Table S27: GO component analysis of ranked signals from YRI population using the T5 test
statistic.

Description p-value Enrichment Genes

Membrane part 1.9 x 1013 1.3 AADAC, ABCA1, ABCA12, ABCA13, ABCA4, ABCB11, ABCB5, ABCC4, ABCC8, ABCD4,
ABHD2, ABHD6, ABO, ACBD5, ACPP, ADAM12, ADAM28, ADAM29, ADAM32, ADCY35,
ADCYS8, ADRA1A, AGMO, AGPAT5, AKAP6, ALG8, ALK, ALPL, ANGPT1, ANK2, ANK3,
ANKH, ANO2, ANO3, ANOG6, AP1S3, ART3, ASGR2, ASIC2, ASTN2, ATP10A, ATP10B,
ATP10D, ATP13A5, ATP1A2, ATP2C2, ATP6V0A4, ATP6VOE2, ATP8A1, ATP8A2, ATRNLI,
BAI3, BEST3, BMPR1B, BRI3BP, BST1, BTBD11, BTN3A1, BTNL2, BTNL3, C1GALT1,
CACNAIA, CACNAIC, CACNA2D1, CACNA2D3, CADM2, CALCR, CALN1, CAMK2D,
CAPN3, CASQ2, CATSPERB, CD200, CD81, CD84, CDH10, CDH12, CDH13, CDH23, CDH4,
CDHY9, CDKAL1, CDON, CELSR2, CHODL, CHRMS5, CHRNB3, CHST11, CHSTS, CHST9,
CLCA2, CLCNKB, CLDN10, CLDNI14, CLDN23, CLECI12A, CLEC1A, CLEC4D, CLEC6A,
CLECL1, CLMN, CLSTN2, CMTMS8, CNGA3, CNIH3, CNR2, CNTNI1, CNTN2, CNTN4,
CNTN5, CNTN6, CNTNAP2, CNTNAP4, CNTNAP5, COL23A1, COL25A1, COLEC12, COPA,
CPLX1, CSMD1, CSMD2, CSMD3, CTNNA2, CTNS, CUBN, CUX1, CXADR, CYB5A, CY-
BRD1, CYP2E1, CYP2U1, CYP39A1, CYP3A43, CYP4F11, CYP4F12, CYP4F3, CYP4FS8,
CYP4Z1, DAD1, DCC, DCHS2, DDR2, DIO1, DLC1, DMBT1, DNER, DPP6, DRAM1, DSCI,
DSC3, DSCAM, DSG1, DSG3, DYSF, EGFR, ELFN2, ELOVL6, ELTD1, EMRI1, EMR2,
ENPP1, EPB41L4A, EPHA3, EPHA6, ERAP1, ERAP2, ERBB4, EROILB, ESR1, ESYT2,
EVC, EVC2, EXT1, FAMI155A, FAMI189A1, FAT2, FAT3, FCAR, FCER2, FER, FERIL6,
FGD5, FLNB, FLOT1, FLT3, FLVCR1, FMO2, FMO4, FMO5, FNDC9, FRAS1, FRRSI,
FSHR, FUT10, FUT9, GABBR2, GABRB3, GABRG3, GABRR1, GALNT10, GALNT2, GAL-
NTL4, GALNTL5, GALNTL6, GGA1l, GGT1, GLDN, GLRA3, GNG2, GNG4, GP5, GPC5,
GPC6, GPM6A, GPNMB, GPR111, GPR115, GPR137B, GPR158, GPR39, GRAMDI1A, GRIA1,
GRID1, GRID2, GRIK1, GRIK2, GRIK4, GRIN2A, GRIP1, GRMI1, GRM5, GRM7, GRMS,
GZMB, HHAT, HHLA2, HK1, HLA-A, HLA-B, HLA-C, HLA-DOB, HLA-DPA1, HLA-DPBI,
HLA-DQAI1, HLA-DQA2, HLA-DQBI1, HLA-DQB2, HLA-DRA, HLA-DRB1, HLA-DRB5, HLA-
F, HLA-G, HMGCLL1, HS3ST2, HS3ST4, IER3, IFI27L1, IGSF5, IL12RB2, IL1R2, ILIRAP,
ILIRL1, IL1RL2, IL28RA, IMMP2L, INADL, IQGAP3, ITGA1l, ITGAll, ITGA2, ITGAG6,
ITGAS, ITGAY9, ITGAE, ITGB3, ITGB5, ITGBL1, KANKI1, KCNA6, KCNAB1, KCNC2,
KCND3, KCNH7, KCNH8, KCNJ12, KCNJ6, KCNK10, KCNK18, KCNK2, KCNMB2, KC-
NMB3, KCNQ5, KCNV2, KIAA0319, KIAA0922, KIAA1244, KIAA1324L, KIRREL, KIR-
REL3, KL, KLHL14, KLRB1, LAMP3, LAPTM4B, LARGE, LCT, LDLRAD3, LGR5, LHFP,
LHFPL2, LHFPL3, LPHN3, LPPR1, LPPR5, LRFN5, LRP1B, LRP8, LRPPRC, LRRC4C,
LRRC52, LRRTM4, LYPD6B, MAEA, MARCH1, MARCH4, MCTP2, MDGA2, MEGF1II,
MGAM, MGAT1, MGAT5, MGAT5B, MGST3, MOGAT2, MRGPRX4, MS4A12, MSRI,
MTCH1, MUC12, MUC16, MUC22, MX1, MYH9, MYO10, MYOF, NAALADL2, NALCN,
NAV3, NCALD, NCAM2, NDST4, NDUFB1, NEDD4, NETO1, NFAM1, NFASC, NKAINI,
NKAIN3, NLGN1, NOTCH2, NOTCH4, NPFFR2, NPR3, NPSR1, NRCAM, NRG1, NRGS3,
NRXN1, NRXN3, NTM, NTRK2, NTRK3, NUP88, OCA2, ODZ3, ODZ4, OMA1, OPCML,
OPN3, OPRK1, OR10C1, OR12D2, OR13C5, OR14A16, OR1A2, ORIN2, OR2AK2, OR2B11,
OR2L13, OR2L8, OR2W3, OR4C3, OR4C45, OR51B6, OR51E1, OR51F1, OR51L1, OR51M]1,
OR51Q1, OR52B6, OR52E2, OR52E4, OR52E6, OR52J3, OR52R1, OR5B3, OR5P2, OR6KG,
ORYK2, OSTM1, OTOP1, PCDH15, PCDHA1, PCDHA10, PCDHA11, PCDHA12, PCDHA13,
PCDHA2, PCDHA3, PCDHA4, PCDHA5, PCDHA6, PCDHA7, PCDHAS, PCDHA9, PCD-
HAC1, PCNXL2, PCSK5, PCSK9, PDE3A, PDIA6, PEX5L, PGAP3, PGBDS5, PIEZO2,
PIGG, PIGL, PIKFYVE, PKDIL1, PKDI1L2, PKDREJ, PKHDI1, PKHDIL1, PLA2G4C,
PLA2RI1, PLB1, PLD1, PLD5, PLEKHH2, PLOD2, PLSCR1, PLXDC2, PLXNA4, PNPLA3,
PNPLA6, PQLC2, PRKAB2, PRKCA, PRKD1, PRKG2, PRLR, PTCH1, PTCHD3, PT-
GER3, PTGFRN, PTGS1, PTPRB, PTPRD, PTPRH, PTPRM, PTPRN2, PTPRQ, PT-
PRT, RAB27A, RAMP3, RAPGEF4, RECK, RGS6, RGS7, RGSL1, RNF144B, RNF150,
RNFT2, RNPEP, ROBO2, RORI1, RRPI12, RYR2, RYR3, SCARA5, SCARBI1, SCD5,
SCN11A, SCN1A, SCN3A, SCN3B, SCN9A, SCNN1G, SCTR, SCUBE1, SDHA, SDHC,
SDK1, SEMA5A, SEMA6D, SERINC5, SERPINE2, SGCG, SGCZ, SGIP1, SHISA2, SHISAG,
SHISA9, SHROOM3, SIRPA, SLC12A3, SLC12A6, SLC12A8, SLC14A2, SLC15A2, SLC15A5,
SLC16A14, SLC16A9, SLC17A5, SLC19A3, SLC1A2, SLC1A6, SLC1A7, SLC22A23, SLC22A9,
SLC24A3, SLC24A4, SLC25A21, SLC25A25, SLC25A37, SLC26A7, SLC27A2, SLC27AG6,
SLC28A3, SLC2A9, SLC35B3, SLC35F1, SLC35F2, SLC35F3, SLC35F4, SLC36A2, SLC37A1,
SLC38A9, SLC39A11, SLC39A12, SLC5A12, SLC6A15, SLC7A1, SLC9A4, SLCIA9, SLCIC1,
SLCO1B3, SLCO5A1, SLCO6A1, SNTB1, SNTG1, SNTG2, SORCS1, SORCS2, SPATA13,
SPINK5, SPRED1, SPTB, SPTLC3, SRD5A1, SSR1, ST3GAL6, ST6GAL1, ST6GALNACS3,
ST8SIA1, ST8SIA6, STK39, STON1, STON2, STT3A, STXBP6, STYKI1, SV2B, SV2C, SYK,
SYNEI1, SYNGRI1, SYNJ2, SYNJ2BP, SYNPR, SYT1, SYT10, SYT5, SYT6, SYT9, TAP2,
TECRL, TEK, TESC, TEX2, TGFA, THSD7A, THSD7B, TIMMZ21, TKT, TLR10, TMCI,
TMC2, TMC5, TMCC3, TMCO4, TMCO5A, TMEM106B, TMEM108, TMEM110, TMEM117,
TMEM128, TMEM132B, TMEM132C, TMEMI132D, TMEM156, TMEMI163, TMEMI176B,
TMEM196, TMEM220, TMEM229B, TMEM244, TMEM39A, TMEM63C, TMPRSS15, TM-
PRSS9, TMTC1, TMTC2, TNFRSF10D, TNR, TREM1, TRHDE, TRPA1, TRPC4, TRPC6,
TRPM3, TSHR, TSPANS, TSPAN9, UCP2, UGT1A10, UGT1A5, UGT1A6, UGTIA7,
UGT1A8, UGT1A9, UNC5C, UNC5D, UNC79, UTRN, VNNI1, VPS26A, VPS45, VWF, WB-
SCR17, WDFY4, WDR11, WNT3, WSCD2, XKR4, XKR6, XYLT1, YIPF1, ZDHHC14, ZD-
HHC7

Integral to lumenal 1.0 x 10712 34.9 HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-DQB1, HLA-

side of endoplasmic DRB1, HLA-DRB5

reticulum membrane

GO categories in which false discovery rate is less than 0.01.




Table S27 continued.

Description

p-value

Enrichment

Genes

Membrane

1.1 x 1012

1.3

AADAC, ABCA1, ABCA12, ABCA4, ABCBI1, ABCB5, ABCC4, ABCC6, ABCCS, ABCD4,
ABO, ACBDS5, ACPP, ACSBG2, ADAMI2, ADAM28, ADCY5, ADCYS, ADD2, ADRAIA,
AGMO, AGPAT5, AGPAT9, AKAP6, ALDHYAI, ALGS, ALPL, ALS2, AMPH, ANGPTI,
ANGPT2, ANK2, ANK3, ANKH, ANKSIB, ANO2, ANO6, APIS3, APBBIIP, APBB2,
APPBP2, ARAP1, ARHGAPI15, ARHGAP24, ARHGEFIS, ASAPI, ATPI0OA, ATPIOB,
ATP10D, ATPI2A, ATPI1A2, ATP2C2, ATP6V0A4, ATP6VOE2, ATPSAI, AVEN, BAI3,
BCR, BEST3, BFSP1, BICDI, BLK, BLNK, BMPRIB, BNC2, BRI3BP, BSPRY, BSTI,
BTN3A1, CIGALTI1, C8A, CACNAIA, CACNAIC, CADM2, CADPS, CADPS2, CALCR,
CALNI1, CAMK2D, CAP1, CAP2, CAPN2, CAPN3, CASQ2, CBFA2T3, CCDCSSA, CCDCI1,
CCZ1B, CD200, CD81, CD84, CDH10, CDH12, CDH13, CDHI18, CDH23, CDH4, CDHY, CD-
KALI, CDON, CELSR2, CERS6, CHCHD3, CHMP4C, CHN2, CHRM5, CHRNB3, CHSTI1,
CHSTS, CHSTY9, CLDN10, CLDN14, CLDNI18, CLDN23, CLECI2A, CLECLI, CLSTN2,
CNGA3, CNIH3, CNR2, CNTLN, CNTN1, CNTN2, CNTN4, CNTN5, CNTN6, CNTNAP2,
COG6, COL23A1, COL25A1, COPG1, CORIN, CORO2B, CPE, CSF2RB, CSMD2, CSMD3,
CTNS, CUBN, CUX1, CXADR, CYB5A, CYBRDI1, CYP2E1, CYP2U1, CYP39A1, CYP3A43,
CYP4F11, CYP4F12, CYP4F3, CYP4F8, CYP4Z1, DADI, DCC, DCHS2, DGKB, DGKH,
DGKI, DHRS4, DIO1, DISC1, DLG2, DLGAP1, DLGAP2, DMBT1, DMXL2, DNER, DOCKI,
DOCK2, DOCK4, DRAMI, DSC1, DSC3, DSCAM, DSG1, DSG3, DTNA, DYNC2H1, DYSF,
DYTN, EBNA1BP2, EGFR, ELMOI1, ELOVL6, ELTD1, EMID2, EMR2, ENOX1, ENPPI,
ERAPI, ERAP2, ERBB4, ERC2, EROILB, ESRI, ESRPI, ESYT2, EXOC2, EXTI, F5,
FABP2, FAMIS8A, FAS, FAT2, FAT3, FCAR, FCRL2, FCRL5, FHIT, FLNB, FLOTI,
FLVCR1, FMN1, FMO2, FNDCI, FRASI, FRMPDI, FSHR, FUT10, FUT9, FXYD6, GAA,
GABBR2, GABRB3, GABRG3, GABRRI1, GALNT10, GALNT14, GALNT2, GALNTL4, GAL-
NTL5, GALNTL6, GAS2, GGAI, GGTI, GLDN, GLRA3, GNG2, GNG4, GP5, GPC5,
GPC6, GPM6A, GPRI111, GPRI15, GPRI137B, GPRI158, GPR39, GPR78, GRBIO, GRIAI,
GRIDI1, GRID2, GRIKI, GRIK2, GRIK4, GRIN2A, GRIP1, GRK5, GRMI, GRM5, GRM7,
GRMS, GUCAIA, GUCAIB, HADHB, HHAT, HKI, HLA-A, HLA-B, HLA-C, HLA-DOB,
HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-DQB1, HLA-DQB2, HLA-DRA, HLA-
DRBI1, HLA-DRB5, HLA-F, HLA-G, HMGCLL1, HMMR, HOMER1, HPSE, HPSE2, HS3ST2,
HS3ST4, IGSF5, IKZF3, ILIR2, ILIRAP, INADL, INPP5D, ITGA1, ITGA11, ITGA2, ITGAG,
ITGAS8, ITGA9, ITGAE, ITGB3, ITGB5, KCNA6, KCNABI, KCNB2, KCNC2, KCND3,
KCNE1, KCNH5, KCNH7, KCNHS, KCNIP1, KCNIP4, KCNJ12, KCNJ6, KCNK10, KCNK18,
KCNK2, KCNMB2, KCNMB3, KCNQ5, KCNV2, KIAA0319, KIF13A, KIF16B, KIRREL,
KIRREL3, KL, KLHL14, KLRB1, KNG1, KRT5, KSR2, LAMA2, LAMP3, LCT, LDL-
RAD3, LHCGR, LOC646627, LOXL2, LPHN3, LPP, LRP8, LRPPRC, LRRC4C, LRRC52,
LRRTM4, LYPD6B, MAGI1, MAGI2, MAMDC2, MAPK10, MARC2, MARCH1, MARCH4,
MBP, MCC, MDGA2, MGAM, MGAT1, MGAT5, MGAT5B, MGST3, MOGAT2, MPPG,
MRAP2, MRGPRX4, MTCHI1, MTUS1, MUCI16, MX1, MYH9, MYO10, MYO16, MYOIB,
MYO5B, MYOF, NAV3, NCAM2, NDST4, NDUFAF6, NDUFB1, NEDD4, NETOI1, NFAMI,
NFASC, NKAIN1, NKAIN3, NLGN1, NMNAT2, NMURI, NOTCH2, NOTCH4, NPFFR2,
NPSRI1, NR3C1, NRCAM, NRG1, NRP1, NRXNI, NTM, NTN4, NTRK2, NTRK3, OCAZ2,
0ODZ3, OMAI, OPCML, OPRKI, ORI0C1, OR12D2, OR13C5, OR14A16, ORIA2, ORIN2,
OR2AK2, OR2B11, OR2L13, OR2LS, OR2W3, OR4C3, OR4C45, OR51B6, OR51E1, OR51FI,
OR5112, OR51L1, OR51MI1, OR51Q1, OR52B6, OR52E2, OR52E4, OR52E6, OR52J3, OR52R1,
OR5B3, OR5P2, OR6K6, OR9K2, OSBPL5, OSTMI, PALM2, PALMD, PARD3, PARD6G,
PARVA, PCDH15, PCDHA12, PCDHA13, PCDHAY, PCLO, PCMI1, PDE2A, PDE4D, PDE6C,
PDGFD, PDIA6, PDLIM5, PEX5L, PGAP3, PGLYRP4, PGS1, PHLDB2, PIGG, PIGH, PIGL,
PIK3C2G, PIK3R6, PIKFYVE, PITPNB, PKDIL1, PKDREJ, PLA2G4C, PLA2GAE, PLA2G6,
PLA2RI, PLBI, PLCBI1, PLCG2, PLCHI, PLDI1, PLOD2, PLSCR1, PLXNA4, PNKD, PN-
PLA3, PNPLA6, POMP, PPFIBP1, PPPIR14C, PPP2CA, PPP3CA, PQLC2, PRICKLEI,
PRKCA, PRKCB, PRKCE, PRKD1, PRKG1, PRLR, PSD3, PSTPIP2, PTCH1, PTGER3,
PTGFRN, PTGS1, PTPRN2, PTPRO, PTPRT, PXK, RAB27A, RAB36, RAMP3, RAPGEF4,
RECK, RGNEF, RGS1, RGS12, RGS13, RGS6, RGS7, RIMBP2, RIMSI1, RIMS2, RNF144B,
RNPEP, RORI, RPSA, RRP12, RYR2, RYR3, SBF2, SCARBI, SCD5, SCG3, SCLT1, SCN3B,
SCTR, SDF4, SDHA, SDHC, SEC22A, SEMA3A, SEMA3E, SEMA5A, SEMA6D, SERINCS,
SERPINB2, SGCG, SGCZ, SGIP1, SH3GL2, SHISA2, SIRPA, SKAP2, SLCI2A3, SLCI2A6,
SLC14A2, SLC15A2, SLCI6A14, SLC16A9, SLC17A5, SLC19A3, SLC1A2, SLCI1A6, SLCIA7,
SLC22A16, SLC24A3, SLC24A4, SLC25A21, SLC25A25, SLC25A37, SLC26A7, SLC27A2,
SLC27A6, SLC28A3, SLC2A9, SLC35B3, SLC36A2, SLC39A14, SLC44A3, SLC6A15, SLC7AL,
SLC9A4, SLC9A9, SLCIC1, SLCOIB3, SLCOICI, SLCO5A1, SLCO6A1, SNTBI, SNTG2,
SNX19, SNX7, SORCSI, SORCS2, SORD, SPINK5, SPREDI, SPTLC3, SQRDL, SRD5A1,
SSR1, ST3GAL6, ST6GALI, STS8SIA6, STARDI3, STT3A, STYKI, SV2B, SV2C, SVIL,
SWAP70, SYK, SYN3, SYNEl, SYNGRI1, SYNPR, SYTI, SYT10, SYT5, SYT6, SYTO9,
TANC1, TAP2, TASIR2, TEK, TESC, TGFA, THSD7A, TIAMI1, TIMM21, TJP2, TKT,
TLR10, TMEM106B, TMEMI163, TMEMI176B, TMEM63A, TMEM?70, TNKS, TOMI, TREMI,
TRIP11, TRPC4, TRPC6, TSHR, TSPAN9, TST, TUBB, TULP3, TYMS, UBR2, UCP2,
UGTIA10, UGT1A5, UGT1A6, UGTIA7, UGT1A8, UGT1A9, UNC13A, UNC13C, UNC5C,
USP32, UTRN, VAVI, VAV2, VAV3, VCL, VEPHI, VNNI, VPS26A, VPS36, VPS45 WB-
SCR17, WDPCP, WDRY3, WNT3, WWOX, XXYLT1, XYLT1, ZFYVE28

GO categories in which false discovery rate is less than 0.01.



Table S27 continued.

Description

p-value

Enrichment

Genes

Intrinsic to membrane

2.8 x 10~ 12

1.3

AADAC, ABCA1, ABCA12, ABCA13, ABCA4, ABCBI1, ABCB5, ABCC4, ABCD4, ABHD2,
ABHD6, ABO, ACBD5, ACPP, ADAMI2, ADAM28, ADAM29, ADAM32, ADCY5, ADCYS,
ADRAIA, AGMO, AGPAT5, ALGS, ALK, ALPL, ANK2, ART3, ASGR2, ASIC2, ASTN2,
ATP10A, ATP10B, ATP10D, ATP13A5, ATP2C2, ATP6V0A4, ATP6VOE2, ATPSA1, ATPSA2,
ATRNLI, BAI3, BMPRI1B, BST1, BTBD11, BTN3A1, BTNL2, BTNL3, CIGALT1, CACNAIA,
CACNAIC, CACNA2D3, CADM2, CALCR, CALNI, CD200, CD81, CD84, CDH10, CDHI2,
CDH13, CDH23, CDH4, CDH9, CDKALI, CDON, CELSR2, CHODL, CHRMS5, CHRNB3,
CHST11, CHST8, CHST9, CLCA2, CLCNKB, CLDN10, CLDN14, CLDN23, CLECI2A,
CLECIA, CLEC4D, CLEC6A, CLECL1, CLMN, CLSTN2, CMTMS, CNGA3, CNR2, CNTN1,
CNTN2, CNTN4, CNTN5, CNTN6, CNTNAP2, CNTNAP4, CNTNAP5, COL23A1, COL25A1,
COLEC12, CSMDI1, CSMD2, CSMD3, CTNS, CUX1, CXADR, CYB5A, CYBRDI1, CYP2E1,
CYP2U1, CYP4F11, CYP4F12, CYP4F3, CYP4FS, CYP4Z1, DADI, DCC, DCHS2, DDR2,
DIO1, DNER, DPP6, DRAMI, DSCI, DSC3, DSCAM, DSG1, DSG3, DYSF, EGFR,
ELOVLG6, ELTD1, EMRI, EMR2, ENPP1, EPHA3, EPHAG, ERAP1, ERAP2, ERBB4, ESRI,
ESYT2, EVC, EVC2, EXT1, FAMI155A, FAMI89A1, FAT2, FAT3, FCAR, FCER2, FERILG,
FLNB, FLOTI, FLT3, FLVCRI, FMO2, FMO4, FMO5, FNDCY, FRASI, FSHR, FUTI0,
FUT9, GABBR2, GABRB3, GABRG3, GABRRI, GALNTI0, GALNT2, GALNTL4, GAL-
NTL5, GALNTL6, GGT1, GLDN, GLRA3, GP5, GPC5, GPC6, GPM6A, GPNMB, GPRI11,
GPRI115, GPR137B, GPR158, GPR39, GRAMDIA, GRID1, GRID2, GRIK1, GRIK2, GRIK4,
GRIN2A, GRM1, GRM5, GRM7, GRMS, HHAT, HHLA2, HLA-A, HLA-B, HLA-C, HLA-
DOB, HLA-DPA1, HLA-DPBI, HLA-DQAI, HLA-DQA2, HLA-DQBI1, HLA-DQB2, HLA-
DRA, HLA-DRBI, HLA-DRB5, HLA-F, HLA-G, HS3ST2, HS3ST4, IER3, IFI27L1, IGSF5,
IL12RB2, ILIR2, ILIRAP, ILIRL1, ILIRL2, IL28RA, IMMP2L, ITGB3, KCNAB1, KCNH?,
KCNHS, KCNJ12, KCNK10, KCNK18, KCNMB3, KIAA0319, KIAA1324L, KIRREL, KIR-
REL3, KL, KLRBI, LAMP3, LAPTM4B, LARGE, LCT, LDLRAD3, LGR5, LHFP, LHFPL2,
LHFPL3, LPHN3, LPPR1, LPPR5, LRFN5, LRP1B, LRPS, LRRC4C, LRRC52, LRRTM4,
LYPD6B, MAEA, MARCHI, MARCH4, MCTP2, MDGA2, MEGFI11, MGAM, MGATI,
MGATS5, MGST3, MS4A12, MSR1, MTCHI, MUC12, MUC16, MUC22, MYOF, NAALADL2,
NALCN, NCAM2, NDST4, NDUFB1, NETO1, NFAMI1, NFASC, NKAIN1, NKAIN3, NLGN1,
NOTCH2, NOTCH4, NPFFR2, NPR3, NPSR1, NRCAM, NRG1, NRG3, NRXNI, NRXN3,
NTM, NTRK2, NTRK3, OCA2, ODZ3, ODZ4, OMA1, OPCML, OPN3, OPRK1, ORI0CI,
ORI12D2, OR13C5, OR14A16, OR1A2, ORIN2, OR2AK2, OR2B11, OR2L13, OR2LS, OR2W3,
OR4C3, OR4C45, OR51B6, OR51E1, OR51F1, OR51M1, OR52B6, OR52E2, OR52E4, OR52E6,
OR52J3, OR5B3, OR5P2, OR6K6, OR9K2, OSTMI, OTOP1, PCDH15, PCDHA1, PCDHAI0,
PCDHA11, PCDHA12, PCDHA13, PCDHA2, PCDHA3, PCDHA4, PCDHAS5, PCDHASG,
PCDHA7, PCDHAS, PCDHAY, PCDHAC1, PCNXL2, PCSK5, PDE3A, PGAP3, PGBD5,
PIEZO2, PIGG, PIGL, PKDILI, PKDIL2, PKDREJ, PKHDI, PKHDIL1, PLA2RI1, PLBI,
PLD5, PLEKHH2, PLSCR1, PLXDC2, PLXNA4, PNPLA3, PNPLAG6, PQLC2, PRKDI, PRLR,
PTCHI, PTCHD3, PTGER3, PTGFRN, PTPRB, PTPRD, PTPRH, PTPRM, PTPRN2, PT-
PRQ, PTPRT, RAMP3, RECK, RGSL1, RNF144B, RNF150, RNFT2, ROBO2, ROR1, RRP12,
RYR3, SCARB1, SCD5, SCN1A, SCN3B, SCNN1G, SCTR, SDHC, SDK1, SEMA5A, SEMAG6D,
SERINCS5, SGCG, SGCZ, SHISA2, SHISAG, SIRPA, SLC12A3, SLC12A6, SLC12A8, SLC14A2,
SLC15A2, SLC15A5, SLC16A14, SLC16A9, SLC17A5, SLC19A3, SLC1A2, SLC1A6, SLCI1A7,
SLC22A23, SLC22A9, SLC24A3, SLC24A4, SLC25A21, SLC25A25, SLC25A37, SLC26A7,
SLC27A2, SLC27A6, SLC28A3, SLC2A9, SLC35B3, SLC35F1, SLC35F2, SLC35F3, SLC35F4,
SLC36A2, SLC37A1, SLC38A9, SLC39A11, SLC39A12, SLC5A12, SLC6A15, SLCTA1, SLCIA4,
SLC9A9, SLCIC1, SLCO1B3, SLCO5A1, SORCS1, SORCS2, SPTB, SPTLC3, SRD5A1, SSR1,
ST3GAL6, ST6GAL1, STEGALNACS, ST8SIA1, STSSIA6, STT3A, STXBP6, STYKI, SV2B,
SV2C, SYNEL, SYNGRI1, SYNJ2BP, SYNPR, SYT1, SYT10, SYT5, SYT6, SYT9, TAP2,
TECRL, TEK, TEX2, TGFA, THSD7A, THSD7B, TIMM21, TLR10, TMC1, TMC2, TMC5,
TMCC3, TMCO4, TMCO5A, TMEM106B, TMEMI110, TMEM117, TMEM128, TMEM132B,
TMEM132C, TMEMI132D, TMEMI63, TMEMI76B, TMEMI196, TMEM220, TMEM229B,
TMEM244, TMEMS39A, TMEM63C, TMPRSS15, TMPRSS9, TMTC1, TMTC2, TNFRSF10D,
TREM1, TRHDE, TRPA1, TRPC4, TRPC6, TRPM3, TSHR, TSPANS, TSPANY, UCP2,
UGTIA10, UGTIA5, UGTIA6, UGTIA7, UGTIAS, UGTIA9, UNC5C, UNC5D, UNC79,
VNN1, VPS45, WBSCR17, WDFY4, WDR11, XKR4, XKR6, XYLT1, YIPF1, ZDHHC14, ZD-
HHC7

GO categories in which false discovery rate is less than 0.01.



Table S27 continued.

Description

p-value

Enrichment

Genes

Integral to membrane

ER to Golgi transport
vesicle membrane
MHC protein complex

4.4 x 10~ 12

9.4 x 10~ 12

4.0 x 10711

1.3

29.1

25.7

AADAC, ABCA1, ABCA12, ABCA13, ABCA4, ABCBI1, ABCB5, ABCC4, ABCD4, ABHD2,
ABHD6, ABO, ACBD5, ACPP, ADAMI2, ADAM2S, ADAM29, ADAM32, ADCY5, ADCYS,
ADRAIA, AGMO, AGPAT5, ALGS, ALK, ALPL, ANK2, ART3, ASGR2, ASIC2, ASTN2,
ATP10A, ATP10B, ATP10D, ATP13A5, ATP2C2, ATP6V0A4, ATP6VOE2, ATPSA1, ATPSA2,
ATRNLI1, BAI3, BMPRIB, BTBDI11, BTN3Al, BTNL2, BTNL3, CIGALT1, CACNAIA,
CACNAIC, CACNA2D3, CADM2, CALCR, CALN1, CD200, CD81, CD84, CDH10, CDHI2,
CDH23, CDH4, CDH9, CDKAL1, CDON, CELSR2, CHODL, CHRM5, CHRNB3, CHSTII,
CHSTS, CHST9, CLCA2, CLCNKB, CLDNI10, CLDN14, CLDN23, CLECI2A, CLECIA,
CLEC4D, CLEC6A, CLECLI, CLMN, CLSTN2, CMTMS, CNGA3, CNR2, CNTN2, CNT-
NAP2, CNTNAP4, CNTNAP5, COL23A1, COL25A1, COLEC12, CSMDI1, CSMD2, CSMD3,
CTNS, CUX1, CXADR, CYB5A, CYBRDI, CYP2U1, CYP4F11, CYP4F12, CYPAF3, CYP4FS,
CYP4Z1, DAD1, DCC, DCHS2, DDR2, DIO1, DNER, DPP6, DRAM1, DSC1, DSC3, DSCAM,
DSG1, DSG3, DYSF, EGFR, ELOVL6, ELTD1, EMRI, EMR2, ENPP1, EPHA3, EPHAG,
ERAP1, ERAP2, ERBB4, ESRI, ESYT2, EVC, EVC2, EXTI, FAM155A, FAMI189A1, FAT2,
FAT3, FCAR, FCER2, FERIL6, FLNB, FLOTI, FLT3, FLVCRI, FMO2, FMO4, FMO5,
FNDC9, FRAS1, FSHR, FUT10, FUT9, GABBR2, GABRB3, GABRG3, GABRRI1, GALNTI0,
GALNT2, GALNTL4, GALNTL5, GALNTL6, GGT1, GLDN, GLRA3, GP5, GPC5, GPCG6,
GPMG6A, GPNMB, GPR111, GPR115, GPRI37B, GPRI58, GPR39, GRAMDIA, GRIDI,
GRID2, GRIK1, GRIK2, GRIK4, GRIN2A, GRM1, GRM5, GRM7, GRMS, HHAT, HHLAZ2,
HLA-A, HLA-B, HLA-C, HLA-DOB, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-
DQBI1, HLA-DQB2, HLA-DRA, HLA-DRBI, HLA-DRB5, HLA-F, HLA-G, HS3ST2, HS3ST4,
IER3, IFI27L1, IGSF5, IL12RB2, IL1R2, ILIRAP, ILIRL1, ILIRL2, IL28RA, IMMP2L,
ITGB3, KCNAB1, KCNH7, KCNHS, KCNJ12, KCNK10, KCNK18, KCNMB3, KIAA0319,
KIAA1324L, KIRREL, KIRREL3, KL, KLRBI, LAMP3, LAPTM4B, LARGE, LCT, LDL-
RAD3, LGR5, LHFP, LHFPL2, LHFPL3, LPHN3, LPPR1, LPPR5, LRFN5, LRPIB, LRPS,
LRRC4C, LRRC52, LRRTM4, MAEA, MARCHI, MARCH4, MCTP2, MEGF11, MGAM,
MGATI1, MGAT5, MGST3, MS4A12, MSR1, MTCHI, MUC12, MUC16, MUC22, MYOF,
NAALADL2, NALCN, NCAM2, NDST4, NDUFBI, NETO1, NFAMI, NFASC, NKAINI,
NKAIN3, NLGN1, NOTCH2, NOTCH4, NPFFR2, NPR3, NPSR1, NRCAM, NRGI, NRGS3,
NRXNI1, NRXN3, NTRK2, NTRK3, OCA2, ODZ3, ODZ4, OMA1, OPCML, OPN3, OPRKI,
ORI10C1, OR12D2, OR13C5, OR14A16, ORIA2, ORIN2, OR2AK2, OR2B11, OR2L13, OR2LS,
OR2W3, OR4C3, OR4C45, OR51B6, OR51E1, OR51F1, OR51M1, OR52B6, OR52E2, OR52E4,
OR52E6, OR52J3, OR5B3, OR5P2, OR6K6, OR9K2, OSTM1, OTOP1, PCDHI15, PCDHAI,
PCDHA10, PCDHA1l, PCDHA12, PCDHA13, PCDHA2, PCDHA3, PCDHA4, PCDHAS5,
PCDHAG, PCDHA7, PCDHAS, PCDHA9, PCDHAC1, PCNXL2, PCSK5, PDE3A, PGAP3,
PGBDS5, PIEZO2, PIGG, PIGL, PKDI1L1, PKD1L2, PKDREJ, PKHD1, PKHDIL1, PLA2RI,
PLBI, PLD5, PLEKHH2, PLSCR1, PLXDC2, PLXNA4, PNPLA3, PNPLA6, PQLC2, PRKDI,
PRLR, PTCH1, PTCHD3, PTGER3, PTGFRN, PTPRB, PTPRD, PTPRH, PTPRM, PTPRN2,
PTPRQ, PTPRT, RAMP3, RGSL1, RNF144B, RNF150, RNFT2, ROBO2, RORI, RRPI12,
RYR3, SCARBI, SCD5, SCN1A, SCN3B, SCNN1G, SCTR, SDHC, SDK1, SEMA5A, SEMA6D,
SERINCS, SGCG, SGCZ, SHISA2, SHISA6, SIRPA, SLCI2A3, SLC12A6, SLC12A8, SLCI14A2,
SLC15A2, SLC15A5, SLC16A14, SLC16A9, SLC17A5, SLC19A3, SLC1A2, SLC1A6, SLCIA7,
SLC22A23, SLC22A9, SLC24A3, SLC24A4, SLC25A21, SLC25A25, SLC25A37, SLC26A7,
SLC27A2, SLC27A6, SLC28A3, SLC2A9, SLC35B3, SLC35F1, SLC35F2, SLC35F3, SLC35F4,
SLC36A2, SLC37A1, SLC38A9, SLC39A11, SLC39A12, SLC5A12, SLC6A15, SLCTA1, SLC9A4,
SLC9A9, SLC9C1, SLCOIB3, SLCO5A1, SORCSI, SORCS2, SPTLC3, SRD5A1, SSRI,
ST3GAL6, ST6GAL1, STEGALNACS, STSSIA1, STSSIAG6, STT3A, STXBP6, STYKI, SV2B,
SV2C, SYNE1, SYNGRI1, SYNJ2BP, SYNPR, SYT1, SYT10, SYT5, SYT6, SYT9, TAP2,
TECRL, TEK, TEX2, TGFA, THSD7A, THSD7B, TIMM21, TLR10, TMC1, TMC2, TMC5,
TMCC3, TMCO4, TMCO5A, TMEM106B, TMEM110, TMEM117, TMEM128, TMEM132B,
TMEM132C, TMEMI132D, TMEMI163, TMEMI76B, TMEMI196, TMEM220, TMEM229B,
TMEM244, TMEM39A, TMEM63C, TMPRSS15, TMPRSS9, TMTC1, TMTC2, TNFRSF10D,
TREM1, TRHDE, TRPA1, TRPC4, TRPC6, TRPM3, TSHR, TSPANS, TSPAN9, UCP2,
UGTI1A10, UGTIA5, UGTI1A6, UGTIA7, UGT1A8, UGTIA9, UNC5C, UNC5D, UNC79,
VNN1, VPS45, WBSCR17, WDFY4, WDR11, XKR4, XKR6, XYLT1, YIPF1, ZDHHCI14, ZD-
HHC7

HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-DQBI1, HLA-
DRBI, HLA-DRB5

HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-DQBI1, HLA-
DRB1, HLA-DRB5

GO categories in which false discovery rate is less than 0.01.



Table S27 continued.

Description

p-value

Enrichment

Genes

Plasma membrane

Cell junction

Transport vesicle
membrane

MHC class II protein
complex

Synapse part

Cell projection

9.8 x 10~ 11

1.1 x 10710

3.9 x 10710
5.3 x 1010

8.4 x 10710

1.2 x 1077

1.3

1.9

14.5

2.3

1.9

ABCAI, ABCA4, ABCBI11, ABCB5, ABCC4, ABCC6, ABCCS, ACPP, ADAMI12, ADAM2S,
ADCY5, ADCYS, ADD2, ADRAIA, ALDH9AL, ALPL, ANGPT1, ANGPT2, ANK2, ANKS3,
ANKH, ANKSIB, ANO2, ANOG, APBBI1IP, ARAP1, ARHGAP24, ARHGEF1S, ATPI0A,
ATPI10D, ATPI12A, ATP1A2, ATP6V0A4, ATPSAI, BAI3, BCR, BEST3, BFSPI1, BLK,
BLNK, BMPRIB, BNC2, BST1, BTN3A1, CACNAIA, CACNAIC, CADM2, CALCR, CALN1,
CAMK2D, CAP1, CAP2, CAPN2, CAPN3, CCDC88A, CD200, CD81, CD84, CDH10, CDHI12,
CDH13, CDHI8, CDH23, CDH4, CDHY, CDON, CELSR2, CHRM5, CHRNB3, CLDNIO,
CLDNI14, CLDNI18, CLDN23, CLEC12A, CLECLI1, CLSTN2, CNGA3, CNR2, CNTN1, CNTN2,
CNTN4, CNTN5, CNTN6, COL23A1, COL25A1, CORIN, CPE, CSF2RB, CSMD2, CSMD3,
CTNS, CUBN, CXADR, CYBRDI, DCC, DCHS2, DGKB, DGKH, DGKI, DIO1, DISC1, DLG2,
DLGAPI1, DLGAP2, DNER, DSCI, DSC3, DSCAM, DSG1, DSG3, DTNA, DYNC2H1, DYSF,
DYTN, EGFR, ELMOI, ELTD1, EMID2, EMR2, ENOX1, ENPP1, ERBB4, ESR1, ESRPI,
ESYT2, EXOC2, F5, FABP2, FAS, FAT2, FAT3, FCAR, FCRL2, FCRL5, FHIT, FLNB,
FLOTI, FLVCRI1, FMN1, FNDC1, FRASI, FRMPDI, FSHR, FXYD6, GABBR2, GABRBS3,
GABRG3, GABRRI1, GGT1, GLDN, GLRA3, GNG2, GNG4, GP5, GPC5, GPC6, GPMG6A,
GPR111, GPR115, GPR158, GPR39, GRB10, GRIA1, GRID1, GRID2, GRIK1, GRIK2, GRIK4,
GRIN2A, GRIP1, GRK5, GRMI, GRM5, GRM7, GRMS, GUCA1B, HLA-A, HLA-B, HLA-C,
HLA-DPA1, HLA-DPBI, HLA-DQA1, HLA-DQA2, HLA-DQB1, HLA-DQB2, HLA-DRA, HLA-
DRB1, HLA-DRB5, HLA-F, HLA-G, HMMR, HPSE2, IGSF5, IKZF3, ILIR2, ILIRAP, INADL,
INPP5D, ITGA1, ITGA11, ITGA2, ITGAG, ITGAS, ITGAY, ITGAE, ITGB3, ITGB5, KCNAG,
KCNABI, KCNB2, KCNC2, KCND3, KCNE1, KCNH5, KCNH7, KCNHS, KCNIP1, KC-
NIP4, KCNJ12, KCNJ6, KCNK10, KCNK18, KCNK2, KCNMB2, KCNMB3, KCNQ5, KCNV2,
KIAA0319, KIRREL, KIRREL3, KL, KLRBI, KNG1, KRT5 LAMA2, LCT, LDLRADS,
LHCGR, LOC646627, LPHN3, LPP, LRP8, LRRC52, LRRTM4, LYPD6B, MAGI1, MAGI2,
MAPK10, MARCHI, MBP, MCC, MDGA2, MGAM, MPP6, MRAP2, MRGPRX4, MTUSI,
MUCI16, MYH9, MYO10, MYO16, MYOIB, MYOF, NCAM2, NEDD4, NETOI, NFAMI,
NFASC, NKAIN1, NKAIN3, NMUR1, NOTCH2, NOTCH4, NPFFR2, NPSR1, NRCAM, NRP1,
NRXNI, NTM, NTN4, OPCML, OPRKI, OR10CI, OR12D2, OR13C5, OR14A16, ORIA2,
ORIN2, OR2AK2, OR2B11, OR2L13, OR2LS, OR2W3, OR4C3, OR4C45, OR51B6, OR51EI,
OR51F1, OR5112, OR51L1, OR51M1, OR51Q1, OR52B6, OR52E2, OR52E4, OR52E6, OR52J3,
OR52R1, OR5B3, OR5P2, OR6K6, OR9K2, PALM2, PARD3, PARD6G, PARVA, PCDHIS5,
PCDHA12, PCDHA13, PCDHA9, PDE2A, PDE6C, PDIA6, PDLIM5, PHLDB2, PIK3C2G,
PKDREJ, PLA2RI1, PLBI, PLCG2, PLSCRI1, PLXNA4, PPFIBP1, PPP2CA, PRKCA, PRKCB,
PRKCE, PRKDI1, PRKG1, PRLR, PSD3, PTCHI, PTGER3, PTPRO, PTPRT, PXK, RAMP3,
RAPGEF4, RECK, RGNEF, RGS1, RGS12, RGS13, RGS6, RGS7, RIMBP2, RIMS1, RIMS2,
RNPEP, RORI, RPSA, RYR2, SCARBI, SCLT1, SCN3B, SCTR, SDF4, SEMA5A, SEMAGD,
SGCG, SGCZ, SGIP1, SH3GL2, SIRPA, SKAP2, SLCI2A3, SLCI2A6, SLC14A2, SLC15A2,
SLC16A14, SLC16A9, SLC19A3, SLC1A2, SLC1A6, SLCIA7, SLC22A16, SLC24A3, SLC24A4,
SLC26A7, SLC27A6, SLC28A3, SLC2A9, SLC36A2, SLC39A14, SLC44A3, SLC6A15, SLCTAI,
SLCYA4, SLCOI1B3, SLCOICI, SLCO5A1, SLCO6A1, SNTBI, SNTG2, SPREDI, STYKI,
SVIL, SWAP70, SYK, SYT1, SYT6, TANCI, TAP2, TASIR2, TEK, TESC, TGFA, THSD7A,
TIAMI, TJP2, TLR10, TREMI1, TRPC4, TRPC6, TSHR, TST, TUBB, TULP3, UBR2,
UNCI13A, UNCI13C, UNC5C, UTRN, VAV, VAV2, VAV3, VCL, VEPHI, VNN1, WDPCP,
WNT3, WWOX

ABCBI1, ABCB5, AFAP1, AMPH, AMTN, ANK2, ANK3, ANKS1B, APBBIIP, ARHGAP24,
ARHGAP26, ARHGEF18, BSPRY, CADM2, CADPS, CCDC85C, CDC42BPA, CDSN, CHRMS5,
CHRNB3, CLCA2, CLDNI10, CLDNI14, CLDN23, CNIH3, CTNNA2, CTNNA3, CTNND2,
CXADR, CYFIP2, DISC1, DLC1, DLG2, DLGAPI1, DMXL2, DSC1, DSC3, DSGI, DSG3,
DTNA, ERC2, FAT2, FER, FLNB, FNDC1, FRMD4A, GABBR2, GABRB3, GABRGS3,
GABRRI, GLRA3, GRIAI, GRID1, GRID2, GRIKI, GRIK2, GRIK4, GRIN2A, GRIPI,
IGSF5, INADL, IQGAP3, IQSECI1, ITGB5, KIRREL, LIMDI1, LPP, LRRTM4, MAGI1, MAGI2,
MYH9, NETO1, NFASC, NFIA, NLGN1, NRAP, NRXN1, PALLD, PARD3, PARVA, PCLO,
PHACTR1, PLEKHA7, POLRIE, PRKD1, PSD3, PTPRM, RIMBP2, RIMS1, RIMS2, SCNIA,
SEPT11, SHISA9, SHROOM3, SNTBI, SV2B, SV2C, SVIL, SYN3, SYNGRI, SYNPR, SYTI,
SYT10, SYT5, SYT6, SYT9, TANC1, TEK, TIAMI1, TJP2, TMEM163, TNS1, TRIMY, TRPC4,
TRPC6, UNC13C, UTRN, VCL, XIRP2

CPE, HLA-B, HLA-C, HLA-DPA1, HLA-DPBI1, HLA-DQA1, HLA-DQA2, HLA-DQBI, HLA-
DRBI, HLA-DRB5

HLA-DOB, HLA-DPAI1, HLA-DPBI, HLA-DQA1, HLA-DQA2, HLA-DQBI, HLA-DQB2, HLA-
DRA, HLA-DRBI, HLA-DRB5

ABCCS, ALS2, AMPH, ANK2, ANK3, ANKSIB, CACNAIC, CHRM5, CHRNB3, CLSTNZ,
CNIH3, CTNND2, DDC, DISC1, DLG2, DLGAP1, DMXL2, DNM3, ERBB4, ERC2, ESRI,
GABBR2, GABRB3, GABRG3, GABRRI, GLRA3, GRIAI, GRIDI, GRID2, GRIKI, GRIK2,
GRIK4, GRIN2A, GRIP1, GRMI, GRMS5, GRM?7, GRMS, LRRTM4, MAGI2, NLGNI,
NR3C1, NRXN1, NTRK2, PCLO, PLCB4, PSD3, RIMSI, SLC1A2, STON2, SV2B, SV2C,
SYN3, SYNE1, SYNGRI, SYNPR, SYT10, SYT5, SYT6, SYT9, TANC1, TMEM163, TRIMY,
UNC13C, UTRN

ACPP, ADCY5, ANGPT2, APBBIIP, APBB2, APOAIBP, ARHGAP24, ARPC5, BMPRIB,
CACNAIA, CADM2, CATSPERB, CDH13, CDH23, CNGA3, CNR2, CNTN4, CNTNAP2,
CPLX1, CTNNA3, CYFIP2, DCC, DDC, DNAHS, DNER, DOCK4, DPYSL3, DSCAM,
DYNC2H1, EVC, FAM65B, FGD5, FOPNL, FRMD4B, GAS7, GRIA1, GRID2, GRIP1, GRMI,
GRM7, GRMS, IFT57, IQGAP2, ITGA1, KALRN, KCND3, KCNIP1, KCNIP4, KCNJ6, KIR-
REL3, KLHL1, KLHL14, KLHL24, LDB3, LDHC, LRRCI6A, MAGI1, MTSS1, MYH9, MYOI0,
MYOI1B, MYO3A, MYO5B, MYRIP, NCAM2, NLGN1, NOV, NRCAM, NTM, PACRG,
PALLD, PARVA, PCDH15, PCSK1, PKHDI1, PLD1, PTGS1, PTPRM, RAB27A, RAPGEF4,
RELN, RPTOR, SCN11A, SDF4, SEMA3A, SEPTI1, SLCIA2, SLC9CI, SORD, SPATA13,
SVIL, SWAP70, SYNPR, SYT5, TEK, TIAM2, TRIM9, TTLL11, TULP3, WWOX

GO categories in which false discovery rate is less than 0.01.



Table S27 continued.

Description

p-value

Enrichment

Genes

Plasma membrane

part

Trans-Golgi network
membrane
Endocytic vesicle
membrane
Clathrin-coated
endocytic

membrane

vesicle

Integral to endoplas-
mic reticulum mem-
brane
Cytoplasmic vesicle
membrane

Intrinsic to endoplas-
mic reticulum mem-
brane

Vesicle membrane

Coated vesicle
brane
Cell projection part

mem-

Synaptic membrane

Cytoplasmic vesicle

part

Clathrin-coated
cle membrane

vesi-

Collagen type IV
Intrinsic to organelle
membrane

Integral to organelle
membrane

Neuron projection

Synapse

1.4x 10~ 9

5.1

2.5

3.4

5.4

2.4

2.4

3.9

6.4

3.6

9.6

9.8
2.0
2.4

2.4

4.6

X

X

X

X

X

X

X

X

X

X

10~6

10~6

10~¢
1072
1072

1072

107°

1.5

25.9

10.4

27.8

11.3

8.0

8.6

7.6

9.0

1.7

3.1

23.1
4.8
5.1

1.9

2.4

ABCAI, ABCA4, ABCBI11, ABCB5, ABCCS, ADAM29, ADRAIA, ALK, ANK2, ANK3,
ART3, ASIC2, ATP1A2, ATP6V0A4, BMPRIB, CACNAIA, CACNAIC, CACNA2DI, CALCR,
CAMK2D, CAPN3, CASQ2, CATSPERB, CD200, CD81, CD84, CDHI13, CDH4, CHRMS5,
CHRNB3, CLCA2, CLCNKB, CLECIA, CNIH3, CNR2, CNTN2, CNTNAP2, COL25AI,
CTNNA2, CUBN, CXADR, CYBRDI, CYP4F12, DCC, DDR2, DLC1, DSCAM, DSG1, DYSF,
EGFR, EMRI1, EMR2, ENPP1, EPHA3, EPHA6, ERBB4, ESR1, EVC, EVC2, FCAR, FCER2,
FER, FGD5, FLOTI, FLT3, FLVCR1, GABBR2, GABRB3, GABRRI1, GGT1, GLRA3, GNG2,
GNG4, GP5, GPC5, GPC6, GPNMB, GPRI37B, GPR39, GRIA1, GRID2, GRIKI, GRIK2,
GRIK4, GRIN2A, GRM1, GRM5, GRM7, GRMS, GZMB, HLA-A, HLA-B, HLA-C, HLA-DOB,
HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-DQB1, HLA-DQB2, HLA-DRA, HLA-
DRBI1, HLA-DRB5, HLA-F, HLA-G, IL12RB2, ILIRAP, ILIRL1, ILIRL2, IL28RA, INADL,
IQGAP3, ITGAL, ITGA11, ITGA2, ITGAG, ITGAS, ITGA9, ITGAE, ITGB3, ITGB5, ITGBLI,
KANKI, KCNA6, KCNC2, KCND3, KCNJ6, KCNK18, KCNK2, KCNMB2, KCNMB3, KCNQ5,
KCNV2, KIRREL, KL, LCT, LGR5, LRP8, MAEA, MEGF11, MGAM, MSR1, MUC12, MYH9,
MYO10, MYOF, NEDD4, NLGN1, NOTCH2, NOTCH4, NPFFR2, NPR3, NRCAM, NRGI,
NRG3, NRXN1, NRXN3, NTRK2, NTRK3, OPCML, OPN3, OPRK1, PCDHA1, PCDHAI0,
PCDHA11, PCDHA2, PCDHA3, PCDHA4, PCDHA5, PCDHAG6, PCDHA7, PCDHAS, PCD-
HACI1, PCSK9, PKHD1, PLA2R1, PLB1, PLSCR1, PRKAB2, PRKD1, PRKG2, PTCH1, PT-
GER3, PTPRB, PTPRD, PTPRH, PTPRM, PTPRN2, RAB27A, RAMP3, RAPGEF4, RGS6,
RGS7, RNPEP, ROBO2, ROR1, SCARA5, SCARBI, SCN1IA, SCNIA, SCN3A, SCN3B,
SCNYA, SCNN1G, SCTR, SCUBE1, SERPINE2, SGCG, SGCZ, SGIP1, SHISA9, SHROOMS3,
SLC12A3, SLCI2A6, SLCI14A2, SLC15A2, SLC17A5, SLC1A2, SLC1A6, SLC26A7, SLC2A9,
SLC5A12, SLC6A15, SLC7A1, SLC9A4, SLC9C1, SLCOIB3, SNTB1, SNTGI, SNTG2,
SPATA13, SPREDI1, SPTB, STK39, SYK, SYNJ2, TEK, TESC, TGFA, TMPRSS9, TRHDE,
TRPA1, TRPC4, TSHR, TSPANY, UTRN, VWF

HLA-DPA1, HLA-DPBI1, HLA-DQAI, HLA-DQA2, HLA-DQBI, HLA-DRBI,
MARCH1

CUBN, DMBT1, HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2,
HLA-DQBI, HLA-DRBI, HLA-DRB5

HLA-DPA1, HLA-DPBI1, HLA-DQA1, HLA-DQA2, HLA-DQBI, HLA-DRB1, HLA-DRB5

HLA-DRBS,

HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPBI, HLA-DQA1, HLA-DQA2, HLA-DQB1, HLA-
DRBI1, HLA-DRB5, TAP2

CPE, DMBTI1, HLA-B, HLA-C, HLA-DPA1, HLA-DPBI, HLA-DQB1, MARCHI, MYO5B,
SNX19

FMO5, HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPBI1, HLA-DQA1, HLA-DQA2, HLA-
DQBI, HLA-DRBI1, HLA-DRB5, TAP2

CPE, DMBT1, HLA-A, HLA-C, HLA-DPA1, HLA-DPBI, HLA-DQB1, HLA-DRB5, MARCHI,
MYOS5B, SNX19

HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-DQBI1, HLA-
DRBI, HLA-DRBS5, SYT9

ALS2, AMPH, ANK3, ANKSIB, APBB2, ATP1A2, ATP6V0A4, C2CD3, CACNAIC, CDH23,
CNIH3, CNTN2, CNTNAP2, CTNND2, CUBN, CXADR, CYBRDI, DCC, DFNB31, DISCI,
DLG2, DLGAPI1, DLGAP2, DNAH11, DNAH12, DNAH17, DNAH5, DNAHS, DNAH9, DNM3,
DPYSL2, DPYSL3, DSCAM, DYNC2H1, EMR2, ERBB4, ERC2, ESR1, EVC, EVC2, FGD5,
FOPNL, GPM6A, GRIA1, GRID2, GRIK1, GRIK2, GRIK4, GRIN2A, GRM1, GRM5, GRM?7,
HAP1, HOMERI, IFT57, KANKI, KIRREL, KIRREL3, MAGI2, MAP2, MBP, MYHI4,
MYO10, MYO5A, MYO5B, NETOI, NFASC, NLGN1, NR3C1, NRCAM, NRPI1, NRXNI,
NTRK2, PACRG, PALMD, PCSK1, PDLIM5, PKDIL1, PKHD1, PLCB4, PSD3, PTPRN2,
PTPRO, RAPGEF4, ROBO2, RUFY3, SCARBI, SCN1A, SEPT11, SHISA9, SLC1A2, SLCICI,
SNTG1, SPAG16, SPATA13, SYNJ2, TANC1, TEKT1, TEKT4, TEKT5, TESC, TIAM2,
TTLL11, WDPCP

ANK2, ANK3, ANKS1B, CADPS2, CHRM5, CHRNB3, CLSTN2, CNIH3, DISCI, DLG2, DL-
GAP1, DLGAP2, ERC2, GABBR2, GABRB3, GABRG3, GABRR1, GLRA3, GRIA1, GRIDI,
GRID2, GRIKI, GRIK2, GRIK4, GRIN2A, GRIP1, GRMI, GRM7, GRMS, HOMERI, LR-
RTM4, NETO1, NLGN1, NRXN1, PDE2A, PDLIM5, PSD3, RIMS1, RIMS2, SLC1A2, SYNEL,
SYT1, TANC1, UNC13A, UNC13C, UTRN

ABCC4, AMPH, AP1S3, APPBP2, ATPIOB, ATP6V0A4, ATPG6VOE2, ATP8A1, CADPS,
CAMK2D, CPE, CUBN, DMBTI, DMXL2, DYSF, F13Al1, F5, GRIA1, HLA-A, HLA-B,
HLA-C, HLA-DPA1, HLA-DPBI, HLA-DQA1, HLA-DQA2, HLA-DQB1, HLA-DQB2, HLA-
DRA, HLA-DRB1, HLA-DRB5, HLA-F, HLA-G, KNG1, LAMP3, MARCH1, MYO5B, MYOF,
NCALD, OCA2, RAB27A, SNX19, SNX7, SV2C, SYN3, SYNGRI, SYNPR, SYT5, SYTG,
SYT9, TMEM163, VWF

ABCCS, AMPH, DMXL2, HLA-DPAI1, HLA-DPB1, HLA-DQAI, HLA-DQA2, HLA-DQBI,
HLA-DQB2, HLA-DRA, HLA-DRBI, HLA-DRB5, SH3GL2, SV2B, SV2C, SYN3, SYNGRI,
SYNPR, SYT1, SYT10, SYT5, SYT6, SYT9

COL4A1, COL4A2, COL4A3, COL4A4

FMO5, HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPBI1, HLA-DQA1, HLA-DQA2, HLA-
DQBI, HLA-DRBI1, HLA-DRB5, STSSIA1, TAP2

HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPBI, HLA-DQA1, HLA-DQA2, HLA-DQB1, HLA-
DRBI, HLA-DRB5, STSSIA1, TAP2

ALS2, BMPR1B, CACNAIA, CADM2, CDH13, CNR2, CNTN4, CNTNAP2, CPLX1, CTNNAZ2,
CYFIP2, DCC, DDC, DNER, DNM3, DSCAM, GABBR2, GRIA1, GRID2, GRIK4, GRIPI,
GRMI1, GRM7, GRMS, ITGAI, KALRN, KCND3, KCNIP1, KCNIP4, KCNJ6, KIRREL3,
KLHLI1, KLHL14, KLHL24, MYO10, MYO5A, MYO5B, NCAM2, NLGN1, NOV, NRCAM,
NTM, ODZ4, PALMD, PCSK1, PEX5L, PRKCA, RAB27A, RAPGEF4, RELN, RPTOR,
SCN11A, SEMA3A, SEPT11, SLC1A2, SYNPR, SYT5, TRIMY

APBB2, CADM2, CADPS, CAMK2D, CDH23, CPLX1, CYFIP2, DTNA, GRID2, GRM7,
MAGI2, MYH9, MYRIP, NLGN1, NRCAM, NRXNI, NTM, NTRK2, PCDH15, PCLO,
PHACTR1, RAPGEF4, RIMBP2, SEPT11, SERPINE2, SHISA9, SNTB1, UTRN

GO categories in which false discovery rate is less than 0.01.



Table S27 continued.

Description

p-value

Enrichment

Genes

Integral to plasma

membrane

Lysosomal membrane
Sheet-forming  colla-
gen

Integrin complex

Ion channel complex

Sarcolemma
Extracellular
part

matrix

Vacuolar membrane
Phagocytic vesicle
membrane

Vacuolar part

Intrinsic  to
membrane

plasma

Cytoskeleton

Endoplasmic reticu-

lum part

Presynaptic
brane
Cilium

mem-

Cell body

Cation channel com-
plex

Postsynaptic mem-

brane
Endoplasmic reticu-
lum lumen

5.4 x 10~ 0

5.8

6.3
6.4

6.5

X

1072
1072
10~4

1074

10~4

1074

1074
1074

1074

1074

1.5

5.6

18.5

4.7
2.0

8.1

4.8

28.0

3.3

1.4

1.6

2.6

3.1

3.8

1.9

2.3

2.2

2.1

ABCA1, ABCA4, ABCBII, ABCB5, ADAM29, ADRAIA, ALK, ANK2, ART3, ASIC2,
BMPRIB, CALCR, CD200, CD81, CD84, CDH4, CHRM5, CLCA2, CLCNKB, CLEC1A, CNR2,
CNTN2, COL25A1, CXADR, DDR2, DSCAM, EMR1, EPHA3, EPHA6, FCAR, FCER2, FLT3,
FLVCR1, GABBR2, GABRB3, GABRRI, GLRA3, GP5, GPC5, GPC6, GPNMB, GPRI37B,
GPR39, GRID2, GRIK1, GRIK2, GRIK4, GRIN2A, GRMI, GRM5, GRM7, GRMS, HLA-
A, HLA-B, HLA-C, HLA-DPA1, HLA-DQA1, HLA-DQA2, HLA-DRA, HLA-DRBI, IL12RB2,
ILIRAP, ILIRL2, ITGB3, KCNK18, KCNMB3, KL, LCT, LGR5, MAEA, MSR1, MUCI2,
NLGN1, NOTCH2, NOTCH4, NPFFR2, NPR3, NRCAM, NRG1, NRG3, NRXNI, NRXN3,
NTRK2, NTRK3, OPCML, OPN3, OPRK1, PCDHAl, PCDHA10, PCDHA1l, PCDHAZ2,
PCDHAS3, PCDHA4, PCDHA5, PCDHAG6, PCDHA7, PCDHAS, PCDHAC1, PLA2R1, PLSCRI,
PRKDI1, PTGER3, PTPRB, PTPRD, PTPRH, PTPRM, PTPRN2, RAMP3, ROR1, SCARBI,
SCNN1G, SCTR, SLCI12A3, SLCI15A2, SLC17A5, SLCIA6, SLC2A9, SLC6A15, SLC7AI,
SLCO1B3, TEK, TMPRSS9, TRHDE, TRPA1, TRPC4, TSHR, TSPAN9

CUBN, HLA-DPA1, HLA-DPBI1, HLA-DQA1, HLA-DQA2, HLA-DQBI, HLA-DRBI1, HLA-
DRB5, MARCHI, SLC17A5, TMEMI06B

COL4A1, COL4A2, COL4A3, COL4A4

ITGAI1, ITGA11, ITGA2, ITGAG, ITGAS, ITGA9, ITGAE, ITGB3, ITGB5, ITGBLI1, MYH9
ABCCS, AKAPG, ANO2, ANO3, ANOG, BEST3, CACNAIA, CACNA1C, CACNA2DI, CASQ2,
CATSPERB, CHRNB3, CLCNKB, CNTN2, CNTNAP2, GABRB3, GABRG3, GABRRI,
GLRA3, KCNA6, KCNB2, KCNC2, KCND3, KCNE1, KCNJ6, KCNK2, KCNMB2, KCNMBS3,
KCNQ5, KCNV2, PEX5L, RYR2, SCNI11A, SCNIA, SCN3A, SCN3B, SCN9A, SCNNIG,
TRPC4

ADCY5, ANK3, FLOT1, KCND3, SGCG, SGCZ, SNTG2, [LAMA2

AMTN, CCBEI, COL11A1, COL20A1, COL21A1, COL23A1, COL24A1, COL25A1, COL27Al,
COL2A1, COL4Al, COL4A2, COL4A3, COL4A4, COL5A1, COLECI2, EMIDI, EMID2,
FBLNI1, GLDN, LAMA2, LAMA4, LAMC1, LAMC2, LEPREL1, LOXL2, MSR1, NID2, NTN4,
SMOC2, THBS2, TNR

CUBN, HLA-DPA1, HLA-DPBI, HLA-DQA1, HLA-DQA2, HLA-DQBI, HLA-DRBI1, HLA-
DRB5, MARCHI, SLC17A5, TMEM106B

DMBTI, HLA-A, HLA-B, HLA-C

ARSB, ASAHI, CUBN, GALC, GPC5, GPC6, HLA-DPA1, HLA-DPB1, HLA-DQAI1, HLA-
DQA2, HLA-DQB1, HLA-DRBI, HLA-DRB5, MARCHI, OCA2, SLC17A5, TMEMI106B
ABCA1, ABCA4, ABCBI1, ABCB5, ADAM29, ADRAIA, ALK, ANK2, ART3, ASIC2,
BMPRIB, CALCR, CD200, CD81, CD84, CDH4, CHRMS5, CLCA2, CLCNKB, CLECIA,
CNR2, CNTN2, COL25A1, CXADR, DDR2, DSCAM, EMRI, EPHA3, EPHAG, FCAR,
FCER2, FLT3, FLVCRI, GABBR2, GABRB3, GABRRI, GGT1, GLRA3, GP5, GPC5, GPCS6,
GPNMB, GPR137B, GPR39, GRID2, GRIKI, GRIK2, GRIK4, GRIN2A, GRM1, GRMS5,
GRM7, GRMS, HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DQA1, HLA-DQA2, HLA-DRA,
HLA-DRBI, IL12RB2, ILIRAP, ILIRL2, ITGB3, KCNKI18, KCNMB3, KL, LCT, LGRS5,
MAEA, MSR1, MUC12, NLGN1, NOTCH2, NOTCH4, NPFFR2, NPR3, NRCAM, NRGI,
NRG3, NRXN1, NRXN3, NTRK2, NTRK3, OPCML, OPN3, OPRK1, PCDHA1, PCDHAI10,
PCDHA11, PCDHA2, PCDHA3, PCDHA4, PCDHA5, PCDHA6, PCDHA7, PCDHAS, PCD-
HACI1, PKHDI, PLA2RI, PLSCRI, PRKDI, PTGER3, PTPRB, PTPRD, PTPRH, PT-
PRM, PTPRN2, RAMP3, RORI, SCARB1, SCNN1G, SCTR, SLC12A3, SLC15A2, SLCI17A5,
SLC1A6, SLC2A9, SLC6A15, SLC7A1, SLCO1B3, SPTB, TEK, TMPRSS9, TRHDE, TRPAI,
TRPC4, TSHR, TSPANY

ABLIM1, ADH4, AFAP1, AMPH, ANK2, ANK3, APBBIIP, ARHGAP24, ARPC5, BICDI,
BIN3, CAP1, CDSN, CORO2B, COTL1, CTNNA2, CTNNA3, DENND2A, DNAHY, EPB41L4A,
ERC2, FAM65B, FGD5, FLNB, FRMD4A, FRMD4B, FRMPD1, GYS2, IFT43, INPP5D, IQ-
GAP2, KALRN, KLHL1, KLHL5, LDB3, LRPPRC, LRRFIP1, MAEA, MLPH, MTSS1, MYH9,
MYOYB, MYPN, MYRIP, NPFFR2, PARVA, PCLO, PDLIM1, PHLDB2, PKNOX2, PLEKHH?2,
PPP2CA, PRKCE, PSTPIP2, PTPN14, PTPN21, SCLT1, SGCG, SGCZ, SHROOM3, SKAI,
SNTBI, SNTG1, SNTG2, SORBS2, SPRR1B, SPTB, STK39, SVIL, SYNEI, TBCA, TNSI,
TRIM9, TRIP11, TRPC4, TUBB, UTRN, VCL

ABCD4, ALGS, ATP10D, CASQ2, COL24A1, COL25A1, CYP4Z1, EMID2, EROILB, HLA-A,
HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-DQBI, HLA-DRBI,
HLA-DRB5, HMGCLL1, KLHL14, MARCHI, RYR2, SPINK5, TAP2

CADPS2, ERC2, GRIK1, GRIK2, GRIK4, GRIN2A, GRM1, GRM7, GRMS, NRXN1, PDE2A,
RIMSI1, RIMS2, SLC1A2, SYT1, UNC13A, UNCI13C

ADCY5, CDH23, CNGA3, DYNC2H1, FOPNL, IFT57, MYRIP, PACRG, PCDH15, PKHDI,
SLC9C1, SORD, TTLLI1

ALS2, APOAIBP, BMPRIB, CACNAIC, CNTN2, CNTNAP2, CPLX1, CXADR, DDC,
DFNB31, DISC1, DLG2, DNER, DPYSL2, DPYSL3, GPM6A, GRIA1, GRIKI, GRMS,
KALRN, KCND3, KCNIP1, KCNIP4, KLHL1, KLHL14, MAP2, MBP, MYOI10, MYO5A,
MYO5B, NOV, NTRK2, PACRG, PCSK1, PRKCA, RBFOX3, RPTOR, SCNIA, SERPINE2,
SRD5A1, SYT5, TANC1, TUBB

ABCCS, AKAP6, CACNAIA, CACNAIC, CACNA2DI, CASQ2, CATSPERB, CNTN2, CNT-
NAP2, KCNA6, KCNB2, KCNC2, KCND3, KCNEI, KCNJ6, KCNK2, KCNMB2, KCNMBS3,
KCNQ5, KCNV2, PEX5L, RYR2, SCNI11A, SCNIA, SCN3A, SCN3B, SCN9A, SCNNIG,
TRPC4

ANK2, ANK3, ANKSIB, CHRM5, CHRNB3, CLSTN2, CNIH3, DISC1, DLG2, DLGAPI,
GABBR2, GABRB3, GABRG3, GABRRI, GLRA3, GRIA1, GRID1, GRID2, GRIKI, GRIK2,
GRIK4, GRIN2A, GRIP1, GRM7, LRRTM4, NLGN1, PSD3, SYNE1, TANC1, UTRN

ARSB, ARSG, ARSJ, CASQ2, COLI11Al, COL20A1, COL2IAl1, COL23Al, COL24Al,
COL25A1, COL27A1, COL2A1, COL4A1, COL4A2, COL4A3, COL4A4, COL5A1, EMID2,
ERAP1, ERAP2, FLT3, GLT25D2, H6PD, LEPREL1, OLFMI, P4HA1, PDGFD, PDIAG,
RCN3, SLC27A2

GO categories

in which false discovery rate is less than 0.01.



Table S27 continued.

Description p-value Enrichment Genes

Flagellum part 2.5 x 10~ % 12.3 PACRG, SLC9C1, SPAG16, TEKT4, TEKT5

Microtubule-based 2.5 x 1074 12.3 PACRG, SLC9C1, SPAG16, TEKT4, TEKT5

flagellum part

Extracellular matrix 2.5 x 1074 1.7 ABI3BP, ADAMTS12, ADAMTS16, ADAMTS18, ADAMTS2, ADAMTSL2, ADAMTSLS3,

AMBN, AMTN, CDON, COL20A1, COL21AI, COL4Al, COL4A2, COL5A1, CRTACI,
DMBTI1, DPT, FBLN1, FGF1, FRAS1, GPC5, GPC6, GPLDI1, HMCNI1, HPSE2, IGFBP7,
LAMAI, LAMA2, LAMA4, LAMC1, LMCD1, LTBP1, MAMDC2, MATN1, MEPE, MMP20,
NAV2, NID2, NOV, PLSCR1, PXDN, RELN, SERPINE2, SMOC2, SPARCL1, SPON1, TNN,
TNR, VIT, VWF, WNT3

GO categories in which false discovery rate is less than 0.01.



