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([ ZE] B®:2ILHH GBI (genome-wide association studies, GWASs) &AL T g/l\ﬁ‘[}ﬁ(coronary heart disease,
CHD) Sy B DX S5l . AR, 33 6 5 o DX 358 PN 1) 3800 5 AL R B T B0 (0 A5 10 AT 28 o ARG 5 7 S e X 4 308 1) ) J DX Sl A 7 4 )
DU PR % 7E CHD AHSCIE R AR R . 73K - 35T GWAS Catalog B FE T 1 /2 GWAS 17K -1 CHD 2 84 A5, 2843 214
PEEPEAE AL DI REAG 2, RGEE T 191> CHD SR X BN A SCHEE DR . BEF [OR BRI, 78 192461 v [ AR T6 U s 35
1192 {5 R HE R HEA T A BRI o 85T Logistic [9A FITHROE WAL 7 UL V5 ILAE 5715 CHD S A Z [B] ISR TR . X T4 5E 1Y
CHD FHICAR 5, R DI REFE BN B B0 PRIk (eQTL) A3 M R PPk H A A 4 Thfig . 465« 54 ILAR 535G P A <0.05,
DR BRI A 112970 500 1ML L2 APOAT b8 N 35 HH0G . 2858 T 3T REME S WL AR = . WDR35 15139543775,
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Fine mapping of coronary heart disease associated genes in Chinese population

Jiang Zhu, Sun Jie, Jiang Tao, Zhu Meng, Li Zhihua, Cheng Yue, Chen Mengxi, Dai Juncheng, Shen Chong, Hu
Zhibin’
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China

[Abstract] Objective: Genome - wide association studies (GWASs) have identified several coronary heart disease (CHD)
susceptibility loci. However, the pathogenic genes and real causal variants in these susceptible regions remain undetected. This study
aims to identify CHD associated genes and variants through performing targeted sequencing in susceptible regions reported. Methods:
We screened SNVs that were significantly associated with CHD risk base on GWAS Catalog, than selected 19 important genes in CHD
susceptible regions by evaluating in databases and retrieving the gene function systematically. Targeted exon sequencing of 19 CHD
susceptibility genes was performed within 192 Chinese CHD cases and 192 controls. Association between common/rare variants and
CHD risk was evaluated by logistic regression and counting method. Further, for our identified novel CHD-related variants, functional
annotation and expression Quantitative Trait Loci (eQTL)analysis were adopted to assess their potential biological functions. Results:
There were 5 common variants with P < 0.05, and the eQTL analysis indicated that rs12970 was significantly associated with the
increased expression of APOAL1 in cardiovascular tissues. Moreover, we identified 3 rare functional variants: WDR35 rs139543775,
KLHDC10 rs60941031, CTSH 1s3129. Conclusion: This study provides deeper insight into the CHD genetic research by conducting
fine mapping in GWAS reported regions. Further validation studies and functional experiments are needed to validate our findings.
[Key words] coronary heart disease ; susceptibility loci ; targeted sequencing; Chinese population
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TEEAR B KA FERE AL MO JEH (coronary heart dis-
ease, CHD) J& iR Sl K A5 52 A= Sl Dk oo iee s A 22
77 77| 7 I A i e A i B 2, 3 BEC JIL AR . e 4
SRBET S B Co IR , TR B by S o Do 1 A
A 2017) 4 Y, FRELC A PR 2 S BOE T £
FRNZ —, HArH A #1000 745 CHD /4%,
H CHDZET AR M TR N 2 TR . H R
WFFEIN N CHD J2 381 R 3 A B3 A 3L R 1 H =
B G4 A 40%~50% 19 & 055 U5 R T 35kt
(LS E

4 56 A 4 SR B B 5T (genome - wide association
studies, GWAS) L Z8 5 7 H i [ A CHD ) — 2L 5
S R, SR T GWAS & BRI 5 B, AR R bR 45
PE R 352 1% 728 S5, TR L OE B BB AL s . A,
GWAS i & A& L /25 UL 5 (minor allele frequen-
cy , MAF> 5% ) , H IR0 T H R A i 1X g 1
DX, SR AL RS AR5 o IT4E R, Zanoni 55l b
XF B B U 1 R PR G B DX AT A AR, & B
SCARB1 H1ZE L5 53 (p.Pro376Leu ) #5454 1Y 5 25 JiF
fig £ F AH [ 5 (high - density lipoprotein cholesterol ,
HDL-C) 7KV 5 35 30, M 20 CHD e KU
file Timpson 8575 i 4> KL PR 4H I & B APOC3 th
B 5% AR 5 1138326449 5 1L 2% H il — g (plasma
triglyceride , TG ) 7K A0 ¢ o 31X BEAfF 5% $2 7% CHD #)
15t 1% Sy AT AL AE 4 BE PR A3 BN 1 L 2 AL
W 35 1 708 S, A A DG A s XU DX P A 7 I
FE A B T2 22 CHD A9 28 DL B0 28 571
I, GWAS B 5 9 CHD S J8 X 3 2 — A0 N 4
SEAL LA E BT 1 W BE PR 507 1

AW ZERS i DU A HE CHD 5 Bz i A 51X
Sl AT R ) R I, IR T SE T A I D BE
HERE, LR CHD A 350 22 BRI B0 167 A5

1 X&FMAE

1.1 %

AAIFGE R F (9% BRI 5 03T, T A 9 ) 42
4R S5 R 2 0 B o BE B R 24 A8 BE 22 01 & W) T
ST B A R AT . A A4S 192 4] CHD
I (9101 192 3 1 % BE . b 192 451 CHD 9 47115k
F2009—2014 4F A 8] B 24 17 A BB BE A A9 CHD
BRI o B BE bR vE LS B2 W 4O AR
B F 0 1 SRR K 32 SRR >T0% 5% A2 eIk B
WkBeAE>50% , 3 H IR v A2 B L L P
TS  RGREAE C IE LA B 2 bk ol i PO s . [

AR S 35 3 8 A ST 1 M) A A e B BT R
192 Bg XS R, ASHIFFE AT LS5 95 9] A 40 4 1
(£1%) PEAEICAC (2 1) 4 BTG CHD iz
A5 I g L O M XA o R s A K 2
PRI PE OB L
1.2 Fik
12,1 jhik BARA R/ R

B4, i 1d GWAS Catalog (http : //www.ebi.ac.uk/
gwas/) K2 T HE 1Y CHD A A 56 2 J8 7 o (B E
20164E 11 H ), ¥ PIE<1x10" 3 HAE 2 ABERT
€ A5 B 993k 1 BA% R 57 5148 57 (single nucleo-
tide variant, SNV) , &3t 36 4~ SNV i \E bR ifE . i FH
GTEx % #i& J# (http://www.gtexportal.org/) | Pritchard
Lab eQTL Browser (http://eqtl.uchicago.edu/cgi - bin/
gbrowse/eqtl/) Fll Genevar 3.3.0 (http://www.sanger.ac.
uk/resources/software/genevar ) Pl ixX £ SNV J [K] 74
LRI KK - 22 ] A8 DG IEG , B E 1X 26 SNV FIT/E Y
LN DL K A7 AE 32 38 80 IR (expression Quantita-
tive Trait Loci, eQTL) JCHE 1Y 5 A, e 415 5] 65 1~
CHD ¥ 7 M K K . B J5 7% GeneCards (http://
www. genecards. org) Fll OMIM (http://www. omim.
org) K KX 65 MBI IR TEDIRE , £ LA 125
WEFEH P EUESE S CHD &k A JC B 7E T REAH OC
My HEP, DL AR 38R eQTL U SCHF Y 3L KRS CHD
Gy LN A3 3] 19 43K ] TCF21 . MTAP . PDGFD
WDR35., ADAMTS7. APOA1l. APOC3. APOA4,
APOAS5. UBE2Z, LIPA. MYL2, ERG. TAGLN,
SKIV2L,KLHDC10, USMG5 ., CTSH, ATP5G 1. %t X
19 JER Y 18111 i X3 (hg 19) #EA T ARINIT
1.2.2  Access Array & Z¥e w4 ik | 518 2 0 5
pEcil

{5 Primer 3 #1511 486 X [m Rp 2 1E 5 14
B 19K T A 181 At Ah 7 X, R
JH Access Array™ System ¥ [n] i 48 F G il £5 SO
AFEARTT B 1A 5 BRI FRIC B DNA FEA
SCJE , B J5 AE lumina HiSeq 1500 I 5 - 5 58 AL
¥ o 5 28 B A Burrows-Wheeler Aligner (BWA )
W 8 HexE 3 N2 2% B 2 (hg19) ™ AR5 ]
Picard Tools F£J¥ (http:// picard.sourceforge.net/) 2[5
HwEIFH( duplication reads ) , F+{# ] Genome Analy-
sis Toolkit (GATK, V.1.0.5974 ) i/l 17 B ik it &5t H 15
IE Y IR BE R 126 %, 5 5 FH Freebayes
(v.0.9.21) PEAT A2 5 YU, 45 2 SNV FI INDEL (i
ABRRAESE)
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DU K508 PAATE 5 % G 11382 4% 78 S W A4 Ty T 3
Frmr il o WFFERT G B 42 ] S B 5 1/3
4 DX P R 8 < 20X B REAS , FE 5B 12 41 CHD
R 2 4510 %oF B 384 72 S 9 Jo A T s o - (DR IR
FAGPRURIIZ=90% , HEBR 153 78 57 @%f R gy
HIR AR T (HWE) RS0 1 PE=1x107, HEFR 414>
ARSI WAL A 492 180 141 CHD 5 51l A
190 % B4 407 1~ A8 5% o $5eJ5 H SnpEff(V.4.1) K
xR AR AT IR . IR Integrated Genome
Viewer (IGV 2.3.80) Fll Sanger il /5 46 11F 5 7E 1) fig 1%
SR .

123 AW &S5

fifi 1 HaploReg v4.1 (http://www.broadinstitute.
org/mammals/haploreg/haploreg.php) , UCSC (https://
genome.ucsc.edu/cgi-bin/thateway)ﬁ?ﬁ@%ﬁﬂ%gft
P45 7428 SN A5 2HL 2 VB U R DN Ase /B8 SRR AV 1
A BN ENTRYZIEE . i CADD (hup://
cadd.gs.washington.edu/) Fll Regulome DB (http : //www.
regulomedb.org/ ) X} 5 1% 45 S5 AT REVE 53 43 0 DA
SNV B T AR M S R 45 G T RETE ™
AT LTI RE B CADD $F43>20 P K Regulome
DB 530 1~3 AL AT I RERUV 1728 5+
1.3 %itFEsik

TP o A0 0 D7 RS S VA g 31 R R A —
N FERRAE . R FH PLINK 1.90 46 56 5 B8 21 14 35 [
RO FEAAT 5 HWE - ol H] Logistic [a 41
T DLAR 5 5 CHD XU 22 [R] A9 SCHK P B OCHR 3R
JE M3 L (OR) K 3 959% B A5 X 6] (CI) , JF I 44 4
W PR AR AR . AR, AR
JE 5 CHD IR SR Ay 22 W AR 5, A8 S i b A 71
BOFERELL T AR A B TE D RE 8 57« (DTENS
%t B — 7 A a5 578, o) — T Al 5278 s T
WIS B — T =3 MR R, S — TR
K 9B B PE RS 56 (sequence kernel association
test, SKAT) " 47 LAKE R A AL 9 DGR 437, I
REARS PRI R IE A DARIRAS . B s S B R
FIREPE(V.3.4.3) k17,

2 # R

2.1 BRRATF ) — AT AE

AWFFE G AT 192 41 CHD 5 151 F1 192 451
R 91 4 RIOGT B2 A — e N T 2R WA T
TEOL AR AN 1T o 091X BE AR 4 1l
Yyt vl b, PR ) R AR R S B E 2 R

(P> 0.05)-

FT1 WRITRIFE
Table 1 Characteristics of subjects
A W2 (n=192) XJHRZH(n=192) P{H

A (%, x+s)  61.72+1098  61.81+11.39 0.943
<60% [n(%) ] 76(39.6) 96(50.0)  0.051
=60%[n(%)]  116(60.4) 96(50.0)

PR (%) ] 1.000
H 144(75.0) 144(75.0)

4 48(25.0) 48(25.0)

WA (%) ] 0.469
2= 85(44.3) 77(40.1)
w5 107(55.7) 115(59.9)

R (%) ] 0.577
B 33(17.2) 28(14.6)

% 159(82.8) 164(85.4)
AP AT ] Welceh s ¢ K66 s FEAY T FTRUN R 7 K56

22 MABHEIIE Fik

e 3 o O A 3 1 D s SR 620 478 S
FEE XTI S0 2 Fist G 48 S i i i A i R 2 )5
S IEAE 180 N I T 190 /4~ X HE b 255 H 407 45
Jo AR SR L, AL FE 86 Y ILAR S (MAF> 5% ) Fll
A ANFERAE T (MAF<S5% ) , I THE 0928347 .
23 wIEIFL5 CHD Ry X Bk

TE 86 1~ WL AR S v | 3 3+ Logistic [|1 553 Hr &
5 A7 55 CHD KR & B P <0.05: TCF21
1s3734280, APOA4 1s5103, TAGLN 1s12970. AD-
AMTS7 12277548 , ATP5G1 rs66985080 (% 2) . il
i Regulome DB 1 CADD XJ3xX 5 M3 a5 47 Ty E T3l
W PR, 112970 52 NS HE KA T 1% fe i F 15
A (CTEAr>20) o i — 238 ] GTEx ¥ ¥ & 17
eQTL AT , 25 T 22 B vs12970 ) A S5 37 K5 K 5.0 -
e B BT APOAL I RGN X (G>A, B=
0.66,P=3.1x10",%2),
24 F KI5 CHD Ry X Bk

THECE M & B 154> CHD XU S 15647 25 . (D
FEIR I R — T f 2l 1 i 5 — 5 Jeali A IR
AR S5 104 s QFER Bl/%F IR — 5 BEAH 344G
T M — HAFEN RN 54, Hi
152075291 A WF7E & -5 o E RIS TG /K- Tt
i E M O . R ST e TE B & B WDR35
rs139543775 {3 }5, CADD ¥ 43 >20, 2 4~ {if 25 KLH-
DC10 rs60941031, CTSH 1s3129 f#) Regulome DB il
M5 A 1~3(FR3) . 5 LR AE 15139543775 F 3
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Table 2 Common SNVs identified by association analysis

1KG ASN MAF Regulome CADD GTEx
A SNP MAF" I il payilsl OR(95%CL)"  PH’ DB/l CiT43* eQTL P A’
TCF21 1s3734280(A>G)  0.03  0.09(1/32/147) 0.05(0/19/171) 2.04(1.12~3.71) 0.020  — 2.786 —
APOA4  1s5103(A>G) 0.06  0.04(2/9/169) 0.08(2/28/160) 0.44(0.23~0.83) 0.012 5 0.262 —
TAGLN  rs12970(G>A)" 0.10  0.1(2/31/147) 0.15(5/47/138) 0.61(0.39~0.96) 0.033  — 218 3.1x10°
ADAMTS7 rs2277548(C>T) 0.39  0.33(20/78/82) 0.41(29/98/63) 0.69(0.5~0.93) 0.017 5 8.005 —
ATP5G1  1s66985080(C>G)  0.14  0.11(0/39/141) 0.16(4/51/135) 0.63(0.4~0.99) 0.044 5 6.078 —

1: 1KG B8 g SN G SR/ NS L PRI 5 2.+ Logistic [ R 434 AR AF% , M 531, AR RIERIFRARES 5 3 : Regulome DB 3B 1~6, 3+
1o 2 S i B S PR -85 B B 5 4 VP43, A0 (B L 1~99 , 36 AZERT B &Z 2B 19 8.6 AC AR A S A T PP A RIHET o (BB e R
AR S TNAT AT GR350 eQTL, GTEx BHE 17 1 rs 12970 5 APOA 1 335 A CEE , P E 5% 35 PR BRI A0 O IE- 20 2 P B S DR TR 1)
NIRRT, = ARR TN W] A DI RERLN (R 5

WDR35 JE K5 242 (i AR B R AN HARR, 45 A 0048, i AG | FE 55 H 1 45 & B (Motif) 1)
CADD 3B T2 98RBT BEME IR R A2k o028, 3F HAL 5 DNase M8 SUS 5 (DHS) A1 % 7
oL UIRE, M AN AT 1 % i FERAS, b (H3K4Mel ) 415 B X I &, rs3129 FIIAR
#h, Regulome DB Tl Il 25 5 R W] rs60941031 AR AT GE AT BB 5 WA % S IR 7 445 5 O 5 30 66 IR 1) 3R 3K 4 G
S S R 25 NSE I A I RA FTRE, WK, RIS s 7 T 184 58 - 1) 4 28 1 A8 A DX I A
HaploReg 7E B 45 7R , 160941031 J£ 4% 5% [N DHS.

RI HHZREEHNTNERRELEHERER

Table 3 The rare functional mutations identified by counting method

LA SNV AR S A 1KG ASN MAF' T 51 xR
APOAS 152075291 (C>A) Gly185Cys 0.04 2/22/156 0/18/172
WDR35 1s139543775(T>C) Glu242Gly 0.00 0/3/177 0/0/190

KLHDC10 1s60941031(C>T) 3'UTR 0.01 0/6/174 2/7/181

CTSH 1s3129(C>T) 3'UTR 0.04 1/16/163 0/14/176

HaploReg Regulome  CADD

B RS RN W DNAs @B | BAGAS | MoubMAE  DBAMES CIFA
APOAS SKIN, LIV IPSC, LIV IPSC,BLD,KID — 4 22.7
WDR35 — — — — Ik-1,RBP-Jkappa — 25.1

KLHDC10 — 4 tissues MUS,BLD 10 bound proteins 5 altered motifs 2b 3.945

CTSH — MUS 5 tissues — 1b 6.338

12 TKG Eth P PR fie /N S BRI 2 ARRA I PR I AN 2R 5 3 ANREE 3 B OB H 5 4 - AT 42 19 Motif 5 5 : Regulome
DB 43 (1 [ 1~6, 430118 25 2R W12 ) e i TR 1205 6 ORI 20, 1b SRR AR T RERS IR 455 O 15 SR PR 1 3R A AH OGHR , 2b /R ARAT T R SE R 25
36: CADD ISy, IMEIE R 1~99, 2T AJERT EALE ) 8.6 AZ AR s St A TP A0 RIHERR , (I Mo 28 DA S5 BTN A 35 1Ay ) BT

2.5 A THARCHD K& £4 HESCHD SR 2E

R SKAT G (5 2o I 25 AR T 1 6T 4 Table 4 Associations between significant genes and CHD
B SR, IR A AT 196 vh A7 347> risk
KHR P EIE B T BE 19 2 F M KCF (P < 0.05) . WEEr B RWSNVEC | PR
APOA4 £ APOAS ZEPFIMTAP JE K 5 CHD A& 11q23.3 APOA4 11 0.021
AU ARSI PR3 0.021.,0.032 £110.025(F%4) . 11423.3 APOAS 16 0.032

9p21.3 MTAP 46 0.025

3% R 1: PAH< 0.05 FE D 5 2. AP HEDH 1 SNV 413 SKAT 43 H7

S PR, P N N # A M) TRIIRZS
K5 20 5 57— Fh R A X I 7 B HETARN R R RGTAR
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B UNH IR AR T I RS o bR TR 4t v A
FERENEHS B4/ N 7 s B B, (T R BRELIE
PR ., B ATZ R O 2 T R R 4%
PEREI B ROR A 5 o A, Rivas 25 ) AR I
FARE &R MR 50 4 5 B IX e (£ 2
GWAS &L IX I, , 78 350 141135 51 F11 350 451 % et v
HEAT T, IF i — DA T O ST, A
NOD2 ,IL23R . CARD9 FI IL18RAP %5 5t A [X i & #i
T 2SI RN G AR o A5 38 43 % 384 4]
b ] AHEREZS 19 19 /1> CHD AH 56 52 K A1 i - DX gk
FIRG AN E LRI, RSN BT X s A5 748 5+ 5 CHD
R RS Z [a] 1) B . 7R BT i S i A s
PEATINARE R, B E 1 10 DR S0 3 A5 L A
SRl RE S CHD XU AH G

A ST S5 B H UL SNV 1s12970 7 T~ 42 (444
11q23.3, 7E eQTL 43 #7 H1, & 3 1512970 1) A 5540
R A LA i 3 R APOAT (9 2 3k (G>A, B=0.66, P=
3.1x107°), 1if APOA1 4 i A 28 08 25 (4 A1 J2 I 3¢
HDL ) F 288 [ B3, 25 82 11 A1 #2320 g i
] B, 38 3k 08 B W DR IR R R I A B8
(LCAT) , P ARAR % B2 B 85 11 (LDL) H A 25 A9 3t 41
ft o Tani "B 5% & B apoB/apoA 1 b AE J& L0 I
(90 ST fE [ R 2%, apoBlapoA 1 FE [ BRAIG , T84k 30 ik
o B Ab i IXURS: BRAIR . I FLWFSY & 3 CHD B
f) HDL-C F1 APOA 1 /K- 5 FAI . 221 1512970
Al figi It R APOA T YRR RFEIL CHD A XUS:

A 5Y %5 RE R A CHD AH % 48 S %% AR
rs139543775 (Glu242Gly) , {7 T 5& [l WDR35 155 7
AHME T I, WDR35 24w WD 542 85 (1 Z A0 AL
BORFE IR S 5 A AR (555 5 A
PRI DR R A 2 AP A Lt B2 . 2012 4F7E Nature
BRI 24N DUR AT CHD ) GWAS & B WDR35
LR 5 U ABER) CHD S B PEA 56 (P < 107%)
Mill 222 # 57, T WDR3S5 4k 2415 5/ BB, 2828
IRRRAESSBC IS 12.5 dBETS, Jf H R B — &R 5 ™ i
B L A5 BB L 48 7% T WDR3S 3 K 7RO L4 R 48
I E AR . A S 1Y 15139543775 0 T
WDR35 1) 5 B I g dsk WD-40 1 & 4544 18 (WD40-
like repeat domain) H7 , iZ 25 ¥ I A7 7E T 2 Fh HA
FEAE I B 1, A S 2 1 BT 2 () A9 A B AR
rs139543775 n] G4 T8 WDR35 & iU 45 M Th E S+
T FEOO M A PRE 1 KA o ARWFIE & B 5
— it 57 152075291 (Gly185Cys ) v T Y fr1 4 [X 1,
chr11q23.3 i APOAS FE A, € 38 5 v [ H#E TG

KA FGE g MBS A 57 o APOAS TE T e 52
PEFR BRI TR, i 33K APOAS By LA/
BRI TG AU/ ZE X B 1/3, T APOAS BER /)
BRI TG K T 4 A% 22 0/ BURSE Y Ik 52
rs2075291 78 FHCE L RBUCH 2R, 51 A
IR S AL S MK b B 1% Fh 8 A5 B
SR PR ek e R A, S R EE 1 AS RYAR B4l
B, BEWTIE 2 P SR TS HHh =R
SKAT 3 T [A (9 IR 7 b — 204 T fik i A
55 CHD XU (4 A0 OC 1% , & & 43 B 25 2R WoR
APOA4 ., APOAS I MTAP 3t K P < 0.05, H
APOA4 i i 1) 25 £ 11 A4 32 24778 T 3L BE fOkL
(CM)FIHDL #1720, AT BEFE R W] APOA4 76/ Fil
1 R T 1 3 S o 28 R TR A A
FH S MTAP Jk P G fith 8 Ji 1 1 ALl L 2 P
S ATP F1 dAMP & AN RO A GBI, 5 22
AR IR AR O AR D), WF ST SR MTAP 35 95 ik
PEGA O JIUREZE Y K A R 5, /) Bl R A5 7
JBEMTAP Xt Sl kot A AR 2RI 1T
L LTI AW HT FAR XU AR 4S5 s 1
I SRR BT BORB I i, e PR A i
W RGEHLIR L T GWAS HJSHiHGE Y CHD AHE X
B R RN TS T eQTL A A7 &, A bl 7 1Y)
194 HAREE DN HA R 08 Y B AR o i B 5 4
AN FEDVRIZE S B DD RECE RS R DA 4 ML i vl fiE
e TP EONHE R0 i 1Y ke AR i o e o RS R AR
Mo ARSI REE AR R HE T IR %, O HLAE
Ad/N KR SCREA IR, 75 2 — 2D B U S RE T
FELAB AT 458 28 S i CHD A A BT e ML o
(&% k]
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