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단일염기다형성

ATCTAAGGCTATGAGGGCCCAATCTAGCTTTTATTTCCGAGAGA

ATCTAAGGCTATGAGGGCCCAATCTAGCTTTTATTTCCGACAGA

ATCTAGGGCTATGAGGGCCCAATCAAGCTTTTATTTCCGACAGA

ATCTAAGGCTATGAGGGCCCAATCAAGCTTTTATTTCCGACAGA
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표현형의 차이
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A형 : 사타구니나 겨드랑이 아래에 아포크린땀샘이
적고 마른 귀지를 갖는다.

G형 : 사타구니나 겨드랑이 아래 아포크린샘이 많고
마른 귀지를 갖는다. 아포크린샘은 단백질, 지방질,
당질 , 암모니아 , 피루브산 , 노화색소 , 철분 등을
포함한 약간의 점성이 있는 땀을 분비하고 이런
성분을 세균이 분해할 경우 암내가 난다.
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동아시아인들 끼리도 유전형이 다름
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SNPs

⚫ Synonymous: do not result in a change of amino acid in the 
protein, but still can affect its function in other ways

⚫ Non-synonymous
– Missense : amino acid changes

– Nonsense : changes amino acid to stop codon
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Heterozygous vs. Homozygous

⚫ SNP representation in a double stranded DNA fragment for 3 
hypothetical individuals, tree 1, 2 and 3

⚫ Tree 1 is heterozygous, whereas Trees 2 and 3 are homozygous 
(CTGN Short Course, University of California, 2009)
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Call rate

⚫ Genotype assignment

⚫ The overall call rate of a sample is equal to the number of 
SNPs receiving an AA, AB, or BB genotype call divided by the 
total number of SNPs on the chip.
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Genetic variance VS. Disease risk
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한국인유전정보기반 platform 필요

ATCTAAGGCTATGAGGGCCCAATCTAGCTTTTATTTCCGAGAGA

ATCTAAGGCTATGAGGGCCCAATCTAGCTTTTATTTCCGACAGA

ATCTAGGGCTATGAGGGCCCAATCAAGCTTTTATTTCCGACAGA

ATCTAAGGCTATGAGGGCCCAATCAAGCTTTTATTTCCGACAGA

HGP

토마스
제임스
제인

ATCTAAGGCTATGAGGGCCCAATCTAGCTTTTATTTCCGAGAGA

ATCTAAGGCTATGAGGGCCCAATCTAGCTTTTATTTCCGACAGA

ATCTAGGGCTATGAGGGCCCAATCTAGCTTTTATTTCCGACAGA

ATCTAAGGCTATGAGGGCCCAATCTAGCTTTTATTTCCGACAGA

유시진

강모연
서대영
윤명주

rs1234 – 당뇨연관유전변이
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자국민 정보의 자원화
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Complex disease study 

⚫ Caused by multiple genetic and environmental factors

⚫ Ultimate goal of GWAS is to define genetic architecture of 
complex traits and disease and also provide new insight into 
disease pathophysiology (Genome Research. 2015, 25(10): 1432)

Image courtesy from http://www.sciencemag.org
Journal of Gastroenterology and Hepatology (2012) 27(2):212-22



2019 통계유전학워크샵: 한국인칩을 이용한 대규모 유전체정보 분석

International Diabetes Federation Diabetes Atlas, 8th edition, 2017
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Merino et al. Curr Diab Rep 2017
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The power is all of numbers 

Eur Heart J. 2017. doi: 10.1093/eurheartj/ehx254
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국가별 자국민 유전체칩 현황

국가 연도(시작) 샘플 수 사업명

미국 2011년 10만 명 UCSF-Kaiser RPGEH study

대만 2012년 5만 명 Taiwan Biobank Academia Sinica

영국 2013년 50만 명 UK Biobank

미국, 유럽 등 2013년 10만 명 iGeneTRAiN

미국 2013년 20만 명 Million Veteran Program

* UCSF: University of California San Francisco
* RPGEH: The Research Program on Genes, Environment, and Health
* iGeneTRAiN: The International Genetics & Translational Research in Transplantation Network

출처: Affymetrix
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차세대 유전체칩

Arrays Target Diseases Main purpose # of Contents
GW

Tagging
Description

Metabo Chip
Metabolic 
Diseases

Replication
Fine mapping

200K No -

Immuno Chip
Immune 
Diseases

Replication
Fine mapping

200K No -

Exome Chip

Complex 
Diseases

(Functional 
variants 

included)

Discovery 250K No -

Oncoarray
Cancers

(5 cancers*)

Discovery
Replication

Fine mapping
530K Yes

OncoArray Consortium
425,000 samples

UK BioBank
Complex 
Diseases

Discovery 820K Yes
UK BioBank 500,000 

samples

Kaiser BioBank
Complex 
Diseases

Discovery 650K Yes
Kaiser BioBank 100,000 

samples

*5 cancers: Breast, Ovarian, Intestine, Lung, Prostate
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한국인칩 == 만능열쇠???
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한국인칩 제작
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한국인칩 제작배경 : 기존 연구기법의 한계

⚫ 한국인 만성질환 유전체 연구를 위한 대규모 인구집단 유전체 연
구의 기존 연구기법의 문제점 대두
– 유전변이 칩: 서양인 중심 설계, 한국인 염기서열정보 미반

• *낮은 Genomic coverage (~75%, 1KG ASN, MAF 5% 기준)

– 차세대염기서열분석 기법

• * 높은 계산력과 유전변이 칩 대비 수십 배의 분석 시간 요구

⚫ 이러한 한계 극복을 위한 인종 특이칩 제작
– 인종 별 염기서열 정보 기반, 각 인종의 질환 유전체 연구에 최적화

• * 인종별 1000게놈 프로젝트 phase 3 서양인(503명), 동아시아인(504명) 

– 낮은 비용 (기존칩 대비 약 3-5배, NGS 대비 약 10배 절감)
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Example of Genome-wide scan

⚫ High genomic coverage confers high association mapping power

Kim et al. Nature 2011
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- Variant discovery
- LOF variants
- Population Structure
- Mutation hotspot
- Impact of Sequencing Coverage
- Accessing Genomic coverage of microarray
- Comparison of Reference Panels in Genotype imputation

Singapore Sequencing Malay Project

Wong et al. AJHG 2013

# of Tagged markers

Total # of SNP
Genomic Coverage = 
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기존 칩 제작 전략

⚫ Evenly spaced markers

– Affymetrix 500K, 5.0

⚫ Tagging SNP markers

– Illumina SNP chips

⚫ Hybrid approach (Evenly spaced + Tagging SNP)

– Affymetrix 6.0

Hao et al. PLoS Genet 2008
http://www.affymetrix.com

http://www.illumina.com
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Wong et al. AJHG 2013

MAF >= 5%

MAF >= 1%
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한국인칩 컨텐츠 제작 목표

(1) Minimize the number of markers filtered by QC because of 

ethnic difference, resulting in maximum utilization of KoreanChip;

(2) Include the highest possible amount of potentially damaging 

variants observed in Koreans that can directly affect coding 

sequence; 

(3) Achieve higher imputation-based genomic coverage at 

common and rare variants;

(4) Ensure cost-effectiveness to provide more genomic information 

on the same budget to facilitate genome–phenome studies.
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한국인칩 성능평가
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마커 선별 방법 (2014. 5 ~ 8)
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정확도
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Methods-Accuracy and reproducibility

Reproducibility (duplicate blind comparisons, 35 samples in different batches): 99.77%.
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컨텐츠
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KoreanChip content- Functional Variant
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사용칩과의 컨텐츠 비교
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기능변이
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Genomic coverage
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Example of Genome-wide scan

⚫ High genomic coverage confers high association mapping power

Kim et al. Nature 2011
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Introduction – Imputation

AA AB BB



2019 통계유전학워크샵: 한국인칩을 이용한 대규모 유전체정보 분석

Imputation GWAS grid (UK Biobank)
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Estimated genomic coverage

⚫ Genomic Coverage
– Genomic Coverage: the proportion of variants captured by a genotyping 

microarray (Nelson et al. G3 2013)

– Imputation based genomic coverage: fraction of variants with imputation 
quality score ≥ 0.8

⚫ Imputation
– Reference panel: 1,000 genomes project phase 3 (2,504 samples)

– Imputation: Impute v2.3
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Genomic coverage
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Estimated genomic coverage

(MAF ≥ 5%)

CHR 1

(MAF 1-5%)

CHR 1
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연관성 분석 결과
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Overall scheme of GWAS
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Comparison results of Association signals

⚫ Comparison analysis
– Data: AFFY5.0, KORV1.0 identical 7,000 samples

(Imputed using 1KG phase3, 8,700,150 variants)

– Phenotype: Lipids (HDL, LDL, TG), Liver enzyme (AST, ALT, GGT), T2D

– Association test: SNPTEST v2.5

– Covariates: age, gender, recruitment area

– Top signal selection

– P-value ≤ 10-6 (Lipids)



2019 통계유전학워크샵: 한국인칩을 이용한 대규모 유전체정보 분석

Comparison results of Association signals

⚫ Association results (HDL)
– High quality (info score > 0.8): similar association results

– In overall, K-CHIP showed higher imputation quality and stronger statistical 
significance
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Preliminary association analysis

⚫ Discovery: 7,000 samples KCHIP (Imputed using 1KG phase3)

⚫ Replication: 6,000 samples (Taqman genotyping)

⚫ Phenotype: Lipids (HDL, LDL, TG), Liver enzyme (AST, ALT, GGT)

31 variants remained
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Application to GWAS (known or novel variants)

Gene Trait(s)

EAF(%) Discovery Replication

KOR
gnomAD (~6,949 samples) (~6,000 samples)

EAS EUR AFR Beta(SE) P-value Beta(SE) P-value

5 variants at known loci

- TG 33.31 37.00 20.86 21.53 -0.0415(0.0089) 3.27E-06 -0.0483(0.0105) 4.26E-06

C2orf16 TG 52.87 47.81 27.16 6.61 0.0379(0.0084) 7.20E-06 0.0560(0.0100) 2.36E-08

BUD13 HDL 6.61 7.22 6.06 1.16 0.0330(0.0073) 7.04E-06 0.0229(0.0081) 4.66E-03

C19orf80, 

DOCK6
LDL 27.31 25.93 4.42 18.05 -0.0203(0.0056) 3.16E-04 -0.0281(0.0058) 1.57E-06

TCHL 27.02 -3.8231(0.6689) 1.14E-08 -3.6170(0.7294) 7.29E-07

APOE LDL 37.47 39.62 63.57 85.81 -0.2010(0.0052) 1.23E-04 -0.0210(0.0055) 1.31E-04

TG 37.60 0.0314(0.0087) 2.84E-04 0.0263(0.0104) 1.17E-02

SAMM50 ALT 41.10 38.89 16.72 16.86 0.0362(0.0081) 7.23E-06 0.0294(0.0086) 5.87E-04

1 variants at known loci (Asian-specific)

APOB LDL 0.97 0.26 0 0 0.1509(0.0259) 5.87E-09 0.1117(0.0256) 1.27E-05

TCHL 15.9680(3.1140) 3.01E-07 13.2300(3.2040) 3.69E-05

2 novel associations of a known variant (Asian-specific)

ALDH2 ALT 15.67 25.65 0.002 0.02 -0.0586(0.0107) 4.98E-08 -0.0481(0.0114) 2.86E-05

AST -0.0541(0.0075) 5.20E-13 -0.0372(0.0075) 8.14E-07

2 novel variants at novel loci (Asian-specific)

GPT ALT 0.12 0.10 0.004 0 -0.6843(0.1140) 2.02E-09 -0.5574(0.1023) 5.30E-08

GPT ALT 0.14 0.11 0 0 -0.5058(0.1048) 1.41E-06 -0.4972(0.1024) 1.24E-06

ALT lowering variants (missense)
a reduction in ALT level of 7.0% (1.982 IU/L) and 5.9% (1.658 IU/L) of the mean value
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한국인칩 장점

Price

Genomic Coverage

기능 변이 QC후 변이수

95% for MAF ≥ 5% 
73% for MAF 1~5%

200K 이상
- Nonsyn SNP
- GWAS loci
- eQTL, ADME 등

K-Chip
약 80만개 (96%)
(기존칩 약 70%)

기존 칩 대비
낮은 가격
(약 5배)

KORV1.0
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요약

⚫ KCHIP contains tagging SNPs and functional variants
– Higher genomic coverage than commercial chips

– Discovered functional variants in the previously reported regions

– Discovered novel rare associations

⚫ Customized chips can help to discover novel loci (Wain et al. 
2015, UK BiLEVE)
– not detected in previous because it was neither directly genotyped nor 

imputed with sufficient quality

⚫ Association power will be maximized by various sampling from 
a large biobank


