Table S1. Whole-exome sequencing filtered results of patient MR37 with non-sense variants or Indels minor allele frequencies’ <1%
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Table S2. Whole-exome sequencing filtered results of patient MR39 with homozygous SNPs or Indels minor allele frequencies’ <1%
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Table S3. Whole-exome sequencing filtered results of patient MR40 with SNPs or Indels minor allele frequencies’ <1%
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Variant RS ID Genes Function Frequency 1000Genomes Sift score Sift prediction Mutation taster prediction Coverage
chr4:109004600 T⇒G rs35620964 LEF1 coding,splicing 0.000657495 0.012,0.009,0.26,0.05,0.291,0.377 Damaging D 75
chr19:2098291 C⇒T rs139812380 IZUMO4 coding,splicing 0.000446746 0.003 Damaging N 59
chr10:102780429 C⇒T rs765091855 PDZD7 coding,splicing 7.45045E-05 0.036 Damaging D 48
chr8:42323430 C⇒T rs149761291 SLC20A2 coding,splicing 5.87514E-05 0.002 Damaging D 70
chr19:8197982 C⇒T FBN3 coding,splicing 3.05848E-05 0.002 Damaging D 127
chr16:460251 G⇒A rs374254424 DECR2 coding,splicing 9.30354E-06 0.001 Damaging D 48
chr22:17450838 T⇒A rs762452630 GAB4 coding,splicing 8.27938E-06 0.0 Damaging N 21
chr1:33361164 G⇒A rs760054008 TMEM54 coding,splicing 0.0 Damaging D 48
chr4:140058824 G⇒C ELF2 coding 0.76,0.765 Tolerated N 221
chr5:33576716 G⇒T ADAMTS12 coding 0.126,0.181 Tolerated N 198
chr5:61669566 A⇒G KIF2A coding 0.439,0.368,0.486,0.435,0.454 Tolerated D,N 125
chr5:111504485 A⇒G EPB41L4A coding 0.001 Damaging D 62
chr6:50803812 A⇒G TFAP2B coding 0.093 Tolerated D 144
chr6:126320627 A⇒T rs866447535 TRMT11 coding 0.002 Damaging D 21
chr7:98257930 C⇒T NPTX2 coding 0.311 Tolerated D 63
chr8:95654308 G⇒A rs866635366 ESRP1 coding,splicing 1.0 Tolerated N 32
chr8:144462834 G⇒A rs377533268 RHPN1 coding 0.002 Damaging D 64
chr11:13031284 C⇒G RASSF10 coding 28
chr11:118502154 T⇒G PHLDB1 coding 0.148,0.11 Tolerated D 87
chr12:88453750 C⇒T CEP290 coding 0.575,0.573,0.42 Tolerated N 64
chr13:79894782 T⇒C RBM26 coding 0.433,0.491 Tolerated D 119
chr15:68500577 C⇒T CLN6 coding D 104
chr16:2812954 A⇒G SRRM2 coding N 91
chr16:4659692 G⇒A UBALD1 coding 0.59 Tolerated N 21
chr16:28618174 A⇒G SULT1A1 coding,splicing 0.3,0.355,0.339,0.352 Tolerated D 93
chr16:81922828 A⇒G PLCG2 coding 0.43 Tolerated D 86
chr1:57383376 C⇒T rs143726641 C8A coding 9.93213E-05 0.000599042 0.026 Damaging N 91
chr22:32628922 C⇒T rs774682137 SLC5A4 coding 9.06977E-05 0.026 Damaging D 156
chr5:156592698 C⇒T rs146865558 FAM71B coding 8.23669E-05 0.052 Tolerated N 110
chr22:31942872 C⇒T rs200950795 SFI1 coding 7.46789E-05 0.001,0.007,0.002 Damaging N 20
chr19:36051812 A⇒G rs778926439 ATP4A coding 5.76635E-05 0.331 Tolerated D 78
chr13:60584694 G⇒A rs760380418 DIAPH3 coding 5.54493E-05 0.0 Damaging D 27
chr19:8368964 G⇒A rs377236965 CD320 coding,splicing 5.10465E-05 0.22,0.249 Tolerated N 53
chr4:156135813 G⇒T rs201834148 NPY2R coding 4.11909E-05 0.169 Tolerated D 178
chr14:73974951 C⇒T rs199865768 HEATR4 coding 4.11902E-05 0.000199681 0.054 Tolerated D 32
chr11:28098681 C⇒T rs200731334 KIF18A coding 3.30677E-05 0.000199681 0.01 Damaging D 12
chr7:73790817 C⇒A rs782652859 CLIP2 coding 0.000027169 0.075,0.081 Tolerated D 62
chr19:1295717 G⇒A rs771581132 EFNA2 coding 2.93571E-05 0.219 Tolerated D 72
chr12:7982478 C⇒T rs755077699 SLC2A14 coding 2.47186E-05 0.0 Damaging D 58
chr20:35882715 C⇒T rs772982296 GHRH coding 2.47097E-05 0.872,0.887 Tolerated N 183
chr19:9325089 C⇒G rs143821467 OR7D4 coding 2.47097E-05 0.083 Tolerated N 130
chr8:53852879 G⇒A rs745417599 NPBWR1 coding 0.000017411 0.0 Damaging D 175
chr20:20517398 C⇒T rs749112067 RALGAPA2 coding 1.75654E-05 0.003 Damaging D 136
chr1:207647646 C⇒A rs772684748 CR2 coding 0.000016509 0.134,0.097,0.664 Tolerated N 59
chr19:5131531 C⇒T rs765987179 KDM4B coding 9.46128E-06 0.009,0.031 Damaging N 33
chr7:7571014 C⇒T rs752702906 COL28A1 coding 8.96668E-06 0.005 Damaging D 153
chr22:40816543 G⇒C rs753496354 MKL1 coding 8.37156E-06 0.461,0.452,0.262 Tolerated N 11
chr20:45905226 C⇒G rs775635430 ZMYND8 coding 8.23805E-06 0.006,0.002 Damaging D 120
chr10:105185200 G⇒A rs758180726 PDCD11 coding 8.23683E-06 0.173 Tolerated D 162
chr19:56538989 C⇒G NLRP5 coding 0.098 Tolerated N 114
chr19:51298213 T⇒C ACPT coding,splicing 0.791 Tolerated N 66
chr19:41220277 T⇒G COQ8B coding 0.011,0.014 Damaging N 34
chr19:36106158 A⇒G HAUS5 coding 0.053 Tolerated N 149
chr10:102746673 G⇒C rs62626267 MRPL43 coding 0.00121734 0.00319489 0.18,0.42,0.127,0.499,0.345,0.328,0.136Tolerated D 147
chr19:10961132 G⇒A rs199565320 C19orf38 coding 0.000974564 0.00259585 0.569 Tolerated N 57
chr14:55818102 G⇒A rs139920556 FBXO34 coding 0.00095555 0.00139776 0.226 Tolerated N 202
chr11:6190995 G⇒A rs142231143 OR52B2 coding 0.000694127 0.00259585 0.0 Damaging D 148
chr19:12910725 A⇒C rs34012472 PRDX2 coding 0.00055234 0.000599042 0.156 Tolerated D 19
chr6:135679271 G⇒A rs73559947 AHI1 coding,splicing 0.00054652 0.00239617 0.184 Tolerated N 193
chr1:228461900 G⇒A rs201775103 OBSCN coding 0.000544125 0.000399361 0.233,0.21 Tolerated N 55
chr19:51582098 G⇒A rs183423924 KLK14 coding 0.000364721 0.000199681 0.617 Tolerated N 149
chr11:63978242 G⇒A rs138704967 FERMT3 coding 0.000364679 0.023,0.034,0.021 Damaging N 163
chr7:135291554 C⇒G rs61756073 NUP205 coding 0.000313082 0.000399361 0.008 Damaging D 191
chr22:26273975 G⇒A rs778023085 MYO18B coding 0.000200619 0.062 Tolerated D 71
chr6:83845388 G⇒T rs200255523 DOPEY1 coding 0.000206026 0.000199681 0.42 Tolerated D 88
chr3:108183585 A⇒T rs192522176 MYH15 coding 0.000207242 0.000199681 0.0 Damaging D 78
chr20:34505456 G⇒A rs139288054 PHF20 coding 0.000211599 0.055,0.081 Tolerated D 94
chr2:8930031 C⇒A rs199536870 KIDINS220 coding 0.000215757 0.178,0.439,0.086,0.097,0.182 Tolerated D 13
chr7:143098598 T⇒C rs142191815 EPHA1 coding 0.000248053 0.000599042 0.217 Tolerated N 133
chr3:13670521 G⇒A rs371586615 FBLN2 coding 0.479,0.189 Tolerated D 148
chr1:228346360 C⇒T GJC2 coding 0.001 Damaging D 34
chr1:201177562 G⇒T IGFN1 coding 0.002 Damaging N 46
chr1:85656359 T⇒A SYDE2 coding 0.051 Tolerated N 93
chr3:52090252 C⇒A DUSP7 coding 0.008 Damaging D,N 11
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⇒
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⇒
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⇒
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chr13:79894782 T

⇒

C RBM26 coding 0.433,0.491 Tolerated D 119

chr15:68500577 C

⇒

T CLN6 coding D 104

chr16:2812954 A

⇒

G SRRM2 coding N 91

chr16:4659692 G

⇒
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chr22:31942872 C

⇒

T rs200950795 SFI1 coding 7.46789E-05 0.001,0.007,0.002 Damaging N 20

chr19:36051812 A

⇒

G rs778926439 ATP4A coding 5.76635E-05 0.331 Tolerated D 78

chr13:60584694 G

⇒

A rs760380418 DIAPH3 coding 5.54493E-05 0.0 Damaging D 27

chr19:8368964 G

⇒

A rs377236965 CD320 coding,splicing 5.10465E-05 0.22,0.249 Tolerated N 53

chr4:156135813 G

⇒

T rs201834148 NPY2R coding 4.11909E-05 0.169 Tolerated D 178

chr14:73974951 C

⇒

T rs199865768 HEATR4 coding 4.11902E-05 0.000199681 0.054 Tolerated D 32

chr11:28098681 C

⇒

T rs200731334 KIF18A coding 3.30677E-05 0.000199681 0.01 Damaging D 12

chr7:73790817 C

⇒
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⇒
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T IGFN1 coding 0.002 Damaging N 46
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A SYDE2 coding 0.051 Tolerated N 93
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⇒

A DUSP7 coding 0.008 Damaging D,N 11
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Variant Chromosome Position RS	ID Ref	seq Var	seq Type Zygosity Genes Function Coding	impact Allelic	balance ExAC 1000Genomes Coverage



chr12:32945646	delT chr12 32945646 rs727504432 T Deletion	(1) Heterozygous PKP2 coding frameshift 0.45098000000000005 152



chr11:102738795	G⇒TT chr11 102738795 rs797025621 G TT Substitution	(1&rarr;2) Homozygous	variant MMP12 coding,splicing frameshift 1 49



chr15:41865665	delG chr15 41865665 rs748162581 G Deletion	(1) Heterozygous TYRO3 coding,splicing frameshift 0.16129000000000004 0.0008597 29



chr1:248525329	CA⇒TACGchr1 248525329 rs796961372 CA TACG Substitution	(2&rarr;4) Heterozygous OR2T4 coding frameshift 0.5918370000000001 35



chr2:133075479	delC chr2 133075479 rs111944984 C Deletion	(1) Heterozygous ZNF806 coding frameshift 0.44715400000000005 125



chr2:133076118	delA chr2 133076118 rs111405036 A Deletion	(1) Heterozygous ZNF806 coding frameshift 0.43750000000000006 48



chr11:48328203	delG chr11 48328203 G Deletion	(1) Heterozygous OR4S1 coding frameshift 0.5078119999999999 143



chr12:48358182	C⇒T chr12 48358182 C T SNV Heterozygous TMEM106C coding nonsense 0.5126050000000001 116



chr19:40541594	delCATT chr19 40541594 rs773726379 CATT Deletion	(4) Heterozygous ZNF780B coding frameshift 0.357143 8.268E-06 97



chr19:35849863	delC chr19 35849863 rs773387604 C Deletion	(1) Heterozygous FFAR3 coding frameshift 0.5 8.288E-06 8



chr5:60448762	delG chr5 60448762 rs753595274 G Deletion	(1) Heterozygous NDUFAF2 coding frameshift 0.714286 0.0003306 21



chr12:40910269	delG chr12 40910269 rs149400131 G Deletion	(1) Heterozygous MUC19 coding,splicing frameshift 0.357143 0.0133786 29










Variant Chromosome Position RS	ID Ref	seq Var	seq Type Zygosity Genes Function Coding	impact Allelic	balance ExAC 1000Genomes Coverage

chr12:32945646	delT chr12 32945646 rs727504432 T Deletion	(1) Heterozygous PKP2 coding frameshift 0.45098000000000005 152

chr11:102738795	G

⇒

TT chr11 102738795 rs797025621 G TT Substitution	(1&rarr;2) Homozygous	variant MMP12 coding,splicing frameshift 1 49

chr15:41865665	delG chr15 41865665 rs748162581 G Deletion	(1) Heterozygous TYRO3 coding,splicing frameshift 0.16129000000000004 0.0008597 29

chr1:248525329	CA

⇒

TACGchr1 248525329 rs796961372 CA TACG Substitution	(2&rarr;4) Heterozygous OR2T4 coding frameshift 0.5918370000000001 35

chr2:133075479	delC chr2 133075479 rs111944984 C Deletion	(1) Heterozygous ZNF806 coding frameshift 0.44715400000000005 125

chr2:133076118	delA chr2 133076118 rs111405036 A Deletion	(1) Heterozygous ZNF806 coding frameshift 0.43750000000000006 48

chr11:48328203	delG chr11 48328203 G Deletion	(1) Heterozygous OR4S1 coding frameshift 0.5078119999999999 143

chr12:48358182	C

⇒

T chr12 48358182 C T SNV Heterozygous TMEM106C coding nonsense 0.5126050000000001 116

chr19:40541594	delCATTchr19 40541594 rs773726379 CATT Deletion	(4) Heterozygous ZNF780B coding frameshift 0.357143 8.268E-06 97

chr19:35849863	delC chr19 35849863 rs773387604 C Deletion	(1) Heterozygous FFAR3 coding frameshift 0.5 8.288E-06 8

chr5:60448762	delG chr5 60448762 rs753595274 G Deletion	(1) Heterozygous NDUFAF2 coding frameshift 0.714286 0.0003306 21

chr12:40910269	delG chr12 40910269 rs149400131 G Deletion	(1) Heterozygous MUC19 coding,splicing frameshift 0.357143 0.0133786 29
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Variant Chromosome Position RS	ID Ref	seq Var	seq Type Zygosity Genes Function Coding	impact Allelic	balance ExAC 1000GenomesSift	score Sift	predictionMutation	taster	predictionCoverage



chr11:102738795	G⇒TT chr11 102738795 rs797025621 G TT Substitution	(1&rarr;2) Homozygous	variant MMP12 coding,splicingframeshift 1 47



chr1:153659131	G⇒A chr1 153659131 rs61758562 G A SNV Homozygous	variant NPR1 coding,splicingmissense 1 0.0003905 0.0007987 0.004 Damaging D 99



chr15:23685343	T⇒C chr15 23685343 rs74203443 T C SNV Homozygous	variant GOLGA6L2 coding missense 1 P 10



chrX:79698958	A⇒G chrX 79698958 A G SNV Homozygous	variant FAM46D coding missense 0.979381 0.205 Tolerated D 96



chrX:151092354	C⇒A chrX 151092354 C A SNV Homozygous	variant MAGEA4 coding missense 1 0.004,0.006,0.034,0.029Damaging N 73



chrX:102842228	A⇒G chrX 102842228 rs202054247 A G SNV Homozygous	variant TCEAL4 coding missense 1 8.629E-05 0.0002649 0.057,0.021 Damaging N 50



chrX:100615717	C⇒A chrX 100615717 rs35877704 C A SNV Homozygous	variant BTK coding missense 1 0.0011177 0.0002649 0.575,0.594 Tolerated D 43



chr16:597257	C⇒T chr16 597257 rs199921802 C T SNV Homozygous	variant CAPN15 coding missense None 0.0018972 0.004992 0.223,0.349 Tolerated N 7



chr22:17265124	A⇒C chr22 17265124 rs5748623 A C SNV Homozygous	variant XKR3 coding missense 1 0.0036824 0.694489 1.0 Tolerated P 7



chr11:58346912	G⇒C chr11 58346912 rs530045042 G C SNV Homozygous	variant ZFP91,ZFP91-CNTFnon-coding	exon,codingmissense None 0.0037939 0.0 Damaging N 4
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chr11:102738795	G

⇒

TT chr11 102738795 rs797025621G TT Substitution	(1&rarr;2) Homozygous	variant MMP12 coding,splicingframeshift 1 47

chr1:153659131	G

⇒

A chr1 153659131 rs61758562 G A SNV Homozygous	variant NPR1 coding,splicingmissense 1 0.0003905 0.00079870.004 Damaging D 99

chr15:23685343	T

⇒

C chr15 23685343 rs74203443 T C SNV Homozygous	variant GOLGA6L2 coding missense 1 P 10

chrX:79698958	A

⇒

G chrX 79698958 A G SNV Homozygous	variant FAM46D coding missense 0.979381 0.205 Tolerated D 96

chrX:151092354	C

⇒

A chrX 151092354 C A SNV Homozygous	variant MAGEA4 coding missense 1 0.004,0.006,0.03 4 , 0 . 0 2 9Damaging N 73

chrX:102842228	A

⇒

G chrX 102842228 rs202054247A G SNV Homozygous	variant TCEAL4 coding missense 1 8.629E-05 0.00026490.057,0.021 Damaging N 50

chrX:100615717	C

⇒

A chrX 100615717 rs35877704 C A SNV Homozygous	variant BTK coding missense 1 0.0011177 0.00026490.575,0.594 Tolerated D 43

chr16:597257	C

⇒

T chr16 597257 rs199921802C T SNV Homozygous	variant CAPN15 coding missense None 0.0018972 0.0049920.223,0.349 Tolerated N 7

chr22:17265124	A

⇒

C chr22 17265124 rs5748623 A C SNV Homozygous	variant XKR3 coding missense 1 0.0036824 0.6944891.0 Tolerated P 7

chr11:58346912	G

⇒

C chr11 58346912 rs530045042G C SNV Homozygous	variant ZFP91,ZFP91-CN T Fnon-coding	exon , c o d i n gmissense None 0.00379390.0 Damaging N 4
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Variant ChromosomePosition RS ID Ref seq Var seq Type Zygosity Genes Function Coding impact Allelic balanceExAC 1000Genomes Sift score Sift prediction Mutation taster predictionCoverage
chr11:102738795 G⇒TT chr11 102738795 rs797025621 G TT Substitution (1&rarr;2) Homozygous variant MMP12 coding,splicing frameshift 1 39
chr7:100645261 G⇒C chr7 100645261 G C SNV Homozygous variant MUC12 coding missense None 0.0 Damaging N 6
chr15:23685343 T⇒C chr15 23685343 rs74203443 T C SNV Homozygous variant GOLGA6L2 coding missense None P 7
chrX:12905114 A⇒T chrX 12905114 A T SNV Homozygous variant TLR7 coding missense 1 0.006 Damaging N 34
chrX:151092354 C⇒A chrX 151092354 C A SNV Homozygous variant MAGEA4 coding missense 1 0.006,0.034,0.004,0.029Damaging N 42
chr12:38710771 G⇒C chr12 38710771 rs138776092 G C SNV Homozygous variant ALG10B coding missense None 0.0009802 0.000599042 0.242,0.262 Tolerated D 5
chr22:17265124 A⇒C chr22 17265124 rs5748623 A C SNV Homozygous variant XKR3 coding missense 1 0.0036824 0.694489 1.0 Tolerated P 5
chr2:33752240 G⇒A chr2 33752240 rs142000180 G A SNV Homozygous variant RASGRP3 coding missense 1 0.0090168 0.00758786 0.443,0.437 Tolerated D 84
chrX:41555770 A⇒G chrX 41555770 rs61746390 A G SNV Homozygous variant CASK,GPR34coding,intronic missense 1 0.0066267 0.0227815 0.283 Tolerated P 82
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chr11:102738795 G

⇒

TT chr11 102738795 rs797025621 G TT Substitution (1&rarr;2) Homozygous variant MMP12 coding,splicingframeshift 1 39

chr7:100645261 G

⇒

C chr7 100645261 G C SNV Homozygous variant MUC12 coding missense None 0.0 Damaging N 6

chr15:23685343 T

⇒

C chr15 23685343 rs74203443 T C SNV Homozygous variant GOLGA6L2coding missense None P 7

chrX:12905114 A

⇒

T chrX 12905114 A T SNV Homozygous variant TLR7 coding missense 1 0.006 Damaging N 34

chrX:151092354 C

⇒

A chrX 151092354 C A SNV Homozygous variant MAGEA4 coding missense 1 0.006,0.034,0.004,0.02 9Damaging N 42

chr12:38710771 G

⇒

C chr12 38710771 rs138776092 G C SNV Homozygous variant ALG10B coding missense None 0.0009802 0.000599042 0.242,0.262 Tolerated D 5

chr22:17265124 A

⇒

C chr22 17265124 rs5748623 A C SNV Homozygous variant XKR3 coding missense 1 0.0036824 0.694489 1.0 Tolerated P 5

chr2:33752240 G

⇒

A chr2 33752240 rs142000180 G A SNV Homozygous variant RASGRP3 coding missense 1 0.0090168 0.00758786 0.443,0.437 Tolerated D 84

chrX:41555770 A

⇒

G chrX 41555770 rs61746390 A G SNV Homozygous variant CASK,GPR34coding,intronicmissense 1 0.0066267 0.0227815 0.283 Tolerated P 82


