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DRI R P CRIR D EALE SO DHEFO—>TH Y 1 HBEICENT
HIER D N % HD D ERBIEBO—D>TH D, DL EDOZTIERE] 2305
BEERFEICBE L TN L2V R KT TH D Z LT < MABHMBN TN DD,

DBEHERIC OV TIEHA LN o TS LT E 270, KR L EmoRE
EEZGE. AT NVBBFRO X O R R EBIIIEE ITRIRMED TR < 230
BB O @B R 12 BRIZ K o THIE L (rare disease-rare variant
hypothesis). /(DM FECHERIF D K 5 72— 72 K BIL— > — DR FEMEDO K
WEEOEROEBEOELQR DI X > TRIET % (common disease-common

variant hypothesis), £\\9 2 ODETF AN —EKIITH 5 2,
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BUEE T NDBE -2 R & LT AL (SNP) 7 LA F
» T N RBUR 27 7 50 A FELEMT (GWAS) 310 832 8dThi. Zi
(2L D 50 LLED LI ZEREEAS b R A BIRRE ST, £ DT RT

DEBLEZZELTH, WiExtge LR, b BN SN O HEEOBRSE
D55 6HH LGAT DICE - TR,

Z DRFNOERSy (missing heritability) & 7 5KFL 1 -2 & LT common
disease-rare variant AL 328 S AL TW D 2, ZAVTODATEZED K 9 72—y
PR BT I T b ARBREE TR D i WA B O EFEIZ L 0 RO —
MU SN LW ELTH D,

T LT ARBEE A R L PR & OB 2§~ % 72 %, common disease DIEILfiF
WrizT sy Y — by =7 2 ATy Y — L F v T g U X DT IR 3%
oD%, £D—JTGWAS THEP /RSN AR E LI —F
e V=22 23 20a X M U THEERMANG LD ATRertn &1k
HEh T

GWAS THERY 7 F /13 % common SNP JEIL DBIAF Z IS Z
EC, BN O EDOBAGFAHRBICE L TAREM R G HZ2 LT DD a b
Z LN TEDHIEN, common disease & %[5 & L7z GWAS THIE S U7 fHIE D

JE R B BURTESR B D IRIA & 722 2 M D R BDRE S, RE DO EE 2 B 1)



&bEu 1217,

F 72 rare variant OHFFESRAEIC BT 287222k i a B 2. BB I
BHHG 5D, Bl ZIXFHEMER 2 VAT 12— VIAE D F R OWFIE 1821 5 5 B %
ST Ht PCSK9HURS B MENE IR I DK DWFFE 22 )~ b Bl %6 S v7z SGLT2 3
W EDZO—HITH D,

O EEZE 2 5xf 5 & L T2 rare variant OJEATHFE & L Cid ¥ 7141 1000 72
JEO/NRBED Z —7 o b« U —27 o A 13123 3 5 7 negative study D
FIZE EFE - TS, 2015 48 2 HICKBWLR BT 7 Y — LREIT OFE R O 24
&Y LDLR & APOAS &\ 5 EEICBE L 72 2 {51~ rare variant D%
FEAND A AEZE & BT 5 2 L VS ST Y | positive el & L CIEZAn
HE—DHLDOThHD,

KR —7 2o =B RIZE ) v —F7 2 ZADa A NI ST &
W BT NBUSE O BIEAFNT 21T 2 72O OFRFRI 2 A MIWELIZHERTH D |
ZOFICERTE D O TR,

AL TIEBERN O GWAS BB & £ 5 85 - ORI EK % PCR 12 &
DR L, Witk —r o EAW Ty — s =R TH XSy b U—7
TUADTEE e T A X TR YO TOFEZEICET L, D

FEZEDTRRBIZBUACANI R E R B 5 2 D85 - BInFERETLHILTIO



common disease DBELFER~OEEL RO D Z L. F1-F I X > THH OB

WH—7y M RHTZ EaEmL TiTo 72,



2 ik

2-1 HRTTA

AHFZE TIROEEYT TNV B I ORRY TV EHNT 2 AT =V DX —77

Ok Vs AR T T, BT A L OME AR 2 1TR T,

36 genes

Targeted re-sequencing

The discovery stage

Case: 2,775 Control 2,965 (after QC)

997 variants (missense, nonsense, frameshift, splice-site)

Single variant test:

Selected 17 SNVs at P < 0.05 Selected 7 genes at P < 0.05

Gene-based test:

The replication stage

Targeted re-sequencing

Case: 7,181 Control 5,408 (after QC)

[

816 variants (missense, nonsense, frameshift, splice-site)

Single variant test:

Significant threshold
P=5.0x10"

Gene-based test:
Gene-wide significant threshold
P=63x 10"
Study-wide significant threshold
P=35%x10"
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D LD ITHAER T L oREfET & Ea+ 2 & ORI 2 M2 2 A7 — T

1Tolz, WERIZ L OREMT CIIRAMDAT = TU—7 2 ZAENTZ 99T D

554G Bon Ferroni OffilE% L7 P=5.0x 105 2 E/KHEL L, BIE I & Ofif
HrClTa 1%z 20,000 ERE L, Z¥e 4 70— TR L2 Z &1
LT P=6.3x 107 % gene-wide A E/KMEIZ, HfI¥—~ > h& L7 36 Eix

¥ C Bon Ferroni DffiiE% L7 P=3.5x 104 % Study-wide 2 /KU L E DT,

F—AT—UTIEZ =7y b & L THIERRMA B TREHZ - 7= GWAS 81 49
FEIAN D 19 fEIK, 36 s 1% PCR ¥ —7% v b & U TR L.O AR IE B B
2,775 A, XHERE 2,965 NOH Tk LY =7 2 A E T T,

V) T ATRIE SN T A RIT E Tl DR 2 &\ BT 21T
DM AN ZTHE L TWDERITEMTOT LIVEEE 5%LL T DR
EHRTH D10, BHERTOMYT CHEICHEZ PIEAS DL 5 AlRetE iR
Vo IO DIRBEEERORBA~ORELHLHELE L TEREBIETI LI
FLOTHIT L, TOBEBTICEW CRMEELRSEBIIZERL T ane
9 & FHii T % collapsing method & FEIZAL D HFIENTFRESNTEY , 2 2
1% Cohort Allelic Sum Test (CAST) ¥ L " Sequence Kernel Association Test
(SKAT) L FEIEIL D 2 DDORFEW 2 TIETEIZ T T & OfFNT L0/ T L TITo 72,
B AT —UDE T LI B CHAE RO, BB T 2 L DTN T T P
B3 0.05 & FEl > 728 - IR F D% Stage2 DY o —F U ADE—7

k& L. Stagel & IIMRSE L7=f#BERE 7,181 A, XJHEEE 5,408 ADEMT) v —



J T A%{To T, Stage2 ¥ T L7-BeE T Stagel & Stage2 @ A X fif#r #1T
V>, combined P73 57 UORIE LTz PIEOHEAKMEL TR b DODH%H
AT LT, T OXIS & L7 BT missense, nonsense, frameshift,
splice-site 72 &% > X7 OMRRICELEZ T LT RIEMEDOHH L DDA L L,
synonymous 2 %73 IR HERAN LT ETT LAVBEEE 5% LLTF D H D D A

TR L LT,

2-2 yr7Nv
F—AT =V, FH2AT VL BIBERIIAS—F — A FEEFEB L 1
Y= 7 ~(BiobankdJapan) D4 VA L, OFHFEZEDEFRITZE RO
UL S E T o 7=, XHEBEIZ OV TIE BiobankJapan (2 WTLL D 5 A (iX
B, R, R, BMEPAZEMMREE, RNE) TREINTT T
BTHY | E, OFEIERS XU ARORBEE R OE RN L=, H1
AT — Y OXREETR D 3 fagk )& D DNA ¥ 7V %] L7, Pharma SNP
Consortium, KfIEfw—% U —27 57 HFKEPEMRZE, /i 2 Mg H
RS L DRFRO R NMERER AR T > T 4 7 b ORI K DNA > 71T
D KRR Y TV A Ry 7 %28 O 5 BRI R B OB ED

HLLDEFRN LI TV ThD, R TIVOERN R ERERT,
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#= 1 R LY I LVOERESR

Mean Mean Mean Mean Mean
Mean
onset-age of T-Chol LDL-C HDL-C TG
Stage Phenotype N Age Source
MI mg/dL mg/dL mg/dL mg/dL
(SD)
(SD) (SD) (SD) (SD) (SD)
62.7 57.6 190.6 111.8 47.5 156.2
Cases 2,775 BBJ
(10.9) (10.8) (35.9) (31.8) (12.6) (110.5)
PSC
NA NA NA NA
(N =963)
Discovery
MRC
56.4 NA NA NA NA
Controls 2,965 (N = 1.060)
(12.1) ’
Univ. of
208.8 125.7 65.6 113.8
Tokyo
(33.0) (46.6) 17.4) (70.4)
(N =942)
68.0 62.2 189.9 111.6 48.9 147.5
Cases 7,181 BBJ
(9.82) (10.4) (36.5) (31.6) (14.6) (93.7)
Replication
62.8 199.5 119.2 57.5 132.0
Controls 5,408 - BBJ
(9.81) (40.6) (34.7 (17.0) (94.8)

PSC. BLOMRC HkH% > F oW TIIEFE R T T 1 T bt s -
DNA Zffi [ LTk Y Mg T — Z 1IAF1E L2\,

BBJ: Biobank Japan, PSC: 7 7 —~ SNP =Y — 37 & MRJ: KA v
— 2= 77

2-3 &L TER

AWFIEIE PR AR BEPS T O REZE DB IR & — 7 v P OF A2 BIF L7272,

ZHIZHR > TH =7y MBIGF OV AR ZAT o7, AT I E TITAT
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bz GWAS OfE B, HARICa o ZANELEN TN D L& 2 S HEE
ER=AEL, 22DV DU AORRELE T ERIR L, ZhETE
< D GWAS 23 i CFR B D i 28 & R il S VT W 5 3 WFJERR AR B
BT b KA H D23 CARDIOGRAMplusC4D = > Y — 37 Al X 5 2013
FD GWAS A Z i 8 ThoTo, BERR 6 AN, XTI 12 5 AN DT T
A7 OFEESE MR EEET L L L TET LN TS, ERFEFICHES
NT-HEANGERBICE T 2 GWAST TR O a2 Y — 2 7 AOfEYT Tl d A -
TWRWT 7 AEA OFEEN 2 S>%F 5T 5,

TNHDF 49 O A EOEICIL 66 B TNE D, GWAS OfE R IT
7 A EORFEOTIEARER EBIET D 2 & AR 508, BT Bk
E S E OBEBITEEOBIEF 2 E T, WTHOBIEF N OHEEZEIC L
B2 00BN LW L2, ABFEICRE W TE LR ORI DR T
HINZE T 5N TV D BT LIMZ S GWAS @ top signal & E Sl H 5iE
BFZIRS G LTERE L (9Q&ETFOBM, £t ME BN Z H
Wz eQTL RN A 25 3% 0 | FHUC L 0 DIHHZE & OBFE SRR S T
2 BinT T RO TIEREMO L WEEFICEA L ThxRITEM L7 (8 &
BFOBEM), &AEIIZ 83 DEInTEZXGE L, UTO 2R KETAaT ) 7

1T o7,

12



(1) 2= RSN Z A TITHT HMERLENE R E LIinEN

TIHFETDHHD

(2) /o777 h~URETANDHEELZBESTLHD

oo 2HEDHH 1 DL R

LT HLDODOHREERE L, IRO 36 Ein 15

BEND 19 DY A EOFHBERNTED X —7 >y P& LTRIE LT, (£ 2)
£ 2 4—7 vy NI FECESRE
Chr GWAS SNP Reported genes Other genes in eQTL genes Criterial Criteria2
LD
1 rs17114036 PPAP2B PPAP2B 1
1 rs4845625 IL6R 1
1 rs11206510 PCSK9 1
2 rs1561198 VAMPS5, VAMPS, MAT2A 1
GGCX
2 rs6725887 WDR12 ICAI1L, NBEALI, 1
CYP20A1, CARF
2 rs2123536a TTC32, WDR35 1
4 rs7692387 GUCY1A3 GUCY1B3 1
4 rs1878406 EDNRA 1
6 rs4252120 PLG 1 1
6 rs12190287 TCF21 1
7 rs2023938 HDAC9 1 1
9 rs1333049 CDKN2BAS1 CDKNZ2A, 1
CDKN2B
10 rs501120 CXCL12 1
11 rs974819 PDGFD 1
12 rs3184504 SH2B3 BRAP MAPKAPKS, 1
TCTN1
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13 rs9319428 FLTI 1
15 rs17514846 FURIN, FES 1
17 rs2281727 SMG6 SRR 1
19 rs1122608 LDLR ICAM1 1

reportedGene (3 GWAS #3CH CREER T & L TET LN TV D BB &l
L7z, Other genes in LD (X GWAS T® top SNP & r2<0.8 LLN D HEE A Al 12
&% SNP Z5t#l, eQTL Gene [Z5E 3k 24 TRIEIAV/RIZ STV D EIR T AR
# L7, Criterial (32— RSN X X7 BNHEFRETH D0, Faxtgie L
TARIEIENGFIET 2 b D, Criteria2 1%/ v 7 7 U A~ 7 ANOHFEIEZ AL S &
HHDOTHY ., YT HELTIVTFETDIHA 1 Lt L7=, LD: linkage

equilibrium, eQTL: expression quantitative trait loci

2-4 7477 VER
ASEIHWZFELIPCRRXR—ADZ =7y b« Vo —7 2 AThHhD, Lok
BOEELLYT ) A EDZ—7y MEfsF® CDS f8ika PCR CTHilg L, kit
Ry —27 =% — (HiSeq2500, Illumina San Diego, CA, USA) & HW\ Ty —
U xR4T o, RO 36 AR TI21X 534 @ CDS kA& £ 5, CDS
WOPEIL CCDS 7 —# X— 2 (Release 15,
https://www.ncbi.nlm.nih.gov/CCDS/) 26 Z&H L T{T->721%n>, —i# CCDS
T R—= R ZRINF TH > 7= CDKN2B-AS1IZE L TiZ NCBI 77— & <X— X
(RefSeq, http://www.ncbi.nlm.nih.gov/refseq/) ZZM L CIkE L7=, CDS 1
A 180 ekt (bp) ZHB2 D LD L TEy—7 v — i3 o BfR k.
180 bps LA F & 725 K5 ICESZ20E Lz, 295 LT690 D7/ AR« PCR

WEOZ—7 > hE LTIREL, TNLTIUTKH L TR DT T A ~— 0Dl
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OENEZ Hib 7=, Primer3(http://bioinfo.ut.ee/primerd/) & ~~— A& & L7z
HY 7 b =7k BEIC T T4 ~—1Ek & T o 72, 774 ~—EFID
RIBIZIE PCR BUSZ BRGNS 2 D72 F D7 d, skatEE clm T &4 7' »
—EAN A5 L TRV,

B XS IR LI —H BT 2R H Y . TRTOX =5y ME
A —EICEE L XD T H LT T A~ — LA ~—D IR S, RO AR
RAJTHHIE S 72N\, RREHAEEE T, BAVEWIRDLI LT T4
~—% 2D, 2[E O PCR LTI R TOBEREHIFETE 2 K527 a1
VCHEBREIT -T2, ZNTH 400550 PCR % —%7 > h&E[AIRFIZ/2 5 XL T a i
7 FEOIEXSLDENDRL 2D XD ITHET DHERDH L, ZNEEHRT LT
DOITKE & IR FEBRGAT OFHIEAAT o Te D IRAEBNTIRA T T A ~ — IR EE % il | AR
CL.179A4~—_T B 40nM OHEAIZEOHZ & THiSeq Ty —7 =
VARRRRBEO T 0L T N RGN DOII LT THL I LN TET,
EEEOEBRIILLTF D X 51247 > 72, 384 well ol ) A7 L— R &AL, 1
[E1H @ PCR i( [95°C 30 #] — [60°C 90 #] — [72°C 60 ] x30 ¥-1 7
INT Ko TRLBEIR DO ¥R 21T, 2 [B1H O PCR GIZ & - T 1 [EIH D PCR
TT 7Y a Ot SnNie T ¥ 7% —/FINC 8 bp )b 72 W2 7Lk

A AN— a3 — RS 25 Lz, 29 LT 1R D & IZ@plwlsel2 72 > 7= PCR
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FEM A 1 ARDOF 2 —T71F &, Bk — X(AmpureXP, Beckman Coulter,
Brea, CA, USA)IZ X 2 ¥58, Bioanalyzer system(Agilent, Santa Clara, CA,
USA)E X O qPCR assay(KAPA lifesystems, Wilmington, MA, USA)IZ XL % 7
A7 7V EBEIT-721I1Z HiSeq2500 #fEH L Cv—27 = A& {To 77,

72% Stage2 2BV TIE Stagel TTORE LT PIE%L TEI> &R DA% X
— Ty hEFTLHTTA—=DHEMNTPCR IS ZIT> 7,

2-5 fENT AT T A 2 DIRR & T — & fRHT

HiSeq "6 i Enfzv—27 = A5 —4%1%, £7 bel2fastq V7 ho =7
(IMlumina) %z AT fastq FERUTEHL L T-, ZDOEMED fastq 7 7 A MI T 7 A
~—DHEKA Y TS E Gl cutadapt Y 7 P U =T 27 HWTH LN U D
Bk L TBWE=7 74 < —kd¥ % read 7 HFRZE L7-, Reference genome (213
hgl9 ZfEH L, BWA ¥ 7 k7 =7 28(Version 0.7.5)# i\ CT F7 A4 v A b &
772, SAMTools ¥ 7 k7 = 7 (Version 0.1.19,
http://samtools.sourceforge.net/) & T34 F U LB LA 7 v 7 AERK
ZiTo 7% . LLF® X 912 Genome Analysis ToolKit29(GATK version 3.2.2) %
R L TTF — 2t 211> 7,

%7 GATK IndelRealigner Z i /f] L TELEID InDel A D Y — FOHET 7 A >

AV NEATS T2 GATK 2 L TEE D a2 — 1 %217 -7, GATK X whole
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genome X° whole exome & W\ o 7= EBROT — X iiti2 35 2 & 2 HRICEE S
TRV, ARO XS 7 amplicon ¥ — 27 2 ADT — X EFDF FENTTDH L
KBEDNY T M) EL a— L TERNWI ERTHERN O D> T2
W, EOREEZ RIS DTZOLLTD XL 5 oA 7T 4 U aERR L THWE,

F 7. GATK UnifiedGenotyper & GATK HaplotypeCaller ® 2 fEDZZH 21—
N7 7T KEMSLEN L TE £ VCF (Variant Call Format) 7 7 1 /b
AL, WlO7 7 ANVOREGERD LT 7 ANDIREEITI, D
a7 7 AnEY—RAL LML, GATK UnifiedGenotyper %
GENOTYPE_GIVEN_ALLELES &— R THE & 5 ¥ T genotyping %17 9,

THOTHIETa—NoWEL EITAZ LR TET,

2-6 7)) T7—vav
BN Ty MESnpEff Y 7 U = 7302 HWTT /T —3 g v EAMNEL
7. BEBEEMNERLY . 77— a b EEEETALOICELTIEL -

EHLERBREBEGZDLEBONDT /) T—va a2 LE

2 -7 Quality Control

AGIED Y T v N EBRANT D721, XU T2 F LU TO QualityControl
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(QC) 4757z, XU 7 23 Depth (DP) 20 A F Ca— /L E TV AHGHE,
% 72 Hardy-Weinberg i~ 5 K& < @i L T\ 53556 (HWE_P < 1x109) |
N 7 > k@ missing rate 7% 5% % LRI 5555 genotype % no_call & L7z,
SHIT, FFEDNY T 2 MZOWTTRXTOY 7LD Minor Allele & &0
read DEGZE AN T LI L, TOEA RN T NIAKRBRARN) T M TH
UEXZDOT LAVBEEEIZIE T TO,0.5,1.0 D 3 DOMEIZE— 7 % 6D 3 IEMED
EARNTTHIRDLZEVPIFFEND, = TARI TV IRa— Lo —x
PCR O™ T —IC XA ThH o726, B XA M7 T AT 3IEMIZR LT,
B2z 232 2 LR THEND, ZRHEHANWTTXTONRY T MID
WTEA M T LZABTTF oy 7 L, BBIELE BN D) 7 b ZBRIL
7

FIRAPIREED T DNA Y0 T 72 IS K AR T D720 7L
LoL T QC b IFETTo 7o, £ THREDY 7O T LT read O
IBHhglIICIELL v v & N7 read DEIGZFHFE L., M 0.6 ([Zili7= 720
L OEERSN LT, E7oESGE LIz T X TOHIERHIX LT 20 BL EO DP A3
FHIIZEIGD 5% LT Db D bERSM LT,

AEfEH L7e PCR X —ZDFRHT A 7T A ATFHUHESL LT b D TH DH DT,

ZOWEZRGET DMER DD LB R T, TOTCORERY TN fTLT
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[EE Hapmap 7’12 ¥ =2 hCTHEH I BARN-FEANY 7 VICH) 76 ¥
7' NV% Stagel THALZELOLRILT 74 ~—ty FEHWTHIEL, HoiL
T AT D5 — & % 1000 genomes project Phase3 (UL T 1000g ) DR R4 &
LTARENTNWDL Y= AT —Z LD EITo T2, Uz, 4lF
i L7zt o 7 o—EIZLENCATOI e GWAS THEIH I TERY

Beads-chip T genotype Si7=7 — X DFEL T\ elzd, £OT — X &4 H]

DFEHT & D genotype —BRZMERE T D T2 DI L 72,

2-8 LT ARYT U REIRE VAV, DR ERRIESE#R OENT
LDLREB XN PCSK9D LT XY T o "WERIE/RT A—2 25 2 558 % gt
T H726, DFFEZERE 9,951 A, XFPEEE 5,407 A LDL =2 L A7 10— U fE5E

L DAFHZERE 9,285 NDIRIEEMOKT — % 2B L1z,

2-9 BEMAENT
2-9-1 BERIT L OREERNT
P QRN IX, F—Ahar ha—A, FOERZEONE-2 N

T 2x2 S3EIRZAED L T 4 v X — DO IEMEMERE Z W T OfR Y Z 7l
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L7-, Stagel OfER. PEDY 0.05 % FEl> 72RO L% Stage2 IZT 3, 2
DDAT =V DT RIE T LTt ZA T2 ODOfER%E
Cochran-Mantel-Haenzsel {52 L > TieA L7 PIEZ R L7, ZHdd 600
COED A EKYEZ T EID G0 THEMEZ I L7, StatiZid plink Y 7 F
U7 312 Lz, AE /KT Stagel ® QC R TH A Ta—/L &N+ T

DEFEL (997) TO0.05 ZEL7ZfETHD P=5.0x 105 % 7=,

2-9-2 Bi=T I & OfFT

LT NY T v NOFENTTIEANY 72 N OBEERIEF I/ NS W), HER T L

DT TR R B B2 RS DI R R v T A ARLELE S5,
—J, AT EDBIETIC BOEFMMROIVUE, ZO&EET
DOIERENIRIBIZK LTI HNDOEEEZ > TVDIETEERZ DL ENTE D,

I &R 720IZ collapsing method & FEHIN D D ERZ BT 28+ I &
(ZFE O TEDOEAMRNTT 5 FEPHR SN TWD, 10 LEORA 2R D
FEPRB ST DR, WTILHIRERR S DIV, ARIFFETIE Cohort

Allelic Sum Test (CAST) & Sequence Kernel Association Test (SKAT) & &
X35 2 5OFEAZBEH LTz, CAST IZEBWWTIEA v X LT 95%15E fE X ]

% R (https://www.r-project.org) % W CHH L=, LT RXU T haFEl b
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FIRIZBE L CTIIEATIGE 243212252 LT, LFD 4 DD 7 V—T1253F 5 F
EEEH L=, 772 5(1) All non-synonymous £f : 97T non-synonymous
K8 &5t (2) damaging (broad)Bf : T 725, 7X3TO disruptive 72 L $
FOLUTD 5 20 % )7 e Tl 7 v 7' F A(PolyPhen-2 HumDiv,
PolyPhen2-HumVar, SIFT, MutationTester, LRT score) D\ 417> 1 DI
damaging 722 TH 5 & HE 1172 missense £ (3) damaging (strict) £ :
9T O disruptive 2R BB IO EFRLDO 5 >0 70 77 LAOFTXTT
damaging 7228 TH 5 & T S 4172 missense 22 (4) disruptive #f :
disruptive RERDHD 4 T N—TTh 5,
L, 2OV A IRRET T 0 7T MIEARNNC S 2 /3T DFEHED
BRbNDNEIDEHETDHHDTHY | loss-of-function B4 THET 5 Z
EIXAIBET® gain-of-function ZEAFFETHZ LIFEH LW Z L 5T
% 33, ZD7 EFD 7 —7(DITx L TIEARRIC loss-of-funtion &
gain-of-function NBTEL TWAH LD EEBX TH M OEROEELZRT D
ZEDTEDSKAT %S L, & D 32D/ N—7 2B L TIXHEAMIZHEEE
RRZEFEDPKRDAENTNDHDEEX T HMORBROAZIBEL TN D
CAST )5 LTz, 2 AT —VDAZT T U AT HEBMEIZEHE W Tid SKAT

(2B L TIZ R @ MetaSKAT /> 77—V Z ] L, CASTIZB L TIZR D
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Metafor /% 77— % il L T Cochran-Mantel-Haenszel {512 X U #tH 21T -
T2 BART LIV OFNTIZ BT 2 A B/KHED B 1T F - s %% 20,000 & L,
ADODMSLLTZ I N—TFFICH L TCT A METoTNDHZ EEBEL,

0.05/20000/4 = 6.3 x 107 % gene-wide A E/KHEIZRE L=, F7-%¥] 36 &/

FEHZ—T v e L2728 0.05/36/4 = 3.5 x 104 % study-wide A B /KHEE L7,

2-10 LDL 22V AT a—/Ufl, DEFIEEREER OB
%72 LDLR 3 X O PCSK913m# & HIEE &/ L Ot LR B B4 5 =
ENELHMOENTWVDBIRTTHLOELNIZL TN T F3LDL =2 L X
71— UiE L OVD A SERIE AR G- 2 2 B A MR 2720, LDLRIZH
TITERRD 4 T —T 12O TENZEILDL 2 U AT v — U, CffFE 9%
SEAERR 2 AT LT-, F 77 PCSK9\ZH\W\ TN OfE RISV T, E32K
& R93C D 2 DDOEORETWEROAE, 5 XU disruptive & FD A (2D
WTENS DR AT A =2 EHFt L, FEX+ U T & disruptive BEOF ¥
U7 OHBIZIE ¢ E Z Wz, TR E REEDIEREDOA I L > TY 7R

Mraeit-7,

2-11 [BEREEDCDHEEIZLHMIE
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S 512 LDLR & PCSK9 MBI G- 2 D W BNEEE N LI b O THD 2
CEWRT DD, B VAT 4 vV EIRGHTEAIT T2, T OMHTICEV T
Stage IZ X BT T XTOH > TNV ERBHIMNT T 2 Fikz & 0 | @R MAE DA
BB TET VBN T PIEOELEZBE LT, Z 2 CORIBIMAEIX
(1) LDL =2 L A7 o —/Ufl > 140mg/dL . QI B EIEIRBEONR DOV

nnEizTbo, &L,
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3 MR

3-1 A TFFTAVDNRYF—v gy

1000g DT —# TR ORELGERIC 185 DAY T bR a— L SR TEY
— 7. FADFHT A T T4 U TIE 188 Na— v &, Wikx kb L 184 13 =
— R =L TED, 1131000g DA TI—/b, 4T84 T T L DHTa—
LENTWz, T72bb, 1000g DT —X AL i LT-GE, Y17 F
A DNRY T MR 21T 99.5%(184/185), B PERHERIX
97.9%(184/188) Lt &t %5, F 7= Beadschip & ? genotype — % 99.94%
(440,765/41,061) TH Y | LU L& & o TY AL T T A TF 3 EVIGE A 2R L

TUWND ECHIT LT,

3-2 Vo—Irxx AEROY <Y —
Stage 113 36 DX SBEE 7 I2xf L COLMHAEZE 2,811 A, xHFEEE 2,974 AlZ-DW0
TEEL7E, — 27 2 ADFER, #—5 v b & LTHED 98.9% DA DP

20 L ETANN—ETz, FO DP X590 Th -7,
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FES

FLT1
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TTC32
GUCY1B3

SRR
CDKN2BAS1

CDKN2B
VAMPS8
PDGFD

GGCX
SMG6
IL6R
LDLR
GALNT4
FURIN
CDKN2A
GUCY1A3
MAT2A
WDR35
PPAP2B
TCTN1
ICAM1
HDAC9
WDR12
VAMP5
BRAP

NBEAL1
EDNRA

CYP20A1

CARF
PCSK9
ICA1L
CXCL12
TCF21
SH2B3

X 3 Stagel DEIZTF DI /N—
Stagel O — 7 = AR, MENIHS R, HEEZZ OBIZFHNOZ—F
NI D 5 BAT%H 4T DY 7 LC Depth 20 LA | THEHTH[RE T o o 7203 & 7R
L7z,

QC ITFE > 7= v 7 VIR SERE 2,775 N, %FREE 2,965 TH > T 997 O
ERP/BH SN, 2D OERICH U CHAR Z L OB, B X0 R
+Z L O 2 T o 72, 2O Stage 1 IZBWTCIX PEDORBIEE 0.05 IZRE
L. 2h%E FlEl->72 12 Bia 1 o 17 SNV % Stage 2 ~ & 7= (£ 3), Ein
T ZEDRITICBNTIE ERD X 572 4 DD D TN — 0 7% FWTZH,
WTNN 1 DO T I)L—E L JIZEBW T PED 0.05 % TRl- 7285 1% Stage 2
~EHED Tz, 7272 L 2 DY Stage2 TORMMIX Stagel T 0.05 % FEl>7= 27V
— BT DRI ONTTETI T2, TOBMEICEY 20 DEER . 7 OB 75

RSNz (R 4), MRZLITIIRT,
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# 3 B HARNEMT Stagel DFER
rsID MAFin MAF in
Chr Position Al A2 OR P Gene Type AA change
(dbSNP138) cases controls
1 55505604 A G 0.016 0.0079 2 8.6 x10°® PCSK9 missense E32K
1 55509585 rs151193009 T C  0.0047 0.011 0.44 2.7x10* PCSK9 missense R93C
1 154426970  rs2228145 C A 0.37 0.4 0.9 7.5x10% IL6R missense D358A
2 203684462 A C 0.0016 0.00034 4.8 0.033 ICAIL missense D174Y
2 203948147 G A 0.0022 0.00034 6.4 59x10% NBEALI missense N297S
2 203996741 C A 0.0049 0.0083 0.59 0.028 NBEALI  missense K1175Q
2 204003431 rs141142182 C T 0.012 0.016 0.723 0.048 NBEALI missense 11574T
2 204032045 A G 0.0013 0 NA 6.2x 103 NBEALI missense V19581
2 204131371 C G 0 0.0013 0 8.0x10% CYP20A1 missense Q189H
4 156715112 T A 0.0013 0 NA 6.2x 103 GQUCYIB3 missense E200D
6 161159625 rs121918027 A G 0.022 0.015 1.5 3.56x10% PLG missense A620T
9 21971043 T G 0.00018 0.0013 0.13 0.04 CDKN2A  missense D105E
11 103814218 T C 0.0012 0.00017 7.5 0.034 PDGFD missense R245Q
12 111082836 rs118096349 T G  0.0072 0.011 0.64 0.031 TCTN1I missense G466C
17 1989027  rs187319098 G C  0.002 0.0046 0.43 0.022 SMG6 missense E268Q
17 2186947 rs372239404 G A  0.0016 0.00017 9.6 9.5x 103 SMGé6 missense M807T
19 11226885 G C 0.0016 0.00017 9.6 9.5x 103 LDLR missense L568V

Stagel OfEH, Fisher O EMEMERIEIC L D PED 0.05 % FEI>72H D
DR % FKesr L7=, Chr: chromosome, OR: odds ratio, MAF: minor allele
frequency, AA: amino acid, NA: not available
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# 4 BIET T L EAEMNT Stagel DFER

Genes Non-Synonyous Damaging(broad) Damaging(strict) Disruptive

(SKAT) (CAST) (CAST) (CAST)
PCSK9 3.7x10% 1.6 x 103 0.67 0.69
GUCYIB3  1.3x10% 0.047 0.033 0.055
PLG 0.017 4.3x 10 1 1
ICAIL 0.039 0.13 0.018 NA
NBEALI 0.043 0.41 1 0.84
TCTNI 0.044 0.040 1 NA
LDLR 0.049 0.15 2.6 x 10 5.0x 103

Stagel DfEH., SKAT £7-1% CAST (2 L% Pl 0.05 % Flal>7=2b DD K% F
R LT WTFNDADOZNA—7T1HETY 0.05 % Flal-> CWAELGFE2 T _RTHERR
LTW5,

INOGDOER Eintas—r >y e L, DfEZER 7,316 A, xIH#E 5,828
ANT Stage2 DV > —7 = A%ATolc, X—5 v & LTcHEED 98.2%7° DP
20 L E T N—h, ¥ DP L 980 TH o7z, QCRERIZHK T 7 /vidls

FRFRZERE 7,181 A, XIHREE 5,408 A CTdh-o7-, 816 DEENEE ST,
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C FFT &S PP I EL
& & OO &R F P8 @
QTN TFS T IS & &

X 4 Stage2 DBI=F DI N—FR

Stage2 O —7 LU AR, BRI REA T, fEZZ OBIEFRNO X —7 >
NEFE D 5 BAT% AT DY 7T Depth 20 LA THATAIEE T dH > 12 23 % 7R
L7z, HEROMHTOHRTP <0.056 % FEIS725EbBEFRETEY—F U R

DORfHE LTS, 72721 Stagel T P<0.05 Ziiti7z L TWRWERIZOWTIX
Stage2 TORERITRFI RGN B LTz,

KIZ Stagel & Stage2 DFERIZHONWT EIZRRIZFETA XTI VA %{To

—o

3-3 HERI L OREEMNT ORER

HUZE L 2 L DFRATIC DV T P oakE LA Bk IS TS ERE 2 SR L7z,
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K b HERT L ORREMHTRE R

rsID Type / MAFin MAFin
Chr Position AltRef Gene AA change Stage OR (95%CI) P
(dbSNP138) grouping cases controls
Discovery 0.016 0.0079 2.0 (1.4-1.9) 8.6x10%
Missense N i _
1 55505604 ) A G PCSK9 E32K Replication 0.015 0.0095 1.5 (1.2-1.9) 3.5x10*
Non-synonymous
Combined 0.015 0.0090 1.7 (1.4-2.0) 3.5x107
Discovery 0.0047 0.011  0.44 (0.27-0.70) 2.7 x 10*
Missense
1 55509585rs151193009 T C PCSK9 R93C Replication 0.0075 0.011 0.71 (0.54-0.93) 9.8 x 103
damaging(broad)
Combined 0.0067 0.011 0.63 (0.50-0.78) 3.4x 105

AA: amino acid, MAF: minor allele frequency, OR odds ratio, CI: confidence

interval

WIS T LVBEEE 1%L T OIRBHE AR T POSK9 DSR2 D Th o1z, 72
B, ZO2EEITOR>1 DY A7 L LTHZEE (E32K) & OR<1 O#kHitE
2% (R93C) Thotz,

3-4 BIETF I & OREEENT O R

AT Z & O BT OFE B LDLR, PCSK9 O 2 & {5f 7 gene-wide A & /K
Wr ThElo7z, £72 TCTNIN 1 >D 7 )—¥ 2 7 T study-wide 5 EKEEZ T

o]~ 72,
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£ 6 BIZT I L ORREMITRE R

Grouping

Freq in cases

Freq in controls

Gene Stage OR (95%CD P
(test method) (count / %) (count / %)
Discovery 23 (1.0%) 5(0.17%) 6.0 (2.3.200 26x10°
Damaging(strict)
LDLR Replication 61 (0.85%) 12 (0.22%) 39 (2179 21x10°
(CAST)
Combined 44 (2674 72x10"°
Discovery 3.7x10°
All non-synonymous
PCSK9 Replication 75x10"
(SKAT)
Combined 2.3x10"
Discovery 67 (2.4%) 99 (3.3%) 0.72 (0.51-0.99) 0.040
Damaging(broad)
TCTN1 Replication 182 (2.5%) 187 (3.5%) 0.73 (0.59-0.90) 0.0028
(CAST)
Combined 0.72 (0.61-0.86) 2.9 x 10*

3-4-1 LDLRIZDW\WT

LDLR\ZHOWTIERE L= 4 DD 7 —E > 7 (1) All non-synonymous (24 ¥

ST BN H 2N 138, (2) Damaging (broad) (2R Y 751 B35 8 F A 108,

(3) Damaging (steit)IZHR Y 7317 G HZE RN 52, (4) disruptive (R Y 731

ONAERN 14BN (EEHV), (RIS BEMITOMRE L LT

Damaging (strict) & disruptive B2V T, I E I gene-wide A & 72 B# A3

ol (ZENZFH OR=4.4, P=72x1010 &+ OR=15, P=58x107), 4
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TOTN—TDREREFK TITRT,

# 7 LDLR, PCSK9 D&%

gene grouping/test method OR 95%CI P

LDLR All non-synonymous/SKAT - - 7.7x 104

Damaging (broad)/CAST 1.2 1.0-1.3 0.032
Damaging (strict)/CAST 4.4 2.6-7.4 7.2 x 1010
Disruptive/CAST 15 3.7-64 5.8 x 107
PCSK9 All non-synonymous/SKAT - - 2.3x 107
Damaging (broad)/CAST 0.75 0.66-0.86 2.1x 105

Damaging (strict)/CAST 0.84 0.48-1.5 0.54

Disruptive/CAST 0.59 0.22-1.6 0.29
Gain-of-function/CAST 1.3 1.1-1.5 1.0 x 104
Loss-of-function/CAST 0.66 0.53-0.81 1.1x10%

INERD LT N—E T OO ZHIEHENE L < 72V | damaging 72 FHL
DZFENTWD EEDND 7 V—7"TE Y LHEEICKT 2 OR 3 & < 72 H1H
MNHERCTE 5, LDLR OFEBICE L CIEBIEE CHARAB I OHEATD

common SNP Zxf4: & L7z GWAS TIIRH#EARENTE LT, Z oL

TNUT L FOERIZELDETHLE NI ZENTE D,

3-4-2 PCSK9IZ2\T
PCSK9 DU ifgze L o8 IL LDLR X W M TH 5, PCSK9 T (1) All
non-synonymous (ZE ¥ 731 HiL 5 A A 94, (2) Damaging (broad) (Z#R Y 4>

T HNDHZEEN 64, (3) Damaging (strict) IZHR D 451 B H BN 18, (4)
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disruptive [ZHR VD 73T LN AEEN 6 1567, U A7 228 L IHu 2 BN
DINFZ KT E 5 SKAT TIRW PIEPSELNTWS—J, il 3 2D 7 —
7B W T Damaging (broad) T study-wide 72 BFH 3 7L 5 31TV 5D O Z~ Tl
D 2T L TFARERBEEN R TV, Ziuld PCSK9 DZERITY 27
BHREBWPIMEERBAVIEL > TWDH I L 2R 5, HEROMNT THLN
72 E32K & R93C OBtk S T &2 3fid 5 L, i ROIREZFIES RO
t Z OEILT D gain-of-function Z# %L LDL-C % EiF 2 FAIcfl =,

loss-of-function 28 %73 LDL-C % FF 2 AW TWD Z LR FH T
WoH, ZORDIZTH SRS I BETRT v 7T a3 2D )
— BV 7L PCSK9 DA E Z 7083 L BICITE Y TRV ATHENED & 2

Gain-of-funciton 28 5 2 WU THIT 5 FEITM O TV RW D, 22T
PCSK9 D3V T > b & ZEERIGIAE DT — Z = R B GR SN TV DA R
IZ DWW T E I gain-of-function 2% & L COEELTH 5 7> loss-of-function 2
BLLTOBETHLINIZE > TRY T & 22}, TnEho 7 L—
7L LRESE L O 2 L, FERITENE OR=1.3, P=1.0x10* & OR=
0.66, P=1.1x10% &\ b study-wide 2EE N~ S0, OR & TAES L7z
WY OFRREPRSNTZ, ZHOOED S S, BAROHT CHERBEEZ R

L7= E32K, R93C 76 DB A3l 2 B TZ D 2 DOERZ RN L CTHE

32



BLEfENT 21T o7& 2 A, WINbABEMEITIEDNTZ, ZNHDRERNG
PCSK9 & D ZEDORIEICB WD TII AV RO T B ie 5 2 >DOIEEE LS

B E32K, R93C ODFENKEWE WS ZENE XD,

3-4-3 TCTNI1IZ2oWT

\ZF & 1L TCTNI i&is 1 & DfEZED study-wide 72 BEE & RH L7,
TCTN1 128\ TlE Damaging (broad)#Z3\ T OR = 0.72, P=2.2x 10-4 O
BIEAVR STz, — 0. ZOMOBEIZIBN TG b AL B BRI w12 72 <

AEMITRENR 2T,

3-5 LDLR, PCSK9 DESEE R R BERK /T A —F I RIETTHE

LDLR, PCSK91% & $\21fi% LDL = L AT 0 — LZ 8% 5.2 DGEED Y
WZBET 5 2 ENHBINTWD, £ 2T, S0 CHRIE ST M 22 5

My LDL A, K& VLA FEZERED Hh T O ZERIEF IR & D X 5 7% .

ZTCWD a7z,

3-6 LDLRDIEHEEZLR L LDL-C. L ESRIEER & OB

BT Z & DT THEM L7 4 BEICHOWT, ENENDORECHH SN OERD
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REFEIZHOWT, TR ENO MBRAET — 4 |

REFEFEE Tl & I E T L7z, (M5 B LT 6)

PRIG5> LDL-C fE. L

e

Rh

INOZZRITLLONDL1C, K0 Z U "I7HEICHLTARFLEEDLS

BENELL GENLEEC TR 51T, LDL-CEIXEVET AN H D . E7200

non-carrier & b L C disruptive variant @ carrier @ I{F LDL = L A7 1 —
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¥ 6 LDLR DA £ & FEAELF#n DBILR

JUAE T 112.7mg/dL 12%F L C 157.2mg/dL £ AEICE < (P=3.4x1013), FJE

T 61.0 IS LT 492 E ARICHE -T2 (P=1.1x1010),
Damaging (strict) #£3 KO disruptive BEIZ 0 FE SN DA H D carrier &

non-carrier O LAAFFIERIEFEEZ LI L7 XA NI A& R_T, (X7, 8)
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Damaging(strict)#£35 J O Disruptive #f O FAEF M3 T4 K 0 EHFREMNARAL L
TV A L 545, Disuptive BECTIHE—#8 2 EMED AT S & 2 5 03 ZHUE

INSDOEEREDOX Y ) THBIENIEFICL 720 (0=36)7-DThHbHELEZ TS,

0.05
I}
05

 disruptive (n=36) S = Damaging(strict) (n=101)
® non-carrier (n=15,322) = non-cartier (n=15,257)
g g
o o
[se]
© o
= =
g E
(=i T 8-
S - 5.
=] (=]
8 8
e T T T T T 1 © r T T T T 1
0 20 40 60 80 100 0 20 40 60 0 100
Age at onset of Ml Age at onset of Ml
7 Disruptive B DFRIELE R 8 Damaging (strict) B D FEAELEE

Mg LDL =2 L AT v — )/ UlHN AR F o 2 G OIRE R FIEICS T 216K - T

AT 5 Z LI TH D O TIRERFIEREEONIRAEIC L > T2 D

T2V THIT b EOETTo 2, 2o bREkOBmABIZEI Nz, (K9,

10)
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X 9 5D LDL-C X 10 FE{E¥#E D LDL-C

3-7 PCSK9 DEHEEER L LDL-C, L EREEE & DOBEIR
PCSK9\Z>\W T LDLR L ARRIZZENENDEROF ¢ U 7128\ T LDL-C
. OFEZERIEFM D 2 DDONRT A =2 5FHli LTz, 72720, PCSK9IZIH\»
Tl risk & protective [ MDY 7o FNEEL TEB Y, WA HHET S
ZLIEIRETH D Z L, Bin T L O TAIZ L 52 E32K, R93C D 2 5D
ANYT v N DN PCSK9 & D ZEDBIEIZ B W T RE R 2 T

HZEwEEEZ, E32K DX+ U7, R93C O+ U 7, disruptive variant ™
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Fv VT O 3RTB N THBZIT o 72, FERIEK 11,12 (RS0 D £ 512 E32K
F v UTICEBN T LDL-CER R <\ FIEFRITE VA R S, RI3C =+ v
Y 7. disruptive % ¥ U 72V Tl LDL-C XK < | RIEFERIZE ME [\ 23
P BT,

Non-carrier & disruptive carrier Z 4% & LDL-C % 112.5 mg/dl IZxf L
T 73.8mg/dl (P=7.4x103) K< | BIEF Ml 61.0 siloxf LT 73.8 & (P

=3.3x103) LHEITEN-T-,

200
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el o

78
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Age of onset

LDL cholesterol (mg/dL)

disruptive
non-carrier
disruptive

non-carrier
E32K carrier
R&3C carrier
E32K carrier
RO3C carrier

X 11 PCSK9 »ZE £ & LDL-C DEit% X 12 PCSK9 D& L ZiE4F im0 Bif%

MR R FIETRFRE DB ZRINT D720, 2 2 THIRREE, BRI T

[RIREDMENT 24T > 7o 236 CEHm g s vz, (13, 14)
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X 13 {5%#ED LDL-C X 14 FEVREEED LDL-C

3-8 ILiE LDL-CE& LAHFEEY 27 & DR

Z £ T LDLR ¥ X O POSK9 DARBE B R 728 BN D FE R E (S5 2 % .
252 ENHDOER L LDL-CENEZEIZH DWW TWND Z & &2 /L TE 7,
IO DB TFERNDIHEEICEGZ 2T TLDLEZN LD TH LD
. ZE BRAMOBTFIZL D OHEEICEREORELEZ TVWLIDTHAS D
D, ZIVERFIT HTOICrn AT 4w Z BRI ATV, IRE REE O

HZH L Uiz & Xl s 2 & O TH BT O REE & OAHEIO P E2
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ED LB 2D % Rz,

LIl

# 8 JEERAFEDCHEIC X D%

Gene grouping /

Gene ) P adjusted P
variant
Damaging (strict) 8.4x 107 0.018
LDLE
Disruptive 9.5x10°% 0.028
PCSK9 E32K 4.7x 103 0.93
TCTN1 Damaging (broad) 6.5x 104 1.3x 103

PIEIZMAET — % BIFET 5T X TOH 2 7 /IO T D logistic regression (2
XuESN=b D, adjusted PliEEfRINIEDH M4 covariate & L7250 P A
Ll HFULSMHERHE D Z LEDRHERTE 5,

# 8IZBWTC, BInT I & Ofift T gene-wide AERBE#EN R Sz 2 DDi&
BFD3ODIN—Y 720 LT, BEAEMITICK D PEPEEREIED
AL LB L LIZET VTR I RAT 4y 7 BRI AT o> 7o R, PIER & 5
FAL LT E LR LTS, MIERNEIERFICHROBEEN R 5T\ 320
IN—TOEED Y 7T VIIIEERFIEOAEIC L 2FEICLD . Wb Ik
FAZHES L TS ZENRTERND, —HTIRERRE & OBMEN STV

W TCTNI DRSS 7T Z O IEIZ L o TUEE A E8 %5217 Ty,
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ZORERNG A RIR V. LDLR, PCSK9 & U fiif#i%E & OB X LDL =2 L X

TR VEEZN LTEZEBIZL D ZOHRERHEIN b0 EEZ BT,

3-9 FRMERARMAE & DREE

LDLR, PCSK9 133\ H MmN E O JRKER T & L TAS BTV D,
INFETEL OFBEMEIRIIEDFRD Y — 7 T APITOIL, O RN
JRRZER L L TT = _R—R BRI N TN D 34,35, A [EIDAFSE THRE L 72
LDLRE X O PCSK9DER%2 Z DT — X X—ALWBAETHE, LDLRIZOW
T 42% (59/138), PCSK9 IZ DU\ TiX 24% (238/94) MBEIZT — & ~— AT
STz, Al FHUCRE SNTZEROHFIZOWTRRSL -0, 77—
H AR WA ST RZ I LTt 21T o 72, 7 LVBER WS DI
EBEICT — 2 _X—=R | Zfli>» TWH AN EW 2, 2o Z N2 &%)
TN E LB L, BT T & OfFENT T gene-wide A B 72 B %
RLTE 3 7 N—TDRE Y 7T TN TGN R oz, (LDLR
disruptive P=0.13, LDLR damaging (strict) P= 0.027, PCSK9 all
non-synonymous P=0.58), L7>L. LDLR DHHDOZELIZ->C LDL-C f&.
ODIEZERIEFRAM oL, LTRARTELEOEZEDLLRVWHRPBIE ST,

(X 15, 16)
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# 9LDLR OZERY X b

AA change
R A
Ca  Cont or LDLR
Chr BP e 1 Type Group FH allele name
ses rols splice-site FH database 1D

L change
19 11200232 C T missense 0 1 Damaging(broad) P3L
19 11200247 T G missense 1 0 Damaging(broad) L8W
19 11200270 C T missense 1 1 Non synonymous L16F
19 11200280 C T missense 0 1 Non synonymous A19V
19 11200282 G A missense 0 1 Non synonymous G20R LDLR_00868
19 11210898 G C splice-sit 1 0 Disruptive -1G>C LDLR_00277

e

19 11210902 G A missense 1 0 Non synonymous G24D
19 11210910 T C missense 1 0 Damaging(strict) C27R
19 11210923 A T missense 1 0 Damaging(broad) E31V
19 11210928 C T nonsense 1 0 Disruptive Q33* LDLR_00005 FH Turkey/Milan-4
19 11210952 T A missense 4 3 Non synonymous S41T
19 11210970 G A missense 3 1 Damaging(strict) D47N LDLR_00383 FH Hyogo
19 11210982 G A missense 0 2 Damaging(strict) E51K
19 11213346 T C missense 3 2 Damaging(broad) V66A
19 11213360 G A missense 5 1 Non synonymous G71R
19 11213391 G A missense 1 0 Damaging(broad) R81H
19 11213402 C T nonsense 1 0 Disruptive Q85* LDLR_00184
19 11213429 G A missense 0 1 Damaging(strict) D94N
19 11213432 T G missense 1 0 Damaging(strict) C95G LDLR_00454
19 11213434 C A nonsense 1 0 Disruptive C95* LDLR_00306
19 11213441 G A missense 1 1 Damaging(broad) G98S LDLR_01032
19 11213462 C T missense 2 0 Non synonymous P105S LDLR_00442
19 11215926 G A missense 61 62 Damaging(broad) R74H LDLR_00366
19 11215943 T G missense 2 0 Damaging(strict) C80G LDLR_00935
19 11215952 C T missense 0 2 Damaging(broad) R83W LDLR_00692
19 11215964 T T indel 1 0 Disruptive C128fs

G frameshif

t

19 11215970 T A missense 4 0 Non synonymous S89T LDLR_00936
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11215976

11215977

11215989

11216000

11216007

11216009

11216033

11216060

11216090

11216099

11216147

11216243

11216255

11216258

11216263

11216264

11217303

11217315

11217352

11218074

11218076

11218079

11218104

11218154

11218157

11218158

11221334

11221357

11221364

11221397

11221399

11222190
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missense
missense
indel
frameshif
t
missense
missense
missense
missense
missense
missense

missense

missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
indel
frameshif

t

Non synonymous
Non synonymous

Disruptive

Damaging(strict)
Damaging(broad)
Damaging(strict)
Non synonymous
Damaging(strict)
Damaging(strict)

Damaging(strict)

Non synonymous
Damaging(strict)
Damaging(broad)
Damaging(strict)
Damaging(strict)
Damaging(strict)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Non synonymous
Damaging(strict)
Damaging(broad)
Damaging(broad)
Damaging(strict)
Damaging(broad)
Non synonymous
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(strict)

Disruptive

RI1W
R91Q

D136fs

E99K
S142F
C143G
A151T
C160R
D170N

C173R

V189M
D221N
K225E
S226P
D227E
E228Q
R253W
R257TW
G269D
L275P
C276R
E277K
H285R
C302G
R303W
R303Q
N316S
G3248
S326Y
E337G
3388

D354fs

LDLR_00413

LDLR_01038

LDLR_00721

LDLR_00023

LDLR_00938

LDLR_00490

LDLR_00035

LDLR_00038
LDLR_00375
LDLR_00712

LDLR_00504

LDLR_00195

LDLR_00512

LDLR_00640

LDLR_00280

FH Sassari-2

FH Greece-1, FH

Canada

FH Miami-1

FH Tulsa-2, FH Iraq

FH Rome-3

FH Walloon, Genoa-3

FH Wakayama
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11222192

11222213

11222253

11222265

11222295

11222305

11223954

11223962

11223969

11223974

11223977

11223983

11224013

11224014

11224016

11224017

11224019

11224025

11224030

11224095

11224233

11224270

11224276

11224320

11224326

11224336

11224354

11224368

11224398

11224434

11226775

11226798

11226801

11226829

11226844
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missense
missense
missense
missense
missense
nonsense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
indel
frameshif
t
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense

missense

Damaging(strict)
Damaging(broad)
Damaging(broad)
Damaging(strict)
Damaging(strict)
Disruptive

Damaging(broad)
Damaging(broad)
Damaging(strict)
Damaging(strict)
Damaging(broad)
Damaging(strict)
Damaging(strict)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(strict)
Non synonymous
Damaging(broad)
Damaging(strict)

Disruptive

Damaging(strict)
Non synonymous
Damaging(broad)
Non synonymous
Damaging(broad)
Non synonymous
Damaging(strict)
Damaging(broad)
Damaging(strict)
Damaging(broad)

Non synonymous

I1187F
D362N
Y375F
C379Y
T389M
0392+
G228A
A399T
L401R
F403L
T404A
R406W
R416W
R416Q
S417C
S417N
E418K
T420A
S421R
W443S
G4618
1473N
A475V

W490fs

D492N
L495P
A501V
V506M
G516S
H528D
M531T
P539S
A540T
G549D

S554L

LDLR_00364

LDLR_00884

LDLR_00157

LDLR_00534

LDLR_00536

LDLR_00451

LDLR_00216

LDLR_00379

LDLR_00942

LDLR_00779

LDLR_00295

LDLR_00074

LDLR_00899

LDLR_00243

LDLR_00232

FH Nuoro

FH Wakayama

FH Rumania

FH Cincinnati-2
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19
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19

19

19

19

19

11226856

11226883

11226885

11227540

11227547

11227550

11227594

11227601

11227612

11227613

11227649

11227651

11227663

11227666

11227676

11230790

11230798

11230802

11230820

11230880

11230909

11231056

11231084

11231112

11231130

11231146

11233888

11233907

11233915

11233931

11233948

11233966
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missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
indel
frameshif
t
missense
missense
missense
splice-sit
e
missense
missense
missense
missense
missense
missense
missense
missense

missense

missense
nonsense
missense
missense
missense
missense
missense

missense

14

Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Non synonymous
Damaging(strict)
Damaging(broad)
Damaging(broad)
Damaging(strict)
Damaging(strict)

Disruptive

Damaging(strict)
Damaging(broad)
Damaging(broad)

Disruptive

Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(broad)
Damaging(strict)
Damaging(strict)

Damaging(strict)

Damaging(strict)
Disruptive

Non synonymous
Damaging(broad)
Non synonymous
Non synonymous
Non synonymous

Non synonymous

E558A
T567N
L568V
L571F
G573D
R574H
D589N
N5918
R595W
R595Q

H607fs

P608S
A6128
V6131

+2T>C

1623N

E626K
A627V
R633H
V653D
E536K
We666C
G676S

P685L

S691L
C696*
V7271
S733F
V7361
T741R
P7478

P7538

LDLR_00558

LDLR_01066

LDLR_01207

LDLR_00563

LDLR_00662

LDLR_01070

LDLR_00087

LDLR_00658

LDLR_01073

LDLR_00946

LDLR_00094

LDLR_00906

FH Niigata

FH Gujerat, FH
Frosinonel, FH

Kanazawa-2
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19 11238695 G A missense 1 1 Non synonymous V7751
19 11238705 G missense 1 0 Non synonymous R7781
19 11238713 G G indel 1 2 Non synonymous EK781E
A
G
A
19 11238731 G A missense 0 1 Non synonymous V787TM
19 11238761 G A missense 1 0 Damaging(broad) V619M LDLR_00259
19 11240215 G A indel 0 1 Disruptive V806fs
T G frameshif
C At
A
G
19 11240230 A T nonsense 11 0 Disruptive K811* LDLR_00281 FH Tokyo
19 11240240 G A missense 1 0 Damaging(broad) R814Q LDLR_00376 FH Xhosa
19 11240278 G A missense 2 0 Damaging(broad) V8271 LDLR_00101 FH New York-5
19 11241972 C G missense 9 13 Damaging(broad) L855V
19 11241988 C T missense 136 152 Damaging(broad) A860V
# 10 PCSK9 DZERY X
AA PCSK9FH  Predicted
Chr Position rsID(dbSNP138) Ref Alt Type cases controls Group
change database ID Effecta
1 55505520 rs186669805 G A missense 245 204 non synonymous V4I PCSK9_00006 GoF
1 55505532 C G missense 0 1 non synonymous R8G
1 55505552  rs113330492 A ACTG insertion 2310 2038 non synonymous L15LL
1 55505581 G missense 2 1 non synonymous G24D
1 55505596 G A missense 2 0 non synonymous R29H
1 55505601 C A missense 1 0 non synonymous Q31K
1 55505604 G A missense 292 147  non synonymous E32K PCSK9_00008 GoF
1 55505625 G A missense 1 0 damaging (broad) E39K
1 55505668  rs11583680 C T missense 2336 2056 non synonymous A53V PCSK9 00011
1 55505671 A C missense 3 6 non synonymous E54A PCSK9_00012 GoF
1 55505684 C A missense 1 0 non synonymous H58Q
indel
1 55505692 CA C 1 0 disruptive T61fs
frameshift
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55505712

55509520

55509543

55509561

55509577

55509582

55509585

55509594

55509598

55509606

55509618

55509630

55509648

55509661

55509704

55512254

55512299

55517990

55518006

55518016

55518029

55518070

55518071

55518082

55518329

55518362

55518374

55518375

55518381

55518383

55518386

55518407

55518417

55518452

55518456

55521683

rs151193009

rs185392267

rs376385276

rs369067856

rs150169598

rs148195424

rs376945520

rs200146448

rs201789841
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missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

missense

130

124

47

120

100

damaging (broad) A68T

damaging (broad) P71L

damaging (broad) V79M
damaging (broad) E85K

damaging (broad) Q90R

damaging (broad) E92Q

damaging (broad) R93C

damaging (broad) R96C

damaging (broad) R97H

damaging (broad) A100P
damaging (broad) R104C
damaging (broad) L108F
damaging (broad) V1141
damaging (broad) L118P
damaging (broad) E132D
damaging (broad) S153N
non synonymous A168V
damaging (strict) S188I

damaging (strict) H193Q
damaging (broad) E197K
damaging (broad) M201R
damaging (strict) R215C
damaging (broad) R215H
damaging (broad) Q219E
damaging (broad) K222E
damaging (broad) V233L
damaging (broad) R237TW
damaging (broad) R237L
damaging (strict) A239D
damaging (strict) G240S
damaging (strict) V241L
damaging (broad) R248C
damaging (broad) R251H
damaging (broad) G263S
non synonymous 12641

non synonymous K273E

PCSK9_00014

PCSK9_00019

PCSK9_00021

PCSK9_00036

PCSK9_00039

PCSK9_00047

PCSK9_00048

PCSK9_00051

LoF

GoF

GoF

LoF

LoF



55521716

55521783

55521794

55523034

55523076

55523119

55523141

55523188

55523798

55523808

55523812

55523829

55523873

55524237

55524244

55524246

55524300

55524303

55524304

55524312

55525165

55525183

55525195

55525219

55525241

55525261

55525295

55527059

55527062

55527093

55527110

55527131

55527141

55527158

55527174

55527190

rs148562777

rs562556

rs376388695

rs374603772

rs139669564

rs201395805

rs374455190

rs72646525

rs373323910

rs372586224

rs367606156

Q
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missense
missense
missense
missense
missense
missense
missense
splice-site
missense
missense
nonsense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
missense
nonsense
missense
missense
missense
missense

indel
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damaging (broad) V284M
non synonymous R306M
damaging (broad) V310M
damaging (strict) D343N
damaging (broad) R357C
damaging (broad) A371V
damaging (strict) C378W
disruptive
damaging (broad) 1424V
damaging (broad) A427D
disruptive W428*
non synonymous R434Q
non synonymous H449Y
non synonymous V4741
non synonymous R476H
damaging (strict) C477S
damaging (broad) R495W
damaging (broad) R496W
non synonymous R496Q
damaging (broad) R499C
damaging (broad) G504W
damaging (broad) R510W
damaging (broad) A514T
damaging (strict) A522T
damaging (broad) L529R
non synonymous V5361
non synonymous G547V
damaging (broad) H565Y
non synonymous W566R
non synonymous P576L
disruptive R582*
non synonymous V589M
non synonymous R592T
damaging (broad) A598T
damaging (broad) A603G

disruptive K609fs

PCSK9_00064

PCSK9_00066

PCSK9_00074

PCSK9_00076

PCSK9_00077

PCSK9_00078

PCSK9_00080

LoF

GoF

GoF

GoF



55527204

55529048

55529064

55529108

55529132

55529153

55529182

55529187

55529217

55529243

rs143291739

rs201280059

rs505151

Q Q@ > a a > Q Q@ O »

S > Q o Q Q@ > o P> Q

frameshift

missense

missense

missense

missense

missense

missense

missense

missense

missense

nonsense

0

1

10

65

10

15

932

non synonymous H613P
damaging (broad) V624M
damaging (strict) G629D
non synonymous V6441
damaging (broad) N652D
non synonymous R659G
non synonymous S668R
non synonymous G670E
damaging (broad) R680Q

disruptive Q689*

PCSK9_00089

PCSK9_00091

PCSK9_00093

PCSK9_00094

GoF

LoF
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4 B

AT ARG & LR o TV E il L2 —Fy N v—2
T REAT T, =7y MBI FITERED GWAS IZESWTHRE Lz, iR
& LT LDLR & PCSK9 O/ BARFZEROERMNOMHEZELBHE L T\D =
ExERLTZ, INHOBEIXME LDL 2 L AT 0 — LEOENIZ L > Thid
ENTNDZ LRI NT,
LDLR OFi b BAn TR OERDN DAFHEIED Y 2 7 L 7% Z LIV Z
7= whole-exome study (Z £ ¥ 2015 4 2 A 1Z CARDIOGRAMplusC4D = >V —
DT DKo THE M SNTTo D, ARHFTEORERIZFRROBI#E 2 A NIV
TSR LT b D L7, AWFZEICRBWTHEITHIZE L RO 7 —' 7
EHWTHEZRLENFLZL— 2 70O ORIFHFICELS —HLTEY,
LDLR O LHRESEIC G 2 230803 93—y ~ERTE 7 2 7 R O Tl LT
WHZENTREND, — T, llxDERZRL TN & TONRITKRE <
BIpo>TW5D, FATWMXICE W TAR SN TWHERD Y X b &AWL THRE
LICZERDOY X~ (R9) 2B LSS, AFFETIL LDLR DR

(synonymous Z#|IFR<) & 138 KFE L7122, Y — 7 AL 156 & FFE
LTWb, 2055 28 225 (20%) 2N ILETH L0358 0 1280 > T\b, LDLR

DLIHHEZEIC G 2 583 3 —n o B H, 7O TR OB T—ETH D28,
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il % @ rare variant |ZEMIC L > TRES B D, LW ) FHEILOAHEZEE VW

9 common disease DB T 5 RE%E 5 2 5,

4\

PCSK9 b LfiitsZE & OBE b 4 ElR SiL7z, POSKIIWZ DWW TIEE R MAESR %
DFFEAT 18 775 gain-of-function 28 DX v U 7 3 mWMjE LDL =2 L A7 1 —/b
Hafib, DHEEONA VAT THLZ LML TWS, —5T
loss-of-function ZFED ¥ U 73R E LDL = U A7 o —/UEZ S Off
FIEG MR OIRE DY 27 RN 1921 Z L 5 F 6TV D, ARV
TH E32K & RI3C L9 2 DOIRBELE B Z N E 4L risk & protective O 2
HIATARNCEBIT D OHEED Y A7 L 52 TND 2 PRI S Lz,
Disruptive ZHD % v U 7 DIyl 2 U A7 o — /WENIEFITIR S | DAL ZERE

BT HRIEFE S mlin CTh o 70 Z &1L PCSKIZH1T Db ZROEREN O
At ZEIZ % L T protective 7R KA Fr> T\ D Z L2 s T 5, 7272,

PCSK9 @ disruptive Z (3 LDLRIZI\T HZiL L i LTS BITHEMEL

4\

Ll

S OWIETHRAFRAEEEZF > TINE R T I LI TEAnroTl, Ihvk
IRTTZDICIE & BIC KL meta-analysis 72 ERRF20 5,

PCSK9 ® disruptive ZEHRE DX v U 7 OI{E =2 L AT 10— /U, 38 X VL5 %E
FAEAEHR D 1T POSK9 OFSHREIR FAAETEICHED 2 L AT 1 — K FEMA, O

TR MM IR EDN S OIPIN RN REFFHOZ L 2Rm LT D, TR

51



ZRDOHT TIIRSN TV DL REETITD 528, AWFFRICB W T—RERIZBIT
HUDIEEICBNT IR RSN LiE, KV ZOEELMBTLILDLE
2 5. BUE, FBlOIFERFEIEIRRIE L U TCKETIHEBRF OFL POSKI9 HifkiLim
1§ LDL = L 27 v — /UEAK R R A BRI R S 4L, BUERE M CR BTk DK
BEN R DG STV D BEE 36 Toh 5705, AWFFEORE R B4+ 5 & i
DR HBITRTT 2 2 BT gain-of-function Z2H DG MEIZ L » TR &E < 872 5 AlEE
PER SV | FrIZA R E32K & v U 7 OBE A ) = AT S 2 Befg
IZE ST AR IEE N LE L Z 2 DD,

PCSK9 Xk =z —7 5D whole-exome study TIZZEM - TV UWiE
BFTHD, FEAEFOHETHLAMMETINEZIEMT L2 LN TEHH
FUTD2OTHLEERD, £THICHRIBRESNIZEEICRE e
HZ T2 ERKZRBET U7 NIZEATHY . RN TIZFEEL THeW
& (ZOERTHEMTOR 1.7 ThH HE G OFHREZERT 1.5%, SHETH
0.9% & R =) L 5 I8 PCSK9 13 loss-of-function 28 # O (2
gain-of-function ZFEN AL < RO D 2 ERHBILTWD Y, WD)
FIZHWNHTHIH L E > TLE D LOA RV SKAT L 5 72 Fikz vz
WRY R E LT LE D AIRBER & %,

TCTNI I IAMZEIZ BT gene-wide A ERBEEIFBIE I N oTo b DD
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suggestive Z2EHHENBILE I NTZBE T CTh D, Tetnl [IHTE BEE B O JH K&
& LTHLN TV D PRI REDBEETIZZNE TIZE A LA
WIBIGFTh D, TCTNIZYRD 12924 fEIICFET 528, GWAS TidZ
OREIRD > 7 F L SH2B3\Z X Db 0 LTSNS Z LR 368 —J
HARZEGTT V7 TIXZOEED Y 7 ik BRAPIZE > THHEND £ B 2
5TV 37, —F T Erbilgin 53t b -~ 7 2O MAA N EAIRLZ V72 eQTL
fiBATC. Z OFEIKD proxy SNP 1% MAPKAPKS 3 X O8N TCTN1 Df&5. L~ )L &
B LT 5 & 25 LT %, AWISETIE SH2B3, BRAP, MAPKAPKS,
TCTNI1 & T4 % —47 v b LTY Y —27 2 X%&4T o120 TCTNI DHT
suggestive Z2BIEN L 5T 5, ZORERD B 12924 fHIIZ W TIX TCTN1
WIZOWTHERTOAMERD D EHE XD,

SEEEZRBEER RO 2 DOBIR T, LDLR & PCSK9 T\ 3 b F kMt
NEEEREIEDHE R DN N BIRKERF & L TAS<HBATWLIEEFTH -
7oo FEBE LDLRIZOVWTIX 42% (59/138), POSK9IZDWTid 24% (23/94)
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