation. Tracking changes in
allele frequency and gene expression divergence from a large outbred |abadaioigd
population $ a powerful approach for understanding the genetic architecture of quantitative
traits, particularly when combined with inferences from a genetic reference population of
inbred lines. However, genetic drift limits the precision of mapping. Future susliesthis

design should mitigate the effect of drift by increasing the number of replicate selection lines;
increasing the census size of the selected populations; and, for low heritability traits,
increasing the number of selection generations with tedesampling of genetic and

genomic divergence across generations.

Materials and rathods

Drosophilastocks

We created an advanced intercross outbred population (AIP) from 37 of the 205 sequenced,
wild-derived, inbred DGRP ling81ackay et al. 2012, Huang et al. 201%hese 37 lines are
minimally related (polygenic relatedness < 0.08), maximally homozygmmhewide
heterozygosity < 5%), have the standard karyotype for all common polymorphic inversions,
andarenot infected withVolbachia The lines were firstrossed in a round robin design

(Huang et al. 2012p ensure equal representation of each genotype. At generation (G) zero,
one virgin F1 female and one F1 male from each of the 37 lines was placed into each of 10
bottles.The AIP was maintained by random mating by mixing progeny from all bottles and
distributing 40 females and 40 males into each of 10 new bottles, for a census population size

of 800. To minimize natural selection via larval competition-keggg was restcted to 24
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hours.The first divergent selection replicate population was initiated (G0) at AIP G24, the
second at AIP G25, and the control population at AIP G27. The AIP and selection lines were
reared in bottleen cornmeal/molasses/agar medium underdsted culture conditions

(25iC, 12:12 hour light/dark cyde

Food consumption assays

We used virgin & day old flies in all assays, placing each fly in an individual vial with food
following CQO, anesthesia. After a minimum recovery period of 24 havesplaced each fly

into individual vials containing 2 mL 1.5% agar medium and one 5 'L capillary tube

(Kimble Glass Inc.) containing a 4% sucrose solution (w/v) inserted through a foam plug.
Beginning at G8, we inserted two capillaries per vial for tigéd kbnsumption replicate
populationsOur modified version of the CAFE ass@a et al. 2007includes the agar

medium to prevent desiccation from affecting food consumption. We placed the CAFE vials
in a transparent plastic container in which high humidity is maintained with open containers
of water to minimize evaporation from the capillary tubes. In addition, we assessed
evaporation by placing CAFE vials with capillary tubes containing 4% sucrose but without
flies in the same humid chamber. We measured total food consumption in each CAFE vial
after 24 hours, between 10 A.M. and 12 P.M, and then transferred the flies into individual
vials containing food to allow them to continue eating while we determined which
individuals to select. We adjusted the total amount of food consumed by the average

evaporation that occurred in the negative control vials to give the phenotype of each fly.
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Mass selection

At GO for each of the divergent selection replicates, we scored 100 virgin females and males,
and selected the 20 individuals of each sex wighhiighest and lowest food consumption to
establish the two high (H1, H2) and two low (L1, L2) selection lines. In each subsequent
generation, we selected the 20 highest (or lowest) males and females from 100 scored of each
sex as parents of the next getiera We established a control population (C) maintained

with 20 unselected males and females each generation. We scored 100 males and females
from the control line every two generations. Selection was continued for 10 generations. We
estimatedh?, the narow sense (realized) heritability, for each selection replicate as the
regression of the cumulative response to selectiBnh¢# the cumulative selection

differential (#S) (Falconer and Mackay 1996At G9 and G10, we assessed correlated
responses to selection for body mass, molecuddalolites, and genome wide genetic and

gene expression divergence for all selection lines.

Body weight

We used thre¢o-five day-old virgin flies for body weight measurements to reduce
variability due to egg production and elgging in mated flies. Pd® of ten flies were
measured on an analytical scale in awesghed Eppendorf tube. We measured six
replicates per line per sex per generation. We flaste the flies after weighing for

subsequent body composition analyses.
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Molecular metabolites

We measured triglyceride, protein, free glucose, and glycogen in the pooled, weighed tubes
of flash-frozen flies. Frozen flies were homogenized in 250 ul PBS buffer using ceramic
beads and tissuelyzer. The homogenate was centrifuged under low speed foat4'@ine
remove fly cuticle, and 170 ul supernatant was taken and aliquoted for different
measurements. All molecular traits were measured on a SpectraMax Microplate Reader. For
measurements of total protein, the homogenate was diluted 10 times andecheagwy the
QuantiT Protein Assay Kit from Thermo Fisher Scientific. For glycogen measurements, the
homogenate was diluted 10 times and heated @@ & 10 mins to stabilize glycogen. Total
glucose hydrolyzed from glycogen including free glucosemaasured using the Glycogen
Fluorometric Assay kit from BioVision. Baseline free glucose was measured using aliquots
of the same sample without adding the hydrolysis enzyme. Glycogen abundance was
calculated as total glucose minus free glucose. For teghe measurements, undiluted
homogenate was measured using Serum Triglyceride Determination Kit from-Signtd

with longer a incubation time (10 minutes incubation &i(3a@t Step 7, and 60 minutes
incubation at 37C at Step 9) for a better hydrolysesult. Both free glycerol and total
triglycerides were measured from the same sample and the true triglyceride abundance was

calculated by subtracting the two measurements.

DNA sequencing
We flash froze 100 female flies from the selection lines &t edgenerations nine and ten
and 173 female flies from the AIP base population used to initiate the selection lines on clean

CO;, pads, producing nine samples. We homogenized flies from each sample using
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Tissuelyser (Qiagen.Inc) in lysis buffer. GenomidAdwas extracted using magnetic beads
and fragmented to 364000bp using Covaris S220. Fragmented DNA was used to produce
barcoded DNA libraries usingEXTflex2 DNA Barcodes (Bioo Scientific, Inc.) with an
lllumina TrueSeq compatible protocol. Libraries were quantified using Qubit dsDNA HS
Kits (Life Technologies, Inc.) and Bioanalyzer (Agilent Technologies, Inc.) to calculate
molarity. Librarieswere then diluted to equal molarity andgeantified, and all samples

were pooled together. Pooled library samples were quantified again to calculate final
molarity and then denatured and diluted to 14pM. Pooled library samples were clustered on
an lllumina cBot and sequenced on two Hiseq2500 high throughput lanes using 125 bp

pairedend v4 chemistry.

DNA-seq analysis

Barcoded paire@nd sequence reads were demultiplexed using the lllumina pipeline v1.9,
and aligned to thB. melanogastereference genoen(BDGP5) using BWA v0.7.10 (MEM
algorithm with parameters\® £t 40)Li and Durbin 2010)GATK (McKenna et al. 2010)

was used to locally realign region®and a universal set of indels merged from all libraries,
remove duplicate sequence reads, and recalibrate base quality scores. Replicate libraries
corresponding to the same population were then merged, and the number of unique base calls
for each possiblaucleotide at each known SNP was calculated using SAMgbiots al.

2009) We considered all biallelic SNPs segregating in the selection lines meeting the
following criteria: (1) coverage of Q13 bases, 10 in each population, including the starting
population; (2) at least 80% of coverage had quality of Q13 or better; (3) the two most

frequent alleles constituted , 95% of all observed alleles; (4) the minor allele frequency was
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, 5% in at least one selected population; (5) the Chernoff bound Bfthkie for the null
hypothesis that the observed minor alleles were caused by sequenciriBansal 2010)

was < 10 whenever the allele frequency was , 5%:; and (6) strand bias was not significant
(FisherOs exact teBt< 10°) in any population. For the SNPs passing these criteria, the
minor allele was defineds the less frequent allele in the starting population, and allele
frequencies in each population were computed as the number of unique base calls
corresponding to the minor allele divided by the number of unique base calls corresponding
to either the miar or major alleles.

To identify SNPs with significant changes in allele frequency between the high and
low lines form each replicate that were unlikely to be due to sequencing error/variation, we
performed the following test. Letdenote each pair of Higand low selection lines, with
allele frequencies, ! and!, !!l, and base coverage!!! and!, !!!, respectively. Let , !!!
andN, ! denote the number of uniqgue chromosomes (2 * number of flies) in each DNA
pool. Let!, [!]! :—(! ([ 1, 1) denote the common allele frequency under the null

hypothesis, and lét/ [1]! !, (1! 1,) (—! '—) denote the expected variance due to

sequencing in each population (detir@milarly for!/ I11), and let
=[] Lyun/>adq 1 1y ['Ddenote the relative weight for each population pair

based on base coverage. We then compute test statistic:




The corresponding-value is calculated using the otaled probability density function for

the standardl' distribution with one degree of freedom. IndividRavalues are then

corrected for multiple testing by the Bonferroni method. We only rejected the null hypothesis
of equal allele frequency in each pair of high and low selection lines when the Bonferroni
correctedP-value was + 0.01. Note that this test only identifies SNPwltch there is a

significant difference in allele frequency in one or more population pairs that is unlikely to be
due to random fluctuations in the sequencing process, but it does not address the question of
whether the frequency difference occurred tugelection or genetic drift.

To identify allele frequency differences that are not likely to be due to genetic drift
among the variants surviving the above test, we applied several additional filters. First, we
removed all SNPs for which the sign(@®f [!]! !, [!!) for at least one palrof high and low
lines differs from that of the replicate pair of high and low lines. In other words, we require
that the directionality of the allele frequency difference between the high and low lines must
be the same in each replicate population, at each generation, which is based on the
assumption that selection acts in the same direction for each population, while drift causes

changes in allele frequency independently in each population.

Drift simulations

To further estimate the expected allele frequency differences occurring due to drift in our
experiment, we performed forward simulations of a single biallelic SNP in a population with
a fixed equal numbeX of male and female flies for 10 generations/ed a starting minor

allele frequency ,, we randomly and independently sample the identity of the allele on each

haplotype in each fly. For each subsequent generation, the genotype of each fly is determined
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by randomly selecting a male and femaleingapair from the previous generation, and
randomly selecting which haplotype is inherited from each parent. For each simulation, this
process is repeated for 4 independent replicates, arbitrarily assigned as high and low lines.
We then record the allelesiquency for each replicate population at G9 and G10,
corresponding to the generations sequenced in our experiment, and compute the average
difference in allele frequencies between high and low lines at each generation.

To determine an appropriate popuwatisize for simulations of genetic drift, we first
estimated effective population size based on the background variance in allele frequency
observed across the genome in our Dd& samples from G10. We first selected all
autosomal SNPs with sufficient nar allele frequency and sequence coverage, as in our
primary selection analysis. We then selected the 80% of SNPs with the least sigRificant
values in out ' test, reasoning that the majority of these SNPs should be free of selection
effects. We then binned SNPs by their approximate starting allele frequency (rounded to the
nearest hundredth) in the GO control sample, ranging from 0.05 to 0.49. WecexSNE's
with starting frequency < 0.05 as these tend to have higher technical noise in the estimate of
starting frequency. We also excluded SNPs with starting allele frequency = 0.5 because there
were too few SNPs in this bin. For each bin with startifejeafrequency , , we computed
the variancer' of allele frequencies across all SNPs and lines (H1, H2, L1, L2) measured at
G10. We estimated the variance effective population size using the following equation

(Barton et al. Q07}
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The median of these estimates across all starting allele frequencies was 18.7. Based on this
value, we performed forward simulations of genetic drift (see methods) for populations of
flies with 10 males andlO females (totaV ! " ).

We repeated the simulation procedure 10,000 times for each starting allele frequency
q in a uniform grid of values ranging from 0.01 to 0.5. For each starting allele frequency, we
then computed the 0.999 quantile of absoawterage difference between high and low
selection lines to determine a reasonable upper bound on the expected divergence of allele
frequencies due to drift in our experimental setup. This entire simulation procedure was
repeated separately for autosomad X-linked loci. For each SNP at each generation, we
compared the observed absolute average difference in frequency to that computed from our
simulations of the same starting allele frequency, for the same chromosome type. Only SNPs
with absolute averagdifference greater than the upper bound computed from our simulation
at either G9 or G10 were inferred as under selection for feeding behavior. These SNPs were

then assigned to all genes within 1kb or overlapping.

RNA sequencing

We flash froze at80 °C threeto-five day-old virgin flies at generations nine and ten, with at
least thirty flies per replicate and two replicates per sex per selected population per
generation (32 samples) such that each generation of each population and each sex had two
biological replicates that were processed separately. All flies were collected between 1 PM
and 3 PM. Total RNA was extracted with Trizol using the RNAeasy Mini Kit (Qiagen, Inc.).
rRNA was depleted using the RiZero? Gold Kit (Epicentre, Inc.) with 5ug totalN\RA

input. Depleted mMRNA was fragmented and converted to first strand cDNA. During the
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synthesis of second strand cDNA, dUTP instead of dTTP was incorporated to label the
second strand cDNA. cDNA from each RNA sample was used to produce barcoded cDNA
libraries usingNEXTflex2 DNA Barcodes (Bioo Scientific, Inc.) with an Illumina TrueSeq
compatible protocol. Library size was selected using Ageh@aupure XP Beads

(Beckman Coulter, Inc.) and centered around 250 bp with the insert size ~130 bp. Second
strand DNA was digested with Ura@INA Glycosylase before amplification to produce
directional cDNA libraries. Libraries were quantified using QdsiDNA HS Kits (Life
Technologies, Inc.) and Bioanalyzer (Agilent Technologies, Inc.) to calculate molarity.
Libraries were then diluted to equal molarity andjuantified. Two pools of 16 libraries

were made, one of the 16 libraries from replicate 1 highlow lines; and one of the 16
libraries from replicate 2 high and low lines. Pooled library samples were quantified again to
calculate final molarity and then denatured and diluted to 14pM. Pooled library samples were
clustered on Illumina cBot; eaclo@ was sequenced on one lane of lllumina Hiseg2500

using 125 bp singleead v4 chemistry.

RNA analysis

Barcoded sequence reads were demultiplexed using the lllumina pipeline v1.9. Adapter
sequences were trimmed using cutadapt (&tin 2011)and trimmed sequences shorter
than 50bp were discarded from further analysis. Trimmedesegs were then filtered for
ribosomal RNA sequences by aligning against a database containing the complete 5S, 18S
5p8S2S28S, mt:IrRNA, and mt:srRNA sequences using BWA v0.7.10 (MEM algorithm
with parameters-©2 £t 40)Li and Durbin 2010Q)The remaining sequences were aligned to

theD. melanogastegenome (BDGP5) and known transcriptome (FlyBase v5.57) using
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STAR v2.4.0¢gDobin et al. 2013) Read counts were computed for knownegerodels

using HTSeecount(Anders, Pyl, and Huber 201&jth the OintersectiaronemptyO
assignment method. Tabulated read counts were then analyzed for all known gessealbc
samples using EdgefRobinson, McCarthy, anBmyth 2010pgs follows. First, genes with
low expression overall (<10 aligned reads in >75% of the libraries) were excluded from the
analysis. Library sizes were recomputed as the sum of reads assigned to the remaining genes,
and further normalized usirtge Trimmed Mean of Malues (TMM) methodRobinson and
Oshlack 201Q)We then used the generalized linear model (Gbiged methods

(McCarthy, Chen, and Smyth 2012y estimating tagise dispersion and fit model
parameters to the following model desi=L+G+L*G+ B+ "', whereX = observed
logz(read count)l. = effect of selection line (H1, H2, L1, LZp = generation effect (G9 vs
G10),L* G = line by generation interaction effeBt= batch effects (each generation of each
population was analyzed using two biologicgplicates, with the first replicates processed in
a separate batch from the second replicates), and - = model error following a negative
binomial distribution with estimated gemese dispersion as describedMcCarthy, Chen,

and Smyth 2012) We applied this model separately to data from males and females. We
also fit a full model pooled across males and femalest. + S+ G+ L*S+L*G+ S G+
L*S*G+B+SB+"', whereSis the effect of sex and other terms asalafined above. For
each model, we selected genes with differential expression as those passing a 5% FDR
threshold (based on Benjamidbchberg correcteB-values) from the EdgeR likelihood

ratio test on the contrast of model terms comparing Yeglow selection lines across both

replicate populations: [(H1+H2)}/@ 1+L2)/2].
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Figure 3.1. Response to selection for food consumption. (A) Mean food consumption of
selection lines. Red squares indicate H lines, blue diamonds indicate L lines, black circles
indicate the C line. Solilines indicate Replicate 1 and dashed lines indicate Replicate 2.
Error bars areSE. (B) Regressions of cumulative response on cumulative selection
differential for high lines. The solid line and solid squares indicate Replicate 1, and the
dashed line ahpatterned squares indicate Replicate 2. (C) Regressions of cumulative
response onto cumulative selection differential for low lines. The solid line and solid
diamonds indicate Replicate 1, and the dashed line and patterned diamonds indicate
Replicate 2(D) Regressions of higlow divergence of cumulative respormecumulative
selection differential for Replicates 1 and 2. The solid line and solid triangles indicate

Replicate 1, and the dashed line and patterned triangles indicate Replicate 2.
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Figure 32. Body mass and molecular metabolites. All scores are pooled over G9 and G10.
Red and blue bars denote H and L lines, respectively; the black bar is the C line. Solid bars
indicate Replicate 1 and patterned bars indicate Replicate 2. Lines with thieBansre

not significantly different from each otherRk 0.05. Error bars areSE. (A) Female body
mass (mg/fly). (B) Male body mass (mg/fly). (C) Female total protein ('g/fly). (D) Male

total protein ('g/fly). (E) Female glycogen (‘g/fly). (F) Malelgcogen ('g/fly). (G) Female

triglyceride (‘g/fly). (H) Male triglyceride (‘g/fly).
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Figure 3.3. Comparison of effective population size estimated from observed SNP data and
simulation.We ordered all segregating SNPsthgir! ' P-value and selected 80% of SNPs

with largerP-values to represent genomic background behavior in the absence of selection.
We then binned these SNPs by their starting allele frequency in the base population and
computed the effective population slz&sed on the variance of allele frequency for these
SNPs at generation 10 in both replicates. Black dots show the effective population size
computed for each bin, and the dashed black line shows the median estimate across all bins.
Grey dots show the eftéve population size based on the observed variance of allele
frequencies in our simulation witlh= 10 males and 10 females for each starting allele

frequency, and the dashed grey line shows the median of these estimates.
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Figure 3.4. Upper bounds aibsolute average frequency difference inferred from drift
simulations For each starting allele frequency, we performed 10,000 simulations of genetic
drift in our experimental design for both autosomal #dohked SNPs. For each simulation,

we computed th absolute average difference between high and low lines, and used the 0.999
guantile of these values across all simulations as an upper bound on the value expected to
occur in the absence of selection. Light blue dots/lines show the inferred upper faounds

each starting allele frequency at G9 for both autosomal (circles/solid lineX}arked

SNPs (diamonds/dashed lines). Similarly, purple dots/lines show the inferred upper bounds

for G10.
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Figure 3.5. Genetic divergence of selection lifeschdot represents a SNP, arranged by
genomic coordinate on theaxis andlog10(.2 P-value) on the- axis. Grey dots indicate

SNPs that are not significantly different between high and low lines averaged across
replicates. Light red dots indicate SNPs that are significantly different between high and low
lines, but nay be the result of genetic drift based on comparison to drift simulations. Dark
red dots indicate SNPs with significant differences in allele frequency between high and low
lines averaged across replicates, for which the magnitude of the allele fredifeareyce

exceeds that expected from drift alone.
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S3.1 Table Differentially expressed genes in common between males and females.

1"#$%"&
17: 17: 0 '$%" "0$Y
1964556887 $9689%"()* EISI%ZG&?&.T& 8.15?26:%9&.7.6 70 ,0$%& $/o"&70 ,O$ %&
1HS%"6R 1$%"6& >2@/'660)(&  >?@/"660)(&70/"A,B)(
70/"A,0)(&

FBgn0000246 (3)6 5.32E-04 1.85E-03 Up Down
FBgn0002873 mud 2.65E-02 1.62E-02 Up Down
FBgn0011692 pav 2.22€-03 2.01E-02 Up Down
FBgn0019985 mGIuR 3.41E-02 6.09E-03 Up Down
FBgn0028986 Spn3sF 4.27€-02 7.84E-08 Up Down
FBgn0030418 €G4004 4.39E-02 3.89E-02 Up Down
FBgn0031878 sip2 1.06E-02 2.24E-02 Up Down
FBgn0032047 €613088 6.15E-03 1.79€-03 Up Down
FBgn0032519 €616957 3.80E-05 2.92E-04 Up Down
FBgn0032869 €617470 3.05E-15 9.50E-04 Up Down
FBgn0033458 €G18446 1.54E-04 6.57E-05 Up Down
FBgn0035047 Pof 2.02€-02 2.01E-02 Up Down
FBgn0036763 €67441 5.30E-03 2.14E-02 Up Down
FBgn0037838 €G4089 1.13€-07 9.32€-03 Up Down
FBgn0038953 €618596 2.61E-04 2.05E-02 Up Down
FBgn0039232 sosie 7.46E-03 2.80E-04 Up Down
FBgn0039644 €611897 4.99-02 3.58E-02 Up Down
FBgn0051108 €631108 3.76E-03 1.39€-03 Up Down
FBgn0053217 €633217 8.21E-03 4.00E-09 Up Down
FBgn0259975 Sfp878 2.00E-02 1.34E-09 Up Down
FBgn0260959 MCPH1 4.85E-04 2.59E-03 Up Down
FBgn0262123 1(2)41Ab 1.66E-02 7.39E-04 Up Down
FBgn0000053 ade3 2.40E-02 8.23€-03 Down Up
FBgn0000078 Amy-d 2.02€-04 1.63€-02 Down Up
FBgn0000079 Amy-p 3.61E-03 2.21E-02 Down Up
FBgn0000100 RpLPO 1.60E-03 9.37E-06 Down Up
FBgn0000261 cat 1.54E-02 3.11E-03 Down Up
FBgn0001089 Gal 1.01€-05 1.35E-02 Down Up
FBgn0001208 Hn 2.79E-02 7.38E-05 Down Up
FBgn0002593 RpLP1 3.73€-02 2.78E-03 Down Up
FBgn0015872 Drip 2.12€-02 6.41E-03 Down Up
FBgn0027578 €614526 6.30E-03 3.15E-02 Down Up
FBgn0029828 €G6067 3.90E-02 1.64E-02 Down Up
FBgn0029932 €G4607 6.50E-03 3.19E-04 Down Up
FBgn0030484 GstT4 2.08E-02 1.40E-03 Down Up
FBgn0030593 €69512 1.73€-04 1.67€-10 Down Up
FBgn0030615 Cypds3 1.87€-05 1.15€-02 Down Up
FBgn0030737 €G9914 1.03E-06 1.10E-04 Down Up
FBgn0030999 Mur188 2.87€-03 1.70E-12 Down Up
FBgn0031418 €63609 2.04€-02 6.19E-04 Down Up
FBgn0031689 Cyp28d1 1.66E-06 3.13€-03 Down Up
FBgn0032068 €G9466 131E-15 2.58E-02 Down Up
FBgn0032518 RplL24 4.90E-02 4.88E-05 Down Up
FBgn0033188 Drat 3.94E-02 4.82€-03 Down Up
FBgn0033294 Mal-A4 2.42E-02 8.05E-05 Down Up
FBgn0033543 €612338 1.556-02 1.12E-02 Down Up
FBgn0033999 €G8093 7.04€-10 4.09E-02 Down Up
FBgn0034053 Cypdaal 7.29€-03 2.94E-03 Down Up
FBgn0034138 RpsS15 2.85E-02 2.11E-03 Down Up
FBgn0034583 €610527 1.76E-02 4.69E-03 Down Up
FBgn0035189 €G9119 3.46E-11 1.03€-03 Down Up
FBgn0035933 €613309 3.47E-02 1.00E-05 Down Up
FBgn0036449 bmm 3.47E-02 1.41E-05 Down Up
FBgn0036816 Indy 1.50E-04 1.19E-06 Down Up
FBgn0037974 €G12224 9.58E-03 4.28€-03 Down Up
FBgn0038105 yellow-f2 8.34E-03 1.96E-02 Down Up
FBgn0038257 smp-30 5.98E-09 1.56E-09 Down Up
FBgn0038516 P5cr-2 5.21E-03 2.50E-05 Down Up
FBgn0038702 €63739 5.68E-04 4.29E-02 Down Up
FBgn0039204 €G6607 1.53€-02 3.736-02 Down Up
FBgn0039452 €G14245 9.19€-03 4.30E-06 Down Up
FBgn0039475 €G6277 5.88E-03 9.86E-05 Down Up
FBgn0039817 €G15553 2.68E-02 9.31E-06 Down Up
FBgn0040349 €63699 3.95E-09 1.74E-04 Down Up
FBgn0043783 €G32444 3.336-02 2.49E-04 Down Up
FBgn0051445 €G31445 1.556-03 5.01E-03 Down Up
FBgn0052687 €G32687 1.69E-02 7.59E-03 Down Up
FBgn0085364 CR34335 1.82€-02 2.72E-02 Down Up
FBgn0085370 Pde11 1.41E-04 1.56E-04 Down Up
FBgn0261113 Xrp1 1.80E-02 2.96E-05 Down Up
FBgn0261859 €G42788 2.59E-03 9.94E-09 Down Up
FBgn0262352 €G43050 1.70E-02 1.01E-02 Down Up
FBgn0262608 €G43134 8.95E-09 1.12€-03 Down Up
FBgn0263593 Lpin 1.41E-02 4.52€-02 Down Up
FBgn0000473 Cyp6az 9.21E-06 7.83E-14 Up Up
FBgn0002524 lace 1.06E-02 1.18E-02 Up Up
FBgn0004191 SNRNA:U2:34ABa 7.40E-04 4.09E-02 Up Up
FBgn0010241 Mdr50 3.01E-03 5.32E-08 Up Up
FBgn0011768 Fdh 8.92E-07 6.56E-04 Up Up
FBgn0013771 Cyp6a9 5.98E-09 1.21E-17 Up Up
FBgn0017448 62187 7.15€-04 9.14E-07 Up Up
FBgn0017581 Lk6 5.93€-03 4.48E-02 Up Up
FBgn0025628 €G4199 4.85€-02 1.15€-03 Up Up
FBgn0027342 f24 4.90E-02 1.43€-02 Up Up
FBgn0028426 Jhi-1 2.48E-04 4.20E-02 Up Up
FBgn0028583 les 2.39E-03 5.836-24 Up Up
FBgn0028940 Cyp28as 4.72€-02 9.12€-06 Up Up
FBgn0030425 €G3775 3.56E-03 9.74E-06 Up Up
FBgn0030512 €G9940 1.19€-02 3.16E-02 Up Up
FBgn0031249 €611911 7.09€-05 1.64E-05 Up Up
FBgn0031277 €613947 8.16E-03 1.41E-14 Up Up
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S3.1 Table continued

FBgn0031389
FBgn0031741
FBgn0032262
FBgn0032752
FBgn0032820
FBgn0032913
FBgn0033233
FBgn0033302
FBgn0033524
FBgn0033980
FBgn0034052
FBgn0034276
FBgn0034290
FBgn0034354
FBgn0034365
FBgn0034663
FBgn0034808
FBgn0034966
FBgn0035982
FBgn0036091
FBgn0036612
FBgn0036876
FBgn0036996
FBgn0037141
FBgn0037822
FBgn0037843
FBgn0037934
FBgn0037935
FBgn0038136
FBgn0038462
FBgn0039223
FBgn0040009
FBgn0040252
FBgn0040256
FBgn0040629
FBgn0043535
FBgn0051077
FBgn0051472
FBgn0051648
FBgn0051664
FBgn0051781
FBgn0051793
FBgn0052207
FBgn0052475
FBgn0063491

FBgn0065055
FBgn0083007

FBgn0083041

FBgn0083123
FBgn0085261
FBgn0259715
FBgn0259998
FBgn0260475
FBgn0261393
FBgn0261505
FBgn0264979
FBgn0264991
FBgn0266329
FBgn0000045
FBgn0000046
FBgn0000047
FBgn0000409
FBgn0000497
FBgn0000527
FBgn0000636
FBgn0000639
FBgn0000658
FBgn0000667
FBgn0001128
FBgn0001234
FBgn0002543
FBgn0002564
FBgn0002565
FBgn0002772
FBgn0002773
FBgn0002869
FBgn0002938
FBgn0003071
FBgn0003149
FBgn0003285
FBgn0003360
FBgn0003429
FBgn0003721
FBgn0003748
FBgn0003861
FBgn0003997
FBgn0004028
FBgn0004034
FBgn0004117
FBgn0004169
FBgn0004426
FBgn0004427
FBgn0004428
FBgn0004507

CG4259
CG11034
CG7384
CG10702
fbp
€G9259
Kdm4A
Cyp6al4
Cyp49a1
Cyp6a20
€G8299
CG6385
CG5773
GstE11
CG5335
CG4363
CG9896
CG13563
CG4461
CG18628
CG4998
CG9451
mag
DNApol-eta
CG14683
CG4511
CG6830
CG6834
CG8774
CG17556
CG5805
CG17490
Uqt86Dh
Uqt86Dd
CG18673
Obp57a
CG31077
CG31472
CG31648
CG31664
CR31781
CG31793
CR32207
mthi8
GstE9
SNoRNA:Psi285S-
2648
SNoRNA:Psi285S-
1135f
SNoRNA:Psi185S-
1854b
Uhg5
CG34232
CG42369
CG17571
CG30059
alpha-Est5
CR42653
CG4267
CG44142
CR44994
Act79B
Act87E
Act88F
Cyt-c-p
ds
e
Fas3
Fbp1
fi
Actn
Gpdh
Hsromega
lea
Lsplgamma
Lsp2
Mic1
Mic2
MtnB
ninaC
Pk
Prm

GlyP

1.18E-04
1.23€-05
1.18€-02
1.35E-02
2.86E-02
1.84E-02
3.68E-03
5.00E-18
5.84E-03
1.38E-04
3.98E-02
1.91E-09
3.68E-06
9.48E-09
6.23E-05
1.54E-03
2.61E-06
3.08E-05
2.72E-02
3.21E-02
2.38E-02
1.32E-09
1.17€-02
4.87E-02
2.51E-03
2.37€-07
2.84E-02
4.38E-04
4.53E-02
1.93€-03
3.10E-03
1.54E-02
1.37€-02
1.03€-05
1.83€-02
1.24€-03
1.16E-06
2.68E-02
4.95E-03
1.33€-02
1.95E-04
4.22E-02
1.30E-04
3.50E-05
3.90E-02

2.31E-06

1.89E-02

1.26E-02

2.66E-03
1.76E-02
1.80E-02
9.56E-03
2.36E-03
1.44€-02
7.66E-03
4.74E-05
1.67E-08
2.63E-02
5.99E-09
1.88E-05
4.02E-05
2.65E-04
4.06E-02
4.87E-03
7.40E-04
1.25E-06
2.96E-02
9.47E-06
1.50E-05
7.96E-05
4.63E-03
1.17€-14
9.07E-39
1.67E-05
4.66E-08
1.37E-12
2.55E-02
9.27E-04
2.02E-05
3.07E-05
2.38E-05
2.37E-02
5.80E-07
9.78E-06
1.30E-02
1.51E-02
1.59E-05
5.35E-06
1.25E-06
1.71E-06
9.24€-23
9.19€-08
3.18E-06
8.90E-07

2.79E-03
7.59E-03
1.05E-02
1.78E-02
1.96E-11
2.50E-04
4.42E-02
1.14€-11
4.97E-05
1.35E-13
3.10E-04
8.92E-13
2.55E-07
1.84E-02
2.05E-02
4.47E-40
1.43€-02
2.82E-02
1.55E-12
2.04E-06
1.83E-04
1.17€-07
7.22E-08
2.14E-02
1.93€-03
2.13E-05
4.48E-10
2.47E-04
1.58E-02
2.64E-02
3.42E-05
2.80E-02
2.54E-12
5.32E-08
3.62E-02
1.57E-02
7.79€-12
8.37E-03
4.08E-02
1.39€-08
8.72E-25
3.59E-06
3.15E-09
1.42€-19
6.40E-18

4.82E-02

1.08E-03

2.55E-02

5.91E-03
2.77E-04
2.42E-05
2.46E-14
2.01E-03
7.74€-03
3.51E-05
3.13€-02
2.40E-03
1.43€-04
2.04E-43
2.79E-03
8.18E-34
2.94€-03
2.79€-02
2.10E-03
4.58E-02
1.99€-02
3.35E-02
1.60E-16
2.03€-07
1.14E-04
4.71E-03
3.53E-20
7.46E-19
1.77€-27
3.16E-37
1.44€-03
6.15E-06
4.61E-07
2.18E-12
8.85E-03
6.70E-03
3.33-02
2.14€-22
1.54E-05
6.39E-05
5.53E-03
7.92E-25
2.01E-03
4.11E-21
7.40E-27
6.50E-11
1.45E-03
2.79E-02
2.66E-02

Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up

Up
Up

Up

Up
Up
Up
Up
Up
Up
Up
Up
Up

Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down

Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up

Up
Up

Up

Up
Up
Up
Up
Up
Up
Up
Up
Up

Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
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S3.1 Table continued

FBgn0004516
FBgn0004919
FBgn0005633
FBgn0005659
FBgn0005666
FBgn0010217
FBgn0010226
FBgn0010385
FBgn0010425
FBgn0011211
FBgn0011286
FBgn0011361
FBgn0011591
FBgn0011695
FBgn0013334
FBgn0013348
FBgn0013772
FBgn0014018
FBgn0014454
FBgn0014903
FBgn0015035
FBgn0015777
FBgn0016119
FBgn0016675
FBgn0017566
FBgn0019957
FBgn0020294
FBgn0020521
FBgn0020765
FBgn0020906
FBgn0020908
FBgn0022770
FBgn0023540
FBgn0024989
FBgn0025835
FBgn0026077
FBgn0027291
FBgn0028325
FBgn0028336
FBgn0028342
FBgn0028544
FBgn0028743
FBgn0029878
FBgn0029966
FBgn0030102
FBgn0030317
FBgn0030595
FBgn0030733
FBgn0030745
FBgn0030777
FBgn0031228
FBgn0031401
FBgn0031490
FBgn0031560
FBgn0031561
FBgn0031653
FBgn0031654
FBgn0031692
FBgn0031726
FBgn0031734
FBgn0031869
FBgn0031879
FBgn0031912
FBgn0031913
FBgn0031940
FBgn0031942
FBgn0032178
FBgn0032538
FBgn0032946
FBgn0033042
FBgn0033065
FBgn0033216
FBgn0033250
FBgn0033308
FBgn0033438
FBgn0033597
FBgn0033635
FBgn0033668
FBgn0033728
FBgn0033730
FBgn0033733
FBgn0033807
FBgn0033872
FBgn0033961
FBgn0033972
FBgn0034182
FBgn0034245
FBgn0034253
FBgn0034356
FBgn0034497
FBgn0034706
FBgn0034709
FBgn0034903
FBgn0034974
FBgn0035146
FBgn0035280
FBgn0035398

Ets98B
bt
ATPsyn-beta
GstS1
Def
epsilonTry
blw
RyR
mtacpl
fng
Peblll
Sap47
TpnC41C
Cyp6a8
Rel
Acpl
CG14630
Cyp4e3
nrv2
ATPsyn-Cf6
Lectin-galC1
ND75
ND42
ko
pio
Acp65Aa
Jon25Bi
Scpl
Peritrophin-A
CG3630
CG3777
CG17707
Gasp
1(1)60156
1(1)G0334
1(1)60255
1(1)60230
CG16884
Dhit
Pat1
Ir7¢
CG12119
CG1561
CG14406
CG3560
CG4239
CG9672
CG11455
papi
CG17264
CG16713
CG16712
Jon25
Jon25Bii
TpnC25D
Cyp6al6
CG11147
CG18304
uif
CG5261
CG5958
CG7214
CG7203
Spn31A
CG16885
nrv3
Tsp42A
Cyp6wi
CG1946
CG14762
CG8736
Mmp2
Cpr47€Ea
CG7777
CG13188
Cprd9Ae
Cpr49Ag
CG8834
AQrP
CG6329
CG12859
Ciaol
CG9640
CG14482
CG10936
CG10924
C€G9090
CG11275
Swim
CG9850
CG16786
CG13893
Cpr628Bb
Cht7

3.48E-02
2.64E-02
4.98E-07
4.18E-02
1.24€-02
7.53E-09
3.23€-16
4.34E-03
1.98E-12
1.55E-08
1.51E-02
2.12E-06
3.56E-02
2.97E-03
1.56E-02
9.88E-07
1.06E-02
5.50E-03
2.63E-06
1.60E-03
3.21E-02
4.72E-02
3.22€-02
7.95€-21
1.25E-05
3.19€-04
3.21E-02
6.29E-03
2.75€-21
2.03E-19
7.68E-09
2.31E-04
8.98E-04
6.99E-07
4.80E-02
1.89E-06
3.02E-03
4.82E-03
2.02E-04
3.42E-04
3.54E-13
9.58E-04
2.50E-08
5.80E-10
4.80E-02
2.02E-04
1.69E-04
4.02E-02
7.46E-03
2.05E-12
2.29€-03
4.64E-02
2.19€-02
6.23E-05
4.11E-06
7.95€-21
3.57E-10
1.81E-02
4.11E-03
4.61E-03
1.91E-03
8.21E-03
8.51E-05
9.46E-19
1.31E-20
9.10E-07
4.23E-02
7.24€-17
4.68E-03
4.41E-02
1.47€-10
9.42E-05
7.09€-05
9.94€-07
1.74€-02
7.76E-04
7.28€-03
3.05E-08
1.35E-12
8.39E-03
9.23E-10
1.07€-02
1.09€-02
1.56E-04
1.17€-02
2.10E-02
1.13€-08
3.39€-02
5.78E-08
1.81E-04
2.34E-05
4.66E-07
5.17E-03
3.59E-03
1.62E-04
3.03€-02
9.45E-10

1.90E-04
4.66E-02
1.34€-47
3.90E-02
1.55E-04
1.19€-06
4.23E-12
3.56E-02
6.74E-25
6.18E-07
2.01E-03
9.68E-04
4.45E-04
2.40E-02
6.62E-04
9.73E-13
1.62E-04
9.59E-03
2.23€-11
2.56E-03
8.85E-05
3.45E-02
1.77€-02
4.58E-27
1.15€-02
4.91E-03
8.72E-03
5.63E-05
6.18E-15
1.21E-12
1.02E-36
5.63E-04
1.08E-02
3.06E-09
1.79€-02
4.74E-13
1.88E-10
1.88E-04
8.92E-05
2.87E-05
6.39E-22
2.79€-02
3.35E-02
2.10E-02
4.02E-02
4.82E-02
2.74E-14
3.35E-06
1.35E-04
3.26E-03
4.24E-08
3.81E-02
1.30E-02
1.81E-03
4.79E-02
2.54E-05
1.45E-09
1.07E-03
2.89E-03
1.98E-02
1.66E-03
1.13€-04
1.32€-07
4.86E-02
2.70E-69
4.82E-17
1.04E-02
2.35E-22
1.11E-04
2.05E-02
5.38E-04
1.70E-02
5.07E-03
9.88E-16
1.69E-02
8.88E-03
2.37E-02
3.46E-05
1.39E-45
2.29€-05
3.93E-08
3.80E-02
2.64E-13
3.40E-02
2.10E-02
1.48€-12
1.30E-03
2.57E-06
1.89E-11
2.19€-03
6.26E-03
7.64E-09
6.82E-05
1.48E-03
2.39E-02
4.35E-05
8.49E-09
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S3.1 Table continued

FBgn0035452
FBgn0035490
FBgn0035542
FBgn0035619
FBgn0035620
FBgn0035667
FBgn0035844
FBgn0035850
FBgn0036023
FBgn0036044
FBgn0036116
FBgn0036125
FBgn0036236
FBgn0036762
FBgn0036857
FBgn0036881
FBgn0036985
FBgn0037090
FBgn0037130
FBgn0037146
FBgn0037228
FBgn0037358
FBgn0037391
FBgn0037491
FBgn0037519
FBgn0037724
FBgn0037819
FBgn0037847
FBgn0038011
FBgn0038151
FBgn0038181
FBgn0038224
FBgn0038271
FBgn0038290
FBgn0038291
FBgn0038296
FBgn0038405
FBgn0038610
FBgn0038629
FBgn0038662
FBgn0038679
FBgn0038819
FBgn0038820
FBgn0038914
FBgn0038922
FBgn0038946
FBgn0039307
FBgn0039358
FBgn0039472
FBgn0039481
FBgn0039635
FBgn0039709
FBgn0039728
FBgn0039754
FBgn0039760
FBgn0039778
FBgn0039805
FBgn0039830
FBgn0039909
FBgn0039915
FBgn0040102
FBgn0040608
FBgn0040900
FBgn0041711
FBgn0041789
FBgn0042201
FBgn0042701
FBgn0043534
FBgn0043576
FBgn0046875
FBgn0050005
FBgn0050151
FBgn0050489
FBgn0051522
FBgn0051626
FBgn0051973
FBgn0052072
FBgn0052073
FBgn0052091
FBgn0053196
FBgn0053519
FBgn0053978
FBgn0069973
FBgn0082582
FBgn0083167
FBgn0083956
FBgn0085201
FBgn0085337
FBgn0085356
FBgn0085412
FBgn0085732
FBgn0086676
FBgn0086690
FBgn0086901
FBgn0250871
FBgn0259227
FBgn0260011

CG10359
CG1136
DOR
CG10592
CG5150
Jon65Ai
CG13676
Atg18a
CG18179
Zasp67
CG7888
CG6279
CG6931
CG7430
CG9629
Cpr76Bd
zye
Est-Q
Syni
CG7470
€G1092
elm
€G2017
CG1227
CG3014
Fst
CG14688
SelR
CG4066
yellow-e2
€G9297
€G3321
CG3731
CG6912
CG3984
CG6752
€G8927
CG7675
CG14304
Mpcl
CG6040
Cpr92F
CG4000
fit
CG6439
rdhB
CR13656
€G5028
CG17192
Cpr97€b
CG11876
Cad99C
CG7896
CG9747
€G9682
Jon99Fi
Cpr100A
CG1746
CG1970
CG1732
lectin-24Db
CG14246
CG17777
yellow-e
Pax
Nplp3
CR12628
0bp57b
PGRP-5Cla
Obp83g
GstT2
CG30151
Cyp12di-p
CG31522

Elo68alpha
CG32073
CG32091

dp
Unc-89
CG33978
CG40485
tmod
Neb-cGP
CG34120
CG34172
CG34308
CG34327
CG34383
CR40190
spin
cp309
cv-c
pot
CG42327
NimC4

8.70E-03
1.89E-02
2.12E-06
4.36E-02
1.48E-10
2.16E-02
1.18E-06
3.65E-03
7.67E-04
5.73E-04
1.05E-05
1.68E-02
4.07€-02
1.21E-03
3.99€-02
1.23€-06
6.11E-05
1.44€-08
1.60E-04
3.12E-06
1.14€-02
2.02E-03
4.90E-02
4.50E-05
2.22€-03
7.04E-15
1.03€-05
1.21E-03
1.25E-04
1.15€-07
3.03E-05
3.01E-02
1.28E-04
1.60E-08
7.71E-06
5.08E-07
5.65E-03
5.80E-05
2.29€-03
3.46E-04
2.52E-03
3.79€-31
7.75€-07
1.32€-03
3.45E-05
4.65E-02
1.73€-02
5.49E-03
1.51E-04
1.66E-04
4.07€-04
3.74€-12
5.42E-04
5.33E-06
1.17€-02
7.66E-05
1.15E-06
1.81E-14
6.72E-04
3.47€-02
2.51E-03
1.82E-04
4.06E-02
3.27€-03
1.09€-02
1.46E-03
6.43E-04
1.10E-02
1.04€-22
1.88E-02
4.63E-02
4.45E-02
2.27€-03
7.52E-04
2.73E-08
1.15€-03
2.15E-03
3.63E-26
7.12E-09
9.21E-06
3.34E-03
3.99E-06
2.85E-02
1.37€-02
3.56E-08
7.62E-03
5.84E-03
4.76E-03
5.99E-09
1.48E-08
7.75E-04
8.39E-03
1.63E-02
4.15E-02
2.31E-05
7.82E-09
1.98E-04

2.47€-02
9.25E-09
2.05E-11
2.95€-07
1.46E-09
2.05E-04
1.75E-09
2.87E-02
1.44€-02
5.14E-13
2.34E-05
2.44€-08
4.19E-02
1.28E-04
1.83€-02
7.22E-30
3.08E-03
6.76E-03
2.04E-03
2.40E-02
9.42E-03
5.18E-03
5.16E-03
2.22€-02
3.70E-02
4.38E-09
1.40E-02
2.62E-02
3.90E-02
1.54€-07
2.19E-08
2.10E-02
3.32E-03
1.76E-06
1.08E-03
5.14E-13
1.18€-02
3.62E-02
2.31E-03
5.28E-06
8.42E-03
2.15E-44
2.25E-09
9.25E-09
3.13€-11
2.34E-03
6.29E-03
7.02E-04
7.05E-24
1.30E-08
3.40E-02
4.01E-02
3.20E-04
2.49€-02
4.50E-06
1.82E-35
1.55E-11
1.26E-03
6.56E-17
9.03E-04
5.50E-03
1.24€-06
1.59E-02
4.59E-03
1.91E-03
3.37E-18
3.42E-03
2.87E-02
3.40E-09
1.98E-05
1.29€-04
1.37E-05
2.75E-03
4.50E-09
7.83E-05
1.63E-19
2.40E-06
9.15E-08
2.00E-04
8.92E-06
1.14E-04
6.66E-06
5.34E-03
6.20E-03
2.88E-04
7.03E-04
1.32E-05
5.75E-04
3.92E-03
1.65E-02
1.52E-02
9.70E-04
2.64€E-07
3.61E-02
2.44€-11
6.84E-05
2.18E-02
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S3.1 Table continued

FBgn0260653
FBgn0261341
FBgn0261451
FBgn0261628
FBgn0261955
FBgn0261999
FBgn0262111
FBgn0262366
FBgn0262531
FBgn0262570
FBgn0262717
FBgn0263321
FBgn0263830
FBgn0264695
FBgn0264878
FBgn0265045
FBgn0265068
FBgn0265262
FBgn0265576
FBgn0267160
FBgn0267348

serp
verm
trol
CG42711
kdn
CG42817

f
CG43064
CG43085
CG43110
Skeletor
CG43402
CG40486

Mhc
CR44069
Strn-Mick
CR44179
Vha68-1
CG44403
CR45600
LanB2

1.32€-03
6.97E-04
1.44€-02
3.90E-02
3.05E-08
1.98E-02
3.60E-03
9.79E-05
3.45E-08
4.79E-02
2.76E-03
9.80E-04
5.73E-06
0.00E+00
2.29€-02
2.12E-05
3.99€-02
7.97€-03
1.08E-02
3.75E-13
3.68E-02

1.68E-10
5.14E-07
6.25E-04
1.02E-03
1.77€-07
1.45€-02
2.93E-02
5.64E-07
3.46E-10
3.10E-05
1.23€-02
9.29E-04
4.66E-06
8.24E-25
1.66E-02
3.44E-23
2.22E-02
2.75E-03
2.29€-04
8.72E-25
9.76E-03
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S3.2 Table Genes that overlap between the genetic and gene expression divergence analyses.
If morethan one significant variant from the genetic divergence analyses is located in the 5'

or 3' UTR, the one with the loweBtvalue is given. Other putative regulatory variantiskb

of the genes are given. n/a: not applicable (variant is > lokb tine nearest gene).

) 8826898 B"6,& o .
%f;gﬁz& 8826898 %‘%g‘éz& 8826896  %)EF&  B8&26898IT:E B'6,& "E3%8$,)/4& :-‘5‘33[.,,«?3;&;/4& :"Esﬂ/oagm&
19%4B$6"8&7  C'('&DA#5)%& L 17:& 2 178 IGH'I& D"2"68& E3%$,)/4& DJG& ) .
IGH'I& uswree  OHIE sure  D'6e e P BY="IN(0 1 DJG&DO,"8.  9)A$,0)(&
ruswee TN $%6& V0 N 0% UG L%$86 5@&
G)%"& K$%R
FBgn0000409 Cyt-c-p 2.65E-04 2.94€-03 -0.370 5.06E-06 2L_16722640_SNP 2.59E-05 UTR_3_PRIME )
FBgn0002715 mei-5332 3.69E-02 5.70E-01 0314 2.93E-02 2R_18011815_SNP 6.26E-09 UTR_3_PRIME )
FBgn0002719 Men 4.53E-09 9.60E-01 -0.486 2.66E-12 3R_8538978_SNP 1.22e-14 UTR_3_PRIME )
FBgn0005638 slbo 3.06E-01 2.69E-02 -0.521 2.19e-01 2R_20219938_SNP 3.62E-12 UTR_3_PRIME )
FBgn0010516 wal 3.75E-01 2.44€-03 -0.117 1.47€-01 2R_7576566_SNP 1.74€-23 UTR_3_PRIME )
FBgn0015245 Hsp60 4.09e-01 8.85E-03 0.071 4.18E-01 X_11005862_SNP 4.87E-13 UTR_3_PRIME )
FBgn0015737 Hmu 8.08E-01 1.20E-02 -0.054 7.40E-01 3R_23117017_SNP 1.94E-04 UTR_3_PRIME )
FBgn0025702 srpk79D 2.34E-01 7.13€-01 -0.332 3.53E-02 3L_22267590_SNP 3.60E-18 UTR_5_PRIME )
FBgn0026077 Gasp 1.89E-06 4.74E-13 -1.207 2.05E-10 3R_1914901_SNP 2.81E-07 UTR_3_PRIME )
FBgn0029766 CG15784 4.68E-01 2.26E-02 -0.240 3.92E-01 X_5324651_SNP 2.20E-11 UTR_5_PRIME )
FBgn0031515 CG9664 1.00E-01 8.85E-05 0.375 3.57E-02 2L_3293650_SNP 2.38E-09 UTR_5_PRIME )
FBgn0032986 €G3262 2.91E-01 3.23€-02 -0.113 3.32E-01 2L_22243676_SNP 3.78E-12 UTR_3_PRIME )
FBgn0033438 Mmp2 1.74e-02 1.69E-02 -0.449 7.32E-04 2R_5499416_SNP 1.99e-04 UTR_3_PRIME )
FBgn0033674 €G8964 1.25e-03 8.73E-01 -0.689 3.54E-03 2R_7912717_SNP 1.83E-03 UTR_5_PRIME )
FBgn0033680 ce13186 064 1006400 241603 0576 1006400 2R 7969440_SNP 142610 UTR 3_PRIME 0
FBgn0033926 Arcl 0.047 9.01E-01 1.89E-15 0.047 8.63E-01 2R_10246078_SNP 1.59e-07 UTR_3_PRIME )
FBgn0033972 Ciaol -0.285 1.17e-02 2.10E-02 -0.284 1.78E-02 2R_10742521_SNP 1.88E-17 UTR_5_PRIME )
FBgn0034162 CG6426 -0.248 1.92e-01 1.43€-02 -0.247 1.05E-01 2R_12759272_SNP 1.88E-13 UTR_3_PRIME )
FBgn0034356 €G10924 -0.817 5.78E-08 1.89E-11 -0.818 6.36E-11 2R_14423191_SNP 1.23e-03 UTR_3_PRIME )
FBgn0034365 CG5335 0.470 6.23E-05 2.05E-02 0.471 2.99E-06 2R_14509228_SNP 7.66E-19 UTR_5_PRIME )
FBgn0034498 CG16868 0.200 3.92€-02 4.74E-01 0.199 1.07€-01 2R_16169469_SNP 2.38E-04 UTR_3_PRIME )
FBgn0034501 CG13868 -0.352 1.57E-03 6.08E-02 -0.351 2.96E-06 2R_16204201_SNP 1.48E-09 UTR_5_PRIME )
FBgn0034642 CG15674 6.33E-01 2.32E-02 -0.167 5.06E-01 2R_17519750_SNP 1.57E-09 UTR_5_PRIME )
FBgn0034643 €G10321 5.39E-01 4.31E-02 0.083 3.86E-01 2R_17522406_SNP 2.60E-06 UTR_5_PRIME )
FBgn0034689 €G2921 2.96E-02 5.87E-02 0.270 7.77e-03 2R_17962784_SNP 3.39E-15 UTR_5_PRIME )
FBgn0034909 CG4797 2.93E-01 2.87€-02 -0.206 1.62E-01 2R_19705687_SNP 4.33E-33 UTR_5_PRIME )
FBgn0035678 CG10469 -0.583 2.05E-03 8.64E-01 -0.582 4.78E-05 3L_6086245_SNP 6.32E-23 UTR_5_PRIME )
FBgn0037533 CD98hc 0.163 1.49e-01 2.01E-02 0.162 2.86E-02 3R_3803308_SNP 9.65E-27 UTR_5_PRIME )
FBgn0037705 mura -0.440 4.05E-04 7.54E-01 -0.440 2.42E-06 3R_5373008_SNP 5.98E-25 UTR_5_PRIME )
FBgn0037860 €G6629 -0.004 8.57E-01 9.70€-03 0.320 8.64E-01 3R_6941362_SNP 6.89E-08 UTR_5_PRIME )
FBEn0040679 611373 -0.451 1.00E+00 1.40E-02 -0.386 9.10E-01 3R_1786701_SNP 1.13E-12 UTR_5_PRIME 0
FBgn0041585 0lf186-F -0.092 4.80E-01 1.02E-02 -0.092 3.66E-01 2R_13738596_SNP 8.05E-20 UTR_5_PRIME )
FBgn0050000 GstT1 0.041 8.69E-01 1.62E-04 0.041 8.39E-01 2R_5493496_SNP 1.25€-03 UTR_5_PRIME )
FBgn0050069 C€G30069 -0.291 3.41E-02 8.47E-01 -0.290 1.25€-02 2R_10073139_SNP 1.03e-07 UTR_5_PRIME )
FBgn0050177 €G30177 2.092 1.78E-01 3.33E-04 1.954 8.32E-02 2R_19690244_SNP 2.95E-20 UTR_3_PRIME )
FBgn0051146 Nig1 1.48E-01 4.77€-02 -0.407 4.00E-02 3R_3488074_SNP 1.22e-23 UTR_5_PRIME )
FBgn0051804 CG31804 2.105 5.88E-01 9.43E-04 1.989 3.05E-01 2L_17363596_SNP 8.48E-22 UTR_5_PRIME )
FBgn0053189 €G33189 -0.475 5.81E-01 3.38E-02 -0.481 4.28E-01 3R_4605848_SNP 8.18E-26 UTR_3_PRIME )
FBgn0062978 €G31808 -0.371 2.81E-02 3.73€-01 -0.368 4.49E-03 2L_16715980_SNP 6.59E-11 UTR_5_PRIME )
FBgn0086676 spin -0.263 8.39E-03 9.70E-04 -0.262 5.06E-06 2R_12012631_SNP 6.25E-27 UTR_5_PRIME )
FBgn0086907 Cyt-c-d 0.160 9.49E-01 1.39E-04 0.174 8.79E-01 2L_16715980_SNP 6.59E-11 UTR_5_PRIME )
FBgn0259211 grh -0.399 8.23E-02 2.42E-01 -0.395 9.49E-03 2R_13695671_SNP 7.18E-21 UTR_5_PRIME )
FBgn0261597 RpS26 -0.023 8.86E-01 1.13€-02 -0.024 9.01E-01 21_18442520_SNP 2.62E-13 UTR_3_PRIME )
FBgn0261801 CG42747 -0.674 3.27€-02 5.91E-01 -0.675 3.57E-02 3L_6393777_SNP 1.99E-16 UTR_5_PRIME )
FBgn0262717 Skeletor 2.76E-03 1.23€-02 -0.932 1.41E-04 3R_6521880_SNP 6.93E-14 UTR_3_PRIME )
FBgn0263593 Lpin 1.41E-02 4.52E-02 -0.272 1.66E-03 2R_4044151_SNP 1.01E-23 UTR_5_PRIME )
FBgn0263980 CG43729 -0.283 5.81E-02 1.95E-02 -0.282 3.20E-02 2R_11297952_SNP 1.53E-06 UTR_5_PRIME )
FBgn0265576 CG44403 -1.477 1.08E-02 2.29€-04 -1.471 1.06E-04 2R_13504155_SNP 1.12E-08 UTR_3_PRIME )
FBgn0266111 ana3 0.265 4.84E-02 4.20€-01 0.265 8.64E-03 2R_8238594_SNP 6.69E-14 UTR_3_PRIME )
FBgn0266448 CG45078 1.03e-01 4.82E-01 -0.435 1.02E-02 3R_6600342_SNP 1.43E-20 UTR_3_PRIME )
FBgn0027070 CG17322 0.148 2.17e-01 3.98E-04 0.148 1.63E-01 21_18829062_SNP 2.86E-18 DOWNSTREAM 3
FBgn0265977 CR44756 -1.111 9.13E-03 7.38E-01 -1.144 5.53E-02 2R_18208407_SNP 1.25e-17 UPSTREAM 7
FBgn0033814 CG4670 -0.196 2.09E-02 9.69E-01 -0.196 5.39E-03 2R_9119253_SNP 3.49E-15 DOWNSTREAM 10
FBgn0000658 fi -0.719 2.96E-02 3.35E-02 -0.731 1.18€-01 2R_14120248_SNP 1.42e-17 UPSTREAM 18
FBgn0037727 CG8358 0.063 9.51E-01 2.75E-04 0.063 9.04E-01 3R_5503519_SNP 7.75E-20 DOWNSTREAM 19
FBgn0033952 Adgf-E 0.826 7.38E-01 2.95E-07 0.775 6.02E-01 2R_10544277_SNP 1.89€-03 DOWNSTREAM 26
FBgn0037638 €G8379 0.290 2.31E-02 6.21E-01 0.290 7.65E-03 3R_4650101_SNP 3.37E-22 UPSTREAM 32
FBgn0034276 €G6385 1.333 1.91E-09 8.92E-13 1325 6.66E-15 2R_13641024_SNP 9.63E-19 DOWNSTREAM 36
FBgn0037796 CG12814 -0.518 2.87E-02 2.61E-01 -0.514 2.54E-03 3R_6015387_SNP 1.89E-11 UPSTREAM 62
FBgn0265367 CR44308 1.045 9.71E-01 4.50E-04 1.469 4.53E-01 2L_3537780_SNP 2.37E-10 UPSTREAM 64
FBgn0036504 yellow-k -0.991 2.90E-03 2.95E-01 -0.987 1.36E-02 3L_15513654_SNP 2.39E-08 UPSTREAM 66
FBgn0266420 Ote 1.27e-02 9.35E-01 0.232 2.95E-02 2R_14164748_SNP 3.85E-08 UPSTREAM 66
FBgn0052391 €G32391 1.52E-03 4.53E-01 -4.735 5.93E-04 3L_7062370_SNP 4.80E-21 UPSTREAM 73
FBgn0000556 Eflalphad8D 0.056 6.85E-01 6.74E-03 0.056 6.02E-01 2R_7783099_SNP 3.42E-14 DOWNSTREAM 74
FBgn0004414 msopa 0.915 5.93E-01 1.30E-08 0.947 2.77e-01 3L_22075739_SNP 1.42E-13 UPSTREAM 81
FBgn0035697 CG10163 -1.301 1.36E-04 4.31E-01 -1.302 3.05E-04 3L_6251946_SNP 1.49€-20 UPSTREAM 86
FBgn0052064 S-Lap4 0.591 2.23e-01 7.55E-06 0.598 8.33E-02 3L_10486133_SNP 1.48E-09 DOWNSTREAM 99
FBgn0039246 €G10845 1.207 5.93E-01 6.39E-05 1.419 3.00E-01 3R_20726738_SNP 1.18E-11 UPSTREAM 100
FBgn0082922 snoRNA:Or-acad 0.542 1.74e-01 1.80E-02 0.542 2.26E-01 2R_13504155_SNP 1.12E-08 UPSTREAM 106
FBgn0010238 Lac 2.51E-06 9.98E-01 -0.471 6.31E-07 2R_8353244_SNP 5.77E-11 DOWNSTREAM 109
FBgn0036125 €G6279 1.68E-02 2.44E-08 -0.964 1.46E-04 3L_11089459_SNP 1.14€-03 UPSTREAM 114
FBgn0024177 2pg 7.61E-02 9.18E-01 0.230 1.81E-02 3L_6599251_SNP 1.78€-20 UPSTREAM 119
FBgn0034290 CG5773 3.68E-06 2.55E-07 1.053 9.34E-06 2R_13931374_SNP 8.52E-03 UPSTREAM 125
FBgn0051793 €G31793 4.22€-02 3.59E-06 0.199 2.95E-02 21_19003234_SNP 2.49E-21 UPSTREAM 133
FBgn0033723 CG13155 5.62E-03 8.87E-01 -0.751 1.62E-03 2R_8268066_SNP 3.68E-27 UPSTREAM 135
FBgn0037577 CG7443 4.80E-02 7.09€-01 -0.420 9.81E-02 3R_4150900_SNP 7.35E-32 DOWNSTREAM 142

234



S3.2 Table continued

FBEnO267145
FBgnO050325
FBgn0033961
FBgnO037747
FBgn0045064
FBgn0031464
FBgn0051538
FBEn0051776
FBgn0034443
FBgn0034291
FBgn0003274
FBgn0029765
FBgn0037633
FBgn0028899
FBgn0020445
FBgn0037374
FBgn0053191
FBgn0052230
FBgn0034354
FBgn0026563
FBgn0034664
FBgn0262821
FBgn0037906
FBgnO017581
FBgn0035679
FBgn0031574
FBgn0003140
FBgn0261477
FBgn0034237
FBgn0001258
FBgn0265192
FBgn0035189
FBgn0034031
FBgn0051374
FBEn0262876
FBgn0029170
FBgn0261552
FBgn0020767
FBEnO037676
FBEnO003545
FBgn0034275
FBgnO037601
FBgn0259112
FBgn0030418
FBgnO037652
FBgn0052072
FBgn0033978
FBgn0003138
FBgn0034743
FBgn0037832
FBgn0040252
FBgnO063298
FBgn0263403
FBgnO037680
FBgn0004435
FBEnO017577
FBgnO035568
FBgn0011591
FBgn0020385
FBgn0032726
FBgnO033574
FBgn0051802
FBgn0034292
FBgn0053080
FBgn0034644
FBgn0034045
FBgn0264726
FBgn0259985
FBgn0260959
FBgn0034277
FBgn0032633
FBgnO037358
FBgn0259978
FBgn0027608
FBgn0042094
FBgn0261853
FBgnO050042
FBEn0034646
FBgn0263992
FBgn0038258
FBgn0036222
FBEnO050275
FBgn0040531
FBgn0034030
FBgn0015391

FBgn0083003

FBgn0023477
FBgn0259998
FBgn0037822
FBgn0260243
FBgn0034966
FBgn0083123
FBgn0259183
FBgn0019643
FBgn0034330
FBgnO005614
FBgn0033921
FBgn0033442

CR45585
€G30325
€G12859
€G8481
bwa
Duox
€G31538
€G31776
cer
€G5770
RpLP2
CG16756
€G9839
€G31817
E23
jagn
€G33191
€G32230
GstE1l
€G1979
€G4377
€G43192
PGRP-LB
Lk6
CG10467
CG3964
PPY-55A
slim
elF3-59
ImplL3
Snp
€G9119
€G12963
sals
€G43231
TwdIT
ps
Spred
€G8861
sub
€G5002
Cyp313b1
€G42254
CG4004
€G11980
Elo68alpha
Cyp6az3
Ptp61F
RpS16
Desi
Ugt86Dh
CR31429
CG43449
€G8121
Galphag
Mcm5
€G18418
fng
pug
€G10621
Spna7c
€G31802
CG5767
€G33080
€G10082
€G8249
CR43994
Mppe
MCPH1
OstDelta
Lrch
elm
vie
€G2082
Adk3
€G42782
CpragAb
Rael
CR43735
€G7362
CG5718
€G30275
€G11741
€G8192
glu
SNORNA:Psi285S-

Tal
cG17571
CG14683
E(var)3-9
€G13563

Uhgs
€G42287
Dat
€G18107
trpl
tej
€G1690

7.98E-01
1.00E+00
1.56E-04
4.49E-01
3.16E-06
3.376-01
4.70E-01
4.40E-01
1.02E-02
9.68E-02
5.80E-01
7.06E-01
9.63E-02
9.92E-01
4.74E-02
7.40E-01
2.436-01
6.02E-03
9.48E-09
8.45E-01
9.81E-01
1.00E+00
1.07E-01
5.936-03
9.95E-01
5.20E-01
7.576-01
9.99E-01
1.16E-01
3.91E-01
6.17E-02
3.46E-11
8.70E-01
6.40E-02
1.00E+00
9.68E-01
2.50E-02
5.276-02
5.87E-01
2.03E-01
7.576-01
4.11E-01
4.09E-02
4.39E-02
3.70E-02
2.156-03
7.776-02
1.98E-01
1.00E+00
3.88E-02
1.37€-02
9.736-02
1.00E+00
5.15E-02
1.00E+00
2.36E-02
1.28E-01
3.56E-02
8.13E-01
6.25E-04
4.09E-01
8.50E-01
1.84E-01
6.04E-01
1.95€-02
5.38E-01
8.38E-01
4.336-01
4.85E-04
3.04E-01
2.65E-02
2.026-03
1.83€-01
1.17E-01
6.26E-02
7.74E-01
5.27€-31
9.726-02
8.37E-01
9.39E-01
1.00E+00
5.93E-01
3.726-03
9.70E-01
7.716-02

1.93€-01

6.81E-01
9.56E-03
2.51E-03
3.236-03
3.08E-05
2.66E-03
8.10E-01
2.66E-03
1.00E+00
3.35E-01
5.49E-03
6.34E-02

-0.487

0.247
0.575
0.324
0.211
1677
0.721

-0.499

-0.088
0.491
0.480
0.142

0317

2.45€-03
1.08€-02
3.40E-02
1.19€-02
5.20E-01
4.59E-03
5.24E-04
5.49E-01
7.17€-01
4.19E-02
3.326-05
3.99E-02
7.51€-03
5.426-07
3.79E-01
3.48€-02
4.75E-02
9.22E-01
1.84E-02
2.34E-04
1.75E-16
4.72E-02
9.73E-01
4.48E-02
4.10E-10
5.83€-03
1.236-02
1.09E-02
5.06E-02
1.51E-02
9.67E-01
1.03€-03
2.75€-03
7.526-01
1.30E-04
2.17€-02
1.10E-01
1.31E-01
3.05E-03
1.54E-03
5.75E-03
2.40E-02
3.54E-01
3.89E-02
1.73€-01
2.40E-06
237611
2.78E-01
9.77E-03
5.24E-02
2.54E-12
3.226-01
1.80E-07
7.47€-01
2.82E-02
3.86E-01
1.01€-02
4.45E-04
6.326-12
9.63E-01
8.26E-05
1.87€-02
2.07E-04
3.88E-03
3.17€-01
9.07E-03
2.67E-05
1.01€-02
2.59E-03
5.23-03
5.236-01
5.186-03
1.45€-01
6.01E-04
9.01E-02
1.62E-12
8.24E-01
1.02E-10
6.79E-03
2.08E-03
2.56E-02
7.80E-04
2.49E-01
1.55E-03
6.12E-01

2.03€-02

2.06E-03
2.46E-14
1.93€-03
3.01E-01
2.82E-02
5.91E-03
1.61E-02
3.66E-01
3.01E-03
1.14E-10
8.33E-01
1.82E-02

-0.661
1.946
-0.333
0.116
-0.500
0.107
-0.248
-3.336
-0.392
0.895
-0.053
0.106
0.253
-0.026
-0.195
0.051
1312
-0.281
1.009
0122
0.021
-0.045
-0.504
0.184
-0.016
0.222
-1.300
-0.012
0.142
-0.231
0.200
-0.608
0.070
-0.366
1.068
0.127
-0.262
0176
-0.255
0.191
-0.097
0.208
0.614
0371
-0.246
-1.622
0.354
0.165
-0.004
-1.036
0.556
-1.321
0.011
0.242
-0.013
0.269
3.599
-0.445
-0.052
-0.456
-0.335
-0.349
-0.448
-0.092
0.210
-0.196
0.737
0.125
0.273
0.114
0.227
0323
0.187
-0.359
0.270
0.526
-1.033
0.230
1139
0.254
0.216
0.920
1.223
-0.101
0.238

-0.288

-0.082
0.328
0.268
0322
1.688
0.543
0.245

0315

-0.024
0.182
0.284

-3.890

6.25E-01
1.00E+00
1.05€-05
3.426-01
2.99€-07
2.356-01
3.14E-01
1.43€-02
6.74E-03
2.78E-01
6.00E-01
5.94E-01
1.43€-01
1.00E+00
5.91E-02
6.52E-01
2.88E-02
1.11E-03
5.42E-10
7.48E-01
9.61E-01
1.00E+00
2.64E-02
4.026-02
9.82E-01
2.70E-01
4.34E-01
9.65E-01
1.37€-02
1.76E-01
3.256-02
4.71E-15
7.336-01
1.59€-02
1.00E+00
9.39E-01
2.248-03
2.326-02
3.96E-01
1.73€-01
6.77E-01
3.05E-01
1.81E-02
8.96E-03
4.956-02
2.61E-04
2.726-02
3.94E-02
1.00E+00
3.676-02
1.29€-03
1.50E-02
1.00E+00
4.85E-02
1.00E+00
3.14E-03
7.58E-02
3.39E-03
7.336-01
3.39E-04
1.77€-01
8.14E-01
7.68E-02
5.17E-01
1.72E-02
3.34E-01
6.58E-01
4.55E-01
4.80E-04
2.036-01
1.03€-02
7.84E-04
3.126-02
9.26€-03
3.536-02
7.46E-01
2.34E-24
9.14E-02
5.40E-01
7.98E-01
9.70E-01
3.84E-01
4.04E-03
9.53E-01
1.22€-02

2.34E-01

5.05E-01
2.626-03
1.33€-03
2.61E-04
1.06E-02
7.05E-03
9.61E-01
3.11E-04
9.90E-01
2.136-01
1.90E-02
1.42E-02

3R_847338_SNP
2R_13764903_SNP
2R_10643869_SNP
3R_5593403_SNP
21_20066236_SNP
21_2830404_SNP
3R_1101244_SNP
21_3472523_SNP
2R_15284443_SNP
2R_13931374_SNP
2R_12473456_SNP
X_5322438_SNP
3R_4629000_SNP
21_16330365_SNP.
21_3355028_SNP
3R_1607229_SNP
3R_4605848_SNP
3L_23339240_SNP.
2R_14392736_SNP
3R_2880094_SNP
2R_17724079_SNP
2R_9365811_SNP
3R_7286509_SNP
3R_7590420_SNP
3L_6088090_SNP
21_3867756_SNP
2R_13842651_SNP
2R_14332713_SNP
2R_13426905_SNP
3L_6251946_SNP
2R_17957523_SNP
3L_1203052_SNP
2R_11442993_SNP
3R_7277783_SNP
21_17706417_SNP.
3R_22874653_SNP
3R_5258033_SNP
2R_10657231_SNP
3R_5119061_SNP
2R_13632700_SNP
2R_13641024_SNP
3R_4471677_SNP
2R_10659107_SNP
X_12637933_SNP
3R_4831365_SNP
3L_11096451_SNP.
2R_10765481_SNP
3L_1342169_SNP
2R_18493303_SNP
3R_6606892_SNP
3R_7003978_SNP
3R_4847417_SNP
3R_6915018_SNP
3R_5163548_SNP
2R_8509120_SNP
3R_6613873_SNP
3L_4690444_SNP
3L_20918616_SNP.
3R_6521880_SNP
21_18954808_SNP
2R_6827316_SNP
21_18209616_SNP.
2R_13935370_SNP
X_5602205_SNP
2R_17545828_SNP
2R_11735257_SNP
3L_12021647_SNP
2R_7912717_SNP
2R_7783099_SNP
2R_13654982_SNP
21_17384527_SNP.
3R_1477941_SNP
2R_1589194_SNP
3R_1607229_SNP
3R_6712636_SNP
2R_8307337_SNP
2R_8267346_SNP
2R_17545828_SNP
2R_18594835_SNP
3R_10580631_SNP
3L_11915258_SNP.
2R_18594835_SNP
3R_4353678_SNP
2R_11437959_SNP
21_16733142_SNP

2R_18494413_SNP

2R_19827454_SNP
21_20257675_SNP.
3R_6521880_SNP
3R_4819171_SNP
2R_19942328_SNP
2R_10512510_SNP
2R_9977323_SNP
2R_20045795_SNP
2R_14272947_SNP
2R_5640665_SNP
2R_10190399_SNP
2R_5643255_SNP

9.18E-30
5.77€-19
2.43E-16
3.586-30
6.58E-12
2.15€-07
6.736-12
227621
3.57€6-07
8.526-03
3.24E-16
1.89E-15
6.14E-29
1.07€-18
4.23E-22
5.26E-20
8.18E-26
3.36E-10
9.01E-04
6.44E-16
1.576-03
9.54E-03
2.06E-15
7.96E-11
1.036-23
7.44E-18
5.126-17
3.40E-13
2.46E-13
1.49E-20
5.51E-30
1.20E-09
1.36E-08
4.73E-14
2.42621
9.08E-08
1.84E-17
1.82E-09
3.776-08
9.386-21
9.63E-19
1.55E-24
1.256-13
8.75E-04
5.07E-28
2.82E-16
2.16E-11
4.42E-07
9.37E-15
2.66E-06
9.11E-07
1.88E-29
5.65E-14
3.61E-18
8.19E-07
3.69E-13
3.00E-04
8.98E-14
6.93E-14
3.14E-13
6.17E-05
1.91E-11
2.476-11
9.00E-09
9.386-17
1.34E-04
2.206-13
1.836-03
3.426-14
1.476-20
1.68E-09
4.20E-19
6.56E-06
5.26E-20
2.136-10
3.036-17
9.15E-21
9.386-17
4.56E-14
1.12E-06
1.576-04
4.56E-14
2.236-26
1.18E-05
1.34E-07

1.31E-26

1.03E-11
2.63E-16
6.93E-14
1.16E-32
3.00E-17
7.34E-08
1.26E-10
2.22E-08
3.586-18
5.286-15
9.01E-07
7.476-04

DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM

UPSTREAM

UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM

DOWNSTREAM
UPSTREAM

DOWNSTREAM

DOWNSTREAM
UPSTREAM
UPSTREAM

DOWNSTREAM

23¢



S3.2 Table continued

FBEnO037616
FBgn0034688
FBgn0036328
FBgn0265364
FBgn0000182
FBgn0019624
FBEnO037656
FBgn0051935
FBgnO086710
FBgn0050410
FBgn0263397
FBgn0051798
FBEn0266590
FBgn0053533
FBgn0266410
FBgn0050121
FBEnO035657
FBgn0085204
FBgn0023479
FBgn0032680
FBgn0016120
FBgn0034882
FBgn0031554
FBgn0016983
FBgnO058470
FBEnO034645
FBgn0033733
FBgn0031534
FBgnO037847
FBgn0034724
FBgn0053322
FBgnO003732
FBgn0032727
FBgn0037889
FBgn0033702
FBgn0037955
FBgnO037788
FBgn0010052
FBgn0023171
FBgn0037502
FBEn0031546
FBgnO051151
FBgn0031538
FBgnO015872
FBgn0015602
FBgn0041712
FBgn0263336
FBgn0050039
FBgn0010213
FBgnO085454
FBgn0004580
FBgnO003015
FBgn0032688
FBgn0033868
FBEnO037635
FBgn0037837
FBgn0036889
FBEn0031575
FBEn0262562
FBgn0053147
FBgn0034833
FBgn0000140
FBgn0041194
FBgn0260722
FBgn0026376
FBgn0266789
FBgn0022359
FBgn0033929
FBgnO033774
FBgn0034497
FBgn0036403
FBgn0034136
FBgn0037739
FBgn0031597
FBgnO085428
FBgn0013467
FBgn0052432
FBgn0037607
FBgn0032782
FBgn0260720
FBgn0027779
FBgn0010300
FBgnO037716
FBgn0263018
FBgn0261439
FBgn0010421
FBgn0033969
FBgn0265871
FBgn0015338
FBgn0029763
FBgn0243486
FBgn0025583
FBgn0262838
FBgn0033706
FBgn0030452
FBEnO037165
FBgn0259209
FBgn0264878

cG8136 -0.681
€G11474 0212
€G10749 1113
CR44305 2117

BicC
CoVa
€G11986 0.067
€G31935 0.049
RpL30 -0.028
Rpi -0.046
In -0.430
€G31798 1.801
CR45115 -1.309
lectin-37Db 0.177
€G45050 0.006
CR30121 1.201
alphakapd -0.383
€G34175 2.870
Tequila 0.014
Nef-2r 1769
ATPsyn-d -0.350
€G5398 0.235
CG15418 0.768
smid 0.168
€G40470 0313
€G10320 -0.096
cG8s34 -0.706
Snx1 0.198
SelR 0.324
babos 0.322
€G33322 -1.842
Top2 0.196
€G10623 0.115
scpr-A
cGssgsa
€G6950
€G3940
e
rnh1
wa-cup
cG8ss1
wge
€G3246
Drip
BEAF-32
yellow-d
CR43417
€G30039
Sod2
€G34425
Cbps3E
osk
CG15160
S-Lap7
cG9837
€G14693
€G14100
Ccep97
€G43102
Hs3st-A
€G13539
asp
Prat2
CR42549
Rgl
CR45254 -0.001
Sodh-2
Tfb1
€G12374
€G9090
CG6661
DAT
€G12948
cG17612
Nox
igl
€G32432
€G8036
Rabg
CR42547
VhaSFD
brat
€G8273
SPRNA:Udatac:82€ 0629
SdhA
TfilFbeta 0.247
€610202 2416
CR44660 0354
€G5861 -0.054
€G4165 0.157
rdo 0.874
m2 0.633
€G43202 0.411
Vha36-2 3.023
MFs10 0.296
€G11437 0.606
Mip60A
CR44069

2.16E-01
1.07E-01
8.32E-01
1.00E+00
9.236-01
6.85E-03
8.30E-01
8.12E-01
8.74E-01
8.07E-01
8.21E-03
7.95E-01
7.776-03
6.57E-01
1.00E+00
5.16E-01
9.38E-01
7.24E-01
9.92E-01
2.40E-01
1.03€-02
8.76E-01
1.08E-02
2.00E-01
4.35E-01
5.64E-01
9.236-10
3.06E-02
1.21E-03
2.276-03
3.24E-01
3.276-02
4.80E-01
2.976-01
2.62E-02
1.00E+00
4.55E-03
4.20E-02
9.06E-01
7.74E-01
6.25E-01
5.80E-02
5.96E-02
2.12E-02
1.16E-06
1.00E+00
3.286-04
9.18E-01
9.22E-03
8.82E-01
1.25€-01
3.07E6-05
3.68E-06
9.92E-01
8.236-01
3.726-01
4.50E-02
9.74E-01
5.776-02
7.34E-01
7.00E-01
2.01E-01
1.47E-04
1.45E-02
8.54E-01
1.00E+00
1.09E-01
6.82E-01
5.22E-01
1.81E-04
7.976-01
3.09E-01
7.01E-01
4.526-02
9.99E-04
8.41E-01
1.89E-01
8.49E-01
5.11E-01
2.99E-02
7.19€-01
1.00E-01
2.196-03
3.60E-01
1.26E-01
9.15E-03
2.78E-01
9.75E-01
7.89E-01
1.97E-01
8.83E-04
9.92E-02
6.44E-01
6.10E-01
6.40E-01
6.98E-01
8.11E-04
2.206-02

1.48€-03
2.79E-03
1.46E-02
5.88E-03
6.26E-03
8.72E-01
3.10E-02
2.10E-02
8.22E-06
4.39E-02
4.57E-01
1.42E-02
1.77€-01
2.986-12
4.12-02
4.98E-02
1.97E-04
8.10E-01
3.336-02
8.84E-01
9.93E-02
1.79E-03
5.54E-01
1.90E-01
1.99E-08
2.99E-03
3.936-08
9.23E-01
2.62E-02
6.78E-01
5.19€-03
7.17€-01
1.56E-11
8.87E-06
6.63E-01
1.79€-02
3.36E-01
1.36E-01
3.61E-11
8.74E-03
1.58E-02
7.06E-03
3.20E-01
6.41E-03
7.79€-01
9.19E-08
6.83E-01
6.90E-03
8.90E-01
2.50E-04
7.82E-03
3.80E-01
1.72E-01
4.04E-05
1.12€-02
4.29E-01
9.98E-01
2.61E-03
5.39E-01
7.31E-03
2.45€-02
1.59E-01
7.60E-01
2.98E-01
6.41E-03
1.54E-02
3.86E-08
4.42E-02
8.42E-07
2.19E-03
3.236-02
1.286-02
2.59E-03
3.72E-01
7.54E-01
3.19€-03
9.26E-01
8.91E-08
1.386-07
7.46E-01
4.26E-02
9.60E-01
8.63E-01
4.13E-02
9.18E-01
6.02E-01
4.47E-02
1.04E-04
1.93€-02
8.51E-01
8.71E-01
7.77€-13
4.80E-03
2.05E-01
1.36E-02
1.356-02
5.95E-01
1.66E-02

-0.684
0.211
-1.498
2342
0.136
-0.325
0.068
0.050
-0.028
-0.046
-0.429
1.954
-1.308
0.180
0.006
1.147
-0.401
3.557
0.015
1.835
-0.349
-0.543
-0.761
0.168
0.302
-0.096
-0.706
0.198
0323
-0.321
-1.791
0.196
0.114
0.717
-0.670
0.005
-0.260
0.792
-0.036
-0.820
0.986
0.198
0.202
-0.346
0.432
-0.002
-0.851
-0.310
-0.222
-0.308
-0.288
0.189
0.353
0.132
0112
2173
0.256
0.019
-0.293
0.147
-0.848
0.159
-0.452
-0.470
0.035
0.019
0.294
0.055
0.060
-0.559
0.401
0377
0.073
0372
-0.416
-0.071
-0.366
0.039
0.113
-0.887
-0.064
0.188
0.274
0.629
-0.187
0.247
2.380
0.124
-0.054
0.157
-0.870
-0.633
-0.410
3.079
0.296
0.521
-0.415
-1.989

1.30E-01
6.16E-02
4.336-01
1.00E+00
8.99E-01
1.10E-04
8.03E-01
8.14E-01
8.41E-01
7.436-01
1.25€-03
1.37€-01
5.87E-03
4.976-01
1.00E+00
4.17€-01
8.40E-01
4.20E-02
9.70E-01
3.60E-02
1.61E-04
6.57E-01
1.56E-03
3.936-02
2.15E-01
4.60E-01
9.46E-14
5.62E-02
1.97€-04
1.22€-03
2.38E-01
1.33€-02
4.81E-01
1.09E-01
1.13€-03
1.00E+00
1.09E-03
3.14E-02
8.78E-01
5.94E-01
2.49E-01
6.63E-02
2.026-02
4.40E-03
2.876-07
1.00E+00
6.22E-06
8.52E-01
1.53€-03
8.16E-01
2.14E-02
3.536-02
3.94E-04
8.01E-01
6.79E-01
2.86E-02
1.23€-01
9.61E-01
2.06E-02
5.03E-01
6.14E-01
3.56E-02
4.05E-06
2.34E-03
8.04E-01
1.00E+00
1.48E-01
6.08E-01
7.94E-01
8.79E-07
6.99E-01
1.58E-01
6.71E-01
1.40E-02
3.706-03
7.226-01
3.59E-02
7.19€-01
4.83E-01
9.79E-02
4.68E-01
3.56E-02
3.00E-02
3.19€-01
3.536-02
2.62E-02
2.18E-01
7.82E-01
7.26€-01
4.326-02
1.62E-04
3.06E-02
5.91E-01
3.26€-02
5.71E-01
6.36E-01
3.436-05
8.04E-03

3R_4546550_SNP
2R_17958191_SNP
3L_12965018_SNP
2R_7804811_SNP
21_16049330_SNP
3R_7644503_SNP
3R_4843123_SNP
21_1594240_SNP
21_19007447_SNP.
2R_19242121_SNP
2R_10188185_SNP
21_19393569_SNP.
3L_6860135_SNP
21_19420364_SNP
3R_5189314_SNP
2R_14626036_SNP
3L_6001945_SNP
21_3399290_SNP
3L_9067134_SNP
21_18456040_SNP
3R_14920100_SNP
2R_19489485_SNP
21_3620485_SNP
3L_7374088_SNP
3L_23980145_SNP.
2R_17546924_SNP
2R_8307337_SNP
21_3449039_SNP
3R_6688430_SNP
2R_18280719_SNP
2L_20813670_SNP.
21_19454162_SNP
21_18954808_SNP
3R_7068517_SNP
2R_8111287_SNP
3R_7645408_SNP
3R_5946511_SNP
2R_12010988_SNP
2R_3820599_SNP
3R_3245767_SNP
21_3518951_SNP
3R_18547598_SNP
21_3462681_SNP
2R_7317890_SNP
2R_10657231_SNP
2R_19268704_SNP
2R_12704280_SNP
2R_7937733_SNP
2R_12662170_SNP
3R_329577_SNP
2R_12882967_SNP
3R_4764879_SNP
21_18590124_SNP.
2R_9668522_SNP
3R_4633690_SNP
3R_6641555_SNP
3L_19581385_SNP.
21_3866906_SNP
3R_13593191_SNP
2R_14604815_SNP
2R_19073618_SNP
3R_20578761_SNP
3L_6907876_SNP
3R_5373008_SNP
3L_13919255_SNP.
3L_13290490_SNP.
3R_6704803_SNP
2R_10253805_SNP
2R_8652161_SNP
2R_16169469_SNP
3L_14030693_SNP
2R_12453587_SNP
3R_5574311_SNP
21_4379874_SNP
2R_12193923_SNP
2R_11042088_SNP
3L_20879145_SNP.
3R_4495515_SNP
21_19436700_SNP
2R_17522406_SNP
21_16728703_SNP.
21_19180638_SNP.
3R_5407843_SNP
3R_1021783_SNP
2R_15278468_SNP
3R_6594428_SNP
2R_10704460_SNP
2R_16609194_SNP
21_16304894_SNP
X_5322163_SNP
21_18071161_SNP
2R_14275469_SNP
2R_14267964_SNP
2R_8143852_SNP
X_13029812_SNP
3L_22463895_SNP
2R_19966691_SNP
2R_5504068_SNP

1.76E-17
1.05E-17
7.70E-03
6.70E-27
2.17E-16
1.476-07
2.51E-20
9.58E-08
3.64E-23
1.886-03
4.23E-04
6.52E-15
7.436-21
1.226-11
8.91E-18
4.35E-09
4.34E-25
2.96E-09
5.186-03
1.16E-15
9.326-04
2.51E-05
211622
5.86E-07
6.236-10
2.356-24
3.036-17
1.14E-26
3.426-13
5.11E-05
5.62E-26
4.08E-12
3.14E-13
1.01E-09
7.386-10
2.30E-11
2.91E-13
1.196-14
3.80E-29
3.54E-20
3.46E-21
1.286-11
1.68E-22
2.326-17
1.82E-09
1.21E-09
1.40E-13
8.526-10
3.85E-16
23121
1.68E-11
1.79E-18
4.53E-14
7.086-03
4.27E-12
3.206-18
2.94E-29
2.986-38
3.236-15
1.52E-05
2.99E-11
4.33E-21
3.756-13
5.986-25
1.51E-09
9.42E-11
3.23625
1.676-04
8.24E-14
2.386-04
6.18E-08
4.53E-15
5.94E-26
2.04E-26
1.06E-17
273618
137618
2.226-25
2.82E-28
2.60E-06
2.79E-20
2.10E-14
6.36E-03
4.98E-17
1.986-11
6.84E-21
6.37E-08
9.62E-08
3.16E-20
5.83E6-14
8.18E-14
1.776-03
6.10E-06
3.436-04
1.86E-03
3.226-19
2.68E-14
1.156-12

UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM

23¢



S3.2 Table continued

FBgnO050486
FBgnO015591
FBgn0265897
FBgn0050104
FBgn0052450
FBgnO063499
FBgn0027872
FBgn0011768
FBgn0052238
FBgn0000008
FBEnO000075
FBgnO000116
FBgn0000121
FBgnO000547
FBEnO000565
FBgnO000566
FBgnO000578
FBgn0000633
FBEnO000636
FBgn0000723
FBgn0001085
FBgn0001099
FBgn0001233
FBgn0001316
FBgn0002526
FBgn0002543
FBgn0002566
FBgn0002926
FBgn0003089
FBgn0003429
FBgn0003731
FBgn0003984
FBgn0003997
FBgnO004168
FBgn0004449
FBgn0004512
FBgn0004795
FBgn0004852
FBgn0005626
FBgn0010215
FBgn0011272
FBgn0011286
FBgn0011288
FBgn0011603
FBgn0013272
FBgn0013810
FBgn0013953
FBgn0013995
FBgnO015075
FBgn0016031
FBgn0017590
FBgn0020248
FBgn0020279
FBgn0020294
FBgn0020764
FBgn0021872
FBgn0021906
FBgn0022981
FBgn0024150
FBgn0024289
FBgn0024315
FBgn0026238
FBgn0026319
FBgn0026371
FBgn0026403
FBgn0026620
FBgn0027499
FBgn0027560
FBgn0027600
FBgn0027835
FBgn0028490
FBgn0028525
FBgn0028622
FBgn0028743
FBgn0029507
FBgn0029823
FBgn0031517
FBEnO031545
FBgn0031589
FBgn0031879
FBgn0032530
FBgn0032586
FBgn0032626
FBgn0032649
FBgn0032694
FBgn0032723
FBgn0032728
FBgn0032774
FBgn0032850
FBgn0033368
FBgn0033426
FBgn0033502
FBgn0033603
FBgnO033635
FBgn0033638
FBgnO033668
FBgn0033679
FBgn0033734

€G30486
AstA
CR44686
NTSE-2
€G32450
GstE10
rdgBbeta
Fdh
€G32238
a
amd
Argk
Arr2
ed
Eip71CD
EipSSE

Hsp83
Klar
LanA

Egfr
vn
w

5-HT1A
Ten-m
Mdra9
retn
Ac76E
ple
alpha-Cat
RpL13
RYyR
Snap25
ine
Gp150
Dhe36C
Esp
calx
Ddx1
lama

Klg

stet

Tps1
obst-B
Dp1
€G31705
c(2m
gsm
Dhit
Tspd2Ed
€G3011
CG15406
€G3213
cG3714
uif
€G9263
Tpr2
€G12620
CG15145
MESR3
ssp3
Tango6
€G17549
Kua
€G13743
cG1814
€G12910
Cprazef
cG7777
€G9005
€G13188
cGssss
€G8520

9.31E-01
6.09E-02
1.77€-01
1.51E-01
1.00E+00
1.18E-01
3.336-02
8.92E-07
4.04E-01
4.30E-01
1.59E-02
7.726-01
7.71E-01
2.04E-01
7.71E-01
6.94E-01
4.34E-02
4.486-02
7.40E-04
2.726-02
4.436-04
4.326-03
3.85E-09
7.16E-02
9.26E-02
4.63E-03
9.60E-01
1.63E-09
9.45E-01
2.376-02
5.96E-02
4.90E-02
1.51E-02
1.00E+00
7.156-02
1.39E-01
1.63E-01
3.26E-01
1.39E-01
3.25E-01
5.736-01
1.51E-02
9.62E-01
9.94E-01
1.69E-02
2.21E-01
1.65E-03
6.62E-01
6.69E-01
3.986-02
8.22E-01
9.436-02
5.30E-03
3.21E-02
1.11E-01
3.336-01
4.05E-05
1.03€-01
1.54E-01
4.67E-01
5.83E-01
8.05E-02
5.91E-04
9.20E-04
9.82E-01
3.50E-01
1.19E-02
2.49E-01
6.31E-01
9.53E-01
8.20E-01
8.92E-04
6.78E-02
9.58E-04
8.00E-01
5.16E-01
3.99E-01
8.56E-01
5.62E-01
8.21E-03
2.02E-01
1.00E+00
7.376-01
8.98E-01
1.51E-02
5.64E-01
2.276-02
6.72E-02
1.42E-01
1.00E+00
6.31E-01
7.156-02
3.61E-01
7.286-03
1.97E-01
3.05E-08
8.39E-01
6.336-01

4.75E-02
9.56E-01
7.78€-03
6.73E-01
7.31E-03
7.736-02
9.04E-01
6.56E-04
1.43€-02
4.91E-04
2.03€-01
1.04E-02
6.70E-06
2.54E-02
9.73E-03
9.61E-03
9.60E-01
7.87E-01
4.58E-02
8.34E-01
8.92E-01
3.80E-01
6.66E-01
3.70E-01
5.286-02
4.71E-03
1.52€-03
5.96E-01
2.51E-02
3.336-02
9.08E-01
9.45E-01
5.53E-03
9.23£-03
3.27€-01
4.33E-17
9.40E-01
1.61E-02
1.00E-05
1.18€-04
1.17E-04
2.01E-03
1.15€-03
5.56E-03
9.19E-01
4.90E-02
9.90E-01
2.65E-04
5.72E-04
8.31E-01
8.38E-03
9.34E-01
5.44E-01
8.72E-03
1.336-03
2.89E-02
5.186-01
223601
2.55E-02
7.05€-07
4.96E-02
2.63E-01
2.97E-01
2.26E-01
3.63E-02
1.45€-12
4.31E-01
8.21E-04
2.28E-05
9.00E-03
2.68E-06
3.19E-01
9.43E-06
2.79E-02
1.75€-02
2.15E-05
8.20E-08
4.15E-04
2.436-02
113604
4.42E-02
6.19E-03
8.13E-04
3.69E-03
9.51E-01
1.226-02
6.40E-01
7.67€-03
1.42E-03
3.386-03
4.57E-02
1.35€-02
2.99E-02
237602
8.61E-04
3.46E-05
7.90E-03
4.19E-02

-0.200
-0.640
3.100
-0.275
2.088
-0.457
0.269
0.423
1.389
-0.109
-0.633
-0.054
0.065
0.151
-0.050
0.065
-0.183
-0.561
-0.422
-0.387
0.340
0.943
0.221
-0.200
0.254
-0.864
0.019
-0.784
-0.081
-0.292
0.219
-0.491
-0.462
0.020
0.212
0.244
0.184
-0.202
0.576
0.159
-0.058
-0.434
0.031
0.032
0.276
0.268
-0.382
-0.072
-0.065
-0.190
-0.130
0213
-0.267
0.516
0.212
0133
-0.422
0.211
-0.466
-0.144
-0.095
0.265
-0.946
0.392
-0.031
0.125
0.226
-0.144
-0.252
-0.017
-0.046
0.382
-0.302
-0.486
-0.099
-0.101
-0.169
0173
0.077
-0.634
-1.285
-0.011
-0.654
0.859
0.279
0.082
0.280
0.256
0.441
0.026
-0.104
0.652
-0.449
0.274
-0.153
1571
-0.110
-0.084

8.88E-01
4.60E-02
1.30E-01
3.036-02
1.00E+00
3.576-02
6.40E-02
1.33€-06
3.336-01
4.326-01
2.09E-03
7.61E-01
6.27E-01
5.60E-02
6.84E-01
6.34E-01
4.936-02
1.12€-02
2.11E-05
3.86E-03
6.82E-04
6.98E-03
1.24E-02
1.75€-03
133602
1.56E-04
9.436-01
4.55E-08
9.326-01
4.876-03
1.16E-02
1.57€-02
2.95€-03
1.00E+00
2.98E-02
4.69E-02
3.50E-02
1.56E-01
4.35E-02
1.17€-01
5.95E-01
5.78E-03
9.19E-01
9.436-01
3.60E-04
4.76-02
1.81E-03
3.74E-01
5.84E-01
5.11E-02
7.09E-01
4.75E-02
3.68E-06
1.15€-03
9.40E-02
1.06E-01
4.66E-08
2.18E-02
8.55E-02
3.89E-01
5.40E-01
2.31E-02
5.27E-06
3.486-03
9.63E-01
1.23€-01
9.21E-03
2.65E-01
5.36E-01
9.17E-01
7.82E-01
2.39E-03
1.45€-02
1.12E-04
7.07€-01
3.16E-01
2.51E-01
7.95€-01
4.28E-01
2.91E-04
7.236-02
9.65E-01
6.67E-01
5.82E-01
2.08E-02
4.56E-01
1.72E-02
6.82E-02
2.86E-02
1.00E+00
5.38E-01
5.97€-02
1.99E-01
5.23€-05
5.87E-02
8.27E-09
7.57€-01
5.39E-01

2R_8734585_SNP
3R_20585296_SNP
3L_20879145_SNP.
2R_13381642_SNP
3L_22321908_SNP
2R_14286011_SNP
2R_13582298_SNP
3R_6699090_SNP
3L_4651297_SNP
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa

6.64E-12
1.286-05
137618
2.85E-04
7.636-24
5.186-07
1.26E-07
1.30E-11
9.95E-14

DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
DOWNSTREAM
UPSTREAM
UPSTREAM
DOWNSTREAM
UPSTREAM
DOWNSTREAM
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a



S3.2 Table continued

FBgnO033785
FBgn0033856
FBgn0033913
FBgn0033979
FBgn0034143
FBgn0034158
FBgn0034221
FBgn0034253
FBgn0034331
FBgn0034335
FBgn0034420
FBgn0034436
FBgn0034488
FBgn0034496
FBgn0034534
FBgn0034540
FBgn0034588
FBgn0034684
FBgn0034693
FBgn0034706
FBgn0034808
FBgn0034838
FBgn0034887
FBgn0034903
FBgn0034965
FBgnO035085
FBgn0035213
FBgn0035490
FBgn0035619
FBgnO035647
FBgn0035696
FBgn0035707
FBgn0035724
FBgn0036327
FBEn0036576
FBgn0036612
FBgnO036780
FBgnO036789
FBgn0036816
FBgn0036896
FBgnO037166
FBgn0037323
FBgn0037443
FBgnO037534
FBgn0037622
FBgn0037643
FBEnO037654
FBgn0037683
FBgnO037714
FBgn0037724
FBgn0037838
FBgnO037890
FBgn0037935
FBgnO037956
FBgn0038126
FBgn0038140
FBgn0038181
FBgn0038341
FBgn0038946
FBgn0039013
FBgn0039092
FBgn0039480
FBgn0039491
FBgn0039994
FBgn0040009
FBgnO040056
FBgn0040281
FBEnO040765
FBgn0041605
FBgn0041789
FBgn0043806
FBgn0044020
FBgn0050011
FBEnO050035
FBEn0050049
FBgn0050108
FBEnO050115
FBgnO050118
FBgnO050158
FBgn0050295
FBgn0050440
FBgn0051116
FBgn0051523
FBEn0051626
FBEn0051674
FBgnO051781
FBgn0051875
FBgn0051973
FBgn0052111
FBgn0052438
FBgn0052843
FBgn0053012
FBgn0053144
FBgn0053196
FBEnO053519
FBgnO053558
FBgnO058006
FBgnO085370

Sans
CG13334
€G8468
Cyp6a19
€G8303
€G5522
CG10764
C€G10936
CG15067
GstE1
€G10737
C€G11961
€G11208
€G9143
maf-s
Lrt
€G9394
€G13501
€G11073
C€G11275
€G9896
€G12782
St1
€G9850
ppk29
€G3770
€G2199
CG1136
€G10592
C€G10486
Best2
€G8368
C€G10064
CG10748
€G5151
€G4998
€G7330
AstC-R2
Indy
wnd
€G11426
CG2663
Dmtn
€G2781
€G8202
skap
€G11983
CG18473
€G9396
Fst
C€G4089
CG17734
CG6834
€G6959
€G8483
PK2-R1
€G9297
AdamTS-A
rdh8
CG4813
CG16723
Cpro7Ea
CG6059
conu
€G17490
CG17698
Aplip1
luna
cpx
Pax
€G32032
Roc2
gem
Tret1-1
€G30049
€G30108
GEFmeso
€G30118
€G30158
Ipk1
€G30440
cic-a
€G31523
CG31626
CG31674
CR31781
€G31875
Cda5
CR32111
Smcs
Dh31-R
€G33012
€G33144
dp
Unc-89
mim
C€G40006
Pde11

5.536-02
5.71E-01
5.18E-04
9.05E-03
3.46E-12
5.25E-01
2.736-02
3.39E-02
5.80E-02
8.37E-01
2.10E-02
3.89E-01
9.45E-01
4.40E-02
5.72E-02
7.176-01
4.05E-07
3.75E-01
1.03€-01
2.34E-05
2.61E-06
1.00E+00
1.00E+00
5.17E6-03
1.00E+00
1.48E-01
5.17E6-03
1.89E-02
4.36E-02
9.40E-01
4.776-05
7.45E-01
7.90E-01
1.00E+00
8.13E-01
2.386-02
4.26E-01
3.50E-02
1.50E-04
3.54E-02
1.00E+00
5.35E-01
1.01E-02
5.80E-03
4.79E-02
3.14E-02
1.26E-01
9.13-01
3.61E-01
7.04E-15
1.13€-07
7.56E-01
4.386-04
2.34E-03
4.42E-03
3.836-02
3.03E-05
1.81E-03
4.65E-02
1.236-02
4.16E-01
1.59E-01
8.81E-01
1.76E-01
1.54E-02
5.20E-02
1.40E-03
3.976-02
7.15€-02
1.09E-02
2.58E-01
2.24E-01
3.036-03
5.72E-05
3.276-01
2.776-01
7.41E-01
5.836-01
8.93E-01
1.17€-02
1.07€-02
4.00E-02
1.00E+00
2.736-08
1.32E-01
1.95E-04
3.76E-02
1.15E-03
5.64E-01
5.58E-02
7.01E-01
3.15E-02
2.726-03
9.21E-06
3.34E-03
1.00E+00
8.84E-03
1.41E-04

1.62€-03
6.72E-03
2.79E-01
6.19E-02
9.34E-01
2.70E-02
9.25E-01
2.57E-06
2.04E-01
2.01€-09
5.44E-01
7.58E-03
2.94E-03
7.30E-01
1.08E-01
1.72€-02
6.62E-01
113604
133601
6.26E-03
1.43€-02
5.27E-04
2.54E-03
6.82E-05
9.33E-06
5.54E-01
4.63E-01
9.25E-09
2.95€-07
2.49E-02
3.94E-01
2.50E-04
6.53E-03
6.40E-03
7.53€-03
1.83E-04
6.77€-03
6.15E-01
1.19E-06
9.04E-01
1.80E-04
1.326-07
4.50E-01
9.82E-01
7.71E-01
3.77€-01
2.40E-01
7.53€-03
6.22E-09
4.38E-09
9.32€-03
3.37€-03
2.47E-04
9.45E-01
5.63E-01
1.11E-01
2.19E-08
4.87E-01
2.34E-03
4.36E-01
1.45€-03
3.17E-06
3.35E-05
5.186-01
2.80E-02
1.97€-01
273601
9.96E-01
2.67E-05
1.91€-03
4.56E-04
2.09E-02
7.03€-01
7.99E-02
1.27€-02
4.24E-02
1.99E-02
2.55E-02
1.49E-02
7.386-01
8.93E-01
4.67E-01
1.286-02
7.83E-05
3.47€-03
8.72E-25
5.23-01
1.63E-19
3.06E-02
3.17€-01
2.50E-04
3.19E-01
6.93E-01
8.92E-06
1.14E-04
6.31E-03
8.05E-01
1.56E-04

0.569
-1.341
-0.463
0.358
-0.748
0.090
-2.058
-0.558
-0.352
-0.043
0.256
0.165
0.023
0.188
-0.245
-0.196
-0.526
0.717
-0.426
-0.697
0.395
0.422
0.019
-0.629
0.031
-0.304
0322
-0.609
0372
-0.398
-0.392
0.046
0.356
-1.092
-0.086
1.300
2173
0.714
-0.350
-0.255
-0.010
-0.918
0.213
-0.401
0.225
0.226
0.737
-0.102
0.206
-2.398
0.656
-0.049
0.553
-0.487
-1.287
-2.185
-0.508
-0.457
-0.530
0.297
0.677
-1.243
0.213
0.209
0.261
0.254
-0.500
-0.426
0.236
-0.287
0325
-0.241
-0.281
-0.386
0.368
0.460
-0.087
-0.084
-0.095
-0.535
0351
0.277
-0.002
-4.605
0.467
0.405
0.367
-0.823
0.724
0.203
-0.182
-0.895
0.273
-0.612
0.576
0.002
0.246
-0.325

9.08E-03
2.49E-01
6.22E-06
2.636-03
1.16E-11
4.526-01
1.29€-03
1.07€-02
4.82E-02
8.04E-01
3.276-03
2.776-01
8.53E-01
1.08E-01
1.90E-02
6.07E-01
2.29E-06
1.36E-01
1.52€-02
1.45€-07
1.51E-04
1.00E+00
1.00E+00
3.076-04
9.96E-01
4.79E-02
2.036-04
8.56E-04
2.41E-02
9.07E-01
7.79E-06
6.83E-01
6.97E-01
1.00E+00
7.06E-01
3.90E-02
1.45€-01
3.256-02
3.88E-09
3.54E-02
1.00E+00
2.36E-01
6.27E-02
4.03€-04
4.41E-02
2.756-03
2.436-02
8.36E-01
2.376-01
3.726-10
7.64E-09
6.82E-01
1.34E-06
4.19€-04
5.68E-03
1.56E-02
3.64E-06
3.09E-04
1.20E-02
4.96E-03
3.59E-01
1.84E-01
8.19E-01
4.60E-02
1.17€-02
5.49E-03
5.62E-05
2.256-02
5.04E-02
2.55€-03
1.82E-01
1.96E-01
7.08E-04
3.08E-08
3.29€-01
3.05E-01
6.16E-01
3.81E-01
8.64E-01
4.46E-03
5.19E-02
7.756-03
1.00E+00
5.72E-06
3.09E-02
1.26E-06
3.436-02
1.46E-06
3.436-01
3.08E-02
5.29E-01
4.276-02
3.61E-04
4.65E-08
1.36E-04
1.00E+00
4.39E-02
1.39E-06

23¢



S3.2 Table contimed

FBgnO085407
FBgnO085409
FBgnO085425
FBgnO086901
FBgnO087007
FBgn0250785
FBgn0250816
FBgn0259171
FBgn0259226
FBgn0259227
FBgn0259242
FBgn0260386
FBgn0260653
FBgn0260866
FBgn0261258
FBgn0261261
FBgn0261509
FBEn0261565
FBEnO261575
FBEn0261625
FBgn0261955
FBgn0261999
FBgn0262167
FBgn0262476
FBgn0262579
FBgn0262962
FBgn0262975
FBgn0263289
FBgn0263316
FBgn0263355
FBgn0263659
FBEnO263745
FBgn0263750
FBgn0263802
FBgn0263873
FBgn0263929
FBgn0263934
FBgn0264489
FBgn0264785
FBEn0265045
FBgn0265297
FBgn0265370
FBEn0265625
FBgn0265991
FBgn0266084
FBgn0266313
FBEn0266347
FBgn0266354
FBgn0266377
FBEnO266756
FBgn0267336

Puf3
€G34380
C€G34396

e

bbg

vari
AGO3

Pde9
€G42326
€G42327
€G42340

mtg

serp
dnr1
rgn
plx
haf

Lmpt

tobi
€G42708

kdn
€G42817
anal
CG43066

Ecta

€G43273
cnc
scrib

Mrpa
€G31688
CR43650
CR43670
CG43675
CR43605

sick

vl
esn
€G43897

Hph
Strn-Mick

PpAbp
CR44311
C€G44433

Zasp52

Fhos

CR44978
nAChRalpha4
€G45002

Pde8

btsz

Glut4eF

9.97E-01
9.26E-02
5.06E-01
4.15E-02
1.00E+00
1.59E-02
6.07E-02
2.16E-01
8.75E-03
7.82E-09
9.11E-01
1.77€-01
1.32€-03
8.376-03
2.64E-02
9.29E-01
2.99E-02
8.58E-02
5.81E-01
1.12E-08
3.05E-08
1.98E-02
2.81E-02
4.21E-05
7.776-01
1.37€-02
9.97E6-01
6.92E-01
7.36E-01
3.71E-16
5.96E-01
4.15E-02
9.79E-01
5.59E-01
8.42E-01
2.46E-02
2.986-02
8.46E-01
6.82E-01
2.12E-05
6.51E-07
4.54E-01
1.00E+00
6.376-04
2.20-01
5.74E-01
3.84E-17
7.58E-01
6.84E-01
2.276-02
5.17E-04

2.24E-02
9.76E-01
1.07€-02
3.61E-02
1.336-02
4.79E-01
1.30E-01
3.236-02
8.93E-02
6.84E-05
4.08E-02
4.84E-02
1.68E-10
9.53E-01
6.91E-02
3.47€-02
2.96E-01
4.49E-01
2.83€-21
3.39E-01
1.77€-07
1.45€-02
2.286-01
3.436-01
2.80E-04
4.29E-01
7.88E-03
1.60E-03
2.84E-02
7.386-01
1.47€-13
9.76E-01
2.88E-02
3.30E-03
3.08E-04
2.326-01
8.69E-01
2.45€-02
1.336-02
3.44E-23
5.426-01
4.65E-09
1.70E-07
3.17€-01
1.51E-05
1.18€-02
9.44E-01
4.42E-02
3.05E-03
2.70E-01
3.39E-01

-0.030
-0.498
0.274
-0.242
-0.010
0.272
0.282
-0.289
-1.259
-0.480
0.082
-0.555
-0.847
-0.348
-0.422
-0.023
-0.804
-0.281
-0.132
-0.486
-0.806
-0.465
0.218
-0.542
-0.069
0.608
0.012
-0.067
0.108
0.717
-0.106
0313
-0.067
2.708
0.077
0.203
0.677
-0.054
0.061
-0.675
0.130
2.682
1221
-0.494
-0.209
0.729
0.866
0.114
-0.096
-0.285
-0.391

9.69E-01
1.06E-02
2.50E-01
2.06E-02
1.00E+00
5.31E-03
2.65E-02
8.48E-02
1.11E-02
3.226-09
8.63E-01
6.94E-02
1.06E-04
1.12€-03
9.89E-03
8.73E-01
1.06E-02
1.07€-02
5.00E-01
8.17E-08
1.01E-12
9.87E-04
1.60E-02
1.79€-08
6.36E-01
5.49E-03
9.41E-01
4.55E-01
5.96E-01
1.46E-16
4.45E-01
4.74E-02
9.56E-01
3.976-02
7.126-01
1.67€-02
2.62E-02
7.82E-01
6.25E-01
3.386-07
8.09E-02
1.88E-01
1.00E+00
1.92E-06
1.01E-01
4.56E-01
4.71E-15
6.02E-01
5.03E-01
4.25€-03
5.77€-04
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S3.3 Table Summary of overlapping genes between the GWAS for food consumption in the

DGRP and the genetic and genomic divergence analyseis istudy.

IBE(&

FBgn0033579
FBgn0020269
FBgn0050287
FBgn0051163
FBgn0053554
FBgn0032694
FBgn0031620
FBgn0261859

FBgn0035490

FBgn0034578
FBgn0004795
FBgn0260660
FBgn0085385

FBgn0033289

FBgn0041111
FBgn0010905
FBgn0053087
FBgn0036627

FBgn0052107

FBgn0003861
FBgn0082582
FBgn0003731
FBgn0261565
FBgn0261649

C"'("&
D4#5)%.
CG13229
mspo
CG30287
SKip
Nipped-A
MESR3
CG11929
CG42788

CG1136

CG15653
retn
Mp

CG34356

glutton
(CG2121)

lilli
Spn
LRP1
Grp
erys
(€G32107)
trp
tmod
Egfr
Lmpt

tinc

D"M3"(AO(E&N($%46
D)3/A";6&
DNA
DNA
DNA
DNA
DNA
Female, Pooled, DNA
Male

Male, Female, Pooled
Male, Female, Pooled,

DNA
Pooled

Pooled, DNA
DNA

Female,Pooled
DNA

DNA
DNA
DNA
Male

Male

Male, Female, Pooled

Male, Female, Pooled

Pooled, DNA
Pooled, DNA
DNA

13(A,0)($%%4¢&
."6,"*0 &
No
No
No
No
No
No
No
No

No

No
No
Yes

Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes

K$%0*$,"&=)/&"$(&
N)*&+(,$-"0 &
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

N/A
N/A
No
No

Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
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CHAPTER 4

CONCLUSIONS AND FUTURE DIRECTIONS

Quantitative genetics of food intake Drosophila melanogasteconclusions

and future directions

Food intake is an exceptionally complex phenotype that exists as both a behavior and an
essenfadl component of physiology. The trait is quantita@ai et al. 2006, Kumar et al.

2007, Choquette et al. 2008, GulaMZrida et al. 2014, de Oliveira et al. 2014nd

understanding the genetic architecturéooid intake is essential for improving our
understanding of human hea({tBoncalves et al. 2012, Naja et al. 2012, Azadbakht et al.

2012) balancing livestock rearing costs with agricultural y{@&@dey 1969, Hay 1969,

Wragg 1970, Hemingway 1972, Thompson et al. 1972, Parsons and Allison 1991, Jabbar et
al. 1997, Heitschmidt, Vermeire, and Grings 2004, Dalrymple 2006, Sun et al, 20d2)
managing animal pests of cropditoit crop loss(Tattersall et al. 2001, Harris et al. 2003,

Zhu et al. 2011, Zhang and Xia 2014, Chardonnet et al. 2014, Jacob et al. 2014, Bezerra et al.
2014) We used two distinct quantitative genetics apghea inD. melanogasteto better
elucidate the genes regulating feeding. While we revealed novel genes affecting food intake
with evolutionarily conserved mechanisms, future approaches to assess circadian rhythmsO
effects on feeding from a quantitativerppective, to address whether the biological
mechanisms underlying mean food intake and variation in reicvdonmental plasticity of

food intake are shared, to determine whether feeding subtypes exist and the nature of their
genetic architectures, tosess the mechanism by which metabolically related traits are
genetically ceregulated with feeding, and to determine the tissues in which these genes act

and interact will yield important insights into the genetic regulation of feeding.
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Genomewide associgon of food intake irD. melanogaster

We quantified mean food intake and variation of mienvironmental plasticity of food

intake across 182 lines of tBe melanogasteGenetic Reference Panel (DGRP), finding
significant genetic variation, sexual dirpbism, and genetic variation of sexual dimorphism
for both food intake traits (mean and variance). Validation experiments usingceossst
between selected DGRP lines confirmed a single SNP as affecting mean food intake, and
RNAi-knockdown confirmed 24f 31 candidate genes affecting mean and/or variance of
food intake. The majority of the genes were novel and typically had mammalian orthologs
involved in metabolically related traits, such as adipogenesis and type 2 diabetes.

As this project examined geralized feeding across 24 hours, we did not examine
subtypes of feeding. For example, high feeders may eat many small meals or few large
meals. They may eat throughout their liglark cycles or they may eat primarily during
their light cycles. Simildy, low feeders may have a few small feeding bouts, and the timing
of the bouts may be genetically regulated. Future research into meal timing, meal size, and
meal frequency could assess-4$ybes of feeding and validate their unique genetic basis. To
further examine circadian cycles and feeding, | would vary-tighk environments and
measure food intake to determine whetfbemelanogastelines from the DGRP reared in
total darkness consume food differeritign lines reareuh total light. The witim-line and
acrosspopulation differences could improve our understanding of the genes involved in
feeding regulation. Finally, | would further assay my previously functionally validated genes
by assessing developmental and circadian timing of tisgeadic expression to determine

which tissue(s) are important for those genes to affect food intake.
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Mass glection
We applied ten generations of selection for divergent feeding on replicate populations of
laboratory outbred. melanogaster The response &election was highly asymmetrical in
the direction of high feeding, with high feeders increasing their food intake and low feeders
remaining resistant to selection. We measured body mass and composition to assess
correlated responses to selection, andbaerved an increase in glycogen in male high
feeders, while all other traits were uncorrelated. Whole genome sequencing corrected for
genetic drift revealed 5544 SNPs near or within 2081 genes divergent for feeding. RNA
sequencing of whole flies reveal 1267 genes differentially expressed in females, 2321
genes differentially expressed in males, and 1631 genes differentially expressed when both
sexes were pooled. Of the differentially expressed genes, only 400 were shared between
males and females, gporting feeding as a highly sexually dimorphic trait. When we
assessed genes shared between DNA and RNA sequencing, we observed 519 genes in
common among the analyses and 50 of those genes harbissiagulatory element, with
these 50 genes our top distates for affecting feeding responses.

Functional validation experiments on the genes shared between DNA and RNA
analyses prioritized by the most significevalues and the presencecid-regulatory
elements can continue to reveal novel genes affpthie regulation of feeding, with more
frequent measurements across time on genes that functionally validate producing information
on circadian patterning of any effects. As selection was executed on four percent sucrose
solution, further experiments @my genes that functionally validate could reveal whether
they also affect a preference for a specific sugar and/or whether they affect a preference for

sugars and carbohydrates over proteins. As carbohytdratetein ratio plays an important



role in the lifespanreproduction tradeoffJa et al. 2009, Reddiex et al. 2013, Lee 2048y
genes that affect carbohydrdteprotein preference should be measured for fithess and
longevity, as these metabolically reldtieaits may also be regulated by genes that regulate

feeding behavior.

Conclusions

Through the use of naturally occurring genetic variants and quantitative genetics approaches,
we have revealed novel genes affecting food intak® imelanogaster Evolutionarily

conserved mechanisms enable insights into the regulation of mammalian feeding. Future
experiments can elucidate the tissues in which these genes act and can reveal the genetic
mechanisms regulating food intake with circadian cycles. Elucidatibow these genes

also may affect macronutrient preference, fitness, and lifespan will improve our
understanding of the physiological aspects of food intake. Quantitative approaches when
feasible will continue to provide novel insights into the multfaleets of the genetic

architecture of food intake.
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