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ABSTRACT

West Nile virus (WNV) is the most prevalent mosquito-borne virus in the United States
with approximately 2,000 cases each year. There are currently no approved human
vaccines and a lack of prophylactic and therapeutic treatments. Understanding host
responses to infection may reveal potential intervention targets to reduce virus replication
and disease progression. The use of Drosophila melanogaster as a model organism to
understand innate immunity and host antiviral responses is well established. Previous
studies revealed that insulin-mediated signaling regulates WNV infection in invertebrates
by regulating canonical antiviral pathways. Because insulin signaling is well-conserved
across insect and mammalian species, we sought to determine if results using D.
melanogaster can be extrapolated for the analysis of orthologous pathways in humans.
Here, we identify insulin-mediated endothelin signaling using the D. melanogaster model
and evaluate an orthologous pathway in human cells during WNV infection. We
demonstrate that endothelin signaling reduces WNV replication through the activation of
canonical antiviral signaling. Taken together, our findings show that endothelin-mediated
antiviral immunity is broadly conserved across species and reduces replication of viruses

that can cause severe human disease.
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IMPORTANCE

Arboviruses, particularly those transmitted by mosquitoes, pose a significant threat to
humans and are an increasing concern because of climate change, human activity, and
expanding vector-competent populations. West Nile virus is of significant concern as the
most frequent mosquito-borne disease transmitted annually within the continental
United States. Here, we identify a previously uncharacterized signaling pathway that
impacts West Nile virus infection, namely endothelin signaling. Additionally, we
demonstrate that we can successfully translate results obtained from D. melanogaster
into the more relevant human system. Our results add to the growing field of insulin-
mediated antiviral immunity and identifies potential biomarkers or intervention targets to

better address West Nile virus infection and severe disease.
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INTRODUCTION

West Nile virus (WNV) is a member of the family Flaviviridae and is transmitted
predominately between Culex quinquefasciatus and birds with humans as incidental
“‘dead-end” hosts (1). WNV was introduced to the Western Hemisphere in New York in
1999 and has since become endemic in the United States (2—4). Like other arthropod-
borne viruses, WNV poses a significant health threat due to the expansion of mosquito
range and activity (5-7) without effective means to address these concerns at a
transmission or clinical level. While our ability to intervene arboviral exposure at the
vector-transmission level has progressed significantly in the past decade through genetic
(8), microbial (9), or small molecule (10) targeting of mosquito responses, addressing
WNV clinical cases has lagged. There are currently no vaccines or specific treatments
available for treating WNV with the best approaches being disease management and pain
relief (11).

Drosophila melanogaster is an established model organism that has been used for
studying host responses. This is due to its readily accessible and annotated genome that
permits broad or targeted study of specific signaling pathways or interactions. D.
melanogaster has been successfully used to study innate immune responses to flavivirus
infection including WNV (12, 13) and Zika virus (ZIKV) (14). Previous investigation
identified insulin-mediated induction of JAK/STAT as a critical component of host survival
and immunity to WNV in D. melanogaster that was conserved in Culex quinquefasciatus
(13). Because of the broad conservation that the insulin signaling pathway is across
species, especially from D. melanogaster to human systems (15, 16), we rationalize that

insulin-mediated antiviral immunity may exist in the human innate immune system as well.
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Previous studies have shown that viral infection may target components of insulin
signaling that can result in insulin resistance and dysfunction (17-21), but there is limited
investigation about how this host-virus interaction can be a potential intervention target.
Because of the substantial number of downstream signaling pathways insulin signaling
impacts, we sought to identify previously unidentified signaling pathways that canonical
insulin signaling regulates and may have important roles in the host response to viral
infection. In addition, because of the significant conservation that insulin signaling
possesses across species and the genetic power of the D. melanogaster model, we
propose that we can extrapolate identified pathways from D. melanogaster and their
orthologous pathways in the human system.

In this study, we performed RNA sequencing (RNAseq) in D. melanogaster during
WNV infection to identify novel antiviral response elements that are activated in the
presence of insulin. We find that insulin induces both canonical antiviral response
elements, as well as genes that are were previously unidentified components of host
immunity. Specifically, we identified the endothelin signaling pathway and evaluated its
importance for host survival and reducing WNV infection. Endothelin signaling is primarily
associated in vasoconstriction and cardiovascular function (22) but has been suggested
as a biomarker for various infectious disease pathogenesis (23-25), immune
dysregulation (26, 27), and insulin sensitivity (28, 29). We then used this information to
evaluate endothelin signaling in human cells. We similarly found that endothelin signaling
was important for regulating viral replication and regulating insulin-mediated responses
to infection against both attenuated and virulent WNV strains. These results suggest that

insulin regulates endothelin signaling such that the loss of endothelin results in deficient
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94 host antiviral immunity. These pathways are conserved across species and may be a

95 potential avenue for future therapeutic research.

96

97 RESULTS

98 Transcriptomic profiling of D. melanogaster S2 cells identifies antiviral pathways linked to

99  insulin-signaling
100 We first sought to generate a complete transcript profile of D. melanogaster S2
101 cells following 24 h treatment with 1.7 uM bovine insulin and 8 h infection with WNV-Kun
102  (MOI 1 PFU/cell). Gene expression in treated and/or infected cells was measured relative
103  to that in controls receiving neither bovine insulin or virus (Fig. 1A). These experimental
104 conditions were selected based on previous data showing that bovine insulin treatment
105 induces sufficient insulin and JAK/STAT signaling in S2 cells (13). The average number
106  of sequence reads mapped to the D. melanogaster genome is approximately 93.22%
107 (Table S1, Sheet 1).
108 Gene set enrichment analysis (GSEA) was performed to identify and compare
109 enriched gene sets in 0 yM insulin + WNV-Kun, 1.7 uM insulin + mock infection, and 1.7
110  uM insulin + WNV-Kun (Fig. 1B). Analysis was completed to identify previously
111 unidentified gene sets for further analysis as well to compare to previous, targeted qRT-
112 PCR analysis showing enrichment of insulin and JAK/STAT signaling (13). Gene sets
113  were filtered for p < 0.05 in at least one experimental condition and were selected based
114  on their association with immunity and WNV disease (Table S2). We identified eight gene
115 sets that are significantly enriched in the presence of insulin including immune response

116 elements (response to oxidative stress, regulation of JAK-STAT cascade), canonical
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117 insulin signaling (phosphoinositide 3-kinase activity, insulin-like growth factor receptor
118 signaling pathway, positive regulation of TOR signaling pathway, Ras protein signal
119 transduction), and physiological development (establishment of glial blood-brain barrier,
120 heart development). (Fig. 1B).

121 Further analysis into the specific genes that were transcriptionally induced or
122  suppressed was carried out to better understand the impact that infection or insulin
123  treatment have on the D. melanogaster transcriptome. Genes were filtered for p < 0.05
124 and alogo(fold change) > + 1.5 for at least one experimental condition. There was a ~10-
125 fold increase in the number of differentially expressed genes in cells that received insulin
126  treatment and those that received no insulin (Fig. 1 C-D). 535 genes were commonly
127 regulated in the presence of insulin regardless of WNV-Kun infection status (Fig. 1C).
128 Together, this suggests that insulin treatment enriches or suppresses transcriptional
129  activity with a high overlap in genes affected between mock infection and WNV-Kun
130 infection. Cells that were not treated with insulin but were infected with WNV-Kun only
131  exhibited 22 upregulated genes and 41 downregulated genes. Cells that received only
132  insulin treatment reported 605 upregulated genes and 133 downregulated genes. Cells
133  that received insulin treatment and WNV-Kun infection exhibited 551 upregulated genes
134 and 127 downregulated genes (Fig. 1D). These results suggest that insulin-treatment
135 regulates a large set of genes during early stages of infection that can potentially impact
136 later virus-specific responses.

137 Genes that were transcriptionally altered in Fig. 1C-D were used to generate a
138 hierarchical clustering heatmap (Fig. 1E). As the goal of this study was to investigate

139 effectors involved in insulin-mediated antiviral immunity, we were specifically interested
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140 in identifying and evaluating gene clusters that were enriched in the presence of insulin
141 treatment (Fig. 1E, expanded node). Genes identified within the selected cluster were
142 then imported into PANTHER Classification System to identify gene ontology (GO)
143  categories that were overrepresented (30, 31) (Table S1, Sheet 2). Using this gene set,
144  only the endothelin signaling pathway was identified. Endothelin signaling is primarily
145  associated with cardiovascular function and smooth muscle constriction (22, 32). Through
146 this functional role, endothelin signaling also interacts and impacts associated
147  components linked to insulin signaling including the PI3K/AKT/FOXO axis (28, 29, 33—
148 37) and MAPK/ERK axis (38, 39) (Fig. 1F). The endothelin signaling pathway is not a
149 canonical immune pathway; however, it has been linked to Mycobacterium tuberculosis
150 (23) and Hepatitis B/C virus (HBV) (HCV) infection (24, 40) which leads us to consider
151 that endothelin may also be involved during WNV infection and should be further
152  analyzed. Further analysis of D. melanogaster genes associated with endothelin signaling
153  outside the heatmap shows that insulin treatment + mock infection or insulin treatment +
154  WNV-Kun infection cells had significant transcriptional activity compared to only WNV-
155 Kuninfected cells (Fig. S1). These endothelin-related genes were selected based on their
156 PANTHER GO classification and designation (30, 31). Because of the lack of knowledge
157  pertaining to endothelin signaling in the insect or in the context of WNV, we further
158 investigated this pathway to determine if it may be a mediator of insulin-mediated antiviral
159  immunity against WNV.

160

161 D. melanogaster CG43775 contributes to insulin-mediated antiviral immunity
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162 To validate and expand upon our RNAseq results, we more closely examined the
163  magnitudes of fold changes presented in Fig. 1E. CG43775 was one of the most up-
164  regulated genes in the insulin treatment conditions found within the endothelin signaling-
165 identified cluster in Fig. 1E. (Table S1, Sheet 3). Further analysis of this gene also
166 identified a potential human ortholog, peptidase inhibitor 16 (41), which is associated with
167 insulin (42, 43) and cardiovascular-related function (44, 45) similar to endothelin signaling
168 (46). Based on this knowledge, we hypothesize that CG43775 is an uncharacterized gene
169 associated with insulin signaling and contributes to host immunity. We examined
170  CG43775 induction under the same conditions using qRT-PCR. We observed significant
171  induction of CG43775 in S2 cells with 1.7 yM insulin + WNV-Kun relative to other
172  experimental conditions (Fig. 2A). We next experimented with adult flies that contained a
173  transposable element insertion in CG43775 to disrupt its expression (CG43775MB08418)
174 compared to genetic control flies (w''78) (47, 48). Survival of female flies that received
175  either 5,000 PFU/fly or a mock infection was measured over 30 days. A hazard ratio was
176  generated as a metric of host mortality which compares the mortality rate of the virus-
177  infected mutant flies to that of the virus-infected control flies (Fig. 2B). We observed
178  significant mortality in CG43775 mutant flies with a mortality rate approximately 7-times
179  greater compared to the control flies. To expand the role that CG43775 has on host
180  survival to viral infection, we measured viral titer in mutant and control flies at 1-, 5-, and
181 10-days post-infection (d p.i.) by standard plaque assay (Fig. 2C). We observed
182  significantly higher virus replication in mutant flies by 10 d. These data suggest that
183 CG43775 is important for host survival to WNV-Kun infection due to its ability to reduce

184  virus replication.
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185 Upon establishing that CG43775 impacts host survival and WNV-Kun replication,
186  we sought to examine the role of CG43775 in insulin-mediated antiviral immunity. We fed
187 mutant and control flies 0 or 10 uM insulin two days prior to and during infection and
188  collected flies at 1-, 5-, and 10 d p.i to measure virus replication (Fig. 2D). Similar to the
189  previous results, we observed that mutant flies had higher viral titers relative to the genetic
190 control. We also observed that while insulin-treated control flies had a reduction in viral
191 titers, there was no difference between 0 or 10 uM insulin-treated CG43775 mutant flies.
192 These results indicate that loss of CG43775 expression results in a loss of insulin-
193 mediated reduction in viral replication.

194 To further dissect the role that CG43775 has on insulin-mediated antiviral
195 immunity, we sought to evaluate the impact that CG43775 expression has on insulin
196 signaling and JAK/STAT activation. Previous results demonstrate that insulin treatment
197  of S2 cells activates AKT and JAK/STAT signaling, leading to the reduction of WNV-Kun
198 (13). At 5d p.i, we observed increased AKT phosphorylation in insulin-treated w’’’8 flies
199 compared to CG43775 mutant flies (Fig. 2E) and quantified using densitometry analysis
200 (Fig. S2). This leads us to conclude that CG43775 mutant flies have a dysfunctional
201 insulin signaling response that may impact insulin-mediated induction of antiviral
202 JAK/STAT signaling. However, in the presence of insulin treatment and WNV-Kun
203 infection, AKT phosphorylation was similar between genotypes, which may be due to
204  virus-induced inhibition of AKT activation (49). Furthermore, w''’éflies that were treated
205 with insulin and infected with WNV-Kun had diminished AKT phosphorylation compared
206 to flies that received either insulin or WNV-Kun. This may be caused by a secondary

207  physiological signaling pathway which is absent in vitro and results in diminished AKT

10
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208 phosphorylation regardless of insulin treatment but remains sufficient to protect against
209 WNV disease (50-52). Insulin treatment in S2 cells leads to the induction of unpaired
210  (upd) cytokines and JAK/STAT activation (13). Thus, we examined upd2 induction in
211  control and CG43775 mutant flies. At 5 d p.i, we observed significant induction of upd2 in
212 insulin-treated control flies, but not in CG43775 mutant flies (Fig. 2F). Collectively these
213 data suggest that CG43775, a previously uncharacterized gene that was identified within
214 the endothelin signaling gene set cluster, contributes to antiviral immunity during WNV-
215  Kun infection through canonical insulin and JAK/STAT signaling.

216

217  Insulin and endothelin signaling reduce WNV-Kun replication in human HepG2 cells

218 The endothelin signaling pathway is not well-characterized in D. melanogaster,
219 however, the pathway has been heavily dissected in mammals and permits us to
220 investigate its potential role as an antiviral mediator to WNV-Kun in human cells. We first
221 evaluated the extent to which insulin-mediated antiviral immunity functions in this model
222  system. Human HepG2 liver cells were treated with either O or 1.7 uM bovine insulin and
223 infected with WNV-Kun (MOI 0.01 PFU/cell). Viral titer was measured at 1, 2, 3, and 5d
224  p.i. (Fig. 3A). As previously observed in fruit fy and mosquito cells (13), we observed a
225  significant reduction in viral titer in cells treated with insulin. We followed up viral titer
226  analysis by comparing insulin-treated cells to cells that received interferon (IFN)- or -y
227  treatment (Fig. S3) (53). IFN treatment is known to reduce WNV replication in human cells
228 (54-58), so this comparison was to determine the efficacy of insulin in reducing WNV-
229  Kun replication. We observed that insulin had a similar efficacy in reducing virus

230 replication as IFN-y and IFN- B at 2 d p.i.

11
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231 To investigate endothelin signaling during insulin-mediated antiviral immunity, we
232  measured induction of the ligand endothelin 1 (EDN1) in HepG2 cells during WNV-Kun
233 infection and insulin treatment (Fig. 3B). We observed significant induction of EDN1
234 induction in the presence of insulin and WNV-Kun infection. This indicates that like our
235 previous observations in D. melanogaster, endothelin signaling may be involved in
236  insulin-mediated antiviral immunity in human cells. To further evaluate this hypothesis,
237  we transfected HepG2 cells with either non-targeting control siRNA (siScramble) or EDN1
238 siRNA (siEDN1) (Fig. 3C). We observed a 91% reduction in EDN1 expression in cells
239 transfected with sSiEDN1. In cells knocked-down for EDN1 and treated with insulin, we
240 observed that while the siScramble control cells maintain a reduction in WNV-Kun
241 replication in the presence of insulin, we lose this insulin-mediated antiviral protection
242  when EDN1 expression is diminished (Fig. 3D). We also observed a significant increase
243  in overall WNV-Kun replication even in the absence of insulin treatment. Taken together,
244  endothelin signaling may be connected with the insulin-mediated antiviral response
245  previously observed by others in the mammalian system (59-62).

246 We next tested the role that EDN1 expression has on insulin signaling by
247  measuring phosphorylation of AKT in HepG2 cells following insulin treatment and WNV-
248  Kun infection at 2 d p.i. These cells were also transfected with siScramble or siEDN1 (Fig.
249  3E). We observed that control cells had higher expression of P-AKT in the presence of
250 insulin and infection while the loss of EDN1 had diminished P-AKT expression regardless
251  of insulin-treatment (Fig. 3E) and quantified using densitometry analysis (Fig. S4). This
252  further connects endothelin as a mediator of antiviral protection through an insulin-specific

253 mechanism.
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254

255  Insulin- and endothelin-mediated signaling is antiviral to virulent WNV-NY99

256 Previous analysis of insulin-mediated antiviral immunity in an insect (13) and
257 present mammalian context has used the attenuated Kunjin subtype of WNV. While
258 useful in dissecting and evaluating host immunity to WNV in a general context, a present
259 limitation is that this strain causes limited disease in immune-competent human hosts.
260 This is due to a number of factors including increased sensitivity to type | interferon
261 responses (63) and decreased efficacy in antagonizing JAK/STAT signaling due to a
262  mutation in the NS5 protein (55). Because of this limitation regarding clinical relevance,
263  we sought to evaluate whether insulin-mediated antiviral protection was present against
264  more virulent flaviviruses and if so the impact that endothelin signaling possesses for
265  regulating viral replication. Like previous experiments, we used HepG2 cells that received
266  either 0 or 1.7 uM insulin treatment 24 h prior to and during WNV-NY99 (MOI 0.01
267  PFUlcell) infection and measured viral titer at 1, 2, 3, and 5 d p.i. (Fig. 4A). We observed
268 that WNV-NY99 titer was reduced in cells that received insulin treatment. We also
269  observed a higher virus titer in WNV-NY99 infected cells compared to WNV-Kun infected
270 cells. Because of the established link that insulin signaling induces JAK/STAT in
271 mammals (64, 65) and insects (13), this increase in overall viral titer is likely due to the
272  enhanced antagonism WNV-NY99 can successfully initiate as opposed to the attenuated
273  WNV-Kun strain (55, 63). We followed up this analysis by measuring WNV-NY99 titer in
274  HepG2 cells that received either non-targeting or EDN1 siRNA (Fig. 4B). We observed a
275  similar loss of insulin-mediated protection and increased viral load in siEDN1-transfected

276  cells that was previously observed during WNV-Kun infection. This observation ultimately
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277  leads us to conclude that downstream components of insulin-mediated antiviral immunity,
278  specifically endothelin signaling, plays a role in reducing WNV replication for both
279  attenuated and more virulent strains that may be a potential target for future clinical or
280 therapeutic research.

281

282 DISCUSSION

283 Arbovirus infections are a growing health threat that require more effective means
284  of intervention both environmentally (i.e., vector transmission) and clinically. While our
285  ability to develop more effective vector control protocols has improved, the ability to
286 understand and clinically address human infections and severe disease remains
287 underdeveloped. As WNV, along with other mosquito-borne diseases, continue to expand
288 in both global distribution and incidence (5, 7, 66, 67), the need for effective preventatives
289  and treatments is more urgent than ever. Human vaccine development against WNV has
290 made limited progress (68), so development of effective antivirals post exposure is
291 necessary.

292 In the study presented here, we highlight the genetic power of D. melanogaster to
293  advance the study of antiviral immunity and identify components of insect and mammalian
294  host responses that regulate WNV infection. We demonstrate that insulin induces a
295 number of genes and signaling pathways that are both canonical and previously
296 unidentified antiviral mediators (Fig. 1). Our study using the D. melanogaster model
297  expands upon the limited knowledge pertaining to the endothelin signaling pathway in
298 insects, specifically in regards to host survival and viral replication in the insect (Fig. 2).

299 We also demonstrate that we can use these results to translate our findings into the more

14
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300 pertinent human model (Fig. 3). In addition, we demonstrate that our findings are
301 applicable to the more virulent and clinically relevant WNV strain NY99 (Fig. 4).

302 In our study, we show that dysfunctional endothelin signaling results in increased
303 host mortality and WNV replication. However, further investigation is also necessary to
304 evaluate its role during infection. Like insulin, endothelins are linked to various
305 physiological processes like cardiovascular health so induction of this pathway, while
306 potentially antiviral, may impact other off-target processes. Increased production and
307 secretion of EDN1 has been used as an indicator for oncogenic and virus-induced
308 hepatocellular carcinoma (24, 40, 69) as a promoter of cell growth and proliferation while
309 inhibiting pro-apoptotic signaling (70). EDN1 expression is also proposed as a biomarker
310 for patients receiving interferon-a treatment as elevated levels can be used to infer
311 progression to interferon induced pulmonary toxicity (27). In relation to insulin sensitivity
312 and signaling, serum EDN1 is elevated in diabetic individuals who later develop diabetic
313 microangiopathy and nephropathy that progresses to more advanced insulin resistance
314 (71, 72). Additional concerns are apparent as endothelin signaling, while antiviral in this
315 study, may promote or enhance infection against other pathogens. Mycobacterium
316 tuberculosis secretes the protease enzyme Zmp1 that cleaves EDN1 and activates
317 endothelin signaling that promotes bacteria survival within the lungs (23). Thus, further
318 investigation is needed to understand how targeting the endothelin pathway influences
319 otherrelated viruses that are either targeted by or disrupt insulin signaling in the presence
320 or absence of WNV infection.

321 Determining the overall effect that insulin-mediated protection and endothelin

322 signaling has in a clinical context will be important if targeting the pathways are used as
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323 anintervention for WNV disease. It is unlikely that administering insulin to a patient alone
324 is a viable approach for treating WNV since it can influence a number of off-target
325 physiological processes and may lead to further insulin resistance or disease pathology
326 (18, 19). Instead, we propose through our study that by targeting pathways downstream
327  ofinsulin signaling, we can effectively and directly induce more potent antiviral responses
328  with limited toxicity to the host. While our study focused on endothelin signaling, there
329 were other gene sets and associated pathways identified in our RNAseq screen that are
330 worth further investigation regarding their potential role in antiviral immunity.

331 Taken together, our study identifies a novel component of insect and human
332 antiviral immunity and expands our current understanding regarding insulin-mediated
333 responses to infection. Previous investigation demonstrated that a variety of viruses
334 including influenza (49), WNV (59, 73), and ZIKV (20, 74) target and disrupt host
335 processes associated with insulin signaling. Typically, insulin signaling disruption results
336 in metabolic dysfunction that can cause more severe morbidity and mortality. Here we
337 demonstrate that targeting insulin signaling protects fruit flies and humans from increased
338 viral replication. Additionally, we show that endothelin signaling provides antiviral
339 immunity to WNV. While endothelins have been heavily dissected as a regulator of
340 cardiovascular health and vasoconstriction (27, 28, 38), they also possess a role in
341 hepatic (24, 34, 40, 69) and neuronal (75-78) regulation and health. WNV disease is
342  heavily associated with encephalitis and neurodegenerative disease (79, 80). Because
343 EDN1 has been linked to virus-induced demyelinating disease (75) and promotes anti-

344  inflammatory signaling in circulating immune cells (26), endothelin signaling may also
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345 function as an antiviral target and determinant in severe WNV disease progression and
346 is worth further investigation.

347 Given the conservation of insulin signaling and its activation during viral infection
348 across insect and mammalian species, downstream targets of insulin or endothelin
349  signaling may have a broader role within an antiviral context. If possible, it may provide a
350 means of more effectively responding to these growing pathogens of concern while also
351 limiting potential complications associated with current intensely robust antiviral
352 therapeutics.

353

354 MATERIALS AND METHODS

355 Fly lines and rearing

356 Flies used in this study are listed in Table S3. Flies were maintained on standard cornmeal
357 food (Genesee Scientific #66-112) at 25°C and 65% relativity humidity, and a 12 h/ 12 h
358 light/dark cycle. Flies are negative for Wolbachia infection. Female adult flies used for all
359 experiments were 2-7 d post-eclosion . For insulin treatment, cornmeal food was
360 supplemented with 10 uM bovine insulin (Sigma-Aldrich 16634) and flies were maintained
361 on food 48 h prior and during infection as described (13).

362

363 Cells and virus

364  Vero cells (ATCC, CRL-81) were provided by A. Nicola and cultured at 37 °C/5% COzin
365 DMEM (ThermoFisher 11965) supplemented with 10% FBS (Atlas Biologicals FS-0500-
366 A) and 1x antibiotic-antimycotic (ThermoFisher 15240062). S2 cells were cultured as

367 described (81) and are negative for Flock House virus. HepG2 cells (ATCC, HB-8065)
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368 were provided by M. Konkel and cultured at 37 °C/5% CO2in DMEM supplemented with
369 10% FBS. For insulin treatment, culture media with 2% FBS were supplemented with 1.7
370  pM bovine insulin as described (82). For interferon-3 and -y treatment, 2% FBS in DMEM
371 media was supplemented with 10 units/mL of either IFN-B or IFN-y for 24 h prior to
372 infection as described (53).

373

374  West Nile virus-Kunijin strain MRM16 (WNV-Kun) was gifted by R. Tesh and propagated
375 in Vero cells. West Nile virus strain 385-99 (WNV-NY99) was obtained by BEI Resources,
376  NIAID, NIH (NR-158) and propagated in Vero cells. All experiments with a specific virus
377  type utilized the same stock.

378

379 RNA isolation, library preparation, and RNA-sequencing

380 D. melanogaster S2 cells were treated with 0 or 1.7 uM bovine insulin for 24 h. Cells were
381 then either mock-infected or infected with WNV-Kun (MOI 1 PFU/cell) for 8 h. Total RNA
382 was extracted from three individual wells using Direct-zol (Zymo Research, Irvine, CA)
383 following the manufacturer’s instructions. Following total RNA extraction, the integrity of
384 total RNA was assessed using Fragment Analyzer (Advanced Analytical Technologies,
385 Ankeny, IA) with the High Sensitivity RNA Analysis Kit. RNA Quality Numbers (RQNSs)
386 from 1 to 10 were assigned to each sample to indicate its integrity or quality. “10” stands
387 for a perfect RNA sample without any degradation, whereas “1” marks a completely
388 degraded sample. RNA samples with RQNs ranging from 8 to 10 were used for RNA
389 library preparation with the TruSeq Stranded mRNA Library Prep Kit (lllumina, San Diego,

390 CA). Briefly, mRNA was isolated from 2.5 ug of total RNA using poly-T oligo attached to
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391 magnetic beads and then subjected to fragmentation, followed by cDNA synthesis, dA-
392 tailing, adaptor ligation, and PCR enrichment. The sizes of RNA libraries were assessed
393 by Fragment Analyzer with the High Sensitivity NGS Fragment Analysis Kit. The
394  concentrations of RNA libraries were measured by StepOnePlus Real-Time PCR System
395 (ThermoFisher Scientific, San Jose, CA) with the KAPA Library Quantification Kit
396 (Kapabiosystems, Wilmington, MA). The libraries were diluted to 2 nM in10 mM Tris-HCI,
397 pH 8.5 and denatured with 0.1 N NaOH. Eighteen pM libraries were clustered in a high-
398 output flow cell using HiSeq Cluster Kit v4 on a cBot (lllumina). After cluster generation,
399 the flow cell was loaded onto HiSeq 2500 for sequencing using HiSeq SBS kit v4
400 (lllumina). DNA was sequenced from both ends (paired-end) with a read length of 100 bp.
401 The raw bcl files were converted to fastq files using software program bcl2fastq2.17.1.14.
402  Adaptors were trimmed from the fastq files during the conversion. On average, 40 million
403 reads were generation for each sample. RNA-sequencing was performed at the Spokane
404 Genomics CORE at Washington State University-Spokane in Spokane, WA, USA.

405

406 Bioinformatics Analysis

407 RNA-seq reads were imported and aligned using Qiagen CLC Genomics Workbench
408 11.0.1 to the D. melanogaster genomic reference sequence. Reads for each biological
409 replicate within an experimental condition were pooled and averaged. Differential
410 expression of transcript levels for each experimental condition (WNV-Kun infection,
411 insulin treatment, or both infection and treatment) were normalized to reads for cells that
412  received neither treatment nor infection. Transcripts were filtered for p-values less than

413  orequal to 0.05 and a logz(fold change) > + 1.5 for at least one experimental condition.
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414

415  Filtered transcripts were imported into Tibco Spotfire for gene clustering and heatmap
416 generation. Gene clustering was performed using hierarchical clustering using UPGMA
417  (unweighted pair group method with arithmetic mean) with Euclidean distance with
418 ordering weight set to average value and normalization by mean. Gene set enrichment
419 analysis (GSEA) was performed as previously described (83) using a cutoff of p < 0.05
420 for at least one experimental condition for gene ontology (GO) classifications (84).
421 Highlighted classifications are shown in Figure 1B. Drosophila gene ontologies were
422  imported from FlyBase (version fb_2016_04) as previously described (85). Further GO
423 analysis for genes clustered and presented in Figure 1E used PANTHER GO-Slim
424  (Version 14.0) to identify endothelin signaling pathway as an overrepresented GO
425 category.

426

427  Fly infections

428 2-7 day old adult female D. melanogaster were anesthetized with CO2 and injected
429 intrathoracically with WNV-Kun with 5,000 PFU/fly, as previously described (12, 85).
430 Mock infected-flies received equivalent volume of PBS. For mortality studies, groups of
431  30-50 flies were injected and maintained on cornmeal food for 30 days. All survival studies
432  were repeated three times and survival data were combined. Fly food vials were changed
433  every 2-3 days. For viral titration experiments, three groups of 4-5 flies were collected,
434 homogenized in PBS, and used as individual samples for plaque assay as described in

435 (13). For gRT-PCR and Western blot experiments, three groups of 3-5 flies were
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436  collected, homogenized in Trizol or RIPA, respectively, and centrifuged to isolate and
437  remove cuticle. Supernatant was collected and used for further analysis.

438

439  In vitro virus replication

440 HepG2 cells were seeded into a 24-well plate at a confluency of 1.25 x 103 cells/well with
441 6 independent wells for each experimental condition. The following day, cells were treated
442  with either 1.7 yM bovine insulin or acidified water in 2% FBS in DMEM for 24 h prior to
443 infection. For measuring viral replication following interferon treatment, 2% FBS in DMEM
444  media was supplemented with 10 units/mL of either IFN-B or IFN-y for 24 h prior to
445 infection as described (53). Cells were then infected with WNV-Kun or WNV-NY99 at MOI
446  of 0.01 PFU/cell for 1 h. Virus inoculum was removed, and fresh experimental media was
447 added. Supernatant samples were collected at 1, 2, 3, and 5 d p.i. for later titration. WNV
448 titer were determined by standard plaque assay on Vero cells.

449

450 Immunoblotting

451 Protein extracts were prepared by lysing cells or flies with RIPA buffer (25 mM Tris-HCI
452 pH 7.6, 150 mM NaCl, 1 mM EDTA, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS,
453 1mM NazVOs, 1 mM NaF, 0.1 mM PMSF, 10 pM aprotinin, 5 pyg/mL leupeptin, 1 uyg/mL
454  pepstatin A). Protein samples were diluted using 2x Laemmli loading buffer, mixed, and
455  boiled for 5 minutes at 95 °C. Samples were analyzed by SDS/PAGE using a 10%
456 acrylamide gel, followed by transfer onto PVDF membranes (Millipore IPVH00010).
457  Membranes were blocked with 5% BSA (ThermoFisher BP9706) in Tris-buffered saline

458 (50 mM Tris-HCI pH 7.5, 150 mM NaCl) and 0.1% Tween-20 for 1 h at room temperature.
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459

460 Primary antibody labeling was completed with anti-P-Akt (1:1,000; Cell Signaling 4060),
461 anti-Akt (pan) (1:2,000) (Cell Signaling 4691), or anti-actin (1:10,000; Sigma A2066)
462 overnight at 4 °C. Secondary antibody labeling was completed using anti-rabbit IgG-HRP
463 conjugate (1:10,000; Promega W401B) by incubating membranes for 2 h at room
464 temperature. Blots were imaged onto film using luminol enhancer (ThermoFisher
465 1862124). P-AKT/AKT ratio for each experimental condition was determined using
466  densitometry analysis using BioRad Image Lab comparing band intensity of P-AKT to
467  AKT. Reported P-AKT/AKT ratio is the mean of duplicate independent experiments.

468

469 RNA interference in vitro

470  Double-stranded RNA (dsRNA) targeting human EDN1 (Horizon Discovery J-016692-05-
471  005) and non-targeting control (siScramble) dsRNA (Horizon Discovery D-001810-10-05)
472  was transfected into HepG2 cells for 48 h prior to insulin treatment and infection as
473  described (81). Total RNA was extracted and purified to confirm reduced expression by
474  gRT-PCR.

475

476  Quantitative reverse transcriptase PCR

477  gRT-PCR was used to measure mRNA levels in D. melanogaster S2 cells, adult flies, and
478 human HepG2 cells. Cells or flies were lysed with Trizol Reagent (ThermoFisher 15596).
479 RNA was isolated by column purification (ZymoResearch R2050), DNase treated
480 (ThermoFisher 18068), and cDNA was prepared (BioRad 170-8891). Expression of D.

481 melanogaster CG43775 and upd2 were measured using SYBR Green reagents
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482  (ThermoFisher K0222) and normalized to Rp49 to measure endogenous gene levels for
483 all treatment conditions. Expression of human EDN1 was measured using the probe for
484 EDN1 (Hs00174961_m1 ThermoFisher 4331182) and primers and normalized to B-actin
485 (Hs01060665 g1 ThermoFisher 4331182) using TagMan Universal Master Mix
486 (ThermoFisher 4304437). The reaction for samples included one cycle of denaturation at
487 95 °C for 10 minutes, followed by 50 cycles of denaturation at 95 °C for 15 seconds and
488 extension at 60 °C for 1 minute, using an Applied Biosystems 7500 Fast Real Time PCR
489 System. ROX was used as an internal control. gRT-PCR primer sequences are listed in
490 Table 3 Table (13, 86, 87).

491

492  Quantification and Statistical Analysis

493  Results presented as dot plots show data from individual biological replicates (n=2-6), the
494  arithmetic mean of the data shown as a horizontal line, and error bars representing
495 standard deviations from the mean. Biological replicates of adult D. melanogaster (n=6-
496 40) consisted of triplicate pooled flies. Results shown are representative of at least
497 duplicate independent experiments, as indicated in the figure legends. All statistical
498 analyses of biological replicates were completed using GraphPad Prism 9 and
499  significance was defined as p < 0.05. Ordinary one-way ANOVA with uncorrected Fisher’s
500 LSD for multiple comparisons was used for qRT-PCR analysis. Two-way ANOVA with
501 Sidak correction for multiple comparisons was used for multiday viral titer analysis and
502 for siRNA viral titer analysis. One-way ANOVA with Sidak correction for muiltiple
503 comparisons was used for single day viral titer in the presence of insulin and interferon-3

504 and -y analysis. Two-tailed unpaired t test was used for gRT-PCR validation of knocked-
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505 down expression of EDN1. Repeated measures one-way ANOVA with uncorrected
506 Fisher's LSD for multiple comparison was used for densitometry analysis. All error bars
507 represent standard deviation (SD) of the mean. Outliers were identified using a ROUT
508 test (Q=5%) and removed.

509

510 DATA AVAILABILTIY

511 Raw and processed RNAseq data have been deposited in NCBI Gene Expression
512 Omnibus (GEO) Accession # GSE216532.
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809 FIGURE CAPTIONS

810 Figure 1: Insulin treatment during WNV-Kun infection in D. melanogaster S2 cells
811 induces canonical and previously unidentified signaling pathways. (A) Schematic
812 illustrating experimental design for RNA extraction and RNA sequencing (RNAseq)
813 analysis of D. melanogaster S2 cells with or without insulin treatment or WNV-Kun
814 infection. (B) Gene Set Enrichment Analysis (GSEA) using transcript levels for each
815 experimental condition normalized to 0 uM insulin + mock infection from the RNAseq
816 analysis. Gene ontology (GO) categories were selected based on GSEA p value (p <
817  0.05) for at least one experimental condition. (C) Venn Diagram of all transcripts enriched
818 or suppressed for each experimental condition normalized to 0 uM insulin + mock
819 infection. Transcripts were selected based on their logz(fold change) (FC) > + 1.5 and p
820 < 0.05 for at least one experimental condition. (D) The number of genes transcriptionally
821 enriched (yellow) or suppressed (blue) for each experimental condition normalized to 0
822 PM insulin + mock infection. Hierarchal clustering and heat map expression of genes
823 transcriptionally enriched or suppressed as identified in (C-D). Genes shown in enlarged
824 cluster identify a subset of genes that showed the most up-regulation compared to no
825 insulin treatment. GO analysis identifies this get set associated with endothelin signaling.
826 (F) Schematic of canonical endothelin signaling in mammals and its intracellular and
827  transcriptional activity.

828

829 Figure 2: CG43775 mutant flies are more susceptible to WNV-Kun infection due to
830 deficient insulin-mediated antiviral protection. (A) CG43775 is induced in D.

831 melanogaster S2 cells that were insulin-treated and WNV-Kun infected (*p < 0.05, One-
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832 way ANOVA). (B) Flies with mutations in CG43775 (solid red line) have higher mortality
833 to WNV-Kun infection compared with the w '8 genetic control (dotted red line). (C) WNV-
834  Kun titer is higher in CG43775"80%8418fies relative to w "’8 genetic control by 10 d p.i. (**p
835 <0.01, 2-way ANOVA). (D) Insulin treatment reduces WNV-Kun titer in control w '""8flies
836  but not in CG43775MB%8418 flies (**p < 0.01, ***p < 0.001, 2-way ANOVA). (E) Akt is
837 phosphorylated and active in the presence of insulin for w 7" flies but not in
838 CG43775MB%418flies at 5d p.i. (*p < 0.05, **p < 0.01, One-way ANOVA, see quantification
839 in Fig. S2) (F) CG43775MB%418flies have impaired induction of upd2 compared to genetic
840 control w 778 flies. For qRT-PCR results, each circle represents individual biological
841 replications consisting of individual well (A) or pooled collection of 3 flies (F). For titer
842 results each circle represents individual biological replications consisting of pooled
843  collection of 5 flies. Titer and gRT-PCR results (B-D, F) are representative of triplicate
844 independent experiments western blot results are representative of duplicate
845 independent experiments (E).

846

847 Figure 3: Endothelin signaling is antiviral to WNV-Kun through an insulin-
848 dependent mechanism in human HepG2 cells. (A) Insulin-treatment of HepG2 cells
849 reduces WNV-Kun titer (MOI 0.01 PFU/cell) (*p < 0.05, **p < 0.01, ***p < 0.001, 2-way
850 ANOVA). (B) EDN1 is induced in insulin-treated and WNV-Kun-infected HepG2 cells (*p
851 <0.05, One-way ANOVA). (C-E) EDN1 was knocked down in HepG2 cells (C) (*p < 0.05,
852  upaired t-test) 48h prior to insulin-treatment and WNV-Kun infection and viral titer was
853 measured by standard plaque assay at 2 days-post infection (D) (**p < 0.01, ***p < 0.001,

854 2-way ANOVA). (E) Insulin-mediated Akt phosphorylation is decreased in the absence of
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855 EDN1 (**p < 0.01, One-way ANOVA, see quantification in Fig. S4). Circles represent
856 individual biological replications. Horizontal bars represent the mean. Error bars represent
857 SDs. Titer and gRT-PCR results (A-D) are representative of triplicate independent
858  experiments western blot results are representative of duplicate independent experiments
859 (E).

860

861 Figure 4: Endothelin and insulin-mediated signaling is conserved against more
862  virulent WNV-NY99 strain in HepG2 cells. (A) Insulin-treatment reduces WNV-NY99
863 titer (MOI=0.01 PFU/cell) (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, 2-way
864 ANOVA). (B) siRNA silencing of EDN1 results in increased WNV-NY99 viral replication
865 and loss of insulin-mediated protection compared to non-specific siScramble control at 2
866 days post-infection (****p < 0.0001, Two-way ANOVA). Circles represent individual
867  biological replications. Horizontal bars represent the mean. Error bars represent SDs.
868  Results are representative of triplicate independent experiments.
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870 SUPPLEMENTAL INFORMATION

871 Table S1: Summary of RNAseq reads (Sheet 1), PANTHER GO analysis results
872 (Sheet 2), and expression values of selected gene cluster (Sheet 3) (related to
873  Figure 1).

874

875 Table S2: GO classifications (p < 0.05) in 0 uM + WNV-Kun cells (Sheet 1), 1.7 uM
876 insulin + mock infected cells (Sheet 2), and 1.7 pM insulin + WNV-Kun cells (Sheet
877  3) following GSEA (related to Figure 1B).

878

879 Table S3: Fly lines and reagents used in this study.

880

881 Figure S1: Heat map expression of genes transcriptionally enriched or suppressed
882 as identified in Fig. 1E. PANTHER-GO analysis identifies this gene set associated with
883  the endothelin signaling pathway.

884

885 Figure S2: AKT phosphorylation is diminished in insulin-treated CG43775 mutant
886 flies but not controlflies as analyzed in Fig. 2E. Densitometry analysis of western blots
887 measuring P-AKT abundance relative to AKT shows reduced activation in CG43775
888 mutants compared to control flies. (*p < 0.05, **p < 0.01, One-way ANOVA). Circles
889 represent individual experimental replications. Horizontal bars represent the mean. Error
890 bars represent SDs. Results are of pooled duplicate independent experiments.

891

892
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893  Figure S3: Insulin reduces WNV-Kun titer in HepG2 cells to similar levels as IFN-
894 or IFN-y treatment. WNV-Kun titer at 2 d p.i is reduced in cells that received either 1.7
895  PM insulin, 10 units/mL IFN-B, or 10 units/mL IFN-y treatment 24 h prior to infection
896 (MOI=0.01 PFU/cell) (**p < 0.01, One-way ANOVA). Circles represent individual
897  biological replications. Horizontal bars represent the mean. Error bars represent SDs.
898 Results are representative of duplicate independent experiments.

899

900 Figure S4: AKT phosphorylation is enhanced in HepG2 cells following insulin
901 treatment and WNV-Kun infection but diminished following siEDN1 transfection as
902 analyzed in Fig. 3E. Densitometry analysis of western blots measuring P-AKT
903 abundance relative to AKT shows reduced activation in sSiEDN1 transfected HepG2 cells
904 compared to siScramble transfected cells. (**p < 0.01, One-way ANOVA). Circles
905 represent individual experimental replications. Horizontal bars represent the mean. Error
906 bars represent SDs. Results are of pooled duplicate independent experiments.

907
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Figure 1: Insulin treatment during WNV-Kun infection in D. melanogaster S2 cells induces canonical and previously
unidentified signaling pathways. (A) Schematic illustrating experimental design for RNA extraction and RNA sequencing
(RNAseq) analysis of D. melanogaster S2 cells with or without insulin treatment or WNV-Kun infection. (B) Gene Set
Enrichment Analysis (GSEA) using transcript levels for each experimental condition normalized to 0 yM insulin + mock
infection from the RNAseq analysis. Gene ontology (GO) categories were selected based on GSEA p value (p < 0.05) for at
least one experimental condition. (C) Venn Diagram of all transcripts enriched or suppressed for each experimental
condition normalized to 0 pM insulin + mock infection. Transcripts were selected based on their log2(fold change) (FC) >
1+ 1.5 and p < 0.05 for at least one experimental condition. (D) The number of genes transcriptionally enriched (yellow) or
suppressed (blue) for each experimental condition normalized to 0 uM insulin + mock infection. Hierarchal clustering and
heat map expression of genes transcriptionally enriched or suppressed as identified in (C-D). Genes shown in enlarged
cluster identify a subset of genes that showed the most up-regulation compared to no insulin treatment. GO analysis
identifies this get set associated with endothelin signaling. (F) Schematic of canonical endothelin signaling in mammals and
its intracellular and transcriptional activity.
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Figure 2: CG43775 mutant flies are more susceptible to WNV-Kun infection due to deficient insulin-mediated antiviral
protection. (A) CG43775 is induced in D. melanogaster S2 cells that were insulin-treated and WNV-Kun infected (*p < 0.05, One-way
ANOVA). (B) Flies with mutations in CG43775 (solid red line) have higher mortality to WNV-Kun infection compared with the w''’®
genetic control (dotted red line). (C) WNV-Kun titer is higher in CG43775"8%¢418 flies relative to w’'"® genetic control by 10 d p.i.

(**p < 0.01, 2-way ANOVA). (D) Insulin treatment reduces WNV-Kun titer in control w'’ flies but not in CG43775"8%418 flies

(**p < 0.01, ***p < 0.001, 2-way ANOVA). (E) Akt is phosphorylated and active in the presence of insulin for w’'’® flies but not in
CG43775MB08418 flies at 5 d p.i. (*p < 0.05, **p < 0.01, One-way ANOVA, see quantification in Fig. S2) (F) CG43775"8%41% flies

have impaired induction of upd2 compared to genetic control w''"¢flies. For gqRT-PCR results, each circle represents individual
biological replications consisting of individual well (A) or pooled collection of 3 flies (F). For titer results each circle represents individual
biological replications consisting of pooled collection of 5 flies. Titer and gRT-PCR results (B-D, F) are representative of triplicate

independent experiments western blot results are representative of duplicate independent experiments (E).
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Figure 3: Endothelin signaling is antiviral to WNV-Kun through an insulin-dependent mechanism in human HepG2 cells.

(A) Insulin-treatment of HepG2 cells reduces WNV-Kun titer (MOI 0.01 PFU/cell) (*p < 0.05, **p < 0.01, ***p < 0.001, 2-way ANOVA).

(B) EDN1 is induced in insulin-treated and WNV-Kun-infected HepG2 cells (*p < 0.05, One-way ANOVA). (C-E) EDN1 was knocked
down in HepG2 cells (C) (*p < 0.05, upaired t-test) 48h prior to insulin-treatment and WNV-Kun infection and viral titer was measured

by standard plaque assay at 2 days-post infection (D) (**p < 0.01, ***p < 0.001, 2-way ANOVA). (E) Insulin-mediated Akt phosphorylation
is decreased in the absence of EDN1 (**p < 0.01, One-way ANOVA, see quantification in Fig. S4). Circles represent individual biological
replications. Horizontal bars represent the mean. Error bars represent SDs. Titer and qRT-PCR results (A-D) are representative of
triplicate independent experiments western blot results are representative of duplicate independent experiments (E).
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Figure 4: Endothelin and insulin-mediated signaling is conserved against more virulent WNV-NY99 strain in HepG2 cells.

(A) Insulin-treatment reduces WNV-NY99 titer (MOI=0.01 PFU/cell) (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, 2-way ANOVA).
(B) siRNA silencing of EDN1 results in increased WNV-NY99 viral replication and loss of insulin-mediated protection compared to
non-specific siScramble control at 2 days post-infection (****p < 0.0001, Two-way ANOVA). Circles represent individual biological
replications. Horizontal bars represent the mean. Error bars represent SDs. Results are representative of triplicate independent
experiments.
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Figure S1: Heat map expression of genes transcriptionally enriched or suppressed as identified in Fig. 1E. PANTHER-GO
analysis identifies this gene set associated with the endothelin signaling pathway.
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Figure S2: AKT phosphorylation is diminished in insulin-treated CG43775 mutant flies but not control flies as analyzed in Fig.
2E. Densitometry analysis of western blots measuring P-AKT abundance relative to AKT shows reduced activation in CG43775 mutants
compared to control flies. (*p < 0.05, **p < 0.01, One-way ANOVA). Circles represent individual experimental replications. Horizontal
bars represent the mean. Error bars represent SDs. Results are of pooled duplicate independent experiments.
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Figure S3: Insulin reduces WNV-Kun titer in HepG2 cells to similar levels as IFN-B or IFN-y treatment. WNV-Kun titer at 2 d p.i is
reduced in cells that received either 1.7 uyM insulin, 10 units/mL IFN-3, or 10 units/mL IFN-y treatment 24 h prior to infection

(MOI=0.01 PFU/cell) (**p < 0.01, One-way ANOVA). Circles represent individual biological replications. Horizontal bars represent the
mean. Error bars represent SDs. Results are representative of duplicate independent experiments.
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Figure S4: AKT phosphorylation is enhanced in HepG2 cells following insulin treatment and WNV-Kun infection but diminished
following siEDN1 transfection as analyzed in Fig. 3E. Densitometry analysis of western blots measuring P-AKT abundance relative
to AKT shows reduced activation in siEDN1 transfected HepG2 cells compared to siScramble transfected cells. (**p < 0.01, One-way
ANOVA). Circles represent individual experimental replications. Horizontal bars represent the mean. Error bars represent SDs. Results

are of pooled duplicate independent experiments.
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Experiment Condition

Sample #

Average Total Reads

Average Total Mapped

Average % Mapped

0 pM insulin + mock infection

1,2,3

78500232.67

73303857.33

93.43

1.7 yM insulin + mock infection

4,5,6

80376152.67

74634122.67

92.89333333

0 M insulin + WNV-Kun

7,8,9

77176451.33

73079306.67

94.59333333

1.7 yMinsulin + WNV-Kun

10, 11,12

84974130

77950122.67

91.94666667

Average:

80256741.67

74741852.33

93.21583333

Table S1_Sheet 1
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PANTHER Pathways |Endothelin signaling pathway [Unclassified

(REF #) 79 12625
# genes 1 11
expected 0.7 10.96
Fold Enrichment 14.58 1
(+/-) + +
P-value 6.73E-02 1.00E+00

Table S1_Sheet 2
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Name 0 M insulin + WNV-Kun |1.7 yM insulin + mock infection|1.7 pM insulin + WNV-Kun
CG8180 -0.31 4.32 4.24
Cyp4p1 -0.27 4.67 4.62
betaNACtes6 -0.1 5.4 4.09
CG13043 -0.08 5.63 3.35
gudu -0.02 5.4 3.66
CG5326 -0.05 3.95 5.3
Acp53Ea -0.03 3.69 5.37
CG7299 -0.01 3.96 5.26
TotF -0.00296 2.55 5.19
CG42507 -0.03 5.81 6.68
CG13670 -0.01 5.9 5.82
CG43775 -0.03 5.4 5.08
ac 0.04 4.73 5.29
Ugt36Bc 0.06 5.62 5.49
CG31769 0.08 4.48 4.39
CG42460 0.11 5.22 4.35
MtnB 0.11 5.95 5.47
CG2962 0.15 5.51 5.76
CG14354 0.1 3.28 -2.9
CG46275 0.17 7.48 -0.31
Amt 0.27 4 3.71
MtnD 0.28 4.41 3.67
CG32695 0.27 3.38 3.32

Table S1_Sheet 3
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Table S2_Mock-KUNV

Rank |Function Description Depth p-value es score # genes
1/G0:0005267 potassium channel activi 9| 4.4297E-05| 0.78501124 6
2(G0:0005634 nucleus 7| 6.5208E-05| 0.14593226 1290
3]G0:0005575 cellular_component 5| 7.4794E-05( 0.13761325 1122
41G0:0003674 molecular_function 5| 7.4859E-05( 0.13549395 1121
51G0:0008150 transcription factor activi 7| 8.6355E-05( 0.13646187 970
6/G0:0016021 integral to membrane 5| 8.8062E-05| 0.13996146 951
71G0:0008270 zinc ion binding 7| 9.7288E-05| 0.1465636 860
8|G0:0005737 cytoplasm 8| 0.00012038| 0.14684099 694
91G0:0005524 ATP binding 8] 0.00012751| 0.14633411 655
10{G0:0003677 DNA binding 8] 0.00015258| 0.13992077 547
11|1G0:0006508 proteolysis 6| 0.00015398| 0.13971907 542
12(G0:0022008 neurogenesis 6] 0.00015716| 0.18100269 436
13|1G0:0016020 membrane 5] 0.00015746( 0.14220663 530
14|G0:0005515 protein binding 4] 0.00017751| 0.14528835 470
15|/G0:0003676 nucleic acid binding 5] 0.00018455( 0.15069042 329
16|G0:0055114 oxidation reduction 6| 0.00020356( 0.1429417 410
17|1G0:0005576 extracellular region 7| 0.00021067( 0.13881292 397
18]G 0:0003700 transcription factor activi 6| 0.00022312( 0.14161317 375
191G0:0006355 regulation of transcriptio 6] 0.00022623 0.141856 370
20|(G0:0005886 plasma membrane 7| 0.00023378| 0.14408903 358
21|G0:0005622 intracellular 6| 0.00023958( 0.14348851 350
22(G0:0034314 Arp2/3 complex-mediate 5| 0.00024866( 0.95015442 3
23(G0:0000166 nucleotide binding 6| 0.00028194( 0.14486785 239
241G0:0016651 oxidoreductase activity, ¢ 8| 0.00028723| 0.99985637 1
25(G0:0005875 microtubule associated ¢ 41 0.00029133( 0.14366425 297
26[G0:0055085 transmembrane transpo 5] 0.00030778| 0.14196671 289
271G0:0004252 serine-type endopeptidas 8 0.00034268| 0.13879525 280
28|G0:0005811 lipid particle 6| 0.00034872| 0.22770592 189
29|G0:0005739 mitochondrion 9] 0.0003782| 0.18068545 169
30({G0:0005488 binding 6| 0.00042379( 0.1425647 248
31|G0:0006412 translation 7| 0.00044801( 0.29830023 88
32(G0:0000398 nuclear mRNA splicing, Vi 7] 0.00045786| 0.23125696 115
33|1G0:0007052 mitotic spindle organizat 5] 0.00046038( 0.24738278 160
34(G0:0003735 structural constituent of 6( 0.00048165| 0.31060548 84
35|G0:0003729 mRNA binding 7| 0.00049357( 0.21112823 123
36(G0:0005615 extracellular space 8| 0.00053064| -0.1919234 105
371G0:0006468 protein amino acid phosg 4( 0.00056053| 0.14285714 227
38|G0:0071011 #N/A 7| 0.00058675| 0.26099969 94
39|G0:0043565 sequence-specific DNA b 4] 0.00058967| 0.14105279 229
40|G0:0008152 metabolic process 5| 0.00060547| 0.14231499 224
41(G0:0005214 structural constituent of | 9| 0.0006265| -0.2516674 52
42]1G0:0006334 nucleosome assembly 6| 0.00064584( -0.3948263 52
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431G0:0006333 chromatin assembly or d 6| 0.00069425( -0.4061024 47
441G0:0000786 nucleosome 8] 0.00071205| -0.4438224 49
45]G0:0060261 positive regulation of tra 7| 0.00071609( 0.98111175 2
46(G0:0001096 #N/A 7| 0.00071609| 0.98111175 2
47]1G0:0071013 #N/A 5| 0.0007221| 0.23626557 74
48|G0:0005549 odorant binding 8|1 0.00073724| -0.375216 55
491G0:0007501 mesodermal cell fate spg 5] 0.0007425| -0.5661516 1
50(G0:0006457 protein folding 5[ 0.00081599| 0.20864008 87
511G0:0007606 sensory perception of che 6| 0.00091539( -0.3114819 50
52(G0:0042744 hydrogen peroxide catabq 6| 0.00098172( 0.72564655 6
531G0:0007608 sensory perception of sm 6] 0.00103421| -0.262884 49
54(G0:0046331 lateral inhibition 6( 0.00104244| 0.1423472 199
55(G0:0005840 ribosome 4] 0.00106783| 0.39194774 44
56(G0:0005829 cytosol 6( 0.00110693| 0.21984129 85
571G0:0032504 multicellular organism re 5] 0.00111052| -0.359922 29
58|G0:0000022 mitotic spindle elongatiog 81 0.00111315] 0.29644069 50
59|G0:0005509 calcium ion binding 7] 0.00112203( 0.14203511 197
60|G0:0005751 mitochondrial respiratory 9] 0.00123637| 0.43655929 10
61(G0:0048477 oogenesis 5[ 0.00128305| 0.14283634 190
62|G0:0051082 unfolded protein binding 4] 0.00137207]| 0.22702271 65
63|G0:0050909 sensory perception of tag 5] 0.00138794( -0.4086687 24
64(G0:0004984 olfactory receptor activit 7] 0.00138795( -0.3939276 28
65(G0:0005681 spliceosome 5] 0.00141251| 0.34358488 44
66|G0:0008527 taste receptor activity 8| 0.00154205| -0.4010557 22
67(G0:0005975 carbohydrate metabolic 5[ 0.00159235| 0.28114836 48
68|G0:0022625 cytosolic large ribosomal 6| 0.00166528( 0.49590372 33
69|G0:0005762 mitochondrial large ribosg 7| 0.00177154( 0.41713564 35
70|G0:0006911 phagocytosis, engulfmen 8] 0.00179324| 0.14229594 180
71{G0:0009593 detection of chemical sti 8| 0.00194679| -0.3258219 22
721G0:0004175 endopeptidase activity 81 0.00194951| 0.25463929 46
731G0:0031145 anaphase-promoting con 91 0.00208312| 0.8204281 4
74(G0:0003924 GTPase activity 8| 0.00251232| 0.15976925 86
75|G0:0019861 flagellum 7] 0.00255884| -0.684842 1
76(G0:0043169 cation binding 9] 0.00267255| 0.27769671 31
771G0:0042981 regulation of apoptosis 4| 0.00276589( 0.42399124 13
78(G0:0008010 structural constituent of | 4] 0.00290441( -0.2923066 15
79(G0:0015276 ligand-gated ion channel 4] 0.00291154| -0.2457158 33
80(G0:0005730 nucleolus 41 0.00294518( 0.22857143 46
81(G0:0007391 dorsal closure 7| 0.00313166| 0.20098976 77
82|G0:0042776 mitochondrial ATP synthe 5| 0.00330317( 0.99834829 1
83(G0:0045263 proton-transporting ATP | 7] 0.00330317( 0.99834829 1
841G0:0004674 protein serine/threonine 6( 0.00337868| 0.14217218 161
85(G0:0005525 GTP binding 7] 0.00347973| 0.14223449 160
86(G0:0000278 mitotic cell cycle 7| 0.00378567| 0.34674727 27
87]1G0:0035002 liquid clearance, open trg 8] 0.00385078| -0.6219556 7
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88(G0:0030833 regulation of actin filamg 8| 0.00388987| 0.50643191 9
89(G0:0006123 mitochondrial electron tr] 6| 0.00392953| 0.45232276 8
90|G0:0031175 neurite development 6( 0.00408652| 0.87315952 3
91]G0:0009609 response to symbiotic ba 7| 0.00415214( 0.95446711 2
92]1G0:0016023 cytoplasmic membrane-| 7| 0.00433752( 0.61649544 7
93(G0:0009055 electron carrier activity 5] 0.00440331( 0.14145668 155
941G0:0007165 signal transduction 6| 0.00456679| 0.14236968 152
95(G0:0032509 endosome transport via 1 6| 0.00459572( 0.99770197 1
96/G0:0051298 centrosome duplication 5] 0.00463809( 0.22423124 42
97(G0:0007411 axon guidance 6| 0.00465272( -0.1513878 26
98(G0:0048039 ubiquinone binding 4] 0.00488295( 0.99755835 1
99|G0:0042254 ribosome biogenesis 7] 0.00502559( 0.40972929 16
100|G0:0030532 small nuclear ribonucleoj 3| 0.00510983| 0.2687225 31
101|G0:0007594 puparial adhesion 6| 0.00511152| -0.4956522 4
102(G0:0005763 mitochondrial small ribos 6] 0.00541877| 0.33053028 26
103|G0:0005732 small nucleolar ribonucle 9] 0.00547112| 0.77136906 4
104{G0:0006397 MRNA processing 6 0.0055465| 0.38075486 16
105|G0:0010797 regulation of multivesicu 8| 0.0055601( 0.85944121 3
106|G0:0004140 dephospho-CoA kinase a( 9] 0.00568593| 0.94671072 2
107(G0:0048803 imaginal disc-derived mg 6] 0.00596425| 0.45278074 11
108|G0:0045944 positive regulation of tra 8] 0.00645079| 0.14163402 144
109|G0:0005887 integral to plasma meml 7| 0.00695345( 0.14111587 143
110{G0:0035218 leg disc development 9] 0.00738506| 0.75355552 4
111|G0:0022627 cytosolic small ribosoma 7| 0.00749155( 0.27376531 17
112|G0:0005783 endoplasmic reticulum 8] 0.00749507| 0.14159292 140
113|G0:0003756 protein disulfide isomera 8| 0.00752068| 0.50160966 9
1141G0:0045434 negative regulation of fe 8] 0.00763791| -0.5258557 2
115|/G0:0017051 retinol dehydratase activ 8] 0.00774365| 0.93780523 2
116{G0:0007527 adult somatic muscle dey 81 0.00787378| 0.47797341 11
117]G0:0051775 response to redox state 8| 0.00789889| 0.99605027 1
118{G0:0020037 heme binding 8| 0.00843894| 0.14148959 137
119|G0:0032027 myosin light chain bindin 9] 0.00873816| -0.4735897 4
120(G0:0008379 thioredoxin peroxidase af 8| 0.0087403| 0.5827697 6
121|{G0:0007067 mitosis 9| 0.0088628| 0.16984667 76
122|G0:0000922 spindle pole 4] 0.00886973| -0.3654388 3
123|G0:0006364 rRNA processing 8| 0.00920205| 0.3321833 17
124(G0:0050916 sensory perception of sw. 6] 0.00943515| -0.4916786 3
1251G0:0046961 proton-transporting ATPz 71 0.00971196( 0.3528481 16
126(G0:0006506 GPI anchor biosynthetic 7] 0.00973186| -0.3717764 2
127|G0:0031072 heat shock protein bindin 9] 0.01007816| 0.24542573 42
128|G0:0046933 hydrogen ion transporting 7| 0.01017061( 0.36083684 16
129|G0:0004558 alpha-glucosidase activit 7] 0.01021392( 0.43180976 12
130{G0:0015992 proton transport 7| 0.01044096| 0.30803507 17
131|{G0:0007095 mitotic cell cycle G2/M t 6( 0.01062272| 0.20364245 44
132(G0:0017128 phospholipid scramblase 6] 0.01065671| 0.92703246 2
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133|G0:0017121 phospholipid scrambling 8] 0.01065671| 0.92703246 2
1341G0:0048813 dendrite morphogenesis 81 0.01093968| 0.14205987 129
135[(G0:0055092 sterol homeostasis 5[ 0.01105845| 0.99447038 1
136/G0:0030032 lamellipodium assembly 9] 0.01109834| 0.61099138 6
137|G0:0048102 autophagic cell death 7| 0.0111669( 0.21298162 47
1381G0:0035099 hemocyte migration 4(0.01127912] 0.39984185 13
139|G0:0003723 RNA binding 9] 0.01171851| 0.14502093 94
140|G0:0045454 cell redox homeostasis 9] 0.01173489| 0.22624099 41
1411G0:0042595 behavioral response to st 9] 0.01182528 0.81922 3
1421G0:0004129 cytochrome-c oxidase acl 71 0.01198553( 0.32101575 11
143|{G0:0005685 snRNP U1 9] 0.01212354| 0.48038229 10
1441G0:0051258 protein polymerization 6| 0.01229074( 0.44056346 10
145|G0:0006296 nucleotide-excision repai 7 0.012351( 0.99382406 1
146|G0:0000262 mitochondrial chromosol 5[ 0.01249461| 0.99375224 1
1471G0:0016491 oxidoreductase activity 2| 0.01268504( 0.17310153 79
148|G0:0030170 pyridoxal phosphate bind 41 0.01272028] 0.25086418 30
149(G0:0005913 cell-cell adherens junctio 6( 0.01289547| -0.5014012 9
150|G0:0045175 basal protein localization 6| 0.01324957( -0.6011494 6
151|G0:0005673 transcription factor TFIIE 5] 0.01341525( 0.91812698 2
1521G0:0004672 protein kinase activity 5] 0.01353991( 0.14228791 123
153|G0:0006409 tRNA export from nucleu 7] 0.01364354( 0.99317774 1
154|G0:0006184 GTP catabolic process 4] 0.01365307| 0.27416685 22
155|G0:0046620 regulation of organ grow, 7] 0.01369695| -0.3923658 2
156/G0:0003839 gamma-glutamylcyclotra 81 0.01369904| 0.91726515 2
157|G0:0004386 helicase activity 7] 0.01397871| -0.2288717 5
158|(G0:0005671 Ada2/Gcn5/Ada3 transcr 6] 0.01427207]| 0.45224578 9
159|G0:0016209 antioxidant activity 4] 0.01430496( 0.41803184 9
160|G0:0009041 uridylate kinase activity 91 0.01479247| 0.99260323 1
161|G0:0004127 cytidylate kinase activity 6| 0.01479247( 0.99260323 1
162|G0:0042060 wound healing 6| 0.01492927( 0.43222653 12
163|G0:0035009 negative regulation of m| 9] 0.01526274| 0.91266877 2
1641G0:0007186 G-protein coupled recept 8 0.01572785| 0.14118073 121
165(G0:0031937 positive regulation of chr 4( 0.01574323| 0.91130422 2
166|G0:0005747 mitochondrial respiratory 4] 0.01619612| 0.23260337 14
167|G0:0008340 determination of adult lif 91 0.01678438| 0.1419467 118
1681G0:0060213 positive regulation of nug 81 0.01686776| -0.7001868 4
169|G0:0010171 body morphogenesis 6( 0.01703454| -0.3355936 11
170|G0:0006357 regulation of transcriptio 41 0.01710191]| 0.14165701 118
171]1G0:0005694 chromosome 6( 0.01755924| 0.2943697 25
172|G0:0007155 cell adhesion 5] 0.01798202| 0.14207096 116
173|G0:0006777 Mo-molybdopterin cofact 6( 0.01808167| 0.54422013 7
1741G0:0015734 taurine transport 6| 0.01809307( 0.90491238 2
175(G0:0003713 transcription coactivator 6] 0.01813083| 0.25741025 29
176|G0:0030127 COPII vesicle coat 7| 0.01821493| 0.79120879 3
177{G0:0007375 anterior midgut invagina; 9] 0.01824508]| -0.6950151 4
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178|G0:0035071 salivary gland cell autoph 4] 0.01835671| 0.18882532 50
179|G0:0006520 amino acid metabolic pr¢ 4] 0.01842862| 0.34005215 17
180({G0:0005952 cAMP-dependent protein 5] 0.01894281| -0.5806753 6
181(G0:0007398 ectoderm development 5] 0.01913498| -0.3306005 21
182|G0:0016577 histone demethylation 7] 0.01917961| -0.691711 4
183|G0:0007394 dorsal closure, elongatiol 7] 0.01931567( 0.43844772 9
184{G0:0007499 ectoderm and mesoderm 9] 0.01962141| -0.7859657 3
185|G0:0030010 establishment of cell pol 81 0.01964213| -0.6901307 4
186|G0:0004601 peroxidase activity 9] 0.01975163| 0.35595235 11
187|G0:0006308 DNA catabolic process 7] 0.01991249( 0.90024418 2
188|G0:0090072 #N/A 6( 0.02008982| -0.6269665 5
189|G0:0005858 axonemal dynein comple 7] 0.02010609( -0.4365792 3
190|G0:0007154 cell communication 6| 0.02020956( 0.4188587 12
1911G0:0006813 potassium ion transport 6| 0.02043062| 0.26536185 21
1921G0:0006950 response to stress 91 0.02068778| -0.3060171 7
193|G0:0004334 fumarylacetoacetase act 5] 0.02082436( 0.98958707 1
194(G0:0005742 mitochondrial outer men 5] 0.02094668| 0.53592725 6
195|G0:0003785 actin monomer binding 6| 0.02111159( 0.98944345 1
196|G0:0008143 poly(A) binding 5[ 0.02138828| 0.62294375 5
197|G0:0045143 homologous chromosomj 7] 0.02236661( 0.77641313 3
198|G0:0003779 actin binding 6| 0.02296813( 0.1418645 110
199|G0:0035064 methylated histone resid 8] 0.02338019| 0.56817529 5
200{G0:0006408 snRNA export from nucle 7] 0.02346924| 0.89169779 2
201|G0:0000062 acyl-CoA binding 9] 0.02350871| 0.47143781 6
202(G0:0000122 negative regulation of trg 4] 0.02368771| 0.14135785 110
203(G0:0006366 transcription from RNA ¢ 71 0.02385198( 0.21069954 19
204(G0:0080134 #N/A 4] 0.0239383( 0.89062051 2
205(G0:0008378 galactosyltransferase act 41 0.02394087| 0.49696436 5
206(G0:0010821 regulation of mitochondr 9] 0.02410523| 0.61511386 5
207|G0:0005686 snRNP U2 9] 0.02467652| 0.39456181 11
208|G0:0000980 #N/A 8] 0.02498117| -0.3374557 4
209|G0:0007476 imaginal disc-derived wil 10| 0.02542357| 0.14212316 107
210|G0:0009107 lipoate biosynthetic proci 5] 0.02543808| 0.88724504 2
211(G0:0008137 NADH dehydrogenase (ul 7] 0.02575878( 0.24322054 22
212(G0:0005543 phospholipid binding 5] 0.02632991( -0.1697833 22
213|G0:0009649 entrainment of circadian 8] 0.02670791| -0.4230686 11
214|G0:0008033 tRNA processing 9] 0.02674693| 0.4060299 11
215|G0:0070868 #N/A 7| 0.02698097| -0.5213018 7
216(G0:0004766 spermidine synthase acti 81 0.02721747| 0.88336685 2
217(G0:0046329 negative regulation of JN 5] 0.02728819( 0.44134809 8
218(G0:0007173 epidermal growth factor 8] 0.02779408| 0.25947602 24
219|G0:0008012 structural constituent of | 4] 0.02786968| -0.6664991 4
220(G0:0042049 cellular acyl-CoA homeos 6| 0.02804642| 0.51901307 5
221(G0:0000796 condensin complex 6| 0.02839938( -0.4874982 8
222]1G0:0004053 arginase activity 6] 0.02860867| 0.88042229 2



https://doi.org/10.1101/2023.01.17.524426
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.01.17.524426; this version posted January 18, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

223(G0:0042811 pheromone biosynthetic 9] 0.02862727| 0.75723623 3
224|G0:0001191 #N/A 6| 0.02872325| 0.98563734 1
225(G0:0031887 lipid particle transport al| 8] 0.02893317| -0.7563743 3
226(G0:0008288 boss receptor activity 8 0.02901048| 0.98549372 1
227]1G0:0007009 plasma membrane orgar| 9] 0.02941163]| -0.4596537 9
228|G0:0007413 axonal fasciculation 10| 0.0296921| 0.36083675 14
229(G0:0021782 glial cell development 6| 0.02971849( -0.5534483 6
230(G0:0007424 open tracheal system dey 7| 0.03004573( 0.14193735 103
231(G0:0000236 mitotic prometaphase 3| 0.03030303( 0.9848474 1
232|G0:0035556 #N/A 7| 0.03046704| -0.1595121 33
233|G0:0005086 ARF guanyl-nucleotide e 4| 0.0307539( -0.5985202 5
234(G0:0032012 regulation of ARF proteir 6| 0.0307539( -0.5985202 5
235|G0:0006096 glycolysis 7| 0.03082621| -0.2848687 1
236|G0:0050767 regulation of neurogenes 7| 0.03107088| 0.59780188 5
237|G0:0051726 regulation of cell cycle 5[ 0.03137036| 0.22519804 34
238|G0:0005099 Ras GTPase activator act 7] 0.03139045| -0.5970835 5
239|G0:0006962 male-specific antibacteri 5] 0.03159558| 0.98420108 1
240(G0:0015914 phospholipid transport 5] 0.03173385( -0.5116747 7
2411G0:0015662 ATPase activity, coupled | 5[ 0.03173385| -0.5116747 7
242(G0:0016592 Srb-mediator complex 5] 0.03191814( 0.24710286 27
243(G0:0004985 opioid receptor activity 81 0.03274451| 0.98362657 1
244(G0:0005832 chaperonin-containing T- 8 0.03281414| 0.50966305 7
2451G0:0016272 prefoldin complex 9] 0.03309251| 0.43146019 7
246(G0:0045177 apical part of cell 8] 0.03333181| -0.3178369 3
2471G0:0045451 pole plasm oskar mRNA 7| 0.03352806| 0.2574122 30
248(G0:0006614 SRP-dependent cotransla 6| 0.0336093( 0.43065536 10
249(G0:0007366 periodic partitioning by p| 7| 0.03408766( -0.507364 7
250(G0:0003774 motor activity 71 0.03449765| -0.2146493 7
251(G0:0007275 multicellular organismal 9] 0.03468843| 0.25626079 20
252|G0:0030728 ovulation 5[ 0.03472591| 0.65105588 4
253(G0:0006952 defense response 5] 0.03481398( 0.14140026 100
254(G0:0016319 mushroom body developi 8] 0.03549324| -0.1893879 15
255(G0:0004423 iduronate-2-sulfatase acf 7| 0.0361913( 0.98190305 1
256|G0:0045010 actin nucleation 7] 0.03643284] 0.86505315 2
257|G0:0032296 double-stranded RNA-sp« 7] 0.03676576| 0.9816158 1
258(G0:0004844 uracil DNA N-glycosylase 6| 0.03676576( 0.9816158 1
259(G0:0016560 protein import into perox 8| 0.03690938| 0.98154399 1
260(G0:0002121 inter-male aggressive be 7] 0.03692272( 0.20803496 38
261|G0:0000276 mitochondrial proton-tra 5] 0.0369595| 0.37609541 7
262(G0:0042800 histone methyltransferas 6| 0.03712683| -0.6462434 4
263|G0:0006605 protein targeting 7( 0.03738999| 0.5387931 5
264|G0:0005902 microvillus 9| 0.03755851| 0.64541733 3
265|G0:0001738 morphogenesis of a pola 6( 0.03771926| -0.3398185 3
266(G0:0006833 water transport 10] 0.03775689| -0.6450223 4
267|G0:0005372 water transporter activity 4| 0.03775689| -0.6450223 4
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268(G0:0000155 two-component sensor a 91 0.03776274| 0.73374991 3
269|G0:0008586 imaginal disc-derived wil 8] 0.03822779| -0.2194765 9
270|G0:0016068 type | hypersensitivity 7| 0.03827775| 0.86167768 2
271|G0:0017166 vinculin binding 7| 0.03892001| 0.9805386 1
272(G0:0030424 axon 5[ 0.03906251| -0.2371191 5
273(G0:0016231 beta-N-acetylglucosamin 9] 0.03949965| 0.72972779 3
2741G0:0030677 ribonuclease P complex 5] 0.03964077] 0.85923585 2
275(G0:0006718 juvenile hormone biosynt 5] 0.03976218( -0.8590204 2
276|G0:0016007 mitochondrial derivative 6] 0.03976218]| -0.8590204 2
2771G0:0048749 compound eye developm 9] 0.03982569| 0.1417932 96
278|G0:0007593 chitin-based cuticle tanni 6( 0.04029194| -0.7279322 3
279|G0:0006261 DNA-dependent DNA rep| 9] 0.04029261| 0.35913497 13
280(G0:0004843 ubiquitin-specific proteag 9] 0.04033118| -0.4423846 1
281|G0:0007254 JNK cascade 6| 0.04094224| 0.27421049 20
282|G0:0046628 positive regulation of ins 4] 0.04102763| 0.85679402 2
283(G0:0030259 lipid glycosylation 8] 0.04107425| 0.9794614 1
284|G0:0007049 cell cycle 5[ 0.04110885| 0.22586998 32
285|G0:0008283 cell proliferation 6( 0.04128609| 0.17100331 58
286|G0:0030029 actin filament-based pro| 6( 0.04156816| 0.53182471 4
287(G0:0017154 semaphorin receptor acti 6| 0.04214595( -0.8548549 2
288|G0:0005215 transporter activity 4] 0.04241577] 0.14134914 95
289|G0:0001104 #N/A 6( 0.0426873| 0.24139017 26
290(G0:0005791 rough endoplasmic reticy 6| 0.04281001| 0.57480066 4
291|G0:0007030 Golgi organization 7| 0.04289409| 0.18639466 39
2921G0:0050804 regulation of synaptic tra 7] 0.04295522]| -0.4931389 7
293(G0:0000150 recombinase activity 71 0.04302792| 0.63539721 4
294(G0:0045861 negative regulation of pri 8] 0.04330838| -0.3988502 4
295(G0:0006930 substrate-bound cell mig 7] 0.04332157( 0.85284401 2
296|G0:0070725 #N/A 9] 0.04377096| -0.5283764 6
297(G0:0042391 regulation of membrane 7] 0.04378698| -0.4919278 2
298|G0:0050658 RNA transport 6( 0.04391545| -0.8518386 2
299(G0:0045298 tubulin complex 6| 0.04394157( 0.43754641 7
300(G0:0045174 glutathione dehydrogena 6| 0.04453844| 0.63281138 4
301(G0:0016782 transferase activity, trans 7] 0.04453844( 0.63281138 4
302|G0:0004734 pyrimidodiazepine synthg 9] 0.04453844| 0.63281138 4
303(G0:0007390 germ-band shortening 5| 0.04457495( 0.32307478 15
304|G0:0008757 S-adenosylmethionine-de 6( 0.04516579| 0.71737413 3
305|G0:0016874 ligase activity 6| 0.04533814| 0.71701501 3
306|G0:0000049 tRNA binding 6 0.0454208| 0.43565424 9
307|G0:0031473 myosin Il binding 6| 0.04624444)| 0.97687612 1
308|G0:0006810 transport 5[ 0.04625047| 0.14118412 93
309(G0:0008889 glycerophosphodiester ph 6| 0.04626207| -0.5246408 1
310|G0:0046034 ATP metabolic process 8] 0.04642862| 0.41343777 9
311|G0:0008431 vitamin E binding 7| 0.04646667| 0.39518505 8
312|G0:0008108 UDP-glucose:hexose-1-ph 6( 0.04667528| 0.97666068 1
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313(G0:0007399 nervous system developn 5] 0.04669696( 0.1417522 92
314(G0:0008301 DNA bending activity 9| 0.0467248| 0.56834997 5
315(G0:0005542 folic acid binding 10( 0.04688131| 0.62893262 4
316(G0:0000221 vacuolar proton-transpor] 4| 0.0469445] 0.37875521 8
317(G0:0004867 serine-type endopeptidas 7] 0.04695711| -0.1620319 37
318(G0:0007005 mitochondrion organizati 6| 0.04697853( 0.26385169 22
319(G0:0000808 origin recognition complé 6| 0.04724975| 0.97637343 1
320(G0:0071805 #N/A 81 0.04731467| 0.37835993 9
321{G0:0008934 inositol-1(or 4)-monophg 7| 0.04749938| 0.52284483 6
322(G0:0045179 apical cortex 71 0.04761282( -0.2584998 4
323(G0:0008511 sodium:potassium:chlorif 6| 0.04777283| -0.627496 4
324(G0:0003682 chromatin binding 6| 0.04794168( 0.16271795 53
325(G0:0001745 compound eye morphoge 5| 0.04805089( -0.1561274 11
326|G0:0000941 inner kinetochore of cong 6| 0.04811145| 0.97594255 1
327|G0:0000788 nuclear nucleosome 5] 0.04811145] 0.97594255 1
328(G0:0004363 glutathione synthase acti 6| 0.0481412( 0.84487216 2
329|G0:0009353 mitochondrial oxoglutara 3| 0.04831398| 0.6266341 4
330(G0:0031523 Myb complex 4] 0.0484711] 0.37713813 11
331(G0:0035249 synaptic transmission, gl 4| 0.04858788| -0.844154 2
332(G0:0002102 podosome 5| 0.04882953| 0.97558348 1
333(G0:0007202 activation of phospholipa 6| 0.04890179( 0.84365125 2
334(G0:0007303 cytoplasmic transport, ny 5] 0.04914411( 0.32827103 14
335(G0:0007559 histolysis 5| 0.0492167| -0.8431485 2
336(G0:0030898 actin-dependent ATPase 6| 0.04944226( -0.8427894 2
337(G0:0007637 proboscis extension refle 5] 0.04950433( -0.5640974 1
338(G0:0005786 signal recognition particl 5] 0.04956869( 0.43062442 9
339|G0:0008592 regulation of Toll signalif 4] 0.04974458| 0.56373824 4
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Table S2_Insulin-Mock

Rank |Function Description Depth |p-value |es score |# genes
1({G0:0003785 |actin monomer binding 9| 4.27E-10 1 1
2(G0:0070449 |elongin complex 7| 4.27E-10 1 1
3|G0:0008541 [proteasome regulatory particle, lid subt 5| 9.87E-07| 0.837506 8
41G0:0006360 |[transcription from RNA polymerase | pf 5] 1.24E-06| 0.907871 6
5]G0:0005736 [transcription factor activity, RNA polym 7| 1.24E-06]| 0.907871 6
6[/G0:0006890 |retrograde vesicle-mediated transport, 5| 4.34E-05| 0.78557 7
7/G0:0007265 |Ras protein signal transduction 7| 5.35E-05| -0.5046 4
8(G0:0005634 |nucleus 8| 6.54E-05| -0.09485 610
9/G0:0000175 (3'-5'-exoribonuclease activity 8| 6.70E-05| 0.615518 12

10{G0:0005575 |cellular_component 8| 7.52E-05| 0.087778 1119
11/G0:0003674 |molecular_function 6| 7.56E-05| 0.086039 1117
121G0:0016021 |integral to membrane 6| 8.83E-05| 0.108074 507
13]/G0:0008150 |biological process 5| 8.90E-05| 0.087048 966
141G0:0000502 |proteasome complex 4| 9.27E-05( 0.480288 13
15|G0:0008270 |zinc ion binding 5( 9.89E-05( 0.094228 856
16/G0:0005737 |cytoplasm 6| 1.22E-04( 0.117641 376
171G0:0005524 |ATP binding 7| 1.28E-04( 0.130701 365
181G0:0015030 |Cajal body 6| 1.52E-04( 0.794459 6
191G0:0003677 |DNA binding 6| 1.53E-04( -0.14742 226
20|G0:0022008 ([neurogenesis 7| 1.58E-04( 0.165315 312
21|G0:0016020 [membrane 6] 1.59E-04] 0.119751 289
22|G0:0009982 [pseudouridine synthase activity 5| 1.79E-04| 0.637483 8
23(G0:0055114 |oxidation reduction 6| 2.04E-04| 0.20253 257
24|1G0:0000922 [spindle pole 8| 2.05E-04| -0.47282 4
25(G0:0048081 |positive regulation of cuticle pigmentat 4| 2.34E-04| 0.951168 3
26|G0:0008535 [respiratory chain complex IV assembly 5| 2.41E-04| 0.657815 9
27|G0:0006508 |proteolysis 8| 2.75E-04| 0.096633 282
28|G0:0005875 [microtubule associated complex 6| 3.03E-04| 0.140373 168
29(G0:0001522 |pseudouridine synthesis 9| 3.31E-04| 0.647384 7
30|G0:0055085 [transmembrane transport 6| 3.48E-04| 0.13552 162
31|G0:0005663 [DNA replication factor C complex 7| 3.52E-04] 0.822681 5
32(G0:0005739 |[mitochondrion 7| 3.82E-04( 0.213819 140
33(G0:0005811 |lipid particle 5( 4.48E-04( -0.14507 68
34(G0:0000791 |euchromatin 6| 4.73E-04( -0.66871 1
35|G0:0003684 |[damaged DNA binding 7] 5.68E-04] 0.484171 12
36(G0:0020037 [heme binding 8| 6.09E-04| 0.235756 91
37|G0:0009055 [electron carrier activity 4| 6.45E-04] 0.177484 94
38(G0:0006334 [nucleosome assembly 7| 6.46E-04( -0.42723 58
39|G0:0031427 |[response to methotrexate 4| 6.82E-04| 0.569022 10
40(G0:0006333 |chromatin assembly or disassembly 5| 6.94E-04| -0.43887 57
41|G0:0000786 |nucleosome 9| 7.12E-04| -0.47821 51
42(G0:0045727 |positive regulation of translation 6| 7.18E-04| -0.69235 1
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43]1G0:0035076 |ecdysone receptor-mediated signaling | 6| 7.58E-04| -0.65156 8
441G0:0051603 |proteolysis involved in cellular protein ¢ 8| 7.73E-04] 0.542897 10
45]G0:0007284 |[spermatogonial cell division 7| 7.75E-04] 0.859771 4
46|G0:0030127 |COPII vesicle coat 7| 7.87E-04] 0.926789 3
47(G0:0005509 |calcium ion binding 5| 7.99E-04( 0.147886 113
48|G0:0005549 |odorant binding 8| 8.00E-04| -0.21269 79
49(G0:0005267 |potassium channel activity 5] 8.25E-04| 0.687013 7
50({G0:0003735 |structural constituent of ribosome 5( 9.22E-04( 0.156176 101
511G0:0005215 |transporter activity 6| 9.24E-04| 0.234535 63
521G0:0004497 |monooxygenase activity 6| 9.48E-04| 0.499423 13
53(G0:0016705 |oxidoreductase activity, acting on paire] 6| 9.49E-04] 0.275704 62
54]1G0:0005515 |[protein binding 6| 9.51E-04| 0.092768 468
55|G0:0005576 (extracellular region 4( 9.54E-04( 0.100788 210
56(G0:0003723 |RNA binding 6| 9.57E-04( 0.190764 75
57(G0:0005832 |[chaperonin-containing T-complex 5] 9.89E-04| 0.67987 6
58|G0:0005792 |microsome 8| 9.91E-04]| 0.248916 59
59(G0:0005840 |ribosome 7( 0.001068( -0.32879 8
60|G0:0016717 |oxidoreductase activity, acting on paire] 91 0.001094| 0.847147 4
61[(G0:0048015 |[phosphoinositide-mediated signaling 5] 0.001098 -0.847 4
62|G0:0032504 [multicellular organism reproduction 41 0.001111| -0.30806 45
63(G0:0005783 [endoplasmic reticulum 5] 0.001116] 0.170919 84
64|G0:0051082 [unfolded protein binding 7] 0.001128] 0.241642 55
65(G0:0007026 |negative regulation of microtubule dep 5] 0.001144| -0.71943 6
66(G0:0005730 |nucleolus 8| 0.001263| 0.325898 35
67(G0:0003676 |nucleic acid binding 5( 0.001279( 0.09242 450
68|G0:0007594 |puparial adhesion 6| 0.001303| -0.54687 4
69|G0:0008333 [endosome to lysosome transport 7] 0.001307| -0.66861 7
70(G0:0006412 |translation 8| 0.001316| 0.144895 106
71({G0:0008219 [cell death 8| 0.001318| 0.570686 10
721G0:0004175 |endopeptidase activity 8] 0.001366| 0.339285 31
73[(G0:0006555 [methionine metabolic process 9] 0.001376] 0.911786 3
741G0:0009408 [response to heat 8| 0.001403( 0.274015 45
75|G0:0005615 [extracellular space 7] 0.001403| -0.1544 121
76|G0:0006457 |protein folding 9| 0.001467| 0.184965 70
77(G0:0016772 |transferase activity, transferring phospl 4] 0.0015| 0.321211 42
78|G0:0007517 [muscle development 41 0.001511| -0.27537 16
79(G0:0008152 [metabolic process 4 0.00157( 0.128805 125
80|G0:0022625 |cytosolic large ribosomal subunit 41 0.001665| -0.41099 1
81(G0:0042626 |ATPase activity, coupled to transmemb 7] 0.001709] 0.346649 38
82|G0:0050909 [sensory perception of taste 5] 0.001825| -0.26121 38
83|G0:0004155 (6,7-dihydropteridine reductase activity 71 0.002019| 0.99899 1
841G0:0043190 [ATP-binding cassette (ABC) transporter 6| 0.002041]| 0.375976 33
85(G0:0051087 |chaperone binding 7( 0.002062( 0.445645 14
86|G0:0007298 (border follicle cell migration 7] 0.002171| -0.24044 22
87|G0:0000177 |cytoplasmic exosome (RNase complex) 8| 0.002199| 0.609947 6
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88(G0:0022627 |cytosolic small ribosomal subunit 8] 0.002298]| -0.35152 3
89(G0:0006810 |transport 6( 0.002384( 0.195022 58
90(G0:0003682 |chromatin binding 6( 0.002457( -0.23021 22
91|G0:0004364 |glutathione transferase activity 7] 0.002524| 0.34838 28
92(G0:0000022 |mitotic spindle elongation 7| 0.00253] -0.21735 16
93|G0:0031476 |myosin VI complex 5] 0.002603| 0.890868 3
94(G0:0004984 |olfactory receptor activity 6] 0.002637| -0.24447 40
95(G0:0008062 |eclosion rhythm 6| 0.002669( 0.570789 9
96(G0:0042176 |regulation of protein catabolic process 5] 0.002715] 0.735651 4
97|G0:0035060 [brahma complex 6| 0.002761| -0.54278 1
98(G0:0003899 |DNA-directed RNA polymerase activity 4] 0.002865| 0.377498 25
99|G0:0071805 [potassium ion transmembrane transpo 71 0.002927| 0.496993 10
100{G0:0006260 [DNA replication 3| 0.002968( 0.283263 21
101|G0:0004655 |porphobilinogen synthase activity 6| 0.003029]| 0.998486 1
102|G0:0035195 |gene silencing by miRNA 6( 0.003043( -0.4332 4
103|G0:0006911 |phagocytosis, engulfment 9| 0.003194]| -0.13511 72
104|G0:0030126 |COPI vesicle coat 6| 0.003204( 0.563317 7
105|G0:0008934 |inositol-1(or 4)-monophosphatase actiy 8| 0.003268| 0.726663 5
106|G0:0003954 |NADH dehydrogenase activity 9| 0.00331| -0.36076 9
107]G0:0006364 [rRNA processing 6] 0.003328| 0.558029 18
108|G0:0015986 |ATP synthesis coupled proton transport 8] 0.003371| -0.38672 6
109|G0:0005839 |proteasome core complex 71 0.003556( 0.412963 18
110|{G0:0005200 |structural constituent of cytoskeleton 9] 0.003577| -0.28588 10
111|G0:0019991 |septate junction assembly 7] 0.003735| -0.44427 6
112|G0:0004298 |threonine-type endopeptidase activity 8] 0.003761] 0.385249 18
113|G0:0005838 |proteasome regulatory particle 8| 0.003788]| 0.512226 15
114]1G0:0005700 |polytene chromosome 8] 0.003846| -0.20728 36
115|G0:0097033 |obsolete mitochondrial respiratory chai 8| 0.003894| 0.998053 1
116|G0:0042254 |ribosome biogenesis 8] 0.003963]| 0.540902 13
117|G0:0006396 |RNA processing 8| 0.003989| 0.401885 13
118|G0:0016336 |establishment or maintenance of polar 8] 0.004167| -0.71469 5
119|G0:0007606 |sensory perception of chemical stimulu 9| 0.004184| -0.18602 66
120|G0:0005705 |polytene chromosome interband 81 0.004192]| -0.42471 3
121|G0:0007030 |Golgi organization 9 0.00425( 0.243488 28
122]1G0:0033842 |N-acetyl-beta-glucosaminyl-glycoprotei 41 0.004327| 0.997836 1
123|G0:0042274 |ribosomal small subunit biogenesis 8| 0.004347]| 0.953408 2
124|G0:0032008 |positive regulation of TOR signaling pa 6| 0.004361| 0.870384 3
125|/G0:0030170 |pyridoxal phosphate binding 7] 0.004419] 0.288819 28
126|G0:0003700 |transcription factor activity 71 0.004512] 0.091239 375
127|G0:0006096 |glycolysis 9| 0.004726| 0.370366 20
128|G0:0006680 |glucosylceramide catabolic process 7] 0.00476| 0.99762 1
129|G0:0016142 |0O-glycoside catabolic process 7| 0.00476| 0.99762 1
130({G0:0008422 [beta-glucosidase activity 7| 0.00476( 0.99762 1
131|G0:0008206 |bile acid metabolic process 6| 0.00476| 0.99762 1
132]G0:0016992 |lipoate synthase activity 6( 0.00476( 0.99762 1
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133|G0:0003331 |positive regulation of extracellular mat 81 0.004788 0.9511 2
134|G0:0034394 |protein localization at cell surface 81 0.004788 0.9511 2
135|G0:0006120 |mitochondrial electron transport, NADH 5] 0.004968| -0.31697 11
136|G0:0007156 |homophilic cell adhesion 9| 0.005027]| 0.348876 21
137|G0:0006355 |regulation of transcription, DNA-depent 7] 0.005129| 0.091185 367
138|G0:0005770 |late endosome 4( 0.005141( -0.51774 1
139(G0:0034511 [U3 snoRNA binding 9| 0.005336| 0.997332 1
140|G0:0004367 |glycerol-3-phosphate dehydrogenase (N 9| 0.005351| -0.86122 3
141|G0:0005759 |mitochondrial matrix 9] 0.005376| 0.236999 36
1421G0:0001661 |conditioned taste aversion 7] 0.005435| -0.8605 3
143]|G0:0005886 |plasma membrane 9] 0.005449] 0.091932 357
1441G0:0004579 |dolichyl-diphosphooligosaccharide-prot] 6| 0.00552]| 0.859781 3
145|G0:0048193 |Golgi vesicle transport 7] 0.005625]| 0.997187 1
146|G0:0005747 |mitochondrial respiratory chain comple 5] 0.005645| -0.26546 17
147(G0:0005884 |[actin filament 2| 0.005691| -0.3966 5
148|G0:0000166 |nucleotide binding 41 0.005704| 0.09952 159
149|G0:0006633 |fatty acid biosynthetic process 6| 0.005705| 0.370665 16
150|G0:0005097 |Rab GTPase activator activity 6] 0.005817| -0.32695 10
151|G0:0007440 |foregut morphogenesis 5| 0.00591| 0.48983 8
152|G0:0004379 |glycylpeptide N-tetradecanoyltransferal 5] 0.005913| 0.997043 1
153|G0:0006499 |N-terminal protein myristoylation 7] 0.005913| 0.997043 1
154|G0:0030134 |ER to Golgi transport vesicle 41 0.005915| 0.696912 4
155(G0:0048060 [negative gravitaxis 7| 0.005945( 0.766573 4
156|G0:0005542 |folic acid binding 8| 0.005945| 0.766573 4
157|G0:0000176 |nuclear exosome (RNase complex) 7] 0.005958]| 0.452832 8
158|G0:0009593 |detection of chemical stimulus 6| 0.006262( -0.25606 11
159|G0:0004572 |mannosyl-oligosaccharide 1,3-1,6-alph: 41 0.006304| 0.943887 2
160|G0:0007405 |neuroblast proliferation 9| 0.006337| -0.38629 6
161|G0:0000123 |histone acetyltransferase complex 6| 0.006485| -0.39614 5
162|G0:0043035 |chromatin insulator sequence binding 6| 0.006523| -0.59719 7
163|G0:0005622 |[intracellular 9| 0.006544( 0.091575 348
164|G0:0004689 |phosphorylase kinase activity 8| 0.006634| 0.996683 1
165|G0:0006007 |glucose catabolic process 41 0.006634| 0.996683 1
166|G0:0045199 |maintenance of epithelial cell apical/bz 41 0.006693| -0.85048 3
167|G0:0007058 |spindle assembly involved in female m¢ 9| 0.00677| -0.75885 4
168|G0:0008444 |CDP-diacylglycerol-glycerol-3-phosphaty 8| 0.006779| 0.99661 1
169|G0:0016457 |dosage compensation complex assemb 6| 0.00679]| -0.84975 3
170|G0:0048009 |insulin-like growth factor receptor sign 4] 0.006867| 0.941435 2
171|G0:0030097 |hemopoiesis 6| 0.00688| -0.38187 5
172|G0:0030100 |regulation of endocytosis 5] 0.006984| -0.59387 7
173|G0:0006820 |[anion transport 6] 0.007036| 0.593506 7
174|/G0:0003839 |gamma-glutamylcyclotransferase activ 6| 0.007037| 0.940714 2
175|G0:0030163 |protein catabolic process 6| 0.007066| 0.380086 17
176|G0:0017105 |acyl-CoA deltall-desaturase activity 7] 0.007067| 0.996466 1
177]|G0:0003689 |DNA clamp loader activity 9] 0.007158| 0.847086 3
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178|G0:0016339 |calcium-dependent cell-cell adhesion 41 0.00717| 0.372457 14
179|G0:0016303 |1-phosphatidylinositol-3-kinase activity 41 0.007178| -0.84694 3
180|G0:0046934 |phosphatidylinositol-4,5-bisphosphate : 5] 0.007178| -0.84694 3
181|G0:0035005 |phosphatidylinositol-4-phosphate 3-kini 5] 0.007178| -0.84694 3
182|G0:0035004 |phosphoinositide 3-kinase activity 7| 0.007178| -0.84694 3
183|G0:0005214 |structural constituent of chitin-based ct 7( 0.007293( 0.145635 107
184(G0:0005543 |phospholipid binding 9| 0.007438| -0.19629 39
185|G0:0051018 |protein kinase A binding 8| 0.007456| -0.84499 3
186|G0:0005852 |eukaryotic translation initiation factor 3 9] 0.007537| -0.40239 5
187|G0:0010181 |FMN binding 7| 0.007539( 0.479818 10
188|G0:0051056 |regulation of small GTPase mediated s 6] 0.007772| -0.47855 2
189|G0:0031072 |heat shock protein binding 7] 0.007805]| 0.252606 30
190|G0:0031000 |response to caffeine 6] 0.007977| 0.748756 4
191|G0:0008250 |oligosaccharyltransferase complex 6| 0.007977]| 0.748756 4
192|G0:0048025 |negative regulation of nuclear mRNA s 9| 0.00806| -0.74811 4
193|G0:0006622 |protein targeting to lysosome 5| 0.00806| -0.74811 4
194]G0:0019908 |nuclear cyclin-dependent protein kinase 5] 0.008219| 0.679455 4
195|G0:0002781 |antifungal peptide production 6| 0.008285| 0.935665 2
196|G0:0008527 [taste receptor activity 5] 0.008379]| -0.22577 37
197|G0:0070389 |chaperone cofactor-dependent protein 7| 0.00851 0.9348 2
198(G0:0043169 (cation binding 6( 0.009092( 0.237547 32
199(G0:0007411 |axon guidance 8| 0.009144( -0.14246 74
200|G0:0008946 |oligonucleotidase activity 7] 0.009375]| 0.995312 1
201(G0:0007010 |cytoskeleton organization 9| 0.009498| -0.24427 17
202|G0:0006408 |snRNA export from nucleus 4( 0.009516( 0.931049 2
203|G0:0008010 |[structural constituent of chitin-based I3 7( 0.009642( 0.249573 35
204(G0:0070822 (Sin3-type complex 4] 0.009861| -0.46847 3
205(G0:0016233 |telomere capping 4( 0.010015| -0.48902 1
206(G0:0019985 |[bypass DNA synthesis 9( 0.010074| 0.733824 4
207(G0:0043248 |proteasome assembly 9| 0.010143] 0.928814 2
208(G0:0005484 [SNAP receptor activity 8| 0.010369| 0.36017 15
209(G0:0008476 |protein-tyrosine sulfotransferase activil 10| 0.010529| 0.994735 1
210/G0:0048813 |dendrite morphogenesis 5] 0.010665| -0.14243 51
211(G0:0006779 |porphyrin biosynthetic process 7] 0.010673]| 0.994663 1
2121G0:0004853 |uroporphyrinogen decarboxylase activit] 5] 0.010673| 0.994663 1
213(G0:0002814 |negative regulation of biosynthetic proq 8| 0.01079]| 0.926578 2
2141G0:0008540 |proteasome regulatory particle, base s 9] 0.010997| 0.46377 11
215(G0:0007216 |metabotropic glutamate receptor signa 7] 0.011182] 0.822562 3
216|G0:0042250 |maintenance of polarity of embryonic ¢ 8] 0.011538| 0.99423 1
217(G0:0031629 |synaptic vesicle fusion to presynaptic m 5] 0.011568| -0.82054 3
218|G0:0051297 |centrosome organization 81 0.011688| -0.24422 8
219(G0:0005932 |microtubule basal body 41 0.011795| -0.65926 1
220/G0:0005971 |[ribonucleoside-diphosphate reductase (¢ 6| 0.011964| 0.922683 2
221(G0:0004748 |ribonucleoside-diphosphate reductase g 6| 0.011964| 0.922683 2
2221G0:0000124 |SAGA complex 6( 0.012217( -0.3505 21
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223|G0:0004657 |proline dehydrogenase activity 9] 0.012259| 0.99387 1
224(G0:0007099 |centriole replication 6] 0.012294| -0.35434 6
225|G0:0000009 |alpha-1,6-mannosyltransferase activity 8] 0.012404] 0.993798 1
226(G0:0006488 |dolichol-linked oligosaccharide biosynth 8| 0.012404| 0.993798 1
2271G0:0004849 |uridine kinase activity 9] 0.012498]| 0.815854 3
228|G0:0000235 |astral microtubule 10| 0.01259| -0.71932 4
2291G0:0006123 |mitochondrial electron transport, cytocl 6| 0.012832 -0.408 4
230[G0:0001105 |transcription coactivator activity 71 0.012898| -0.60269 1
2311G0:0007186 |G-protein coupled receptor protein sign 31 0.012922] 0.144151 92
232(G0:0008137 |NADH dehydrogenase (ubiquinone) acti 7] 0.013118] -0.26741 16
233|G0:0008360 |[regulation of cell shape 41 0.013374| -0.17213 42
234(G0:0005751 |mitochondrial respiratory chain comple 6| 0.013441| -0.36044 6
235|G0:0003887 |DNA-directed DNA polymerase activity 7| 0.01361] 0.35999 9
236(G0:0008568 |microtubule-severing ATPase activity 7] 0.013725]| 0.810012 3
2371G0:0033227 |dsRNA transport 5( 0.013761( -0.32213 6
238|G0:0030117 |membrane coat 7] 0.013769]| 0.650195 5
239(G0:0005815 |microtubule organizing center 5] 0.014495| -0.55635 7
240(G0:0030330 |DNA damage response, signal transdug 5] 0.014567] 0.992716 1
241(G0:0007378 |amnioserosa formation 5] 0.014586| 0.59576 5
242(G0:0005665 |DNA-directed RNA polymerase I, core { 5] 0.014676| 0.416964 11
2431G0:0016740 |transferase activity 8| 0.014676| 0.416964 11
244(G0:0016080 |synaptic vesicle targeting 8| 0.014684( -0.80568 3
2451G0:0035050 |embryonic heart tube development 9] 0.014771| -0.4167 3
246(G0:0010043 |[response to zincion 8 0.014848( 0.804962 3
2471G0:0007444 |imaginal disc development 7] 0.014871] 0.280146 22
248(G0:0004004 |ATP-dependent RNA helicase activity 6| 0.015093| 0.245984 27
2491G0:0045169 |fusome 7( 0.015171( -0.25565 17
250(G0:0008066 |glutamate receptor activity 71 0.015444| 0.520185 6
2511G0:0010468 |regulation of gene expression 9] 0.015649| 0.33751 10
252(G0:0030716 |oocyte fate determination 5] 0.015773 -0.801 3
253|G0:0015238 |drug transporter activity 5] 0.015819]| 0.551587 5
254(G0:0004768 |stearoyl-CoA 9-desaturase activity 8| 0.015819( 0.551587 5
255|G0:0006431 |methionyl-tRNA aminoacylation 7( 0.015955( 0.91071 2
256(G0:0004825 |methionine-tRNA ligase activity 7] 0.015955| 0.91071 2
257|G0:0070971 |endoplasmic reticulum exit site 7] 0.016161| 0.910133 2
258(G0:0008092 |cytoskeletal protein binding 6| 0.016248]| -0.32236 8
259|G0:0005483 |soluble NSF attachment protein activity 8] 0.016263| 0.70259 4
260(G0:0009987 |cellular process 7] 0.016607| 0.20566 23
261(G0:0006163 |purine nucleotide metabolic process 5] 0.016711] 0.908619 2
262|G0:0097062 |dendritic spine maintenance 6| 0.01673] 0.991634 1
263|G0:0000309 |nicotinamide-nucleotide adenylyltransfi 7| 0.01673| 0.991634 1
264(G0:0043625 |delta DNA polymerase complex 9| 0.016737| 0.908547 2
265|G0:0004725 |protein tyrosine phosphatase activity 6] 0.016792| -0.24928 16
266(G0:0004766 |spermidine synthase activity 10| 0.017135]| 0.907465 2
267(G0:0007160 |cell-matrix adhesion 41 0.017359] 0.409884 8
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2681G0:0008440 |inositol trisphosphate 3-kinase activity 9] 0.017421] 0.794287 3
269(G0:0045544 |gibberellin 20-oxidase activity 8| 0.017452] 0.991274 1
2701G0:2000377 |regulation of reactive oxygen species m 7] 0.017605| -0.58495 6
271(G0:0048488 |synaptic vesicle endocytosis 71 0.017637| -0.28382 9
272]1G0:0006963 |positive regulation of antibacterial pept 5] 0.018517| -0.40712 4
273(G0:0001744 |optic lobe placode formation 9| 0.018669| -0.6935 4
2741G0:0004407 |histone deacetylase activity 5] 0.018694| -0.58148 1
275|G0:0008061 |chitin binding 5( 0.018943( 0.161923 52
276|G0:0046425 [regulation of JAK-STAT cascade 6| 0.019328| -0.43844 3
277|G0:0060857 [establishment of glial blood-brain barri 9| 0.019397| -0.39114 5
2781G0:0007608 |sensory perception of smell 6] 0.019474| -0.16716 61
279|G0:0003696 |satellite DNA binding 9| 0.019692| -0.68997 4
280/G0:0008449 |N-acetylglucosamine-6-sulfatase activi 9] 0.019713]| -0.78563 3
281(G0:0018149 |peptide cross-linking 6] 0.019938| 0.90018 2
2821G0:0008188 |neuropeptide receptor activity 4 0.01998( 0.227005 37
283(G0:0000178 |exosome (RNase complex) 8| 0.020256| 0.899387 2
2841G0:0006281 |DNA repair 5( 0.020632( 0.216569 31
285(G0:0008553 |hydrogen-exporting ATPase activity, phi 6] 0.020658| -0.21882 22
286|G0:0006325 |establishment or maintenance of chron 6| 0.020866| -0.28295 9
287(G0:0006686 |sphingomyelin biosynthetic process 6| 0.020913]| 0.989543 1
288|G0:0000276 |mitochondrial proton-transporting ATP 41 0.020923| -0.40183 3
2891G0:0031473 |myosin Il binding 6( 0.021057( 0.989471 1
290/G0:0004590 |orotidine-5'-phosphate decarboxylase a 6] 0.021346| 0.989326 1
291(G0:0004588 |orotate phosphoribosyltransferase actiy 7] 0.021346]| 0.989326 1
2921G0:0044205 |'de novo' UMP biosynthetic process 7] 0.021346]| 0.989326 1
293(G0:0050770 |regulation of axonogenesis 7] 0.021581| -0.40048 4
2941G0:0008285 |negative regulation of cell proliferation 8] 0.021835| -0.25921 10
295(G0:0005371 |tricarboxylate secondary active transme 71 0.021941| -0.77784 3
296|G0:0035641 |locomotory exploration behavior 9] 0.022067| 0.988966 1
297(G0:0061099 |negative regulation of protein tyrosine 7] 0.022067| 0.988966 1
298|G0:0004674 |protein serine/threonine kinase activity] 6] 0.022304 -0.118 97
299(G0:0008603 |cAMP-dependent protein kinase regula 6] 0.022434| 0.570666 6
300/G0:0004032 [aldehyde reductase activity 6| 0.022461( 0.570594 6
301|{G0:0006098 |pentose-phosphate shunt 7] 0.022488]| 0.570522 6
302|G0:0051233 (spindle midzone 9] 0.022568| 0.450855 5
303(G0:0017146 |N-methyl-D-aspartate selective glutam 5| 0.02285]| 0.774812 3
304|G0:0003713 |transcription coactivator activity 6] 0.022992| -0.25013 11
305(G0:0035080 |heat shock-mediated polytene chromos 6| 0.02313] 0.530231 5
306|G0:0016758 [transferase activity, transferring hexosy 6| 0.023208]| -0.42985 11
307|G0:0060968 |obsolete regulation of gene silencing 6| 0.023465| -0.56798 1
308|G0:0031936 [negative regulation of chromatin silenc 5] 0.023465| -0.56798 1
309(G0:0007304 |chorion-containing eggshell formation 6| 0.02359]| 0.370531 12
310|G0:0006414 [translational elongation 8| 0.02359]| 0.370531 12
311{G0:0032313 |[regulation of Rab GTPase activity 7] 0.023764| -0.28889 7
312(G0:0070855 |myosin VI head/neck binding 6| 0.023858| 0.890804 2
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313|G0:0000910 [cytokinesis 5( 0.024044( -0.18884 30
314{G0:0007274 |neuromuscular synaptic transmission 9( 0.024092( -0.27311 10
315(G0:0043204 |perikaryon 10| 0.02423]| 0.987884 1
316[G0:0045836 |positive regulation of meiosis 4] 0.02423] 0.987884 1
317|G0:0046959 [habituation 7( 0.024317( -0.67583 4
318|G0:0006979 [response to oxidative stress 6] 0.024319]| 0.200324 34
319(G0:0051101 |[regulation of DNA binding 6| 0.02433( 0.770052 3
320(G0:0044431 |Golgi apparatus part 8| 0.024374( 0.987812 1
321|(G0:0019207 |kinase regulator activity 7( 0.024951( 0.987523 1
322|(G0:0045900 |negative regulation of translational elo 7] 0.024974| 0.88828 2
323|G0:0008033 [tRNA processing 6| 0.025011( 0.409154 10
324(G0:0007029 |endoplasmic reticulum organization 6| 0.025055| 0.494471 5
325|G0:0021551 [central nervous system morphogenesis 5] 0.025304| -0.76702 3
326(G0:0045742 |positive regulation of epidermal growtt 6| 0.025441| -0.56308 1
327|G0:0038001 (paracrine signaling 5] 0.025469]| 0.766518 3
328[G0:0008518 [reduced folate carrier activity 6| 0.025469]| 0.766518 3
329|G0:0046427 |positive regulation of JAK-STAT cascadg 3] 0.025469] 0.766518 3
330/G0:0004252 |serine-type endopeptidase activity 4( 0.025922| 0.088608 279
331{G0:0001578 |microtubule bundle formation 4( 0.026094( 0.523232 4
332(G0:0051726 |[regulation of cell cycle 5] 0.026123| -0.23044 13
333[(G0:0008138 |protein tyrosine/serine/threonine phosj 6] 0.026157| -0.32711 5
334(G0:0030688 |preribosome, small subunit precursor 5] 0.026249( 0.986874 1
335(G0:0005978 |glycogen biosynthetic process 5] 0.026375] 0.670291 3
336(G0:0032880 |regulation of protein localization 6| 0.026665| 0.608354 5
337|G0:0005791 [rough endoplasmic reticulum 5] 0.026665| 0.608354 5
338|G0:0031941 [filamentous actin 5( 0.026712( 0.560109 4
339|G0:0005958 [DNA-dependent protein kinase-DNA lig| 41 0.027146| 0.88352 2
340(G0:0035091 |phosphoinositide binding 5] 0.027387| -0.30833 7
3411G0:0005829 |cytosol 5( 0.027437( 0.150922 54
342(G0:0000070 |mitotic sister chromatid segregation 5] 0.027531| 0.308113 12
343|(G0:0003012 |muscle system process 5] 0.027547| 0.986225 1
344(G0:0006855 |multidrug transport 5] 0.027823| 0.882077 2
345|G0:0048854 |[brain morphogenesis 5] 0.027922| 0.40403 10
346(G0:0015276 |[ligand-gated ion channel activity 5] 0.027949| -0.19013 18
347(G0:0016201 [synaptic target inhibition 6| 0.027959( -0.88179 2
348|G0:0008363 |[larval chitin-based cuticle development 5] 0.028107| 0.43985 10
349(G0:0042654 |ecdysis-triggering hormone receptor ac 5] 0.028124| 0.985937 1
350(G0:0001708 |[cell fate specification 6| 0.028268]| 0.314242 21
351|G0:0045217 |cell-cell junction maintenance 41 0.028269]| 0.985865 1
352(G0:0070856 |myosin VI light chain binding 41 0.028269| 0.985865 1
353(G0:0019749 |cytoskeleton-dependent cytoplasmic tre 5] 0.028269| 0.985865 1
354(G0:0019773 |proteasome core complex, alpha-subun 4] 0.028563| 0.419825 8
355[(G0:0006030 |chitin metabolic process 4( 0.028751( 0.160658 70
356(G0:0006144 |purine base metabolic process 7] 0.028887]| 0.879841 2
357|G0:0005918 |septate junction 8] 0.029138]| -0.30582 9
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358|G0:0005774 |[vacuolar membrane 5( 0.029422( 0.985288 1
359|G0:0046686 |response to cadmium ion 41 0.029422| 0.985288 1
360|G0:0070574 [cadmium ion transmembrane transport 4(0.029422( 0.985288 1
361[{G0:0015086 |[cadmium ion transmembrane transpori 41 0.029422| 0.985288 1
362|G0:0048148 |[behavioral response to cocaine 4] 0.029442] 0.459606 8
363(G0:0042335 |cuticle development 41 0.029442| 0.459606 8
364|G0:0006338 |chromatin remodeling 5] 0.029443| -0.40153 3
365|G0:0000049 [tRNA binding 4] 0.029481]| 0.459534 8
366|G0:0008514 |[organic anion transmembrane transpor] 4(0.029481( 0.459534 8
367[(G0:0030176 |integral to endoplasmic reticulum men 5] 0.029521]| 0.459462 8
368|G0:0046622 |positive regulation of organ growth 5] 0.029639]| -0.60111 1
369|G0:0016614 |oxidoreductase activity, acting on CH-O 4 0.02986]| 0.339694 11
370(G0:0035158 |[regulation of tube diameter, open trach 41 0.030257| 0.43609 7
371{G0:0005779 |integral to peroxisomal membrane 41 0.030292| 0.599596 4
372(G0:0005099 |Ras GTPase activator activity 4( 0.030386| -0.59938 1
373|(G0:0015367 |oxoglutarate:malate antiporter activity 41 0.030488| -0.66026 1
374|G0:0019867 |[outer membrane 7] 0.03072] 0.984639 1
375(G0:0005762 |mitochondrial large ribosomal subunit 6| 0.030786| 0.210664 21
376|G0:0008306 |associative learning 71 0.031075| -0.43472 3
377(G0:0008458 |carnitine O-octanoyltransferase activity 7] 0.031297| 0.98435 1
378|G0:0042384 |cilium assembly 7( 0.031315( 0.268751 25
379(G0:0035196 |gene silencing by miRNA, production of 7] 0.031437| -0.87465 2
380|G0:0008098 ([5S rRNA primary transcript binding 7] 0.031442] 0.984278 1
381(G0:0017150 [tRNA dihydrouridine synthase activity 8| 0.031679]| 0.657578 4
382(G0:0045793 |[positive regulation of cell size 8| 0.031752| -0.3281 8
383(G0:0009306 |protein secretion 71 0.032281| 0.267686 10
384|G0:0008320 [protein transmembrane transporter act 8] 0.032768]| 0.431977 7
385(G0:0043021 |[ribonucleoprotein binding 7] 0.032884| 0.983557 1
386|G0:0004854 |xanthine dehydrogenase activity 8| 0.033012]| 0.871547 2
387|G0:0008593 |[regulation of Notch signaling pathway 6| 0.033097| -0.32645 5
388(G0:0016585 |chromatin remodeling complex 6| 0.03339| -0.50859 1
389(G0:0007268 |synaptic transmission 6] 0.033402| -0.20849 23
390|G0:0016709 |oxidoreductase activity, acting on paire| 6| 0.033749( 0.983124 1
391(G0:0006974 |response to DNA damage stimulus 6| 0.03387| 0.149454 26
392|G0:0003729 [mRNA binding 7| 0.03409( -0.11051 80
393(G0:0004222 |metalloendopeptidase activity 7] 0.034163]| 0.160198 46
394|G0:0005687 [snRNP U4 6( 0.034171( 0.869311 2
395(G0:0015301 |anion:anion antiporter activity 8( 0.034171( 0.869311 2
396(G0:0005452 |inorganic anion exchanger activity 5] 0.034171] 0.869311 2
397(G0:0008079 |[translation termination factor activity 41 0.034171| 0.869311 2
398|G0:0043044 [ATP-dependent chromatin remodeling 41 0.034575| -0.65137 4
399(G0:0031670 |cellular response to nutrient 41 0.034615| 0.982691 1
400(G0:0007051 |spindle organization 4(0.034618( -0.4103 3
401]G0:0035007 [regulation of melanization defense res| 5] 0.034625| -0.86845 2
402|G0:0000302 [response to reactive oxygen species 5] 0.034768| -0.74098 3
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403(G0:0005488 |binding 5( 0.034788( 0.090749 247
404]1G0:0031571 [G1 DNA damage checkpoint 41 0.035158| -0.86744 2
405|G0:0008068 [extracellular-glutamate-gated chloride 6] 0.035336| 0.982331 1
406|G0:0007431 [salivary gland development 6| 0.035361| 0.29802 16
407(G0:0005104 [fibroblast growth factor receptor bindir 6| 0.035529] 0.739108 3
408|G0:0035561 (regulation of chromatin binding 7] 0.035529] 0.739108 3
409|G0:0005096 |GTPase activator activity 5( 0.035582( -0.30761 10
410|G0:0016044 [membrane organization 8 0.0357| 0.377719 10
411(G0:0007561 |[imaginal disc eversion 4 0.035867( -0.47415 2
412]1G0:0004450 |[isocitrate dehydrogenase (NADP+) actiy 7] 0.035913]| 0.982042 1
413(G0:0006102 [isocitrate metabolic process 6] 0.035913]| 0.982042 1
4141G0:0006097 [glyoxylate cycle 6| 0.035913]| 0.982042 1
415(G0:0005890 |[sodium:potassium-exchanging ATPase | 7] 0.035953]| -0.54136 1
416|G0:0016055 [Wnt receptor signaling pathway 8| 0.036375| -0.19051 27
417]1G0:0005744 [mitochondrial inner membrane preseqt 6] 0.036659]| 0.391026 8
418]|G0:0004307 [ethanolaminephosphotransferase activ 6| 0.036778| 0.98161 1
419|G0:0019135 [deoxyhypusine monooxygenase activity 4( 0.036922( 0.981538 1
420]G0:0008630 [DNA damage response, signal transduc 5] 0.037069]| 0.447082 6
421(G0:0045039 [protein import into mitochondrial inner| 41 0.037273| 0.446778 7
422]1G0:0003951 [NAD+ kinase activity 5] 0.037417]| -0.73456 3
423]G0:0005763 [mitochondrial small ribosomal subunit 31 0.037439| 0.25796 27
424(G0:0051764 |actin crosslink formation 7| 0.037788( 0.981105 1
4251G0:0008088 [axon cargo transport 4(0.038021( -0.42418 3
426]|G0:0008475 [procollagen-lysine 5-dioxygenase activi 41 0.038404| -0.86145 2
427(G0:0042391 [regulation of membrane potential 8] 0.038485| -0.49993 7
428]1G0:0002807 [positive regulation of antimicrobial pep 7] 0.038509( 0.980744 1
429]|G0:0050839 (cell adhesion molecule binding 41 0.038559| 0.329195 9
430|G0:0046168 |glycerol-3-phosphate catabolic process 5] 0.038564| -0.86116 2
431|G0:0006826 |[iron ion transport 5] 0.038622| -0.53669 6
432(G0:0008199 |ferric iron binding 3| 0.038622( -0.53669 6
433|G0:0007349 |cellularization 5( 0.038679( -0.22475 14
434]1G0:0048142 [germarium-derived cystoblast division 41 0.039369| 0.859719 2
435|G0:0071632 |optomotor response 71 0.039369| 0.859719 2
436|G0:0004353 [glutamate dehydrogenase [NAD(P)+] at 6| 0.039369]| 0.859719 2
437|G0:0003896 |DNA primase activity 7( 0.039369( 0.859719 2
438]|G0:0008649 [rRNA methyltransferase activity 8| 0.039369]| 0.859719 2
439(G0:0006269 |DNA replication, synthesis of RNA prim 8] 0.039369]| 0.859719 2
440|G0:0019551 |glutamate catabolic process to 2-oxogli 6| 0.039369]| 0.859719 2
441(G0:0043462 |regulation of ATPase activity 7] 0.039369] 0.859719 2
442]1G0:0009328 [phenylalanine-tRNA ligase complex 6| 0.03941]| 0.859647 2
443(G0:0006432 |phenylalanyl-tRNA aminoacylation 4] 0.03941| 0.859647 2
4441G0:0004826 [phenylalanine-tRNA ligase activity 41 0.03941| 0.859647 2
445]G0:0016062 |adaptation of rhodopsin mediated sign: 4( 0.039475( 0.64178 4
446]|G0:0046527 |glucosyltransferase activity 41 0.03953| -0.72966 3
447(G0:0004644 |phosphoribosylglycinamide formyltrans 41 0.039663| 0.980167 1
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448]1G0:0004641 ([phosphoribosylformylglycinamidine cyc 4( 0.039663( 0.980167 1
449]1G0:0004637 [phosphoribosylamine-glycine ligase act 41 0.039663| 0.980167 1
450(G0:0004591 |oxoglutarate dehydrogenase (succinyl-t| 41 0.039751| 0.729155 3
451]G0:0045893 [positive regulation of transcription, DN/ 4| 0.03983| -0.17053 24
452]1G0:0004115 (3',5'-cyclic-AMP phosphodiesterase act 41 0.039857| -0.85885 2
453]G0:0050918 [positive chemotaxis 5] 0.039951| 0.980023 1
4541G0:0015992 |proton transport 4( 0.040009| -0.26012 13
455|G0:0017176 |[phosphatidylinositol N-acetylglucosami 41 0.040376| 0.640121 4
456|G0:0046530 |[photoreceptor cell differentiation 6] 0.040511| -0.8577 2
457]1G0:0034773 [histone H4-K20 trimethylation 4| 0.04084| -0.85712 2
458(G0:0004730 |[pseudouridylate synthase activity 41 0.040905| 0.726558 3
459]|G0:0004677 [DNA-dependent protein kinase activity 5] 0.041105| 0.979446 1
460(G0:0043564 [Ku70:Ku80 complex 4] 0.041105| 0.979446 1
461]|G0:0030532 ([small nuclear ribonucleoprotein comple 4] 0.041168| 0.209694 16
462(G0:0048489 |synaptic vesicle transport 5] 0.041361| -0.40126 5
463|G0:0006072 |glycerol-3-phosphate metabolic proces: 5] 0.041535| -0.40104 5
464(G0:0016331 [morphogenesis of embryonic epitheliur 7] 0.042121| -0.4647 2
465|G0:0022821 |potassium ion antiporter activity 4( 0.042691| 0.978653 1
466|G0:0015299 [solute:hydrogen antiporter activity 5] 0.042691| 0.978653 1
467(G0:0003779 |actin binding 6( 0.04272( -0.13139 54
468|G0:0006606 |protein import into nucleus 5] 0.04307| 0.307683 14
469|G0:0004556 |alpha-amylase activity 5] 0.043179] 0.721581 3
470(G0:0009082 |[branched chain family amino acid biosy 8] 0.043268| 0.978364 1
471(G0:0004084 |[branched-chain-amino-acid transamina 8| 0.043268]| 0.978364 1
472]1G0:0035160 [maintenance of epithelial integrity, ope 8| 0.043332| 0.398849 7
473(G0:0006897 |endocytosis 8| 0.043471| -0.23038 12
474(G0:0009267 |cellular response to starvation 8] 0.043834| -0.63401 1
475]G0:0017133 [mitochondrial electron transfer flavoprt 5] 0.043862| -0.85193 2
476(G0:0033119 |[negative regulation of RNA splicing 6| 0.043956| 0.719922 3
477(G0:0005513 |detection of calcium ion 7| 0.043956( 0.719922 3
478(G0:0042273 |ribosomal large subunit biogenesis 7] 0.044278| 0.97786 1
479]|G0:0019811 (cocaine binding 71 0.044566| 0.977715 1
480(G0:0005330 [dopamine:sodium symporter activity 7] 0.044566| 0.977715 1
481]|G0:0005329 [dopamine transmembrane transporter 4( 0.044566| 0.977715 1
482]1G0:0010669 [epithelial structure maintenance 6] 0.044763| -0.85041 2
483|G0:0046536 [dosage compensation complex 5] 0.045196| -0.84969 2
484]1G0:0060180 [female mating behavior 6] 0.045309| 0.570625 5
485]|G0:0006537 [glutamate biosynthetic process 41 0.045309| 0.570625 5
486|G0:0001558 (regulation of cell growth 5] 0.045332] -0.33184 1
487]|G0:0030133 [transport vesicle 31 0.045398| 0.57048 5
488(G0:0060361 |flight 5( 0.045398( 0.57048 5
489]|G0:0008084 [imaginal disc growth factor activity 5] 0.045442]| 0.570408 5
490(G0:0000398 |[nuclear mRNA splicing, via spliceosomé 5] 0.046112| -0.10186 106
491]|G0:0043565 [sequence-specific DNA binding 41 0.046436| 0.090702 229
492(G0:0005818 |aster 5( 0.046516( -0.71458 3
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493|G0:0051298 |centrosome duplication 71 0.046554| -0.17221 16
494]1G0:0005992 [trehalose biosynthetic process 5] 0.046799| 0.714008 3
495(G0:0044432 [endoplasmic reticulum part 6| 0.046815| 0.847025 2
496|G0:0008310 [single-stranded DNA specific 3'-5' exod 4] 0.046815| 0.847025 2
497]1G0:0031398 (positive regulation of protein ubiquitine 5] 0.046859]| -0.84695 2
498]|G0:0019064 |viral envelope fusion with host membre 9| 0.047018]| 0.976489 1
499|G0:0019031 |[viral envelope 8( 0.047018( 0.976489 1
500(G0:0046789 |host cell surface receptor binding 5] 0.047018]| 0.976489 1
501|{G0:0046328 |regulation of JNK cascade 6] 0.047053| -0.45806 2
502(G0:0008140 |cAMP response element binding proteil 6| 0.047257| -0.8463 2
503(G0:0019992 |diacylglycerol binding 5] 0.047328]| -0.26358 11
504(G0:0016250 |N-sulfoglucosamine sulfohydrolase acti 6| 0.047451| 0.976273 1
505|G0:0008484 (sulfuric ester hydrolase activity 6| 0.047451| 0.976273 1
506|G0:0006662 |glycerol ether metabolic process 6| 0.047556| 0.340062 14
507|G0:0006468 |protein amino acid phosphorylation 5] 0.047632]| 0.090976 226
508(G0:0008145 |phenylalkylamine binding 6| 0.047861| -0.56658 5
509(G0:0005919 |[pleated septate junction 6| 0.047925| -0.84522 2
510|G0:0021682 |nerve maturation 6] 0.047925]| -0.84522 2
511|G0:0005249 [voltage-gated potassium channel activi 41 0.048242| -0.30308 7
512(G0:0045892 |negative regulation of transcription, DN 5] 0.048276| -0.16616 36
513|{G0:0005507 |copper ion binding 5] 0.048807| 0.310564 18
514({G0:0007218 |neuropeptide signaling pathway 5] 0.048847]| 0.217687 33
515|G0:0005813 |centrosome 3] 0.04898| -0.1814 28
516|G0:0005720 [nuclear heterochromatin 4] 0.049364| -0.84291 2
517(G0:0072375 |medium-term memory 41 0.049513| -0.62476 4
518(G0:0034647 |histone demethylase activity (H3-trime; 41 0.049636| -0.84248 2
519(G0:0048027 |mRNA 5'-UTR binding 41 0.049682| -0.84241 2
520(G0:0005786 |[signal recognition particle, endoplasmit 41 0.049872| 0.430285 5
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Table S2_Insulin-KUNV

Rank |Function Description Depth |p-value es score |# genes
1(G0:0008946 oligonucleotidase activity 9| 4.0916E-10 1 1
2/G0:0004379 glycylpeptide N-tetradecanoyltransferg 7| 4.0916E-10 1 1
31G0:0006499 N-terminal protein myristoylation 5| 4.0916E-10 1 1
41G0:0008541 proteasome regulatory particle, lid sub 5| 4.541E-08| 0.89052 8
5]G0:0000502 transcription factor activity, RNA polyn 7| 1.3616E-06( 0.56708 14
6|G0:0006360 transcription from RNA polymerase | p 5] 4.2173E-06| 0.88692 6
71G0:0005736 DNA-directed RNA polymerase | comp 7] 4.2173E-06| 0.88692 6
81G0:0000175 3'-5'-exoribonuclease activity 8| 5.2769E-06| 0.67903 10
9/G0:0005663 DNA replication factor C complex 8| 4.8091E-05| 0.88094 5

10|G0:0008535 respiratory chain complex IV assembly 8| 5.0457E-05| 0.70547 9
11|G0:0005634 nucleus 6| 6.5664E-05| -0.106 621
12|1G0:0005575 cellular_component 6| 7.558E-05| 0.08783 1114
13(G0:0003674 molecular_function 5| 7.5795E-05( 0.0861 1114
14{G0:0005832 chaperonin-containing T-complex 4 8.0051E-05( 0.76726 7
15(G0:0016021 integral to membrane 5| 8.8435E-05( 0.1187 519
16|G0:0008150 biological_process 6| 8.9027E-05| 0.08712 965
171G0:0008270 zinc ion binding 7|1 9.787E-05( -0.1079 415
18|G0:0005737 cytoplasm 6( 0.00012091| 0.13155 389
19(G0:0007265 Ras protein signal transduction 6] 0.00012826| -0.4842 3
20|G0:0005524 ATP binding 7 0.0001283| 0.13158 366
21|G0:0003677 DNA binding 6( 0.0001537| -0.1583 223
22|G0:0022008 neurogenesis 5( 0.00015835| 0.17793 191
23|G0:0016020 membrane 6( 0.00015872| 0.1299 295
241G0:0006890 retrograde vesicle-mediated transport 8| 0.00018159| 0.74119 7
25|G0:0001522 pseudouridine synthesis 4 0.0002| 0.66384 8
26|G0:0055114 oxidation reduction 5] 0.00020391( 0.19575 256
27|G0:0003676 nucleic acid binding 8| 0.00025933| -0.1079 214
28|G0:0005875 microtubule associated complex 6| 0.00028542| 0.15178 172
29|G0:0055085 transmembrane transport 9| 0.00029146( 0.18819 177
30|G0:0005852 eukaryotic translation initiation factor 6] 0.00037691| -0.4956 4
31(G0:0000166 nucleotide binding 7( 0.00037721| 0.12916 168
32(G0:0005739 mitochondrion 7| 0.00037881| 0.22829 145
33(G0:0006412 translation 5( 0.00044801| 0.23909 125
34]1G0:0003735 structural constituent of ribosome 6] 0.00048166| 0.26681 121
35|G0:0005509 calcium ion binding 7] 0.00048171( 0.16266 117
36|G0:0048081 positive regulation of cuticle pigmenta 8| 0.00048343| 0.93777 3
371G0:0009982 pseudouridine synthase activity 4( 0.00048578( 0.60545 9
38(G0:0005811 lipid particle 7| 0.0004899| -0.1417 70
39(G0:0000791 euchromatin 4] 0.00049234( -0.6672 1
40[{G0:0009055 electron carrier activity 5] 0.00057002( 0.18797 96
411G0:0007026 negative regulation of microtubule dey 9| 0.00059365| -0.7454 6
42|G0:0006508 proteolysis 6( 0.00062002| 0.0893 541
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43(G0:0020037 heme binding 6| 0.00062892| 0.20363 87
441G0:0006334 nucleosome assembly 8| 0.00065088| -0.4296 62
45(G0:0030126 COPI vesicle coat 7 0.0006856| 0.62231 8
46|/G0:0006333 chromatin assembly or disassembly 7] 0.00069425( -0.4388 57
471G0:0000786 nucleosome 5] 0.00071205| -0.4781 51
481G0:0051603 proteolysis involved in cellular protein 8| 0.00075414| 0.54372 8
49|G0:0048015 phosphoinositide-mediated signaling 5[ 0.00079563| -0.8589 4
50|G0:0005549 odorant binding 5] 0.00079703| -0.2153 78
51|G0:0015030 Cajal body 6( 0.00088506| 0.7298 6
52(G0:0005515 protein binding 6| 0.00095475| 0.09284 467
53|1G0:0016705 oxidoreductase activity, acting on paire 6] 0.00097245( 0.25028 60
54|1G0:0005215 transporter activity 6| 0.00098013( 0.22814 62
55[1G0:0006810 transport 4| 0.00103554| 0.22473 61
56|G0:0051082 unfolded protein binding 6| 0.00106597( 0.25136 56
57|G0:0005840 ribosome 5[ 0.001068| -0.3185 9
58(G0:0005792 microsome 8| 0.00106904| 0.23487 58
59|G0:0032504 multicellular organism reproduction 7] 0.00111219( -0.3013 44
60(G0:0019773 proteasome core complex, alpha-subu 9] 0.00113721]| 0.55164 9
61|G0:0003723 RNA binding 5] 0.00118742( 0.18317 75
62|G0:0005730 nucleolus 4| 0.001262( 0.34652 37
63|G0:0031427 response to methotrexate 5] 0.00128572) 0.54735 10
64(G0:0005700 polytene chromosome 7 0.001293| -0.2489 33
65|G0:0007594 puparial adhesion 5( 0.00130697| -0.5468 4
66(G0:0045727 positive regulation of translation 8] 0.00133417 -0.63 8
67|G0:0006457 protein folding 5] 0.00135618( 0.1878 70
68|G0:0004175 endopeptidase activity 6] 0.00136521| 0.3936 41
69(G0:0007517 muscle development 7] 0.00137422( -0.2944 17
70(G0:0008219 cell death 8| 0.00141475| 0.56808 10
71]G0:0048542 lymph gland development 8] 0.00149037| -0.4697 2
721G0:0016772 transferase activity, transferring phosp 8| 0.00150255| 0.31859 42
73]G0:0008360 regulation of cell shape 9] 0.00153062| -0.2174 42
74(G0:0050909 sensory perception of taste 8| 0.00160393( -0.2718 38
75|G0:0005576 extracellular region 7( 0.00165335| 0.09657 209
76|G0:0022625 cytosolic large ribosomal subunit 9] 0.00166546| -0.3935 2
77]|G0:0042626 ATPase activity, coupled to transmemk 41 0.00170177] 0.36451 39
78]|G0:0007298 border follicle cell migration 41 0.00172096| -0.2486 8
791G0:0007052 mitotic spindle organization 4(0.00177757( 0.14201 104
80|G0:0051056 regulation of small GTPase mediated § 41 0.00183028| -0.5348 3
81(G0:0006260 DNA replication 7] 0.00190797( 0.33401 21
821G0:0030117 membrane coat 5] 0.00199002| 0.75032 5
83(G0:0005762 mitochondrial large ribosomal subunit 7( 0.00199191| 0.30569 33
84]1G0:0008152 metabolic process 6| 0.00203025( 0.12652 124
85|G0:0043190 ATP-binding cassette (ABC) transporte 7] 0.00204307( 0.37336 33
86(G0:0030127 COPII vesicle coat 7| 0.00215362| 0.89756 3
87|G0:0051087 chaperone binding 8| 0.00223587| 0.4431 14
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88|G0:0022627 cytosolic small ribosomal subunit 8] 0.00228347| -0.3541 3
89|G0:0016717 oxidoreductase activity, acting on paire 6] 0.0022941] 0.81604 4
90|G0:0017150 tRNA dihydrouridine synthase activity 6 0.0022941| 0.81604 4
91|G0:0000022 mitotic spindle elongation 7] 0.00230051 -0.22 16
92|G0:0005622 intracellular 7( 0.00233716| -0.0997 160
93|G0:0004364 glutathione transferase activity 5] 0.00236422( 0.37361 29
941G0:0004984 olfactory receptor activity 6] 0.00241795 -0.25 39
95(G0:0007030 Golgi organization 6] 0.00254462( 0.26112 24
96|G0:0005615 extracellular space 5 0.00255( -0.1463 46
97(G0:0008333 endosome to lysosome transport 6] 0.00258937( -0.6843 6
98|G0:0006338 chromatin remodeling 4] 0.00260518| -0.5012 1
99(G0:0000922 spindle pole 7| 0.00264962| -0.4035 4
100{G0:0003899 DNA-directed RNA polymerase activity] 3] 0.00274637]| 0.39806 19
101|G0:0005200 structural constituent of cytoskeleton 6| 0.00276609( -0.3044 17
102|G0:0003954 NADH dehydrogenase activity 6( 0.00282042| -0.3831 6
103|G0:0000049 tRNA binding 9| 0.00285108| 0.56811 9
104|G0:0016992 lipoate synthase activity 6| 0.00288704| 0.99856 1
105|G0:0005763 mitochondrial small ribosomal subunit 8| 0.00290197| 0.42299 24
106|G0:0008250 oligosaccharyltransferase complex 9] 0.00299185| 0.80341 4
107|G0:0006355 regulation of transcription, DNA-depen 6| 0.00300867| -0.0958 107
108|G0:0048813 dendrite morphogenesis 8| 0.00307388| -0.1604 57
109|G0:0000176 nuclear exosome (RNase complex) 7 0.003082( 0.47702 9
110|G0:0000177 cytoplasmic exosome (RNase complex 9| 0.00309586| 0.59553 6
111|G0:0006963 positive regulation of antibacterial pep 7] 0.00312074| -0.4766 3
112|1G0:0042176 regulation of protein catabolic process 8] 0.00312645| 0.72881 4
113|G0:0005097 Rab GTPase activator activity 8| 0.00317878| -0.3785 8
114]1G0:0006364 rRNA processing 8] 0.00332777| 0.54725 17
115(G0:0004298 threonine-type endopeptidase activity 81 0.00337557| 0.41105 14
116{G0:0003682 chromatin binding 8] 0.00338955| -0.2213 26
117|1G0:0003689 DNA clamp loader activity 8| 0.00339105| 0.88081 3
118(G0:0006120 mitochondrial electron transport, NAD 8| 0.00340603| -0.3341 8
119|G0:0005839 proteasome core complex 91 0.00341954( 0.4326 14
120|G0:0005770 late endosome 8| 0.00342713| -0.5342 1
121|1G0:0031476 myosin VI complex 9( 0.00350311( 0.87951 3
122(G0:0016336 establishment or maintenance of pola 4 0.0035928( -0.722 5
123|G0:0004655 porphobilinogen synthase activity 8| 0.00360881| 0.9982 1
124]1G0:0006096 glycolysis 6| 0.00361568( 0.40782 21
125/1G0:0019992 diacylglycerol binding 7] 0.00373121( -0.3865 8
126|G0:0004579 dolichyl-diphosphooligosaccharide-prot 7] 0.00374115( 0.87684 3
127|G0:0006259 DNA metabolic process 9] 0.00374345 0.72 5
128(G0:0005761 mitochondrial ribosome 7] 0.00374345 0.72 5
129|G0:0005838 proteasome regulatory particle 7] 0.00378707| 0.51361 14
130{G0:0008603 cAMP-dependent protein kinase regula 7| 0.0038589( 0.66568 6
131|G0:0015986 ATP synthesis coupled proton transport 6| 0.00386685| -0.3826 5
132|G0:0008113 peptide-methionine-(S)-S-oxide reduct 6| 0.00389751| 0.99805 1
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133(G0:0042254 ribosome biogenesis 8] 0.00397004| 0.51669 13
1341G0:0009408 response to heat 8| 0.00398393| 0.2243 42
135(G0:0019991 septate junction assembly 5] 0.00399077| -0.4181 7
136/G0:0007606 sensory perception of chemical stimult 9] 0.00420247| -0.1859 66
137|G0:0019908 nuclear cyclin-dependent protein kinas 7] 0.00431662( 0.71292 4
138|G0:0005705 polytene chromosome interband 41 0.00434025| -0.4361 4
139|G0:0005104 fibroblast growth factor receptor bindi 9] 0.00435736| 0.87042 3
140/ G0:0006555 methionine metabolic process 9| 0.00436464| 0.87034 3
141|G0:0048009 insulin-like growth factor receptor sign 9] 0.00442259| 0.95301 2
1421G0:0043035 chromatin insulator sequence binding 7| 0.0045961( -0.6138 7
143|G0:0007284 spermatogonial cell division 9| 0.0046528| 0.78045 4
1441G0:0003700 transcription factor activity 6] 0.00468619( 0.0913 372
145|G0:0009593 detection of chemical stimulus 7] 0.00487824| -0.2638 11
146|G0:0009987 cellular process 5] 0.00489038( 0.23505 18
1471G0:0000276 mitochondrial proton-transporting ATP, 2| 0.00489826( -0.4602 3
148|G0:0042274 ribosomal small subunit biogenesis 41 0.00493919| 0.95034 2
149(G0:0008285 negative regulation of cell proliferatior 6] 0.00500335| -0.3112 10
150|G0:0007411 axon guidance 6] 0.00517943( -0.1499 72
151|G0:0032154 cleavage furrow 5] 0.00529028( -0.5719 8
1521G0:0006826 iron ion transport 5] 0.00530283 -0.65 6
153|G0:0008199 ferric iron binding 7] 0.00530283 -0.65 6
154|G0:0005886 plasma membrane 4] 0.0053077| 0.09202 358
155(G0:0004725 protein tyrosine phosphatase activity 7] 0.00534575] -0.2815 11
156|G0:0008934 inositol-1(or 4)-monophosphatase acti 8| 0.00536825| 0.64942 5
157{G0:0030097 hemopoiesis 7] 0.0054839]| -0.4001 4
158|G0:0045199 maintenance of epithelial cell apical/b 6| 0.00550023( -0.8599 3
159(G0:0007010 cytoskeleton organization 4( 0.00550273 -0.26 21
160|G0:0016787 hydrolase activity 9] 0.00555096| -0.2296 20
161|G0:0004572 mannosyl-oligosaccharide 1,3-1,6-alph 6| 0.00562124( 0.94702 2
162|G0:0016303 1-phosphatidylinositol-3-kinase activit 6| 0.00563737| -0.8588 3
163|G0:0046934 phosphatidylinositol-4,5-bisphosphate 9| 0.00563737| -0.8588 3
164|G0:0035005 phosphatidylinositol-4-phosphate 3-kin 8| 0.00563737| -0.8588 3
165|G0:0035004 phosphoinositide 3-kinase activity 41 0.00563737| -0.8588 3
166|G0:0016063 rhodopsin biosynthetic process 41 0.00574396| 0.56814 8
167|G0:0003785 actin monomer binding 9] 0.00577409| 0.99711 1
168|G0:0030134 ER to Golgi transport vesicle 8| 0.0058317| 0.69762 4
169|G0:0006431 methionyl-tRNA aminoacylation 6( 0.00583757| 0.946 2
170/G0:0004825 methionine-tRNA ligase activity 4] 0.00583757 0.946 2
171]G0:0005542 folic acid binding 6| 0.00589192| 0.76709 4
172|1G0:0032313 regulation of Rab GTPase activity 5] 0.00593461( -0.3465 8
173|G0:0050770 regulation of axonogenesis 6] 0.00598747| -0.4372 2
174|G0:0005267 potassium channel activity 6| 0.00599851( 0.60124 7
175|G0:0043204 perikaryon 6| 0.00606279| 0.99697 1
176|G0:0045836 positive regulation of meiosis 7] 0.00606279( 0.99697 1
177|G0:0006633 fatty acid biosynthetic process 9] 0.00620064| 0.36805 16
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178|G0:0034511 U3 snoRNA binding 4| 0.0063515( 0.99682 1
1791G0:0006622 protein targeting to lysosome 4( 0.00636674| -0.8529 3
180|G0:0006396 RNA processing 5] 0.00640186( 0.35814 12
181|G0:0005747 mitochondrial respiratory chain complg 5] 0.00640686| -0.2584 14
182|G0:0000124 SAGA complex 7| 0.00644438| -0.3865 3
183|G0:0006281 DNA repair 7| 0.00651523| 0.24922 32
184|G0:0003684 damaged DNA binding 9| 0.00674217| 0.40633 13
185|G0:0030100 regulation of endocytosis 8| 0.00680123| -0.5952 7
186|G0:0043248 proteasome assembly 9 0.0070832( 0.94052 2
187|G0:0030170 pyridoxal phosphate binding 7] 0.00709299( 0.2683 28
188(G0:0051018 protein kinase A binding 6| 0.00709583| -0.8475 3
189|G0:0043625 delta DNA polymerase complex 7] 0.00711761( 0.94037 2
190|G0:0032008 positive regulation of TOR signaling pa 6| 0.00740237| 0.84537 3
191|G0:0048025 negative regulation of nuclear mRNA § 6| 0.00747632| -0.7528 4
192|G0:0001105 #N/A 9( 0.00760009| -0.6314 1
193|G0:0031072 heat shock protein binding 5] 0.00771002( 0.25597 21
1941G0:0003331 #N/A 5( 0.00776914| 0.9377 2
195|G0:0034394 protein localization at cell surface 6| 0.00776914( 0.9377 2
196|G0:0060968 #N/A 5( 0.00794991| -0.6291 1
197|G0:0008540 proteasome regulatory particle, base s 7] 0.00802349( 0.47721 10
198|G0:0010181 FMN binding 6| 0.00802349| 0.47721 10
199|G0:0045039 protein import into mitochondrial inne 8| 0.00804708( 0.52348 7
200(G0:0016457 dosage compensation complex assemk 7] 0.00819599 -0.84 3
201|G0:0004497 monooxygenase activity 9| 0.00823917| 0.42524 12
202(G0:0004367 glycerol-3-phosphate dehydrogenase ( 4| 0.0083298| -0.8392 3
203[G0:0008527 taste receptor activity 7] 0.00840691( -0.2257 37
204|G0:0000235 astral microtubule 4] 0.00842713| -0.7453 4
205(G0:0005751 mitochondrial respiratory chain complg 41 0.00854022| -0.3763 5
206|G0:0005884 actin filament 9| 0.00889479| -0.3664 4
207(G0:0008440 inositol trisphosphate 3-kinase activity 9| 0.00900891| 0.8349 3
208(G0:0019731 antibacterial humoral response 8] 0.00947162| -0.3458 1
209|G0:0008033 tRNA processing 10| 0.00950461( 0.45132 8
210|G0:0001661 conditioned taste aversion 5] 0.00964959| -0.8311 3
211|1G0:0004674 protein serine/threonine kinase activit 71 0.00966002( -0.1293 88
212|G0:0060857 establishment of glial blood-brain barn 5] 0.00987136| -0.4183 5
213(G0:0008458 carnitine O-octanoyltransferase activit 8] 0.01010466| 0.99495 1
214|(G0:0050660 FAD binding 9] 0.01017967| 0.21325 23
215(G0:0008156 negative regulation of DNA replication 7] 0.01053941( 0.57322 7
216(G0:0005971 ribonucleoside-diphosphate reductase 8] 0.01066056| 0.92702 2
217(G0:0004748 ribonucleoside-diphosphate reductase 5] 0.01066056( 0.92702 2
218(G0:0008593 regulation of Notch signaling pathway 8] 0.01074757| -0.3683 6
219|G0:0004155 6,7-dihydropteridine reductase activity 4( 0.01082642( 0.99459 1
220(G0:0008449 N-acetylglucosamine-6-sulfatase activ 6| 0.01092632( -0.8239 3
221(G0:0006408 snRNA export from nucleus 6| 0.01100049( 0.92586 2
222(G0:0035060 brahma complex 6| 0.0112034( -0.484 3
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223|G0:0003887 DNA-directed DNA polymerase activity] 9( 0.01125281| 0.36673 9
224(G0:0005783 endoplasmic reticulum 6| 0.01149553( 0.13622 79
225(G0:0007608 sensory perception of smell 81 0.01154901| -0.178 59
226|G0:0000811 GINS complex 8| 0.01160385| 0.72464 4
2271G0:0015238 drug transporter activity 9] 0.01163075| 0.5681 7
228|G0:0019843 rRNA binding 10| 0.01166283| 0.56795 7
229|G0:0007448 anterior/posterior pattern formation, i 6] 0.01175954| -0.5675 7
230(G0:0003839 gamma-glutamylcyclotransferase acti 7] 0.01196279( 0.92269 2
231(G0:0002814 negative regulation of biosynthetic pro 3] 0.01200749( 0.92254 2
232|G0:0008138 protein tyrosine/serine/threonine phos 7| 0.01204425| -0.3464 4
233|G0:0042742 defense response to bacterium 4(0.01209124( -0.2661 6
2341G0:0016080 synaptic vesicle targeting 6] 0.01234009( -0.8166 3
235(G0:0018149 peptide cross-linking 7( 0.01236809| 0.92139 2
236(G0:0005932 microtubule basal body 7] 0.01240264| -0.6563 1
237(G0:0004689 phosphorylase kinase activity 5] 0.01241429( 0.99379 1
238(G0:0006007 glucose catabolic process 7] 0.01241429( 0.99379 1
239(G0:0006979 response to oxidative stress 51 0.01243004( 0.2163 35
240(G0:0016591 DNA-directed RNA polymerase I, holog 5] 0.01247168| 0.81598 3
241]1G0:0008513 secondary active organic cation transm 5] 0.01250339]| 0.34108 17
242]1G0:0015035 protein disulfide oxidoreductase activit 5] 0.01263992| 0.3406 20
2431G0:0044431 Golgi apparatus part 8 0.012703| 0.99365 1
2441G0:0003696 satellite DNA binding 8| 0.01277811| -0.7184 4
245(G0:0007391 dorsal closure 9] 0.01314881| -0.1735 43
246|G0:0035641 #N/A 8| 0.01342476| 0.99329 1
247(G0:0061099 #N/A 7( 0.01342476| 0.99329 1
248(G0:0050954 sensory perception of mechanical stim 6| 0.01354982( -0.7145 4
249(G0:0006468 protein amino acid phosphorylation 7] 0.01357864| -0.1054 132
250(G0:0010468 regulation of gene expression 7] 0.01364383( 0.34221 14
251|G0:0004657 proline dehydrogenase activity 9] 0.01385781| 0.99307 1
252|G0:0071805 #N/A 5( 0.01411924| 0.43465 10
253(G0:0031122 cytoplasmic microtubule organization 5] 0.01436328( 0.43391 8
254(G0:0007405 neuroblast proliferation 8| 0.01452856| -0.3576 6
255|G0:0009306 protein secretion 7| 0.01467725| 0.29543 12
256(G0:0005779 integral to peroxisomal membrane 7] 0.01491368| 0.64542 4
257|G0:0046425 regulation of JAK-STAT cascade 7| 0.01521955| -0.4494 3
258(G0:0051101 regulation of DNA binding 6] 0.01521962( 0.80335 3
259|G0:0008553 hydrogen-exporting ATPase activity, ph 8| 0.01537196| -0.2264 21
260(G0:0048148 behavioral response to cocaine 7] 0.01537945( 0.49285 9
261|G0:0005743 mitochondrial inner membrane 5] 0.01551128 0.197 39
262(G0:0048193 Golgi vesicle transport 6| 0.01559004( 0.9922 1
263(G0:0008168 methyltransferase activity 7] 0.01567383( 0.26976 16
264(G0:0045217 cell-cell junction maintenance 9] 0.01587874| 0.99206 1
265|G0:0070856 #N/A 6( 0.01587874| 0.99206 1
266(G0:0019749 cytoskeleton-dependent cytoplasmic tn 10| 0.01587874| 0.99206 1
267(G0:0003012 muscle system process 4 0.0160231] 0.99199 1
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268|G0:0032956 regulation of actin cytoskeleton organi 9] 0.01602838| -0.5509 1
269(G0:0004590 orotidine-5'-phosphate decarboxylase 8| 0.0163118]| 0.99184 1
270|G0:0004588 orotate phosphoribosyltransferase acti 7] 0.0163118] 0.99184 1
271|G0:0044205 #N/A 7| 0.0163118] 0.99184 1
272(G0:0004879 ligand-dependent nuclear receptor act 5] 0.01631867| -0.3375 6
2731G0:0022821 potassium ion antiporter activity 9| 0.01645615( 0.99177 1
274(G0:0015299 solute:hydrogen antiporter activity 5] 0.01645615( 0.99177 1
275[1G0:0019135 deoxyhypusine monooxygenase activit 5] 0.01660051( 0.9917 1
276(G0:0005543 phospholipid binding 6| 0.01676754| -0.1789 44
277|G0:0006914 autophagy 9] 0.01690894| -0.3618 6
278|G0:0005890 sodium:potassium-exchanging ATPase 6] 0.01724543] -0.5862 1
279(G0:0002781 antifungal peptide production 9| 0.01740642| 0.90674 2
280(G0:0005992 trehalose biosynthetic process 9] 0.01759554| 0.7936 3
281[G0:0005507 copper ion binding 6] 0.01759807( 0.35065 18
282|G0:0008283 cell proliferation 4] 0.01779742( 0.18949 26
283(G0:0004450 isocitrate dehydrogenase (NADP+) acti 8] 0.01789968| 0.99105 1
284(G0:0006102 isocitrate metabolic process 5] 0.01789968( 0.99105 1
285(G0:0006097 glyoxylate cycle 6| 0.01789968( 0.99105 1
286|G0:0031941 filamentous actin 6( 0.01795602| 0.58384 4
287(G0:0050832 defense response to fungus 6| 0.01808912( 0.29892 19
288(G0:0031629 synaptic vesicle fusion to presynaptic n 41 0.01834418| -0.7907 3
289(G0:0017105 acyl-CoA deltall-desaturase activity 6| 0.01847708( 0.99076 1
290(G0:0004972 N-methyl-D-aspartate selective glutan 6| 0.01872804( 0.63141 5
291|G0:0035561 #N/A 7( 0.01886134| 0.78877 3
292(G0:0045839 negative regulation of mitosis 7] 0.01886134( 0.78877 3
293(G0:0045892 negative regulation of transcription, DI 7] 0.01902958( -0.1866 33
2941G0:0016740 transferase activity 8| 0.01940694| 0.4051 7
295(G0:0007058 spindle assembly involved in female m 7] 0.01947306( -0.6907 4
296|G0:0006446 regulation of translational initiation 9] 0.01947306| -0.6907 4
297(G0:0030163 protein catabolic process 7] 0.01947492( 0.32985 16
298(G0:0006163 purine nucleotide metabolic process 6] 0.01948511( 0.90132 2
299(G0:0008476 protein-tyrosine sulfotransferase activ 6| 0.01948755( 0.99026 1
300|G0:0031936 negative regulation of chromatin silen 6] 0.01961481| -0.5787 1
301|G0:0003844 1,4-alpha-glucan branching enzyme ac 7] 0.01977625( 0.99011 1
302|G0:0045746 negative regulation of Notch signaling 9] 0.01983612| -0.3077 3
303|(G0:0008295 spermidine biosynthetic process 5] 0.02004519( 0.78444 3
304|G0:0008649 rRNA methyltransferase activity 6| 0.02008815( 0.89981 2
305|G0:0006911 phagocytosis, engulfment 6| 0.02039442( -0.1128 77
306(G0:0006974 response to DNA damage stimulus 6] 0.02067481( 0.15855 27
307|G0:0009328 phenylalanine-tRNA ligase complex 6| 0.02072977| 0.89822 2
308|G0:0006432 phenylalanyl-tRNA aminoacylation 5] 0.02072977] 0.89822 2
309|G0:0004826 phenylalanine-tRNA ligase activity 6| 0.02072977| 0.89822 2
310|G0:0016614 oxidoreductase activity, acting on CH-C 8| 0.02086722| 0.35381 16
311(G0:0005096 GTPase activator activity 7] 0.02094127( -0.3272 9
312|G0:0007216 metabotropic glutamate receptor sign 6| 0.02119387( 0.78039 3
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313|G0:0005353 fructose transmembrane transporter a 5] 0.02119387( 0.78039 3
314|G0:0017146 N-methyl-D-aspartate selective glutam 9] 0.02119387| 0.78039 3
315(G0:0005794 Golgi apparatus 10| 0.02120973| -0.1765 41
316(G0:0005099 Ras GTPase activator activity 41 0.02128558| -0.6232 1
317|G0:0000123 histone acetyltransferase complex 7] 0.02146031( -0.3527 3
318|G0:0051726 regulation of cell cycle 6] 0.02149009( -0.236 16
319|G0:0008414 CDP-alcohol phosphotransferase activit 6| 0.02150848( 0.98924 1
320/G0:0005665 DNA-directed RNA polymerase Il, core 81 0.02180646| 0.40003 8
321|G0:0045893 positive regulation of transcription, DN 7] 0.0221194] -0.1821 25
322(G0:0051124 synaptic growth at neuromuscular jung 7] 0.02216163( -0.3618 4
323|G0:0005249 voltage-gated potassium channel activ 6] 0.02220426]| -0.3332 7
324(G0:0005391 sodium:potassium-exchanging ATPase 6] 0.02233681( -0.5323 1
325|G0:0030716 oocyte fate determination 5[ 0.02236396| -0.7764 3
326(G0:0000242 pericentriolar material 6] 0.02260129( -0.5702 6
327|G0:0048488 synaptic vesicle endocytosis 5] 0.02267695| -0.2706 9
328(G0:0042654 ecdysis-triggering hormone receptor a 6] 0.02280765( 0.9886 1
329|G0:0010043 response to zinc ion 3] 0.02288775] 0.77469 3
330|G0:0004730 pseudouridylate synthase activity 41 0.02288775| 0.77469 3
331|G0:0008098 5S rRNA primary transcript binding 4 0.022952] 0.98852 1
332|G0:0008444 CDP-diacylglycerol-glycerol-3-phosphat 5] 0.02309636| 0.98845 1
333|G0:0007160 cell-matrix adhesion 6( 0.02330877| 0.3971 6
334|G0:0005774 vacuolar membrane 5( 0.02338506| 0.98831 1
335(G0:0046686 response to cadmium ion 5] 0.02338506( 0.98831 1
336|G0:0070574 #N/A 6| 0.02338506| 0.98831 1
337|G0:0015086 cadmium ion transmembrane transpor 5] 0.02338506| 0.98831 1
338(G0:0005769 early endosome 5] 0.02345899( -0.3493 4
339|G0:0043401 steroid hormone mediated signaling 4] 0.0234623| -0.3231 6
340|G0:0006098 pentose-phosphate shunt 5] 0.02348645( 0.56791 6
341|G0:0043021 ribonucleoprotein binding 5] 0.02352941| 0.98823 1
342|G0:0019207 kinase regulator activity 5] 0.02367376| 0.98816 1
343|G0:0043154 negative regulation of caspase activity 5] 0.02383631| -0.8909 2
344|G0:0005978 glycogen biosynthetic process 5] 0.02392162( 0.67694 3
345(G0:0005918 septate junction 5] 0.02429741( -0.3132 9
346|G0:0031473 myosin Il binding 5( 0.02439553| 0.9878 1
347|G0:0007155 cell adhesion 6 0.0244562| 0.1372 66
348|G0:0042719 mitochondrial intermembrane space p 5| 0.0245161( 0.49565 6
349|G0:0006784 heme a biosynthetic process 5] 0.02453988( 0.98773 1
350|G0:0004004 ATP-dependent RNA helicase activity 6| 0.02461276| 0.23507 26
351|G0:0070971 #N/A 4] 0.02482341( 0.88862 2
352|G0:0006686 sphingomyelin biosynthetic process 41 0.02497293| 0.98751 1
353|G0:0016272 prefoldin complex 5( 0.02503196| 0.44568 7
354{G0:0008092 cytoskeletal protein binding 41 0.02508352| -0.305 10
355|G0:0007304 chorion-containing eggshell formation 41 0.02511127] 0.36792 12
356(G0:0045742 positive regulation of epidermal growt 7] 0.02529822( -0.5634 1
357|G0:0008568 microtubule-severing ATPase activity 8| 0.0252991]| 0.76704 3
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358|G0:0008518 reduced folate carrier activity 5] 0.0252991( 0.76704 3
359|G0:0007099 centriole replication 41 0.02551966| -0.328 6
360|G0:0000070 mitotic sister chromatid segregation 4(0.02554347( 0.31114 13
361|G0:0045544 gibberellin 20-oxidase activity 4] 0.02555034| 0.98722 1
362(G0:0004252 serine-type endopeptidase activity 41 0.02572837] 0.08869 279
363|G0:0033227 dsRNA transport 4] 0.02575885( -0.304 6
364|G0:0006855 multidrug transport 5] 0.02619273| 0.88558 2
365|G0:0016201 synaptic target inhibition 41 0.02622578| -0.8855 2
366|G0:0004852 uroporphyrinogen-Ill synthase activity 41 0.02642452| 0.88508 2
367|G0:0008630 DNA damage response, signal transdu 5] 0.02654732] 0.46509 6
368|G0:0009298 GDP-mannose biosynthetic process 5] 0.02656081| 0.98672 1
369|G0:0019307 mannose biosynthetic process 4] 0.02656081| 0.98672 1
370|(G0:0006662 glycerol ether metabolic process 41 0.02711446| 0.36469 14
371|G0:0015276 ligand-gated ion channel activity 41 0.02720918| -0.1924 18
372|G0:0017176 phosphatidylinositol N-acetylglucosam 41 0.02734188| 0.66782 4
373(G0:0000220 vacuolar proton-transporting V-type Al 41 0.02770806| -0.3638 5
374|G0:0070822 #N/A 7| 0.02784393| -0.4211 3
375|G0:0030178 negative regulation of Wnt receptor sif 6| 0.02794096( 0.31671 9
376|G0:0006030 chitin metabolic process 7] 0.02806445( 0.16113 48
377(G0:0010629 negative regulation of gene expression 7] 0.02829312( 0.20038 a7
378|G0:0019867 outer membrane 7( 0.02843739| 0.98578 1
379(G0:0043652 engulfment of apoptotic cell 7| 0.0284532( 0.88075 2
380|G0:0008061 chitin binding 7| 0.02846935| 0.1544 76
381|G0:0000010 trans-hexaprenyltranstransferase activ 8| 0.0289721| 0.87967 2
382|G0:0010507 negative regulation of autophagy 8| 0.02898931| 0.66378 4
383|G0:0001578 microtubule bundle formation 7( 0.02903164| 0.51698 4
384(G0:0007274 neuromuscular synaptic transmission 8| 0.02903575( -0.2667 11
385|G0:0004854 xanthine dehydrogenase activity 7] 0.02904164( 0.87952 2
386|G0:0070855 #N/A 8| 0.02907644| 0.87945 2
387(G0:0045495 pole plasm 6| 0.02941645( 0.4184 6
388|G0:0045169 fusome 6( 0.02949176| -0.2359 18
389|G0:0035076 ecdysone receptor-mediated signaling 6] 0.02974941] -0.4849 1
390|G0:0035242 protein-arginine omega-N asymmetric 6] 0.02977684 0.878 2
391(G0:0035241 protein-arginine omega-N monomethy 6| 0.02977684 0.878 2
392|G0:0006680 glucosylceramide catabolic process 7] 0.03016961( 0.98491 1
393(G0:0016142 O-glycoside catabolic process 7] 0.03016961( 0.98491 1
394|G0:0008422 beta-glucosidase activity 6| 0.03016961( 0.98491 1
395|G0:0008206 bile acid metabolic process 8] 0.03016961| 0.98491 1
396|G0:0003951 NAD+ kinase activity 5( 0.0302459| -0.7527 3
397|G0:0045786 negative regulation of cell cycle 4| 0.0302459| -0.7527 3
398|G0:0030688 preribosome, small subunit precursor 41 0.03031397| 0.98484 1
399|G0:0015367 oxoglutarate:malate antiporter activity 41 0.03052142| -0.6602 1
400/G0:0070389 chaperone cofactor-dependent protein 4] 0.03055691| 0.87642 2
401(G0:0090254 #N/A 5( 0.03057727| -0.5989 5
402]1G0:0007029 endoplasmic reticulum organization 5] 0.03081247| 0.48288 5
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403[G0:0008514 organic anion transmembrane transpo 5] 0.03095378]| 0.45692 8
4041G0:0045202 synapse 4 0.0311148] -0.3103 10
405|G0:0006888 ER to Golgi vesicle-mediated transport 6| 0.03143838( 0.35838 9
406(G0:0016709 oxidoreductase activity, acting on paire 6] 0.03161314] 0.98419 1
407(G0:0000103 sulfate assimilation 6] 0.03204619| 0.98398 1
408|G0:0004020 adenylylsulfate kinase activity 7] 0.03204619( 0.98398 1
409(G0:0004781 sulfate adenylyltransferase (ATP) actiV 5] 0.03204619| 0.98398 1
410/G0:0008137 NADH dehydrogenase (ubiquinone) act| 81 0.03210482| -0.2365 13
4111G0:0046328 regulation of JNK cascade 41 0.03233705| -0.4801 2
4121G0:0030337 DNA polymerase processivity factor ac 71 0.03240404( 0.87274 2
4131G0:0006272 leading strand elongation 6| 0.03240404( 0.87274 2
414(G0:0043626 PCNA complex 6( 0.03240404| 0.87274 2
415|G0:0007394 dorsal closure, elongation of leading e 7] 0.03254564| -0.4134 2
416(G0:0005687 snRNP U4 8| 0.03277258| 0.87201 2
417(G0:0006123 mitochondrial electron transport, cytod 6] 0.03297952]| -0.3682 4
418|G0:0035191 nuclear axial expansion 6| 0.0330848( -0.7452 3
419]1G0:0005371 tricarboxylate secondary active transm 4] 0.0330848| -0.7452 3
420(G0:0051233 spindle midzone 5 0.033444| 0.41204 6
421(G0:0046959 habituation 4] 0.03344402( -0.6537 4
4221G0:0008475 procollagen-lysine 5-dioxygenase activ 5] 0.03362813| -0.8704 2
423[G0:0031670 cellular response to nutrient 3] 0.03363407| 0.98318 1
424]1G0:0005662 DNA replication factor A complex 7] 0.03370305( 0.87021 2
425]G0:0003837 beta-ureidopropionase activity 41 0.03377842| 0.98311 1
426|G0:0006591 ornithine metabolic process 41 0.03406712| 0.98297 1
427(G0:0006879 cellular iron ion homeostasis 8] 0.03421757| -0.5071 1
428]1G0:0005919 pleated septate junction 7] 0.03426758( -0.8691 2
429(G0:0021682 nerve maturation 4] 0.03426758( -0.8691 2
430/G0:0031571 G1 DNA damage checkpoint 5| 0.0343432( -0.869 2
431(G0:0048477 oogenesis 5] 0.03449624| 0.10355 186
432(G0:0005488 binding 3( 0.03454531| 0.09083 247
433|G0:0017057 6-phosphogluconolactonase activity 5] 0.03464453| 0.98268 1
434]1G0:0005483 soluble NSF attachment protein activit 41 0.03465091| 0.65122 4
435|G0:0004449 isocitrate dehydrogenase (NAD+) activ 7] 0.03466755( -0.5437 1
436/G0:0016250 N-sulfoglucosamine sulfohydrolase act 6| 0.03493324( 0.98253 1
437]1G0:0008484 sulfuric ester hydrolase activity 7] 0.03493324( 0.98253 1
4381G0:0004728 receptor signaling protein tyrosine pho| 8| 0.03538556( -0.7395 3
439(G0:0007156 homophilic cell adhesion 8] 0.03544383| 0.2692 24
4401G0:0004091 carboxylesterase activity 6] 0.03570238( 0.23996 29
441(G0:0003896 DNA primase activity 7] 0.0357187] 0.86638 2
4421G0:0008608 attachment of spindle microtubules to 6| 0.0357187| 0.86638 2
443(G0:0006269 DNA replication, synthesis of RNA prin 4 0.0357187( 0.86638 2
4441G0:0006144 purine base metabolic process 4| 0.0357187| 0.86638 2
445(G0:0017053 transcriptional repressor complex 4( 0.03589693( -0.4085 2
446]1G0:0015992 proton transport 41 0.03633731] -0.2635 10
4471G0:0004115 3',5'-cyclic-AMP phosphodiesterase act 41 0.03637764| -0.8652 2
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448(G0:0009058 biosynthetic process 4] 0.03640556( 0.30672 18
449]1G0:0005083 small GTPase regulator activity 4] 0.0364999| -0.4479 2
450|G0:0004768 stearoyl-CoA 9-desaturase activity 4] 0.03654167| 0.50314 5
451]G0:0008532 N-acetyllactosaminide beta-1,3-N-acet 41 0.03663505| 0.73643 3
452(G0:0050777 negative regulation of immune respon 4( 0.03680982( 0.98159 1
4531G0:0006820 anion transport 5] 0.03691626( 0.50251 6
4541G0:0004644 phosphoribosylglycinamide formyltran: 4] 0.03695417| 0.98152 1
455]G0:0004641 phosphoribosylformylglycinamidine cyq 41 0.03695417| 0.98152 1
456|G0:0004637 phosphoribosylamine-glycine ligase ac 6| 0.03695417| 0.98152 1
457(G0:0007507 heart development 4] 0.03713452( -0.1918 8
458(G0:0016331 morphogenesis of embryonic epitheliu 4( 0.03719028( -0.472 2
459]1G0:0032880 regulation of protein localization 5] 0.03745862| 0.58448 5
460|G0:0003007 heart morphogenesis 41 0.03754532| -0.7343 3
461|G0:0004527 exonuclease activity 41 0.03787673] 0.53799 4
462]|G0:0007096 regulation of exit from mitosis 5] 0.0379037| 0.44585 5
463|G0:0002807 positive regulation of antimicrobial pe 5] 0.03796463| 0.98102 1
464]1G0:0007541 sex determination, primary response t 7] 0.03798657( -0.5835 1
465|G0:0019730 antimicrobial humoral response 41 0.03820476| -0.2281 11
466(G0:0070983 #N/A 5( 0.03828997| -0.3295 4
467(G0:0016204 determination of muscle attachment s 6| 0.03877887| 0.64308 3
468|G0:0035007 regulation of melanization defense reg 5] 0.03883183( -0.8607 2
469|G0:0045886 negative regulation of synaptic growth 5] 0.03900605( -0.3736 3
470(G0:0010669 epithelial structure maintenance 8] 0.03927562| -0.8599 2
4711G0:0003713 transcription coactivator activity 8| 0.0393309( -0.2369 16
472(G0:0035363 #N/A 8| 0.03955025| -0.4684 2
473[G0:0030330 DNA damage response, signal transdu 8] 0.03955251| 0.98022 1
4741G0:0016491 oxidoreductase activity 8] 0.03957415| 0.15156 49
475]G0:0007476 imaginal disc-derived wing morphoger 5] 0.03976603( -0.1351 45
476]|G0:0019064 viral envelope fusion with host membr 6| 0.03998557( 0.98001 1
477]1G0:0019031 viral envelope 7] 0.03998557( 0.98001 1
4781G0:0046789 host cell surface receptor binding 7] 0.03998557( 0.98001 1
4791G0:0004307 ethanolaminephosphotransferase acti 7] 0.04027427| 0.97986 1
480|G0:0048142 germarium-derived cystoblast division 7] 0.04049877| 0.85772 2
481]1G0:0015867 ATP transport 4( 0.04049877] 0.85772 2
482(G0:0015866 ADP transport 6| 0.04049877| 0.85772 2
483|G0:0005958 DNA-dependent protein kinase-DNA lig 5] 0.04049877| 0.85772 2
484(G0:0045900 negative regulation of translational eld 6] 0.04049877| 0.85772 2
485|G0:0005471 ATP:ADP antiporter activity 4( 0.04049877] 0.85772 2
486(G0:0008079 translation termination factor activity 5] 0.04049877| 0.85772 2
487]1G0:0006892 post-Golgi vesicle-mediated transport 3| 0.04050757| 0.63988 4
488|G0:0031000 response to caffeine 5] 0.04050757( 0.63988 4
489|G0:0005873 plus-end kinesin complex 5] 0.04052709( 0.7274 3
490(G0:0044432 endoplasmic reticulum part 5] 0.04053986| 0.85765 2
4911G0:0032147 activation of protein kinase activity 4] 0.04056297| 0.97972 1
492(G0:0006886 intracellular protein transport 5] 0.04105921| 0.16616 26
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493(G0:0048489 synaptic vesicle transport 7] 0.04106245] -0.4016 5
4941G0:0017133 mitochondrial electron transfer flavopi 5] 0.04115878| -0.8566 2
495(G0:0007548 sex differentiation 6] 0.04130445| -0.3263 4
496|G0:0051298 centrosome duplication 4 0.0416269| -0.1748 16
4971G0:0004591 oxoglutarate dehydrogenase (succinyl- 5| 0.0417955( 0.72459 3
498|G0:0051533 positive regulation of NFAT protein im 9| 0.0419291] 0.34574 9
499|G0:0046530 photoreceptor cell differentiation 8| 0.04194948| -0.8552 2
500|{G0:0000902 cell morphogenesis 5] 0.04253996( 0.21373 34
501|G0:0046012 positive regulation of oskar mRNA trar 6| 0.04302308( -0.7219 3
502|G0:0046855 inositol phosphate dephosphorylation 6| 0.04302308( -0.7219 3
503(G0:0009617 response to bacterium 5] 0.04310033( -0.3002 7
504|G0:0033014 tetrapyrrole biosynthetic process 6| 0.04317914( 0.63513 3
505|G0:0005252 open rectifier potassium channel activi 6] 0.04340274] 0.63476 4
506(G0:0015232 heme transporter activity 6] 0.04363994( 0.63434 3
507|G0:0003779 actin binding 5( 0.04372225| -0.131 31
508|G0:0009267 cellular response to starvation 6| 0.04397748| -0.6338 1
509|G0:0097062 #N/A 6| 0.04402743| 0.97798 1
510|{G0:0000309 nicotinamide-nucleotide adenylyltranst 6| 0.04402743| 0.97798 1
511|G0:0005786 signal recognition particle, endoplasm 41 0.04419799]| 0.43721 6
512(G0:0050918 positive chemotaxis 5] 0.04446048( 0.97777 1
513|G0:0004407 histone deacetylase activity 5| 0.0446733( -0.527 1
514|G0:0048027 MRNA 5'-UTR binding 5( 0.04471139| -0.8505 2
515|G0:0031589 cell-substrate adhesion 3| 0.04471982| -0.7183 3
516|G0:0042250 maintenance of polarity of embryonic 41 0.04489354| 0.97755 1
517|G0:0016585 chromatin remodeling complex 4( 0.04505797( -0.4901 2
518(G0:0051297 centrosome organization 41 0.04527887| -0.207 9
519(G0:0034773 histone H4-K20 trimethylation 4] 0.04536125( -0.8494 2
520|G0:0005525 GTP binding 4] 0.04578626| 0.10864 86
521|G0:0014706 striated muscle development 4( 0.04604836( 0.97697 1
522(G0:0005484 SNAP receptor activity 8| 0.04619049]| 0.30485 14
523(G0:0000302 response to reactive oxygen species 41 0.04656647| -0.7145 3
524(G0:0019985 bypass DNA synthesis 8| 0.04676754| 0.62912 4
525|G0:0005791 rough endoplasmic reticulum 4] 0.04693292( 0.56801 5
526|G0:0060388 vitelline envelope 4] 0.04693292| 0.56801 5
527|G0:0030133 transport vesicle 5] 0.04702485] 0.56787 5
528|G0:0060361 flight 6| 0.04702485| 0.56787 5
529|G0:0005850 eukaryotic translation initiation factor 6| 0.04707087| 0.5678 5
530/G0:0019955 cytokine binding 5( 0.04738341| -0.8461 2
531|G0:0005813 centrosome 4(0.04754791( -0.1821 28
532(G0:0043565 sequence-specific DNA binding 5] 0.04767608( 0.09077 227
533|G0:0017064 fatty acid amide hydrolase activity 6| 0.04775218| -0.6275 4
534|G0:0016884 carbon-nitrogen ligase activity, with gl 6| 0.04775218| -0.6275 4
535|G0:0000178 exosome (RNase complex) 41 0.04787351| 0.8453 2
536(G0:0030722 establishment of oocyte nucleus locali: 7] 0.04787351| 0.8453 2
537|G0:0042138 meiotic DNA double-strand break form 7] 0.04787351| 0.8453 2
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538(G0:0004766 spermidine synthase activity 6] 0.04787351( 0.8453 2
539(G0:0043462 regulation of ATPase activity 5] 0.04787351| 0.8453 2
540|G0:0032934 sterol binding 6| 0.04788491( 0.37777 11
541(G0:0021551 central nervous system morphogenesis 6] 0.04864481( -0.7103 3
542(G0:0006325 establishment or maintenance of chro 6| 0.04888273| -0.253 10
543(G0:0046536 dosage compensation complex 7] 0.04899673( -0.8435 2
5441G0:0005815 microtubule organizing center 4( 0.04905473( -0.4847 1
545|G0:0005214 structural constituent of chitin-based c 5( 0.04959323| 0.11774 113
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REAGENT or RESOURCE ‘ SOURCE IDENTIFIER

Antibodies

Rabbit monoclonal anti-phospho-Akt (Ser473) Cell Signaling Cat#4060
RRID:AB_2315049

Rabbit monoclonal anti-Akt (pan) (C67E7) Cell Signaling Cat#4691
RRID:AB_915783

Rabbit polyclonal anti-actin Sigma Cat#A2066
RRID:AB_476693

Anti-rabbit 1I9G (H+L) HRP conjugate Promega Cat#4011

RRID:AB_430833

Virus Strains

West Nile virus-Kunjin

Laboratory of Robert Tesh

MRM16 strain

West Nile virus-NY99

BEI Resources

385-99 strain

Experimental Models: Organisms/Strains

D. melanogaster: wild-type line: w18 Bloomington Drosophila BDSC: 5905;
Stock Center Flybase:

FBst0005905

D. melanogaster: CG43775 mutant: w[1118]; Bloomington Drosophila BDSC: 26113;

Mi{GFP[E.3xP3]=ET1}CG3257[MB08418] Stock Center Flybase:

CG43775[MB08418] CG43776[MB08418] FBst0026113

CG43777[MB08418]

Experimental Models: Cell Lines

Insulin from bovine pancrease Sigma-Aldrich 16634

Chemicals, Peptides, and Recombinant

Proteins

Cercopithecus aethiops: Cell line Vero ATCC CCL-81

D. melanogaster: Cell line S2: S2-DGRC Laboratory of Lucy Cherbas FlyBase:
FBtc0000006

Homo sapiens: Cell line HepG2 ATCC HB-8065
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Oligonucleotides

DmRp49 qRT-PCR:
Forward: CCACCAGTCGGATCGATATGC

Reverse: CTCTTGAGAACGCAGGCGACC

Integrated DNA Technologies

Spellberg and Marr,
2015

DmUpd2 qRT-PCR:
Forward: CCTATCCGAACAGCAATGGT

Reverse: CTGGCGTGTGAAAGTTGAGA

Integrated DNA Technologies

Ahlers et al., 2019

CG43775 qRT-PCR:
Forward: CTGCAACAACAAGACGCACA

Reverse: GAACTTGGTCGAGTTCCCGT

Integrated DNA Technologies

This study

HSEDN1 gRT-PCR:

Forward: CAGGGCTGAAGACATTATGGAGA

Reverse: CATGGTCTCCGACCTGGTTT

Integrated DNA Technologies

Torres et al., 2021

Software and Algorithms

Prism GraphPad Version 9

CLC Genomics Workbench Qiagen Version 11.0.1

Image Lab Bio-Rad Version 6.1

PANTHER Classification System Mi et al., 2019 Version 14.0
Thomas et al., 2022

Gene Set Enrichment Analysis (GSEA) Subramanian et al., 2005 N/A

Goodman et al., 2009

D. melanogaster gene ontology categories Flybase Version fb_2016 04
Adobe lllustrator 2021 Adobe Version 25.2.3
TIBCO Spotfire Analytics TIBCO Version 1.1.3
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