Table S1. Genes within mapped homozygsous regions of of families A3471, F874 and KKESH001-7. Note that only 1 gene (red) in each family had a
homozygous variant that passed Polyphen 1 and 2 scores, segregated within the family, and was absent from >270 controls.

Family A3471 (2 sibs calculated toaether):

Chr Start (hg19) End (hg19)
11 87,286,975 95,192,462

15 67,533,543 78,711,803

Size (Mb)
7.91

11.18

List of genes in the region

RAB38, CTSC, GRMS5, TYR, NOX4, FOLH1B, TRIM77P, TRIM49, TRIM53P, LOC399940, TRIM64B, TRIM49L1, LOC399939, TRIM64, LOC399940,
TRIM53P, TRIM49L2, UBTFL1, NAALAD2, CHORDC1, MIR4490, FAT3, MTNR1B, SLC36A4, CCDC67, C110rf75, KIAA1731, SCARNA9, SNORA25,
SNORA32, SNORD6, SNORA1, SNORA8, SNORD5, SNORA18, MIR1304, SNORA40, TAF1D, Cllorf54, MED17, VSTM5, HEPHL1, PANX1, FOLR4,
GPR83, MRE11A, ANKRD49, LOC643037, FUT4, PIWIL4, AMOTL1, CWC15, KDM4D, KDM4DL, SRSF8, ENDOD1, SESN3

AAGAB, IQCH, LOC100506686, C150rf61, MAP2K5, SKOR1, PIAS1, CALML4, CLN6, FEM1B, ITGA11l, CORO2B, ANP32A, MIR4312, ANP32A-IT1,
MIR548H4, SPESP1, NOX5, LINC00277, GLCE, PAQRS, KIF23, RPLP1, LOC145837, C150rf50, TLE3, MIR629, UACA, LARP6, THAP10, LRRC49, CT62,
THSD4, NR2E3, MYO9A, SENP8, GRAMD2, PKM2, PARP6, CELF6, HEXA, C150rf34, TMEM202, ARIH1, MIR630, GOLGA6B, HIGD2B, BBS4, ADPGK,
LOC100287559, NEO1, HCN4, C150rf60, NPTN, CD276, C150rf59, TBC1D21, LOC100287616, LOXL1, STOML1, PML, GOLGA6A, LOC283731, ISLR2,
ISLR, STRA6, CCDC33, CYP11A1, LOC729739, SEMAT7A, UBL7, LOC440288, ARID3B, CLK3, EDC3, CYP1A1, CYP1A2, CSK, MIR4513, LMANIL, CPLX3,
ULK3, SCAMP2, MPI, C150rf17, COX5A, RPP25, SCAMP5, PPCDC, C150rf39, GOLGA6C, GOLGA6D, COMMD4, NEIL1, MIR631, MAN2C1, SIN3A,
PTPN9, SNUPN, IMP3, SNX33, CSPG4, ODF3L1, DNM1P35, MIR4313, UBE2Q2, FBX0O22, FBX022-AS1, NRG4, C150rf27, ETFA, TYRO3P, ISL2,
SCAPER, RCN2, PSTPIP1, TSPAN3, PEAK1, C150rf5, HMG20A, LINGO1, LOC253044, LOC645752, LOC91450, TBC1D2B, SH2D7, CIB2, IDH3A,
ACSBG1, DNAJA4, WDR61, CRABP1

Family F874:

Chr Start (hg19) End (hg19)
6 60,001 10,269,064

7 9,952,849 13,986,939
8 127,063,064 128,762,864

9 36,906,780 81,096,302

11 99,307,416 103,920,105
13 80,878,033 87,062,889

15 89,327,344 97,069,505

16 27,139,829 80,352,195

18 65,627,833 73,086,805

Size (Mb)
10.38

4.03
1.70

44.19

7.74

53.21

7.46

List of genes in the region

DUSP22, IRF4, EXOC2, HUS1B, LOC285768, FOXQ1, FOXF2, FOXC1, GMDS, C60orf195, MYLK4, WRNIP1, SERPINB1, MIR4645, MGC39372, SERPINB9,
DKFZP686115217, NQO2, LOC401233, RIPK1, BPHL, TUBB2A, LOC100507194, TUBB2B, PSMG4, SLC22A23, C6orf145, FAM50B, PRPF4B, C6orf146,
C6orf201, ECI2, CDYL, RPP40, PPP1R3G, LYRM4, MIR3691, FARS2, NRN1, F13A1, LY86-AS1, LY86, RREB1, SSR1, CAGE1L, CAGE1, RIOK1, DSP,
SNRNP48, BMP6, TXNDC5, MUTED-TXNDC5, PIP5K1P1, MUTED, EEF1E1-MUTED, EEF1E1, SCARNA27, SLC35B3, LOC100506207, HULC

NDUFA4, PHF14, THSD7A, TMEM106B, VWDE, SCIN, ARL4A, ETV1
FAM84B, PCAT1, POU5F1B, LOC727677, MYC

PAX5, LOC100506710, ZCCHC7, GRHPR, ZBTB5, POLR1E, FBXO10, TOMMS5, FRMPD1, RGOMTD3, EXOSC3, DCAF10, MCART1, SHB, ALDH1B1,
IGFBPL1, ANKRD18A, FAM201A, CNTNAP3, LOC653501, ZNF658B, FAM75A2, FAM75A1, FAM74Al, FAM75A3, FAM74A3, ZNF658, FAM75A4,
MGC21881, KGFLP2, ANKRD20A2, ANKRD20A3, FAM95B1, FOXD4L4, FOXD4L2, AQP7P3, LOC642929, FAM75A6, CNTNAP3B, FAM27C, FAM27A,
KGFLP1, FAM74A2, FAM74A4, LOC442421, LOC100133920, AQP7P1, FAM27B, ANKRD20A1, LOC642236, LOC100132352, PGM5P2, LOC440896,
FOXDA4L6, CBWD6, ANKRD20A4, FOXDA4LS5, CBWD3, CBWD5, FOXD4L3, LOC572558, PGM5, C9orf71, PIP5K1B, FAM122A, PRKACG, FXN, TJP2,
FAM189A2, APBA1, PTAR1, LOC494558, C90rf135, MAMDC2, LOC100507244, LOC100507299, SMC5, KLF9, TRPM3, MIR204, TMEM2, FAM108B1,
C90rf85, C90rf57, GDA, ZFAND5, TMC1, ALDH1A1, ANXA1, RORB, TRPM6, C90rf40, C9orf41, C90rf95, OSTF1, MIR548H3, PCSK5, RFK, RPSAP9,
GCNT1, PRUNE2, PCA3, FOXB2, LOC100286938, VPS13A, GNA14, GNAQ, CEP78, PSAT1

CNTN5, ARHGAP42, TMEM133, PGR, TRPC6, MIR3920, ANGPTLS, KIAA1377, C110rf70, YAP1, BIRC3, BIRC2, TMEM123, MMP7, MMP20, MMP27,
MMP8, MMP10, LOC100288077, MMP1, MMP3, MMP12, MMP13, DCUN1D5, DYNC2H1, MIR4693, PDGFD, DDI1

SPRY2, SLITRK1, SLITRK6

ACAN, HAPLN3, MFGE8, ABHD2, RLBP1, FANCI, POLG, MIR9-3, LOC254559, RHCG, LOC283761, C150rf42, KIF7, PLIN1, PEX11A, WDR93, MESP1,
MESP2, ANPEP, AP3S2, C150rf38-AP3S2, C150rf38, ZNF710, IDH2, SEMA4B, CIB1, C150rf58, TTLL13, NGRN, GABARAPL3, ZNF774, IQGAP1, CRTC3,
BLM, FURIN, FES, MAN2A2, UNC45A, HDDC3, RCCD1, PRC1, VPS33B, SV2B, SLCO3A1, ST8SIA2, C150rf32, LOC100144604, FAM174B, ASB9P1,
LOC100507217, CHD2, MIR3175, RGMA, MCTP2, LOC400456, LOC145820, MIR1469, NR2F2

JMJD5, NSMCEL1, FLJ21408, IL4R, IL21R, LOC283888, GTF3C1, KIAA0556, GSG1L, XPO6, SBK1, EIF3CL, EIF3C, CLN3, APOBR, IL27, NUPR1,
CCDC101, SULT1A2, SULT1A1, ATXN2L, TUFM, MIR4721, SH2B1, ATP2A1, RABEP2, CD19, NFATC2IP, MIR4517, SPNS1, LAT, RRN3P2, RUNDC2C,
LOC606724, BOLA2B, BOLA2, SLX1B, SLX1A, SLX1B-SULT1A4, SLX1A-SULT1A3, SULT1A3, SULT1A4, LOC388242, LOC613038, LOC440354,
SLC7A5P1, SPN, QPRT, C160rf54, ZG16, KIF22, MAZ, PRRT2, C160rf53, MVP, CDIPT, LOC440356, SEZ6L2, ASPHD1, KCTD13, TMEM219, TAOK2,
HIRIP3, INO80E, DOC2A, C160rf92, FAM57B, ALDOA, PPP4C, TBX6, YPEL3, GDPD3, MAPK3, LOC100271831, CORO1A, LOC613037, LOC595101,
CD2BP2, TBC1D10B, MYLPF, 1-Sep, ZNF48, ZNF771, DCTPP1, SEPHS2, ITGAL, MIR4518, ZNF768, ZNF747, ZNF764, ZNF688, ZNF785, ZNF689,
PRR14, FBRS, SRCAP, SNORA30, PHKG2, C160rf93, RNF40, ZNF629, MIR4519, BCL7C, MIR762, CTF1, FBXL19-AS1, FBXL19, ORAI3, SETD1A,
HSD3B7, STX1B, STX4, ZNF668, ZNF646, PRSS53, VKORC1, BCKDK, KAT8, PRSS8, PRSS36, FUS, PYCARD, TRIM72, PYDC1, ITGAM, ITGAX, ITGAD,
COX6A2, ZNF843, ARMCS5, TGFBL1I1, SLC5A2, C160rf58, AHSP, CSDAP1, KIAA0664L3, ZNF720, ZNF267, HERC2P4, LOC729264, LOC390705,
TP53TG3, SLC6A10P, LOC653550, TP53TG3B, LINC00273, UBE2MP1, LOC283914, LOC146481, LOC100130700, FLJ26245, ANKRD26P1, SHCBP1,
VPS35, ORC6, MYLK3, C160rf87, GPT2, DNAJA2, NETO2, ITFG1, PHKB, ABCC12, ABCC11, MIR548AE2, LONP2, LOC100507577, SIAH1, N4BP1,
CBLN1, C160rf78, ZNF423, TMEM188, HEATR3, PAPD5, ADCY7, BRD7, NKD1, SNX20, NOD2, CYLD, SALL1, LOC388276, LOC100505619, TOX3,
LOC643714, CHD9, LOC643802, RBL2, AKTIP, RPGRIP1L, FTO, IRX3, CRNDE, IRX5, IRX6, MMP2, LPCAT2, CAPNS2, SLC6A2, CES1P2, CES1P1,
CES1, CES5A, LOC283856, GNAO1, DKFZP434H168, MIR3935, AMFR, NUDT21, OGFOD1, BBS2, MT4, MT3, MT2A, MT1L, MT1E, MT1M, MT1JP, MT1A,
MT1DP, MT1B, MT1F, MT1G, MT1H, MT1IP, MT1X, NUP93, MIR138-2, SLC12A3, HERPUDL, CETP, NLRCS5, CPNE2, FAM192A, RSPRY1, ARL2BP,
PLLP, CCL22, CX3CL1, CCL17, CIAPIN1, COQ9, POLR2C, DOK4, CCDC102A, GPR114, GPR56, GPR97, CCDC135, KATNBL, KIFC3, CNGB1, TEPP,
ZNF319, C160rf57, MMP15, C160rf80, CSNK2A2, CCDC113, PRSS54, GINS3, NDRG4, SETD6, CNOT1, SNORA46, SNORAS50, SLC38A7, GOT2,
LOC644649, CDH8, CDH11, LOC283867, CDH5, BEANL, TK2, CKLF, CKLF-CMTM1, CMTM1, CMTM2, CMTM3, CMTM4, DYNC1LI2, CCDC79, NAE1,
CA7, PDP2, CDH16, RRAD, FAM96B, CES2, CES3, CES4A, CBFB, C160rf70, BGNT9, TRADD, FBXL8, HSF4, NOL3, KIAA0895L, EXOC3L1, E2F4,
ELMO3, MIR328, LRRC29, TMEM208, FHOD1, SLC9AS5, PLEKHG4, KCTD19, LRRC36, TPPP3, ZDHHC1, HSD11B2, ATP6V0OD1, AGRP, FAM65A, CTCF,
RLTPR, ACD, PARD6A, C160rf48, C160rf86, GFOD2, RANBP10, TSNAXIP1, CENPT, THAP11, NUTF2, EDC4, NRN1L, PSKH1, CTRL, PSMB10, LCAT,
SLC12A4, DPEP3, DPEP2, DDX28, DUS2L, NFATC3, ESRP2, PLA2G15, SLC7AG, SLC7A60S, PRMT7, SMPD3, ZFP90, CDH3, CDH1, TMCO7, HAS3,
CHTF8, CIRH1A, SNTB2, VPS4A, COG8, PDF, NIP7, TMEDS6, TERF2, CYB5B, MIR1538, NFATS5, NQO1, NOB1, WWP2, MIR140, CLEC18A, PDXDC2P,
MIR1972-1, MIR1972-2, PDPR, CLEC18C, LOC729513, EXOSC6, AARS, DDX19B, LOC100506083, DDX19A, ST3GAL2, FUK, COG4, SF3B3,
SNORD111B, SNORD111, IL34, MTSS1L, VAC14, LOC100130894, HYDIN, FTSJD1, CALB2, ZNF23, ZNF19, CHST4, TAT, MARVELD3, PHLPP2,
SNORA70D, AP1G1, SNORD71, ATXNI1L, ZNF821, IST1, PKD1L3, DHODH, HP, HPR, TXNL4B, DHX38, PMFBP1, ZFHX3, HTA, LOC100506172, PSMD7,
LOC283922, CLEC18B, GLG1, RFWD3, MLKL, FA2H, WDR59, ZNRF1, LDHD, ZFP1, CTRB2, CTRB1, BCAR1, CFDP1, TMEM170A, CHST6, CHSTS5,
TMEM231, GABARAPL2, ADAT1, KARS, TERF2IP, CNTNAP4, MIR4719, MON1B, SYCELL, ADAMTS18, NUDT7, VATI1L, CLEC3A, WWOX, MAF

TMX3, CCDC102B, DOK6, CD226, RTTN, SOCS6, LOC100505776, CBLN2, NETO1, LOC400655, LOC100505817, FBXO15, C180rf55, CYB5A, C180rf63,
FAM69C, CNDP2, CNDP1, LOC400657, ZNF407, ZADH2, TSHZ1

Family KKESH001-7:

Chr Start (hg19) End (hg19)
1 30,581,567 43,171,822

Size (Mb)
12.59

List of genes in the region

MATN1, LOC100129196, LAPTMS, MIR4420, SDC3, PUM1, SNORD103A, SNORD103B, SNORDS85, PRO0611, NKAIN1, SNRNP40, ZCCHC17, FABP3,
SERINC2, LOC149086, LOC284551, TINAGL1, HCRTR1, PEF1, COL16A1, BAI2, MIR4254, SPOCD1, PTP4A2, KHDRBS1, TMEM39B, KPNAG, TXLNA,
CCDC28B, IQCC, DCDC2B, TMEM234, EIF3Il, MTMRILP, FAM167B, LCK, HDAC1, MARCKSL1, LOC100128071, TSSK3, BSDC1, ZBTB8B, ZBTB8A,
ZBTB8OS, RBBP4, SYNC, KIAA1522, YARS, S100PBP, FNDCS5, HPCA, TMEM54, RNF19B, AK2, ADC, TRIM62, ZNF362, PHC2, MIR3605, ZSCAN20,
CSMD2, HMGB4, LOC402779, Clorf94, GJBS, GJB4, GJB3, GJA4, Clorf212, DLGAP3, LOC653160, ZMYMENB, ZMYM6, ZMYM1, SFPQ, ZMYM4,
KIAA0319L, NCDN, TFAP2E, PSMB2, Clorf216, CLSPN, EIF2C4, EIF2C1, EIF2C3, TEKT2, ADPRHL2, COL8A2, TRAPPC3, MAP7D1, THRAP3, SH3D21,
FAM176B, STK40, LSM10, OSCP1, MRPS15, CSF3R, GRIK3, MIR4255, LOC728431, ZC3H12A, MEAF6, SNIP1, DNALI1, GNL2, RSPO1, Clorf109,
CDCA8, EPHA10, MANEAL, YRDC, Clorf122, MTF1, INPP5B, SF3A3, FHL3, UTP11L, POU3F1, MIR3659, LOC339442, RRAGC, GJA9-MYCBP, GJA9,
MYCBP, RHBDL2, AKIRIN1, NDUFS5, MACF1, KIAA0754, BMP8A, PPIEL, PABPC4, SNORAS5, HEYL, NT5C1A, HPCAL4, PPIE, BMP8B, OXCT2, TRIT1,
MYCL1, MFSD2A, CAP1, PPT1, RLF, TMCO2, ZMPSTE24, COL9A2, SMAP2, ZNF643, ZNF642, DEM1, ZNF684, RIMS3, LOC100130557, NFYC, MIR30E,
MIR30C1, KCNQ4, CITED4, CTPS, LOC100507178, SLFNL1, SCMH1, EDN2, HIVEP3, GUCA2B, GUCA2A, FOXJ3, RIMKLA, ZMYND12, PPCS, CCDC30,
PPIH, YBX1




10

11

14

17

47,080,665

211,765,062

6,350,270

110,646

40,998,525

130,473,930

175,065,368

25,548,288

27,933,232

44,288,665

4,232,937

105,878,844

20,562,080

55,528,595

75,778,858

229,743,009

12,323,413

3,923,728

82,587,050

140,177,562

180,626,927

33,611,229

32,274,979

48,936,143

8,066,178

117,633,054

36,436,188

62,671,499

28.70

17.98

5.97

3.81

41.59

9.70

5.56

7.96

434

4.65

3.83

11.75

15.87

7.14

MOB3C, ATPAF1, ATPAF1-AS1, LOC100130197, KIAA0494, CYP4B1, CYP4Z2P, CYP4A1l, CYP4X1, CYP4Z1, CYP4A22, PDZK1IP1, TALL, STIL,
CMPK1, FOXE3, MGC12982, FOXD2, LOC388630, SKINTL, SLC5A9, SPATA6, AGBL4, BENDS, ELAVL4, DMRTA2, FAF1, CDKN2C, Clorf185, RNF11,
TTC39A, EPS15, OSBPLY, NRD1, MIR761, RAB3B, TXNDC12, KTI12, BTF3L4, ZFYVE9, CC2D1B, ORC1, PRPF38A, ZCCHC11, GPX7, FAM159A,
SELRC1, ZYG11B, ZYG11A, ECHDC2, SCP2, PODN, SLC1A7, CPT2, Clorf123, MAGOH, LOC100507564, LRP8, FLJ40434, DMRTB1, GLIS1, TMEMA48,
YIPF1, DIO1, HSPB11, LRRC42, LDLRAD1, TMEMS59, TCEANC2, MIR4781, CDCP2, CYBS5RL, MRPL37, SSBP3, ACOT11, FAM151A, HEATRS-TTC4,
HEATRS, TTC4, PARS2, TTC22, Clorfl77, DHCR24, TMEM61, BSND, PCSK9, USP24, LOC100507634, MIR4422, PPAP2B, PRKAA2, C10rf168, C8A,
C8B, DAB1, OMA1, TACSTD2, MYSM1, JUN, LOC100131060, HSD52, FGGY, MIR4711, HOOK1, CYP2J2, Clorf87, NFIA, TM2D1, INADL, L1TD1, KANK4,
USP1, DOCK7, ANGPTL3, ATGAC, LINC00466, FOXD3, ALG6, ITGB3BP, EFCAB7, DLEU2L, PGM1, ROR1, UBE2U, CACHD1, MIR4794, RAVER?2, JAK1,
MIR3671, MIR101-1, AK4, DNAJC6, LEPROT, LEPR, PDE4B, SGIP1, MIR3117, TCTEX1D1, INSL5, WDR78, MIER1, SLC35D1, Clorf141, IL23R, IL12RB2,
SERBP1, GADD45A, GNG12, LOC100289178, DIRAS3, WLS, MIR1262, RPE65, DEPDC1, LRRC7, PIN1P1, LRRC40, SRSF11, ANKRD13C, HHLA3, CTH,
PTGERS, LOC100132618, ZRANB2, MIR186, NEGR1, LRRIQ3, FPGT-TNNI3K, FPGT, TNNI3K, C1orf173, CRYZ, TYW3, LHX8, SLC44A5

ERBB4, MIR548F2, MIR4776-2, MIR4776-1, IKZF2, LOC100130451, SPAG16, VWC2L, BARD1, ABCA12, ATIC, FN1, LOC646324, MREG, PECR,
TMEM169, XRCCS, PKIS5, 4-Mar, SMARCAL1, RPL37A, IGFBP2, IGFBPS5, TNP1, DIRC3, TNS1, RUFY4, CXCR2P1, CXCR2, CXCR1, ARPC2, GPBARL,
AAMP, PNKD, TMBIM1, C20rf62, SLC11A1, CTDSP1, MIR26B, VIL1, USP37, RQCD1, PLCD4, ZNF142, BCS1L, RNF25, STK36, TTLL4, CYP27A1,
PRKAG3, WNT6, WNT10A, CDK5R2, LOC151300, FEV, CRYBA2, MIR375, CCDC108, IHH, MIR3131, NHEJ1, SLC23A3, CNPPD1, FAM134A, ZFAND2B,
ABCB6, ATG9A, ANKZF1, GLBI1L, STK16, TUBA4A, TUBA4B, DNAJB2, PTPRN, MIR153-1, RESP18, DNPEP, DES, SPEG, GMPPA, ACCN4, CHPF,
TMEM198, MIR3132, OBSL1, INHA, STK11IP, SLC4A3, MIR4268, EPHA4, PAX3, CCDC140, SGPP2, FARSB, MOGAT1, ACSL3, KCNE4, SCG2, AP1S3,
WDFY1, MRPL44, SERPINE2, FAM124B, CUL3, DOCK10, MIR4439, KIAA1486, IRS1, RHBDD1, COL4A4, COL4A3, MFF, TM4SF20, AGFG1, C20rf83,
SLC19A3, CCL20, WDR69, SPHKAP

GRM7, LOC100288428, LMCD1, LINC00312, C30rf32, CAV3, OXTR, RAD18, SRGAP3, THUMPD3, LOC440944, SETD5, LHFPL4, MTMR14, CPNE9,
BRPF1, OGG1, CAMK1, TADA3, ARPC4, ARPC4-TTLL3, TTLL3, RPUSD3, CIDEC, JAGNL1, IL17RE, IL17RC, CRELD1, PRRT3, TMEM111, LOC401052,
CIDECP, FANCD2, C3orf24, BRK1, VHL, IRAK2, TATDN2, GHRLOS2, GHRL, GHRLOS, SEC13, ATP2B2, MIR885, LOC285370, SLC6A11, SLC6A1, HRH1,
ATG7, VGLL4, TAMM41, SYN2, TIMP4

ZNF718, ZNF876P, ZNF732, ZNF141, ABCA11P, ZNF721, PIGG, PDE6B, ATPSI, MYL5, MFSD7, PCGF3, LOC100129917, CPLX1, GAK, TMEM175,
DGKQ, SLC26A1, IDUA, FGFRL1, RNF212, TMED11P, SPON2, LOC100130872, CTBP1, C4orf42, MAEA, KIAA1530, CRIPAK, FAM53A, SLBP, TMEM129,
TACC3, FGFR3, LETM1, WHSC1, SCARNA22, WHSC2, MIR943, C4orf48, NAT8L, POLN, HAUS3, MXD4, MIR4800, ZFYVE28, LOC402160, RNF4,
FAM193A, TNIP2, SH3BP2, ADD1, MFSD10, C4orf10, NOP14, GRK4, HTT-AS1, HTT, C4orf44, RGS12, HGFAC, DOK7, LRPAP1, FLJ35424,
LOC100133461, ADRA2C

APBB2, UCHL1, LIMCH1, PHOX2B, TMEM33, DCAF4L1, SLC30A9, BEND4, SHISA3, ATP8A1, GRXCR1, KCTD8, YIPF7, GUF1, GNPDA2, GABRG1,
GABRA2, COX7B2, GABRA4, GABRB1, COMMD8, ATP10D, CORIN, NFXL1, CNGAL, NIPAL1, TXK, TEC, SLAIN2, SLC10A4, ZAR1, FRYL, OCIAD1,
OCIAD2, CWH43, DCUN1D4, LRRC66, SGCB, SPATA18, USP46, SNHG13, MIR4449, SNORA26, ERVMER34-1, LOC152578, RASL11B, SCFD2, FIP1L1,
LNX1, RPL21P44, CHIC2, GSX2, PDGFRA, KIT, KDR, SRD5A3, LOC100506462, TMEM165, CLOCK, PDCL2, NMU, LOC644145, EXOC1, CEP135,
KIAA1211, AASDH, PPAT, PAICS, SRP72, ARL9, HOPX, SPINK2, REST, NOAL, POLR2B, IGFBP7, LOC255130, LPHN3, TECRL, LOC401134, EPHAS5,
LOC100144602, CENPC1, STAP1, UBAG, LOC550112, GNRHR, TMPRSS11D, TMPRSS11A, TMPRSS11F, SYT14L, FTLP10, TMPRSS11BNL,
TMPRSS11B, YTHDC1, TMPRSS11E, UGT2B17, UGT2B15, UGT2B10, UGT2A3, UGT2B7, UGT2B11, UGT2B28, UGT2B4, UGT2A1, UGT2A2, SULT1B1,
SULT1E1, CSN1S1, CSN2, STATH, HTN3, HTN1, CSN1S2AP, CSN1S2BP, C4orf40, ODAM, C4orf7, CSN3, CABS1, SMR3A, SMR3B, PROL1, MUC7,
AMTN, AMBN, ENAM, IGJ, UTP3, RUFY3, GRSF1, MOB1B, DCK, SLC4A4, GC, NPFFR2, ADAMTS3, COX18, ANKRD17, ALB, AFP, AFM, RASSF®6, IL8,
CXCL6, PF4V1, CXCL1, PF4, PPBP, CXCL5, CXCL3, PPBPL2, CXCL2, MTHFD2L, EPGN, EREG, AREG, BTC, PARM1, LOC441025, RCHY1, THAPSG,
C4orf26, CDKL2, G3BP2, USO1, PPEF2, NAAA, SDAD1, CXCL9, CXCL10, CXCL11, ART3, NUP54, SCARB2, FAM47E, FAM47E-STBD1, STBD1,
CCDC158, SHROOM3, MIR4450, ANKRD56, SEPT11, CCNI, CCNG2, CXCL13, CNOT6L, MRPL1, FRAS1, ANXA3, LOC100505702, BMP2K, PAQR3,
LOC100505875, NAA11, GK2, LOC100506035, GDEP, ANTXR2, PRDM8, FGF5, C4orf22, BMP3, PRKG2, RASGEF1B

PCDH10, PABPCA4L, PCDH18, LOC641365, LOC641364, SLC7A11, CCRNAL, ELF2

HRH2, CPLX2, THOC3, FAM153B, LOC100507387, LOC643201, C50rf25, KIAA1191, ARL10, NOP16, HIGD2A, CLTB, FAF2, RNF44, CDHR2, GPRIN1,
SNCB, MIR4281, EIFAE1B, TSPAN17, UNC5A, HK3, UIMC1, ZNF346, FGFR4, NSD1, RAB24, PRELID1, MXD3, LMAN2, RGS14, SLC34A1, PFN3, F12,
GRK6, LOC340037, PRR7, DBN1, PDLIM7, DOK3, DDX41, FAM193B, TMED9, B4GALT7, LOC202181, FAM153A, LOC728554, PROP1, FAM153C, N4BP3,
RMNDSB, NHP2, GMCL1P1, HNRNPAB, AGXT2L2, COL23A1, CLK4, ZNF354A, AACSP1, ZNF354B, ZFP2, ZNF454, GRM6, ZNF879, ZNF354C,
ADAMTS2, RUFY1, HNRNPHL1, C50rf60, CBY3, CANX, MAML1, LTC4S, MGAT4B, MIR1229, SQSTM1, C50rf45, TBC1D9B, RNF130, MIR340, RASGEF1C,
MAPK9, GFPT2, CNOT6, SCGB3A1, FLT4, OR2Y1, MGAT1, LOC729678, ZFP62, BTNL8, BTNL3, BTNL9, OR2V2, TRIM7

C4A, C4B, CYP21A2, CYP21A2, TNXB, TNXB, ATF6B, ATF6B, FKBPL, PRRT1, LOC100507547, LOC100507547, LOC100507547, LOC100507547, PPT2,
PPT2, PPT2-EGFLS, PPT2, EGFL8, EGFL8, AGPAT1, AGPAT1, RNF5, RNF5P1, AGER, AGER, AGER, AGER, AGER, AGER, AGER, AGER, AGER,
AGER, PBX2, GPSM3, NOTCH4, C60rf10, HCG23, BTNL2, HLA-DRA, HLA-DRB5, HLA-DRB6, HLA-DRB1, HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-
DQBL1, HLA-DQA2, HLA-DQB2, HLA-DOB, TAP2, TAP2, PSMB8, PSMB8, LOC100507463, LOC100507463, LOC100507463, LOC100507463, TAP1,
PSMB9, LOC100294145, LOC100294145, HLA-DMB, HLA-DMA, BRD2, BRD2, BRD2, BRD2, BRD2, HLA-DOA, HLA-DPAL, HLA-DPAL, HLA-DPA1, HLA-
DPB1, HLA-DPB2, COL11A2, COL11A2, COL11A2, COL11A2, RXRB, SLC39A7, SLC39A7, HSD17B8, MIR219-1, RING1, HCG25, VPS52, RPS18,
B3GALT4, WDR46, WDR46, PFDN6, PFDN6, RGL2, RGL2, TAPBP, TAPBP, TAPBP, ZBTB22, ZBTB22, DAXX, DAXX, DAXX, DAXX, KIFC1, PHF1, PHF1,
PHF1, CUTA, CUTA, CUTA, CUTA, CUTA, SYNGAP1, ZBTB9

JAZF1, LOC100128081, CREBS, TRIL, LOC100506497, CPVL, CHN2, PRR15, LOC646762, MIRS50A3, ZNRF2P2, DPY19L2P3, WIPF3, SCRN1, FKBP14,
PLEKHAB, C7orf41, ZNRF2, MIR550A1, MIR550B1, DKFZP58611420, NOD1, GGCT, LOC401320, GARS, CRHR2, INMT-FAM188B, INMT, FAM188B,
AQP1, GHRHR, ADCYAP1R1, NEUROD6, CCDC129, PPP1R17, PDE1C

CAMK2B, NUDCD3, NPC1L1, DDX56, TMED4, OGDH, ZMIZ2, PPIA, H2AFV, PURB, MIR4657, MYO1G, C70rf40, SNORA9, CCM2, NACAD, TBRG4,
SNORAS5A, SNORASC, SNORASB, RAMP3, ADCY1, SEPT7P2, IGFBP1, IGFBP3, TNS3, C70rf65, MGC16075, PKD1L1, C70rf69, HUS1, SUN3, C7orf57,
UPP1, ABCA13

LOC100216001, LOC338588, AKR1E2, tAKR, AKR1C1, AKR1C2, AKR1C3, AKR1CL1, AKR1C4, UCN3, TUBAL3, NET1, CALML5, CALML3, ASB13,
FAM208B, GDI2, ANKRD16, FBXO18, IL15RA, IL2RA, RBM17, MIR3155, MIR3155B, PFKFB3, LOC399715, PRKCQ, LOC439949, LOC100507127,
SFMBTZ2, ITIH5, ITIH2, KIN, ATP5C1, TAF3

KIAA1826, KBTBD3, AASDHPPT, GUCY1A2, CWF19L2, ALKBH8, ELMOD1, LOC643923, SLN, SLC35F2, RAB39, CUL5, ACAT1, NPAT, ATM, C110rf65,
KDELC2, EXPHS5, DDX10, C110rf87, ZC3H12C, RDX, FDX1, ARHGAP20, C11orf53, C110rf92, C110rf93, MIR4491, POU2AF1, BTG4, MIR34B, MIR34C,
C110rf88, LAYN, SIK2, PPP2R1B, ALG9, FDXACB1, Cl1lorfl, CRYAB, HSPB2, HSPB2-C110rf52, Cl11orf52, DIXDC1, DLAT, PIH1D2, C11orf57, TIMM8B,
SDHD, IL18, TEX12, BCO2, PTS, Cl1lorf34, NCAM1, LOC100288346, TTC12, ANKK1, DRD2, MIR4301, TMPRSS5, ZW10, CLDN25, USP28, HTR3B,
HTR3A, ZBTB16, NNMT, C11orf71, RBM7, REXO2, FAM55A, FAM55D, FAM55B, CADM1, LOC283143, BUD13, ZNF259, APOA5, APOA4, APOC3,
APOAL, SIK3, PAFAH1B2, SIDT2, LOC100652768, TAGLN, PCSK7, RNF214, BACE1, BACE1-AS, CEP164, DSCAML1

OR4K17, OR4N5, OR11G2, OR11H6, OR11H4, TTC5, CCNB1IP1, SNORD126, RPPH1, PARP2, TEP1, KLHL33, OSGEP, APEX1, TMEMS55B, PNP,
RNASE10, RNASE9, RNASE11, RNASE12, OR6S1, ANG, RNASE4, EDDM3A, EDDM3B, RNASE6, RNASE1, RNASE3, ECRP, RNASE2, METTL17,
SLC39A2, NDRG2, TPPP2, RNASE13, RNASE7, RNASE8, ARHGEF40, ZNF219, C140rf176, OR5AU1, LOC283624, HNRNPC, RPGRIP1, SUPT16H,
CHD8, SNORD9, SNORDS8, RAB2B, TOX4, METTL3, SALL2, OR10G3, OR10G2, OR4E2, DAD1, ABHD4, OXA1L, SLC7A7, MRPL52, MMP14, LRP10,
REM2, RBM23, PRMT5, HAUS4, MIR4707, JUB, C140rf93, PSMB5, PSMB11, CDH24, ACIN1, C140rf119, CEBPE, SLC7A8, HOMEZ, PPP1R3E, BCL2L2-
PABPN1, BCL2L2, PABPN1, SLC22A17, EFS, IL25, CMTM5, MYH6, MIR208A, MYH7, MIR208B, NGDN, ZFHX2, THTPA, AP1G2, JPH4, DHRS2,
C140rf165, C140rf167, DHRS4, DHRS4L2, DHRS4L1, LRRC16B, CPNE6, NRL, PCK2, DCAF11, FITM1, PSME1, FAM158A, PSME2, RNF31, IRF9, REC8,
IPO4, TM9SF1, TSSK4, CHMP4A, MDP1, NEDD8-MDP1, NEDD8, GMPR2, TINF2, TGM1, RABGGTA, DHRS1, Cl14orf21, CIDEB, LTB4R2, LTB4R, ADCY4,
RIPK3, NFATC4, NYNRIN, CBLN3, KHNYN, SDR39U1, CMA1, CTSG, GZMH, GZMB, STXBP6, NOVA1, MIR4307, LOC100505967, FOXG1, C140rf23,
MIR548Al, PRKD1, G2E3, SCFD1, COCH, LOC100506071, STRN3, MIR624, AP4S1, HECTD1, HEATRS5A, C140rf126, GPR33, NUBPL, C140rf128,
ARHGAPS5, AKAP6, NPAS3, EGLN3, SPTSSA, EAPP, SNX6, CFL2, BAZ1A, Cl140rf19, SRP54, FAM177A1, PPP2R3C, KIAA0391, PSMA6, NFKBIA, INSM2,
RALGAPAL, BRMS1L

MSI2, MRPS23, CUEDC1, VEZF1, SRSF1, DYNLL2, OR4D1, MSX2P1, OR4D2, EPX, MKS1, LPO, MPO, BZRAP1, MIR142, MIR4736, LOC100506779,
SUPT4H1, RNF43, HSF5, MTMR4, SEPT4, C170rf47, TEX14, RAD51C, PPM1E, TRIM37, SKA2, MIR454, MIR301A, PRR11, SMG8, GDPD1, YPEL2,
MIR4729, DHX40, CLTC, PTRH2, VMP1, MIR21, TUBD1, RPS6KB1, RNFT1, TBC1D3P1-DHX40P1, MIR4737, HEATR6, LOC645638, LOC653653, CA4,
USP32, SCARNA20, C170rf64, APPBP2, PPM1D, BCAS3, TBX2, C170rf82, TBX4, NACA2, BRIP1, INTS2, MED13, TBC1D3P2, EFCAB3, METTL2A, TLK2,
MRC2, MARCH10, MIR548W, TANC2, CYB561, ACE, KCNH6, DCAF7, TACO1, MAP3K3, LIMD2, STRADA, CCDC47, DDX42, FTSJ3, PSMC5, SMARCD2,
TCAM1P, CSH2, GH2, CSH1, CSHL1, GH1, CD79B, SCN4A, C170rf72, ICAM2, ERN1, SNORD104, SNORA76, TEX2, PECAM1, MILR1, POLG2, DDXS5,
MIR3064, MIR5047, CEP95, SMURF2
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48,317,892

4,155,948

47,831,904

56,863,306

19,897,944

52,868,496

8.55

15.74

5.04

CRX, SULT2A1, SNAR-A3, SNAR-A4, SNAR-A5, SNAR-A7, SNAR-A11l, SNAR-A9, SNAR-A6, SNAR-A8, SNAR-A10, SNAR-A14, SNAR-AL, SNAR-A2,
SNAR-C4, SNAR-A12, SNAR-A13, SNAR-C3, SNAR-C2, SNAR-C5, SNAR-C1, BSPH1, ELSPBP1, CABP5, PLA2G4C, LIG1, CARDS, LOC100505812,
ZNF114, CCDC114, EMP3, TMEM143, SYNGR4, KDELR1, GRIN2D, GRWD1, KCNJ14, CYTH2, LMTK3, SULT2B1, FAM83E, SPACA4, RPL18, SPHK2,
DBP, CAll, SEC1, NTN5, FUT2, MAMSTR, RASIP1, IZUMO1, FUT1, FGF21, BCAT2, HSD17B14, PLEKHA4, PPP1R15A, TULP2, NUCB1, DHDH, BAX,
FTL, GYS1, RUVBL2, LHB, CGB, SNAR-G2, CGB2, CGB1, SNAR-G1, CGB5, CGB8, CGB7, NTF4, KCNA7, SNRNP70, LIN7B, C190rf73, PPFIA3, HRC,
TRPM4, SLC6A16, MIR4324, CD37, TEAD2, DKKL1, CCDC155, PTH2, LOC100507003, SLC17A7, PIH1D1, ALDH16A1, FLT3LG, RPL13A, RPL13APS5,
SNORD32A, SNORD33, SNORD34, SNORD35A, RPS11, SNORD35B, MIR150, FCGRT, RCN3, NOSIP, PRRG2, PRR12, RRAS, SCAFL, IRF3, BCL2L12,
PRMT1, C190rf76, CPT1C, TSKS, AP2A1, FUZ, MED25, LOC100506033, PTOV1, MIR4749, PNKP, AKT1S1, TBC1D17, MIR4750, IL4I1, NUP62, ATFS5,
MIR4751, SIGLECL11, SIGLEC16, VRK3, ZNF473, FLJ26850, SNAR-B2, SNAR-B1, SNAR-D, IZUMO2, MYH14, KCNC3, NAPSB, NAPSA, NR1H2, POLD1,
SPIB, MYBPC2, FAM71E1, C190rf63, JOSD2, ASPDH, LRRC4B, SNAR-F, SYT3, C190rf81, SHANK1, CLEC11A, GPR32, ACPT, C190rf48, SNORD88B,
SNORDB88A, SNORDS88C, MGC45922, KLK1, KLK15, KLK3, KLK2, KLKP1, KLK4, KLK5, KLK6, KLK7, KLK8, KLK9, KLK10, KLK11, KLK12, KLK13, KLK14,
CTUL, SIGLECY, SIGLEC?7, SIGLECP3, CD33, C190rf75, IGLONS, VSIG10L, ETFB, CLDND2, NKG7, LIM2, LOC147646, SIGLEC10, LOC100129083,
SIGLEC8, CEACAM18, SIGLEC12, SIGLEC6, ZNF175, FLJ30403, SIGLECS, SIGLEC14, MIR99B, MIRLET7E, MIR125A, LINC00085, HAS1, FPR1, FPR2,
FPR3, ZNF577, ZNF649, ZNF613, ZNF350, ZNF615, ZNF614, ZNF432, ZNF841, ZNF616, ZNF836, PPP2R1A, ZNF766, MIR643, ZNF480, ZNF610,
ZNF880, ZNF528, ZNF534, ZNF578, ZNF808, ZNF701, ZNF137P, ZNF83, ZNF611, ZNF600, ZNF28, ZNF468, ZNF320, ZNF816-ZNF321P, ZNF321P,
ZNF816, ZNF702P, ERVV-1, ERVV-2, ZNF160, ZNF415, ZNF347, ZNF665, ZNF677, VN1R2, VN1R4, LOC646508, BIRC8, ZNF845, ZNF525, ZNF765,
LOC147804, ZNF761, ZNF813, ZNF331, LOC284379, DPRX, MIR512-2, MIR512-1, MIR1323, MIR498, MIR520E, MIR519E, MIR520F, MIR515-1, MIR515-2,
MIR519C, MIR1283-1, MIR520A, MIR526B, MIR519B, MIR525, MIR523, MIR518F, MIR520B, MIR518B, MIR526A1, MIR520C, MIR518C, MIR524, MIRS17A,
MIR519D, MIR521-2, MIR520D, MIR517B, MIR520G, MIR516B2, MIR526A2, MIR518E, MIR518A1, MIR518D, MIR516B1, MIR518A2, MIR517C, MIR520H,
MIR521-1, MIR522, MIR519A1, MIR527, MIR516A1, MIR1283-2, MIR516A2, MIR519A2, MIR371, MIR371B, MIR372, MIR373, NLRP12, MYADM, PRKCG,
CACNG7, CACNG8, MIR935, CACNG6, VSTM1, TARM1, OSCAR, NDUFA3, TFPT, PRPF31, CNOT3, LENG1, TMC4, MBOAT7, TSEN34, RPS9, LILRB3,
LILRAB, LILRBS, LILRB2, MIR4752, LILRA3, LILRAS, LILRA4, LAIR1, TTYH1, LENG8, LENG9, CDC42EPS, LAIR2, KIR3DX1, LILRA2, LILRAL, LILRB1,
LILRB4, LILRP2, KIR3DL3, KIR2DL3, KIR2DL1, KIR2DL4, KIR3DL1, KIR2DS4, KIR3DL2, FCAR, NCR1, NLRP7, NLRP2, GP6, RDH13, EPS8L1, PPP1R12C,
TNNT1, TNNI3, C190rf51, SYT5, PTPRH, TMEM86B, PPP6R1, HSPBP1, BRSK1, TMEM150B, SUV420H2, COX6B2, FAM71E2, IL11, TMEM190,
TMEM238, RPL28, UBE2S, SHISA7, ISOC2, ZNF628, NAT14, SSC5D, SBK2, SGK110, ZNF579, FIZ1, ZNF524, ZNF865, ZNF784, ZNF580, ZNF581,
CCDC106, U2AF2, EPN1, NLRP9, RFPL4A, NLRP11, NLRP4, NLRP13, NLRP8, NLRP5, ZNF787, ZNF444, GALP, ZSCANSB, ZSCANSA

SMOX, LOC728228, ADRALD, PRNP, PRND, PRNT, RASSF2, SLC23A2, C200rf30, PCNA, PCNA-AS1, CDS2, PROKR2, LOC100507629, LOC643406,
LOC149837, GPCPD1, C200rf196, CHGB, TRMT6, MCM8, CRLS1, LRRN4, FERMT1, BMP2, HAO1, TMX4, PLCB1, PLCB4, C200rf103, PAK7,
LOC100131208, ANKRD5, SNAP25, MKKS, C200rf94, JAG1, LOC339593, BTBD3, SPTLC3, ISM1, LOC100505536, TASP1, ESF1, C200rf7, SEL1L2,
FLRT3, MACROD2-AS1, MACROD2, SNRPB2, OTOR, PCSK2, BFSP1, DSTN, RRBP1, BANF2, SNX5, SNORD17, C200rf72, OVOL2, PET117, CSRP2BP,
ZNF133, DZANK1-AS1, DZANK1, POLR3F, MIR3192, RBBP9, SEC23B, LINC00493, DTD1, HSPC072, LOC100270804, LOC100128496, C200r{79,
SLC24A3, LOC100130264, RIN2

DDX27, ZNFX1, ZNFX1-AS1, SNORD12C, SNORD12B, SNORD12, KCNB1, PTGIS, BAGALTS5, SLC9A8, SPATA2, RNF114, SNAI1, UBE2V1, TMEM189-
UBE2V1, TMEM189, CEBPB, LOC284751, PTPN1, MIR645, FAM65C, PARD6B, BCAS4, ADNP, DPM1, MOCS3, KCNG1, NFATC2, MIR3194, ATP9A,
SALL4, ZFP64, TSHZ2, ZNF217, SUMO1P1, BCAS1, MIR4756, CYP24A1, PFDN4




TABLE S2: Topline statistics on evaluation of 32 wholehuman exomes, including the exomes described inthe accompanying paper.
Statistics are shown for genetic variants grouped by both, novelty (absence from dbSNP132) and filtration status. (See tables on page 2 for legends on abbreviations.)
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375571
1461176
7737769
4129555
3608214

1056614
986260
70354
85953
61371
24582
1142567
1047631
94936

ons

79063
30485
48578
17179

1873
15306
96242
32358
63884

rive

d

coooooooo

heterozy heteroz hetHomR

gosity

0.000501
0.000428
7.25E-05
0.000249
8.39E-05
0.000165

0.00075
0.000512
0.000238

1996
2334
13785
4013
11912
6051
1333
1951
4205

ygosity atio
PerBp

1.470507
1.347263
3.198198
8.992135
4.242623
20.84969
2.036344
1516876
7.768739

indelRate

1.05E-05
4.05E-06
6.44E-06
8.49E-06
9.9E-07
7.5E-06
1.9E-05
5.03E-06
1.39E-05

indelRate
PerBp

95387
247096
155362
117804

1014656
133279

52708
198706

71737

deletion!
nsertion
Ratio

1.202221
1.259359
1.167752
0.875089

1.90038
0.791885
1.042766
1.361573
0.947833



LEGENDS TO ABBREVIATIONS

1) CompOverlap : The overlap between eval and comp sites column descriptions:

2) CountVariants : Counts different classes of variants
in the sample column descriptions:

|nEvaISNPs Hnumber of eval SNP sites |nProcessedLOC| ||Number of processed loci ]
|nCompSNPs Hnumber of comp SNP sites |”Ca"9d"°°' ”N“mber of called loci ]
|nove|Sites Hnumber of eval sites outside of comp sites |”Ref"°°' ”N“mber of reference loci ‘
, number of eval sites at comp sites (that is, sharing the same locus as a variant in the comp track, regardiess |”Va”a””‘°°' ”N“mber of variant loci ‘
nVariantsAtComp . - - -
of whether the alternate allele is the same) |var|antRate ||Var|an1s per loci rate ]
|compRate Hpercentage of eval sites at comp sites |variantRatePeer | Number of variants per base ]
nConcordant number of concordant sites (that is, for the sites that share the same locus as a variant in the comp track, nSNPs Number of snp loci ]
those that have the same alternate allele) ninsertions Number of insertion
concordantRate ||the concordance rate nDeletions Number of deletions
nComplex ||Number of complex loci ‘
3) T‘lTvVarlantEvaluator : Tl/T\j (Tl‘an51t10n/Transver510n) NoGalls Number of no calls locl
Variant Evaluator column descriptions:
nHets Number of het loci
|nTi ”number of transition loci ‘ -
nHomRef Number of hom ref loci
nTv number of transversion loci nHomVar Number of hom var loci
tiTvRatio the transition to transversion ratio nSingletons Number of singletons
. - . het i het it | t
|nT|InComp ”number of comp transition sites ‘ eterozygosity e
|heterozygosityPeer | heterozygosity per base pair ]
|nTvInComp ”number of comp transversion sites ‘ - - - -
|hetHomRatlo ||heterozygc>5|ty to homozygosity ratio ‘
|TiTvRatioStandard “the transition to transversion ratio for comp sites‘ |inde|Rate ”inde| rate (insertion count + deletion count)‘
|indeIRatePeer ||indel rate per base pair ‘
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|deletionInserfionRatio”deletian to insertion ratio




