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• The entire genetic make up of the human cell nucleus.

• Genes carry the information for making all of the proteins required 

by the body for growth and maintenance.

• Made up of ~20,000-25,000 genes and a much smaller 

mitochondrial genome with 37 genes

• Includes non-coding sequences located between genes, which 

makes up the vast majority of the DNA in the genome (~95%)

• The particular order of nucleotide bases (As, Gs, Cs, and Ts) 

determines the amino acid composition of proteins

What is the Human Genome ?
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Genome-Wide Association Study (GWAS)

대규모 연구대상자(정상-환자)들의 유전체시료(DNA)를 이용하여 유전체

전장을 대표할 수 있도록 선택된 대량의 마커 (SNPs)들을 타이핑하고,

이 정보를 역학·임상정보와 연계하여 특정 질환이나 형질과 연관된 유전

변이(유전적요인)들을 발굴하는 연구

(Pearson & Manolio, JAMA. 2008)

전장유전체연관분석 연구란 ?
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(Kingsmore et al., Nature Reviews Drug Discovery. 2008)  

Overview of the general design and workflow GWAS
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Trend of GWA studies-Publications:  847 papers, ~2010. Oct.13

Year

Modified data from HuGE Navigator 
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GWA studies are published in 160 Journals:
Nature genetics 222 papers, ~2010. Oct.13

Modified data from HuGE Navigator 
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52 Journals

77 Journals

97 Journals
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Trend of GWA studies-Publications: 847 papers, ~2010. Oct.13

Modified data from HuGE Navigator 
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Korean GWAS Vs Previous GWAS 

Boldfaces represent associations with P < 0.05 in Korean CAD GWAS
Abbreviation: I, imputed type; O, observed type

    Korean GWAS Previous GWAS

SNP Chromosome Gene(s) Type Allele maf OR P Allele maf OR P Ref.

rs10757278 9p21.3 CDKN2A-
CDKN2B I G 0.485 1.269 1.91E-08 G 0.45 1.28 1.00E-20 Science 2007

rs1333049 9p21.3 CDKN2A-
CDKN3B O C 0.494 1.263 3.30E-08 G 0.47 1.47 1.00E-13 Nature 2007

rs4977574 9p21.3 CDKN2A-
CDKN2B O G 0.467 1.244 2.02E-07 G 0.56 1.29 3.00E-44 Nat Genet 2009

rs4537545 1q21.3 IL6R O T 0.417 0.809 1.20E-06 T NR 11.5 2.00E-14 JAMA 2009

rs599839 1p13.3 PSRC1 O G 0.06 0.725 0.00033 A 0.23 1.29 4.00E-09 N Engl J Med 2007

rs646776 1p13.3
CELSR2-

PSRC1- SOR
T1

I C 0.045 0.739 0.00295 T 0.81 1.19 8.00E-12 Nat Genet 2008

rs501120 10q11.21 CXCL12 I C 0.365 0.9193 0.05198 T 0.13 1.33 9.00E-08 N Engl J Med 2007

rs1000778 11q12.3 FADS3 I A 0.3 0.9146 0.05651 A 0.32 0.62 7.00E-13 PLoS Genet 2009

rs1746048 10q11.21 CXCL12 O A 0.328 0.9229 0.07304 C 0.84 1.17 7.00E-09 Nat Genet 2009

rs6725887 2q33.1 WDR12 O C 0.014 1.357 0.08414 C 0.14 1.17 1.00E-08 Nat Genet 2009

rs17465637 1q41 MIA3 O T 0.437 0.9323 0.09338 C 0.29 1.2 1.00E-06 N Engl J Med 2007

rs17465637 1q41 MIA3 O T 0.437 0.9323 0.09338 C 0.72 1.14 1.00E-09 Nat Genet 2009

Hugenavigator “GWAS integrator”
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Nature 2007

Science 2007

N Engl J Med. 2007
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Associations of IL6R variants at 1q21.3 

JAMA 2009



KNIHAssociations at 1p13.3 

N Engl J Med. 2007

Nat. Genet. 2008
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Most loci with associations with CAD have been confirmed primarily 
in large European populations

In Asian Populations,

• New associations of BRAP variants with myocardial infarction at 
12q24.12 in Japanese populations Ozaki K et al. Nat.Genet 2009 

• Replication for associations of BRAP variants Hinohara K et al. J Hum Genet. 2009

• Replication for associations of variants at 9p21.3 in Chinese, Japanese 
and Korean populations Ding H et al. Circ Cardiovasc Genet. 2009 , 
•Hinohara K et al. J Hum Genet. 2008

• Replication for associations of MIA3 variants at 1q41 in Japanese Hiura Y et 
al Circ J. 2008
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Genome-wide association study of 
CAD in East Asian populations 
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Schematic Overview of CAD GWAS

cohorts
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Samples in The Discovery Stage   

• Cases with coronary artery disease
- Samples were collected by GenRIC Working Group 

- Samsung Medical Center
- Seoul National University Hospital
- Yonsei University College of Medicine, Seoul, Korea

- Age of men and women was younger than 55 and 65, respectively
- Collected Between 2005 and 2009

• Controls
- Samples recruited from a large urban cohort, part of the Korea Genome 
Epidemiology Study (KoGES)

- KoGES is an ongoing cohort study in Korea that started in 2001
- Samples of urban cohorts were collected in centers of Seoul and Busan
for health examination 

- Age of men and women was older than 40 
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Genotype for Discovery Stage 

• Samples
- 2,317 cases with stable angina, unstable angina and myocardial   

infarction from 3 hospitals 
- 4,302 controls from urban cohort

• Platform 
- Affymetrix Genome-Wide Human SNP Array 6.0

• genotyping algorithm
- Birdseed is a new tool to genotype SNPs on the Affymetrix SNP 6.0      

arrays (Downloaded from “Affymetrix Power Tools” )
In Phase I In Phase II 

Adapted from Finny Kuruvilla’s presentation
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Quality Control Procedure 

SNP pruning 

First Step Second Step
50 SNPs5 SNPs

Heterozygosity and 
missing rate

Remove Individual 

Calculation of IBS, MDS plot 

Samples and SNPs quality control
• Case : At beginning 2,317 samples and 909,622 SNPs 

after filtering 2,123 samples and 644,502 SNPs
• Control : At beginning 4,304 samples and 909,622 SNPs

after filtering 3,703 samples and 627,659 SNPs

Sample quality control
Case Control

At beginning 2,317 4,302
Gender discrepancy -28 -8

Low call rate >= 95 % -108 -443
Excessive heterozygosity -51 -25

Cryptic first degree relative -9 -33
outlier (MDS) -3 -26

Cancer history -64
After filtering 2,123 3,703

SNP quality control
Case Control

At beginning 909,622 909,622
Minor allele frequency -175,249 -112,231

Missing rate -97,776 -170,631
Hardy-weinberg -39,456
After filtering 644,502 627,659 599,162 common SNPs for 

association analysis 
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Association Analysis 

• The logistic regression with adjust
ment for age, gender under additive 
model

• 599,162 SNPs in 2,123 cases (in 
men < 55 y old and in women < 65 
y old)  and 2,690 gender-matched 
controls among 3,703 subjects pa
ssed by quality control criteria 

• To reduce inflation generated by 
confounding effects, remove with 
SNPs,

- Different missing proportions in cases 
and controls 

-- Case missing rate >1% or 
control missing rate >1%, 
-- Missing P<5X10-5

- Or with ambiguous cluster plots

Quantile-Quantile Plot

Bad Cluster

Lambda (λ) of 558,020 SNPs  is 1.07

Lambda (λ) of 599,162 SNPs is 1.13
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Association Results 

IL6R on 1q21

CDKN2BAS on 9p21

Loci replicated  with P < 0.05SNP selection for replication

• 62 SNPs with P < 5 X 10-5

• Lead 36  SNPs with lowest P value in Linkage Disequilibrium(LD) block
• 18 loci were selected for replication test in the Japanese population

- P < 5 X 10-5, Minor allele frequency > 5%, OR < 2,
- Robust cluster plot
- supporting evidence for association in LD block  

APOB on 2p24

For the 558,020 markers in 2,123 cases and 2,690 gender-matched controls from  discovery stage
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• Subjects 
- The samples of cases and controls were collected from from KING 
(KItaNagoya Genome) study 
- Age of men and women is younger than 80 
- Between May 2005 and December 2007

• Genotype of subjects in cases and controls
-18 SNPs were genotyped in 812 cases and 4,422 gender-matched 
controls (in men < 55 y old and in women < 65 y old) using TaqMan® SNP 
genotyping assays

Replication Stage 
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SNP Gene Chromosome Risk Allele Risk Allele Freq. OR

rs9818870 MRAS 3q22.3 T 17.3 1.15

Hap SLC22A3, LPAL2,LPA 6q25.3 0.02 1.82

rs646776 CELSR2, PSRC1, SORT1 1p13.3 T 0.81 1.19

rs11206510 PCSK9 1p32.3 T 0.81 1.15
rs17465637 MIA3 1q41 C 0.72 1.14
rs6725887 WDR12 2q33.1 C 0.14 1.17
rs12526453 PHACTR1 6p24.1 C 0.65 1.12

rs4977574 CDKN2A, CDKN2B 9p21.3 G 0.56 1.29

rs1746048 CXCL12 10q11.21 C 0.84 1.17
rs11066001 BRAP 12q24.12 G 0.34 1.47
rs1122608 LDLR 19p13.2 G 0.75 1.15

rs9982601 SLC5A3, MRPS6, KCNE2 21q22.11 T 0.13 1.2

Previously published loci associated with CAD

Dan E. Arking and Aravinda Chakravarti, Trends in Genetics 2009

SNPs with P value < 5 X 10-8
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Results of a meta-analysis for SNPs identified from both the 
GWAS and the replication cohorts

GWAS - Korea Replication - Japan Combined analysis

SNP Chromosome Gene Func Allele N OR P Allel
e N OR P OR p het.(P)

Previous publications
rs4537545 1q21.3e IL6R i T 4735 0.8356 2.39E-05 T 5234 0.8936 0.04297 0.8659 4.74E-05 0.3376

rs7588415 2p24.1c APOB A 4778 0.7578 2.74E-05 A 5233 0.8232 0.02587 0.7914 2.47E-05 0.4498

New identified loci
rs1111782 9p21.2a TEK i A 4716 0.8101 7.32E-07 T 5234 0.952 0.3684 0.8816 3.46E-04 0.0198

rs12114277 8q22.3b UBR5 i A 4674 0.8082 8.43E-07 A 5233 1.016 0.764 0.912 8.70E-03 9.00E-04

rs219822 7q22.1a TRRAP i A 4783 1.229 9.64E-07 A 5232 1.068 0.2277 1.1422 1.35E-04 4.12E-02

rs12705702 7q31.1b T 4781 0.8263 4.17E-06 G 5232 1.039 0.4792 0.9314 4.06E-02 8.00E-04

rs1163072 10q24.33 T 4780 1.203 1.04E-05 G 5231 1.051 0.3571 1.1208 9.86E-04 0.0487

rs41391154 3p26.1a GRM7 i T 4775 0.7166 1.24E-05 T 5233 0.9898 0.9076 0.8487 5.05E-03 0.0055

rs886126 12q24.11d CUX2 i C 4756 0.8244 1.31E-05 C 5232 0.9654 5.45E-01 0.8958 2.92E-03 0.0309

rs10012505 4q34.1b GALNT17 i G 4662 0.7661 1.67E-05 C 5233 0.9422 0.4594 0.8547 2.35E-03 0.0416

rs2122149 4q13.1a A 4674 1.277 1.87E-05 A 5231 1.03 0.6516 1.14 2.96E-03 0.0138

rs9944810 18q21.31 ALPK2 cn C 4783 0.8326 2.08E-05 C 5234 0.9488 0.3364 0.8914 1.09E-03 0.0603

SNP2 12 gene2 i C 4762 1.255 2.13E-05 G 5232 1.262 9.85E-05 1.2586 1.13E-08 0.9446

rs17101534 10q26.12b C 4780 0.8218 2.26E-05 C 5232 0.9621 0.5224 0.8923 3.13E-03 0.0384

rs2068230 3q23c ATP1B3 i A 4759 0.834 2.33E-05 T 5231 0.9775 0.6776 0.9063 5.25E-03 0.0226

SNP3 13 gene3 i C 4789 1.192 2.34E-05 G 5231 1.148 1.09E-02 1.1688 6.35E-06 0.5817

SNP4 4 gene4 i G 4781 1.187 3.27E-05 C 5233 1.116 0.04156 1.1491 4.91E-05 0.3625

rs9368386 6p22.3b T 4779 0.7383 3.33E-05 T 5232 0.9921 0.928 0.8616 9.85E-03 0.0098
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Novel association at 12q24 confirmed in the present study

Known  associationsNovel associations
Combined P = 1.13X 10-8

Novel locus is about 700kb apart from known locus

LD map of r2

HapMap phase 2 JPT/CHB
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Signal plot at chromosome 12
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Signal plot at chromosome 13
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Signal plot at chromosome 4
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Summary and Future Works 

• We undertook a GWAS in large Korean population followed by replication 
studies in an independent Japanese population to discover novel susceptibility 
loci associated with CAD in East Asian populations

• We identified One new susceptibility locus on 12q24.11 supported by compelling 
statistical evidence, together with two additional statistically significant loci on 
13q12.3 and 4q12. 

• Meta-analysis and replication should be required to discover more novel risk 
genetic factors for CAD in different large-scale populations.

• Fine mapping will be conducted to detect some novel loci and functional rare 
variants that have been missed completely.

National Institute of Health
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