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Supplementary Figure 1. Quantitative vein length phenotypes for select Drosophila homologs of CNV and neurodevelopmental 

genes. Boxplots of longitudinal veins (A) L2, (B) L4, (C) L5, and (D) anterior crossvein (ACV) and (E) posterior crossvein (PCV) 

lengths for knockdown of select homologs in adult fly wings (n = 9-91, *p < 0.05, two-tailed Mann–Whitney test with Benjamini-

Hochberg correction). All boxplots indicate median (center line), 25th and 75th percentiles (bounds of box), and minimum and 

maximum (whiskers), with red dotted lines representing the control median.  
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Supplementary Figure 2. Comparisons of eye-specific and wing-specific knockdowns for select Drosophila homologs of CNV 

and neurodevelopmental genes. Boxplots of Flynotyper-derived phenotypic scores for 66 tested adult eyes with eye-specific 

knockdown (GMR-GAL4) of select homologs of CNV and neurodevelopmental genes, normalized as fold-change (FC) to control 

values (n = 1–40, *p < 0.05, one-tailed Mann–Whitney test with Benjamini-Hochberg correction). RNAi lines that do not show any 

observable qualitative adult wing phenotypes, including lines that show wing measurement phenotypes, are represented in (A), and 

RNAi lines with observable mild to lethal qualitative wing phenotypes are represented in (B). All boxplots indicate median (center 

line), 25th and 75th percentiles (bounds of box), and minimum and maximum (whiskers), with red dotted lines representing the 

control median.  
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Supplementary Figure 3. Expression of Drosophila homologs of CNV and neurodevelopmental genes in larval and adult 

tissues. Venn diagrams representing the number of 76/77 tested fly homologs for CNV and neurodevelopmental genes expressed (>10 

fragments per kilobase of transcript per million reads, or FPKM) in (A) larval (central nervous system or CNS, gut, trachea, and fat 

body) and (B) adult tissues (brain, gut, heart and fat body), are shown. 
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Supplementary Figure 4. Additional Drosophila homologs of CNV and neurodevelopmental genes show altered levels of cell 

proliferation and apoptosis. Larval imaginal wing discs (scale bar = 50 µm) stained with nuclear marker DAPI, apoptosis marker 

dcp1, and cell proliferation marker pH3 illustrate altered levels of cell proliferation and apoptosis due to wing-specific knockdown of 

select fly homologs of CNV genes. We examined changes in the number of stained cells within the wing pouch of the wing disc 

(white box), which becomes the adult wing. Genotypes for the wing images are: w1118/bxMS1096-GAL4;+; UAS-Dicer2/+, 

w1118/bxMS1096-GAL4;UAS-Cbp20KK109448/+; UAS-Dicer2/+, w1118/bxMS1096-GAL4;+; UAS-dlg1GD4689 RNAi/UAS-Dicer2, 

w1118/bxMS1096-GAL4;UAS-CG8888GD3777/+; UAS-Dicer2/+, w1118/bxMS1096-GAL4;+; UAS-UQCR-C2GD11238 RNAi/UAS-Dicer2, 

w1118/bxMS1096-GAL4;+; UAS-ACCGD3482 RNAi/UAS-Dicer2, w1118/bxMS1096-GAL4;UAS-Klp61FGD14149/+; UAS-Dicer2/+, and 

w1118/bxMS1096-GAL4;UAS-RphGD7330 RNAi/+;UAS-Dicer2/+. 
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Supplementary Figure 5. Select female and male Drosophila homologs of CNV and neurodevelopmental genes show altered 

levels of cell proliferation and apoptosis. (A) Larval imaginal wing discs (scale bar = 50 µm) stained with nuclear marker DAPI, 

apoptosis marker dcp1, and cell proliferation marker pH3 illustrate altered levels of cell proliferation and apoptosis due to wing-

specific knockdown of select fly homologs of CNV genes in females and males. We examined changes in the number of stained cells 

within the wing pouch of the wing disc (white box), which becomes the adult wing. Genotypes for the wing images are: w1118/bxMS1096-

GAL4;+; UAS-Dicer2/+, w1118/bxMS1096-GAL4;+; UAS-lgsGD1241/UAS-Dicer2, w1118/bxMS1096-GAL4;+; UAS-Sra-1GD11477/UAS-Dicer2, 

and w1118/bxMS1096-GAL4;UAS-CG11035KK101201 RNAi+; UAS-Dicer2/+. (B) Box plot of dcp1-positive cells in larval wing discs with 

knockdown of select fly homologs of CNV and neurodevelopmental genes, normalized to controls (n = 9–13, *p < 0.05, two-tailed 

Mann–Whitney test with Benjamini-Hochberg correction). The number of dcp1 positive cells were calculated manually. (C) Box plot 

of pH3-positive cells in the larval wing discs with knockdown of select fly homologs of CNV and neurodevelopmental genes, 

normalized to controls (n = 9–13, *p < 0.05, two-tailed Mann–Whitney test with Benjamini-Hochberg correction). The number of pH3 

positive cells were calculated using the AnalyzeParticles function in ImageJ. All boxplots indicate median (center line), 25th and 75th 

percentiles (bounds of box), and minimum and maximum (whiskers), with red dotted lines representing the control median. 
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Supplementary Figure 6. Additional Drosophila homologs of genes within CNV regions interact with conserved signaling 

pathways to induce developmental phenotypes. Larval imaginal wing discs (scale bar = 50 µm) stained with (A) wingless, (B) 

patched, (C) engrailed, and (D) delta illustrate disrupted expression patterns for proteins located within the Wnt (wingless), Hedgehog 

(patched and engrailed), and Notch (delta) signaling pathways due to wing-specific knockdown of additional fly homologs of CNV 

and neurodevelopmental genes. Dotted yellow boxes represent expected expression patterns for signaling proteins in bxMS1096-GAL4 

control images. White arrowheads and dotted white boxes highlight disruptions in expression patterns of signaling proteins with 

knockdown of CNV or neurodevelopmental genes. Genotypes for the wing images are: w1118/bxMS1096-GAL4;+; UAS-Dicer2/+, 

w1118/bxMS1096-GAL4;+; UAS-dlg1GD4689 RNAi/UAS-Dicer2, w1118/bxMS1096-GAL4;+; UAS-Tsf2GD2442 RNAi/UAS-Dicer2, w1118/bxMS1096-

GAL4;+; UAS-Atx2GD11562 RNAi/UAS-Dicer2, w1118/bxMS1096-GAL4;+; UAS-UQCR-C2GD11238 RNAi/UAS-Dicer2, w1118/bxMS1096-

GAL4;+; UAS-nudEGD15226 RNAi/UAS-Dicer2, and w1118/bxMS1096-GAL4;+; UAS-ACCGD3482 RNAi/UAS-Dicer2. 

  



Human CNV genes interact with Wnt signaling pathway genes in multiple tissuesA

B

Signaling pathway gene Connector geneCNV/neurodevelopmental gene

Human CNV genes interact with Hedgehog signaling pathway genes in multiple tissues

BrainHeartKidney

BrainHeartKidney

SHH

PAEP

LRP2

RCN3

SUFU

DMPK

COL6A1

MID1IP1

TRIM28

CDH11

LTBP2
BCL2L11

CDON

ADAMTSL3

GLP1R

GLI1

DHH

CHD3

SNTA1

ADCY1

BAX

HHIP

NRXN2

TRIM2

EVC

IRF3

PTCH1

MKI67

BAIAP2

TNFAIP1

PKP4

KDELR3

NCOA2

FGFR1

NOVA1

MYC

FLRT2

CCND1

IGFBP5

CDK6

BOC

BCL2

ESR1

XRCC6

SGSM2

NCBP2

ACTL6A

KMT2A

TRIP13

CBFB

UBN1

SRSF10

ZNF263

ADGRL1

BRCA1

XRCC5

BRWD1

CCND2

CCNA2

DIP2C

ERC1

LAMC1

SHANK2

GNAQ

SSRP1

ASXL1

MTUS1

CDK4

ATXN1

BIRC5

PRIM1

KIF11

BRD1

DCBLD2

SS18

PIK3R1

ATP2B1

EML4

ARL1

GNL3

CNOT1

CCT2

YWHAG

CASK

MAP3K7

PIK3CA

CBX3

PAXIP1

PNN

SRSF1

FMR1

BZW1

DICER1

ATIC

GTSE1

SUGP2

ZDHHC17

ATP2B4

RUNX1

PRKACB

SPAG9

CBX1

KIF3A

ZMYND11

PRPF4B

PPP2CA

MAP4K5

NCK1

DNAJC10

SMG1

AASDHPPT

RMI1

NIPBL

NKTR

DHX15

ADAM10

PWP1

TROVE2

MARCH6

CUL4B

EIF3A

CTCF

GSK3B

UBE2V2

CSNK1G3

TNPO1

CSNK1A1

CCT5

PAPOLA

RAN

SMC4

SMARCA2

DLG1

POLR3E

SPOPL

SPOP

CEP350

PUM2

CUL1

NUP153

CAND1

CDK1

CHD8

SCYL2

CCNB1

CCT6A

ZNF146

HNRNPR

LUC7L3

PRR11

PSMC6

DDX1

ARHGAP5

IMMT

POU2F1

USP1

SF3B1

GTF2H1

HSPA4

SMURF2

PRPF40A

EFEMP2

RET

CYP2A6

SMO

FKBP8

NECTIN1

DMWD

COL6A2

PFN1

HRH3

AGPAT2

VARS

BCAP31

NRP2

MTA1

E2F4

THRA

PLA2G6

MUC3A

GSK3A

PTCH2

RARB

PRKD2

GNA11

CSNK1E

EPHB4

ARHGDIA

CCNF

ATXN2L

FXYD5

PRKACG

CD151

PLOD3

SFTPC

HRAS

RIN1

DNAJC4

ZNF446

LAMA4

SOX13

MINK1

IHH

PPP2R1A

PKMYT1

GAS1

HOXB5

MAPK10

TCF3

MEF2D

OTUB1

PTK7

ATN1

NTRK3

ERBB3

E2F1

GLI3

PAX8

SFRP1

EDAGRK3

SLC17A7

BAD

PPP1CA

JAK3

FBXL18

FZD7

TUBB3

PTP4A3

PRKACA

GNB2

MGRN1

MEGF8

DBN1

SKI

STRN4

GLI2

TAOK2

DRD2

ACRV1

HAP1

CLPTM1

GOLGA2

UBE2I

ESRRA

ARID1A

NPTXR

GPR161

FZR1

AGPAT1

CACTIN

GRK6

GRK2

MYO9B

DLGAP4
ARFGAP1

ELK1

RNPS1

MFI2

CREBBP

BAG6

ARRB1
UBE2M

MAZ

PPP4C

HGS

CSNK1D

EGFR

TCOF1

CSNK1G2

NUDC

C18orf25

AP3B1

COPS6

UBA2

RUNX2

AGO2

RAB2A

HMOX2

MAPK1

PPP6C

ARRB2

SMURF1

EWSR1

BMPR1A

RANBP9

KIAA0368

PSMD3

KDM5C

ADRM1

HNRNPU

CSNK1G1

YES1

NCOA3

KARS

SMAD3

SMAD4

DEK

AZIN1

CHD4

RXRB

BRD4

TACC3

DNAJB6

CCT7

SMARCC2

SMARCA4

BOP1

ILF3

SMARCD1

NCKIPSD

RELA

PSME3

WDR77

TOMM20

SMARCC1

AATF

EIF3B

DKC1

NSD2

HNRNPAB NDE1

PAFAH1B1

MEN1

MCL1

BCL2L11

BCL2

ADAM10

COPS2

CUL4B

SPOPL

DKC1

SCYL2

DLG1

GSK3B

CTNNA1

YWHAB

CSNK2A1

MCM7

UBE2D3

HMGN4

CUL1

PTBP1

TMCC1

TFDP2

FBXW11

PPP2R5E

PSMC2

PSMC6

ATF1

MFAP1

BNIP3L

TOMM20

AGO2

HMGXB4

USP1

CCT6A

UPF3A

PPP2CA

CDC27

POLR3E

CSNK1G1

STK35

GRK2

E2F4

NOL11

RB1

CAND1

ATRX

SUFU

TNPO1

SAP18

RAN

GLI3

H2AFZ

ILF2

RASA1

EWSR1

SRSF10

HDAC1

ATIC

USP7

HERPUD1

ARRB2

HNRNPA3

IL6ST

AZIN1

EEF1E1

MRPL42

TAF9

SRSF3

ARRB1

RPL7L1

BTRC

RANBP9

PRKACA

ZBTB43

DAB2

GLI2

KIF3A

ZNF764

TPM1

STOM

GRB2

TACC1

RACGAP1

MYLK

PIK3R1

NCBP2
RELA

BUB3

DNAJB6

CSNK1G3

FBL

SSRP1

PPP4R1

CSNK1G2

SPOP

PA2G4

HSPA13

TRA2B

E2F1

PPP4C

RANGAP1

GNB2

UBQLN1

RTN3

OTUB1

UBE2M

MGRN1

ATP6V0D1

UBE2I

FZD7

TCF3

CSNK1A1

CCNA2

ILF3

CCT3

SKP2

HSPA4

TARDBP

HNRNPAB

CCT5

ALCAM

SMAD2

PAICS

HMGB2

AURKA

SMURF1

CDK4

AATF

TMX1

CBX3

JPT1

DVL2

CCND2

GPR161

RTN4

CSNK1E

NDE1

RNPS1

RAD54B

CSNK1D

NUDC

ENSA

CKAP5

CDC20

SYNCRIP

PLSCR1

ANXA1

DAZAP2

NDRG1

CALCOCO2

CCND1

FYN

EPS8

BIRC5

CDKN1A

DUT

PSMA1

UCK2

TMPO

SLC39A6

RRM2

TTC3

ATP2B4

CDK1

RAE1

BOP1

SMURF2

PSMD14

PLOD2

ABLIM1

PTCH1

VIM

GAS1

DEK

AIMP2

PRKACB

WDR77

CSE1L

HMGB1

MCM4

CCNB1

OAT

KIF11

PSME3

CCND1

RAD21

SYNCRIP

AIMP2

HNRNPA3

HSPA13

TUBG1

SEC62

EWSR1

AIMP1

CCND2

WDR77

SMAD2

TOMM20

PAPOLA

JAG1

PLSCR1

FZD7

GAS1

DIP2C

SAP18

SMURF2

NDE1 CCNF

BNIP3L

EZH2

DDX1

SMURF1

SMAD3

ATIC

MYCBP

TMBIM6

BCL2

ARHGEF40

EPS8

UBE2L3

SVIL

ATXN1

GPR161

PTCH1

DAZAP2

COIL

AURKA

TIMP3

DBN1

TRIP13

MID1

IGF1R

RBPMS

SSBP2

ATP2B4

COL4A2

ZNF764

SKP2

RACGAP1

MRPL3

HMGB2

COPS5

HNRNPU

CDKN1A

CSNK1E

PRKACA

ITCH

WDFY3

BAG6

UBE2M

SON

SMARCA4

GFPT1

SMARCC2

NOLC1

CCT6A

CSNK1A1

POLR3E
SSRP1

HSPA4

CSE1L

TMPO

CDK4

CDC20

KIF11
AATF

RELA DLG1

CSNK1D

CPSF6TXNDC9

PAICS

HDAC1

PA2G4

BARD1

NCBP2
PRPF40A

GTSE1

VARS

UBN1

PTPN11

UBQLN1

GSK3B

EIF3A

RANBP9

RNPS1

EIF3B

DVL2

ARRB1

ARRB2

CCT3

FLYWCH1

NUCB1

AP2S1

MEGF8

GPI

RERE

CTNNA1

CDON

ZNF263

BOC

LAMB2

ATN1

GNB2

IL6ST

HGS

SUFU

ADD3

FLNA

GLI3

SF3B1

AZIN1

SETDB1

DNAJB6

BOP1

CCT2

UBR5

NUDC

CASK

PPP4C

GRK2

KIF3A

E2F4

UBE2G2

GRK3

CSNK1G1

DDHD1

CAPRIN1

SMARCC1

UBE2D3

BTRC

ADAM10

RANBP2

CSNK1G2

PPP2R1A

MGRN1

EZR

PSMD14

TNPO1

SUMO1

PTBP1

CUL4B

ILF3

ARHGAP5

DNAJC10

RAD54B

TRIM27

CSNK1G3

PPP2R5E

PPP2CA

DUT

PRKACB

SRSF10

CUL1

ETF1

CDK1

HSPH1

CEP350

FEN1

SPOP

NFATC2IP

BRAP

UBE2I

PKNOX1

E2F1

ARHGDIA

CDC25A

CCNA2

MTF2

SLC39A6

BRCA1

CAND1

BUB3

RASA1

RAN

CCNB1

KPNA6

TAF9

SPOPL

IMMT

DKC1

MRPL42

CCT5

USP1

TMX1

FZD4

NUDC

SOD1

NFATC1

ATXN1

UCHL1

GNB2

PDLIM7

GPRC5A

BAIAP2

EGFR

LTBP2

VANGL2

FBLN1

DKK2

TUBB6

CDH11

NRP2

FERMT2

FZD10

KDELR3

ZHX2

PPP1R13L

MTMR4

MPZL1

DKK1

MMP7

NKD2

PRICKLE2

PPP3CC

XRCC5

ATN1

CIB1

CEBPB

QKI

BRD2

DNAJC10

NCKIPSD

PLCB1

NDUFS6

NCOA1

EFNB2

CTNND2

SFRP1

ADRM1

LGR4

DAAM2

ROR1

CDH2

LAMC1

KLC1

CSNK1G2

CDC27

RAD23A

AIMP1

XRCC6

SFRP4

ISOC2

HSPA4

UBA2

TIA1

TBL1XR1

MCM5

MTERF3

SMARCC1

CSNK2A2

VEZF1

YES1

BUB3

LRP6

TMX1

MCM7

BAMBI

ZNF160

CALM3

SS18

SNRPF

RUNX1T1

LRRFIP1

OGT

EIF3H

CSNK2A1

MAPRE1

ICMT

DNAJB6

NUP153

CHEK1

USP1

XPOT

ARHGAP5

TAF9B

WIF1

CNBP

OGG1

PRKDC

FMR1

TCF7

PAXIP1

WBP11

PPP6C

PRKACB

CCT6A

PRPF40A

CDK4

RYK

YTHDF3

NCBP2

FZD6

YY1

OAT

AR

COBLL1

TGFA

ARF4

NBEA

PWP1

ZMYM4

PRKCB

FRAT1

NAV3

TNPO1

CYR61

CA12

CELF2

ATR

EIF3J

MYCBP2

JUNB

WNT3A

TPD52L1

IPO5

ACP1

GSK3B

PSD3

ATF2

RANBP9

CEP57

JMJD1C

MAPK8

TRIM27

ARL1

NAB1

ENAH

PTPN11

MLF2

MTA1

PPP3R1

FOSL1

TRIP6

AKAP8L

DHX9

REL

SF3A2

FRAT2

CTNNA1

HNRNPDL

NIPBL

SRP19

PRMT1

RELA

CBX1

BCL7A

IL6ST

ITGA2

NCF1

GRB2

PTK2

CYBA

VAMP2

PML

RSPO3

BRD3

CEBPG

FZD1GPC4

YWHAG
NSD2

CCT3

JUN

BTRC

EWSR1

PSEN1

ATP5C1

CAMSAP2

TLE4

G3BP1

ILF3

POLE2

NUP98
DIP2C

DVL1

SRSF2

RANBP2

CBX3

UBE2N

CTNNB1

SMAD4

STRN3

AZIN1

UBE2G1

UPF1

MAPK9

PNN

AXIN1

APLP2

MYC

ESR1

GAS6

DAD1

VARS

ARF5

BOP1

FZD2

CBFB

COPS6

FZR1

NUP85

FLAD1

PLSCR1

CCNF

KIF11

ATIC

GNA11

CHD8

PRKACA

MAZ

UBQLN1

TCF7L1

ARID1A

PPP4C

TCF3
SLC2A1

SMARCA4

TLE2

PFDN2

VANGL1

SUGP2

PPP1CA

ARHGDIA

CPSF1

VIM

PFN1

GTF3C2

SERPINH1

PSEN2

EIF3B

NCOR1

MAPK10

KARS

PUM2

WNT5A

RNPS1

PSMA1

PLCB4

ACTL6A

CSNK2B

RHOA

CTCF

FLII

MKI67

MCM10

SSRP1

HNRNPAB

DVL2

GLO1

AURKA
RUVBL2

AATF
PRIM1

MSH2

RNASEH2A

CAMK2D

ACACA

7-Mar

RAC2

AP2S1

GTF2H1

PRICKLE4

SART3

RRS1

ZMYND11

RAC1

APPBP2

PDCD5

FEN1

BCS1L

GSE1

RPA1

NOL11

BCCIP

SNRPD3

FZD8

BRCA1

PSMB3

SYNCRIP

UBE2M

NCL

RBX1

CACYBP

CAMK2G

TP53

POLR3E

SMC4

CCND3

PRPF8

EMP3

GTSE1

MCRS1

GTF3C1

FGFR3

NCOA2

CHD3

CEP126

TRIM28

WNT10A

NFATC2

WNT5B

BRF1

AFF2

ADGRL1

ARVCF

TNK2

CTNNBIP1

PLOD3

SOX17

ZNF207

JUP

ARHGAP1

PRRC2A

SMARCD1

FGFR1

MINK1

PLCB3

CCNA2

TSPAN4

SGSM2

TAL1

BAD

PAPOLA

GNL3

PAFAH1B1

CSNK1A1

NOLC1

SRSF1
MAP3K7

PARP1

CDC25A

FZD7

CSNK1E

PRKCA

NUP62

TCF7L2

ROCK2

SIAH1

PPP3CA

PPP3CB

DKC1

YWHAZ

FBXW11

HGS

CCT5

RUVBL1

CCT7

SRSF10
CUL1

MRPL3

DVL3

LRP5

NLK

TLE1

CTBP1

APC

TOP1

SMAD3

SKP1

DDX1

CREBBP

CSE1L

CCND1

SOCS5

DEK

XPO1

GNB1

EP300

CSNK2A3

DNM1L

NRIP1

RFNG

DAAM1

TLE3

NR3C1

BRWD1

RNF43

PPP2R5E

PLAG1

MCL1

ZNRF3

GAK

ATP2B1

BZW1

FZD3

REV3L

FUBP1

CTPS1

HNRNPR

TBL1X

CDC20

CTBP2

NFATC3

DHX15

RBM39

UBE2V2

NIPSNAP2

ATP6V0D1

PPP4R1

NOL9

CANX

PPP2CA

ROR2

RAC3

WISP1

ANGPTL2

FZD5

FTSJ1

CCHCR1

LGR5

NRXN1

KCNJ4

DLG3

EFNB3

TOMM34

CLU

NKD1

PICK1

CXXC4

LMNA

SFRP2

TBCD

AXIN2

BCL11A

WNT4

PTEN

KIF2C

SQSTM1

NFIB

SCUBE3

SOX2

FKBP8

RIN1

PRKCG

RECQL5

ACRV1

FAM107A

PAEP

PLK1

WNT2

HRAS

APC2

DTNB

JAG2

HOMER3

CD151

VSNL1

LAMP1

WNT11

HMGB3

GABARAP

PPARD

TRIP13

HDAC2

PSMC6

VBP1

KPNB1

CDKN2C

CCND2

ZNF148

PA2G4

PABPN1

PRMT5

GNAI3

SAC3D1

IQGAP1

CHD4

PSME3

AMD1

DAG1

SHANK2

PIK3CA

INVS

PLEKHA3

EIF3M

CCT2

IPO7

PRPF3

CRK

SMAD2

WDR77

ABCE1

AASDHPPT

PRICKLE1

CBY1

MRPS18B

PRICKLE3

PIK3R1

TFAP2A

MORC3

HNRNPU

LEF1

CLPTM1

SENP2

PSMD3

RBM10

MUC3A

SCARB1

DNAJC4

E2F4

NFATC4

DMWD

GLP1R

IKBKG

CYP2A6

FZD9

HMGA2

SERPINF1

SYT7

CASP8

RUNX2

TACR1

PORCN

OTUB1

SNTA1

CDC25C

WNT7A

CCDC9

EFEMP2

RUNX1

NCOR2

ACTN1

COL4A1

SLC25A10

PPP2R1A

COL4A2

PKMYT1

CAMK2B

WNT6

CAMK2A

CHRD

DDX11

BIRC5

WNT2BMRPL12

PLSCR4

NPC2

AGPAT2

E2F1

CER1

PPP2R5D

PLCB2

COL6A2

NTRK3

B4GALT2

TMPO

GSK3A

GPC5

PTCRA

DLX4

SFRP5

PAX8

PRKACGNOTUM

ALDOB

WNT16

FUT6

WNT8B

DKK4

WNT3

NECTIN1

HGH1

WNT10B

WNT1

CASP10

GNB2

RAC2

SQSTM1

EMP3

PPP3R1

ARHGDIB

EGFR

PPP3CC

GPC4

FZD7

FZD1

WWP1

EIF2S1

PPP4R1

TOMM20

PTTG1IP

PLCB4

LGR4

SSR1

FZD4

NFATC1

COL4A3BP

ITGB3BP

CSNK2A3

SFRP2

FNDC3B

LAMC1

CBY1

CSNK1G2

PALLD

SNX1

WNT3A

FILIP1L

CDH11

PTS

DKK1

ATP5G1

SERPINF1

ARF4

PLCB1

WISP1

ANAPC11

MMP7

FZD2

TCF3

RBPMS

STK24

ROR1

PAM

SFRP1

SMC4

CCT3

QKI

UBE2D3
RRM2

CANX

ILF2

ALCAM

PAICS

LRP6

PRSS23

TM4SF1

TLE3

LAPTM4B

GSNDNAJA1

SPTBN1

ATP2C1

PLOD2

CALU

AHSA1

ANXA1

ATP6V0C

COL4A2

CAV1

STOM

TCF7L1

LRP5

ACP1

TBK1

ICMT

EXOSC8

PLOD3

DVL2

CAMK2D

PRPF3

CCT6A

AATF

KPNA2

RAC1

DAZAP2

HDAC2

RNPS1

MCM5

ATP5C1

SMAD2

MKRN1

SET
SERBP1

CCND2

SLC39A6

WNT5A

RBBP8

YWHAZ

PPARD

EIF3H

ATIC

PPP4C

SFRP4

CSNK1D

FZD8

LEF1

NFATC2

MAP1LC3B

RAD23A

CYLD

VIM

SFPQ

CSNK2A2

CSNK2B

TRA2B

PPP3CA

UBAP2L

PRPF4

CALM1

GMFB

BAMBI

HSPE1

KIF2C

DDX23

CCND1

RBX1

SRSF2

PSMC6

FBXW11

MAP3K7

CCNB1

SKP1

CREBBP

CSNK2A1

KIF11
PSMB3

CDKN1A

PARP1

ILF3

BUB3

KHDRBS1

OPA1
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Supplementary Figure 7. Tissue-specific network diagrams showing connectivity of human CNV genes with conserved 

signaling pathway genes. Representative network diagrams of nine human CNV and neurodevelopmental genes whose fly homologs 

disrupt the (A) Wnt and (B) Hedgehog signaling pathway and 162 human Wnt and 46 human Hedgehog signaling genes within 

kidney, heart, and brain-specific gene interaction networks are shown. Yellow nodes represent CNV and neurodevelopmental genes, 

pink nodes represent Notch signaling pathway genes, and green nodes represent connector genes within the shortest paths between 

CNV and Notch pathway genes. 



Supplementary Data 1 (Excel file). Drosophila homologs of human CNV and 

neurodevelopmental genes as determined using DIOPT v.7.1.  

Supplementary Data 2 (Excel file). Qualitative and quantitative adult wing phenotypic data for 

Drosophila homologs of human CNV and neurodevelopmental genes. This file shows the raw 

frequencies of severity for the five qualitative wing phenotypes and average areas and vein 

lengths for all 136 female and male tested RNAi lines. In addition, this file also includes k-means 

clustering analysis for the female RNAi lines. 

Supplementary Data 3 (Excel file). Summary of adult wing qualitative and quantitative 

phenotypes by Drosophila homologs. This file summarizes qualitative k-means clustering and 

longitudinal L3 vein length and wing area changes for all 136 RNAi lines by fly homologs. We 

define discordant homologs when RNAi lines for the same homologs showed inconsistent wing 

phenotypes. For each homolog with multiple RNAi lines, we checked discordance among RNAi 

lines for no phenotype versus any qualitative or quantitative phenotypes, followed by 

discordance for small or large quantitative phenotypes. 

Supplementary Data 4 (Excel file). Phenotypes of mouse knockdown models for homologs of 

CNV genes. This file lists lethality and neuronal and non-neuronal phenotypes, categorized using 

top-level Mammalian Phenotype Ontology terms, for knockdown models of 130 mouse 

homologs of CNV genes derived from the Mouse Genome Informatics (MGI) database. 

Supplementary Data 5 (Excel file). Summary of eye-specific and wing-specific phenotypes for 

fly homologs. This file summarizes eye-specific and wing-specific phenotypes by severity 

category for 66 RNAi lines by fly homologs of CNV and neurodevelopmental genes. Eye 

phenotype severity is defined by Flynotyper phenotypic scores with fold-change (FC) 



normalization to control as follows: no change (0–1.1 FC), mild (1.1–1.5 FC), moderate (1.5–2.0 

FC), and severe (>2.0 FC). Wing phenotype severity is defined by k-means clustering for 

qualitative phenotypes and quantitative size changes as listed in Supp. Data 3. 

Supplementary Data 6 (Excel file). Tissue-specific expression of Drosophila homologs and 

human CNV and neurodevelopmental genes. This file lists expression values across multiple fly 

and human tissues for all 79 Drosophila homologs and 150 human genes. Fly expression data 

(fragments per kilobase of transcript per million reads, or FPKM) was derived from the FlyAtlas 

Anatomical Microarray dataset, and human expression data (transcripts per million reads, or 

TPM) was derived from the Genotype-Tissue Expression (GTEx) dataset v.1.2.  

Supplementary Data 7 (Excel file). Summary of immunostaining of the larval imaginal wing 

discs. This file summarizes changes in apoptosis (27 homologs), cell proliferation (27 

homologs), and Wnt, Hedgehog, and Notch signaling pathway proteins (14 homologs), along 

with qualitative and quantitative adult wing phenotypes (as listed in Supp. Data 2.), for female 

and male fly homologs.  

Supplementary Data 8 (Excel file). Tissue-specific network connectivity for candidate CNV 

genes and signaling pathway genes. This file lists the shortest path lengths between nine 

candidate CNV genes and 265 genes within Wnt, Hedgehog, and Notch signaling pathways for 

heart, kidney, and brain-specific gene interaction networks, along with the connector genes that 

are within the shortest paths. Enriched Gene Ontology (GO) Biological Process, Cellular 

Component, and Molecular Function terms for sets of connector genes for each signaling 

pathway in each tissue-specific networks are also represented.  



Supplementary Data 9 (Excel file). List of Drosophila stocks used for experiments, including 

stock numbers and genotypes. 

Supplementary Data 10 (Excel file). Statistics for all experimental data. This file shows all 

statistical information (sample size, mean/median/standard deviation of datasets, test statistics, p-

values, degrees of freedom, confidence intervals, and Benjamini-Hochberg FDR corrections) for 

all data. Statistical information for Kruskal-Wallis test includes factors, degrees of freedom, test 

statistics, and post-hoc pairwise Wilcoxon tests with Benjamini-Hochberg correction. 


	Yusuff et al Supplementary Information
	WingScreen_Supplemental figure legends
	Supp Figure 1 Quantitative boxplots
	WingScreen_Supplemental figure legends
	Supp Figure 2 Eye vs wing phenotype
	WingScreen_Supplemental figure legends
	Supp Figure 3 Fly expression venn diagram
	WingScreen_Supplemental figure legends
	Yusuff et al Supplementary Information.pdf
	Supp Figure 4 Apoptosis and cell proliferation

	Yusuff et al Supplementary Information.pdf
	WingScreen_Supplemental figure legends


	Supp Figure 5 Female-male Apoptosis and cell proliferation
	Yusuff et al Supplementary Information
	WingScreen_Supplemental figure legends
	Supp FIgure 6 Signaling pathways
	WingScreen_Supplemental figure legends
	Supp Figure 7 Gene network Wnt and Hedgehog
	WingScreen_Supplemental figure legends


