
2022 통계유전학워크샵: 한국인칩을 이용한 대규모 유전체정보 분석

한국인칩 유전체정보 분석(2)
실습

국립보건연구원 미래의료연구부 유전체연구기술개발과



2022 통계유전학워크샵: 한국인칩을 이용한 대규모 유전체정보 분석

목차

l Data Description

l Single variant test 

l Gene-based test 

l Meta analysis 

l PRS analysis



2022 통계유전학워크샵: 한국인칩을 이용한 대규모 유전체정보 분석

Data Description

l Subject
– Artificial Participants from KoGES (Korean Genome and Epidemiology Study)

l Genotype data 
– Imputed genotype data, Chromosome 16 

– platform : Korea Biobank Array (KBA)

l Phenotype data
– high density lipoprotein cholesterol (HDL)

l Public data 
– BBJ HDL GWAS summary statistic (META, PRS)

– 1KP EAS 504 sample (PRS – ref.panel)



2022 통계유전학워크샵: 한국인칩을 이용한 대규모 유전체정보 분석

A Summary of Genomic Data Analysis

Analysis Tool Input Data

Single variant test EPACTS VCF file for Genotypes
PED file for Phenotypes and Covariates

Gene-based test EPACTS Annotated VCF file
PED file for Phenotypes and Covariates

Meta analysis METAL TXT file with association result             

PRS analysis PRS-CS 
plink

PLINK compact binary file format (∗.bed, ∗.bim, and ∗.fam)
TXT file with association result

Program Download
• EPACTS : http://csg.sph.umich.edu/kang/epacts/download/index.html

• METAL : http://csg.sph.umich.edu//abecasis/Metal/download/

• Plink : https://www.cog-genomics.org/plink2

• PRS-CS : https://github.com/getian107/PRScs
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DATA directory 

l 01_EPACTS : single-variants test, gene-based test 

l 02_META : meta analysis 

l 03_PRS : PRS analysis 

l 04_OUTPUT : analsys results file 
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Single variant test
Statistical tool: EPACTS 

(Effcient and Parallelizable Association Container Toolbox)

Ref. https://genome.sph.umich.edu/wiki/EPACTS
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Single Variant Test

l Phenotype 데이터에따른 regression analysis
– Quantitative trait(QT)의경우 Linear regression analysis

– Case-Control의경우 Logistic regression analysis

l EPACTS supported statistical tests
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$ less -NS KOGO.vcf.gz

Single Variant Test : Input Data

l Genotype data (Variant Call Format , VCF)

## Meta information lines
#  Header line
Each line contains variant informarion such as chromosomal position and individual genotypes
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Single Variant Test : Input Data

l Phenotype (phenotype with pedigree, PED)

$ head KOGO.HDL.ped

Covariate Phenotype
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Single Variant Test : Analysis Command

l Running

$ epacts-single \
--vcf KOGO.vcf.gz \
--ped KOGO.Phenotype.ped --pheno HDL --cov AGE --cov SEX –no-plot \

--test q.linear --field DS --min-mac 5 --min-maf 0.01 \
--min-callrate 0.95 --missing NA --region 16:54770000-55070000 \
--out ../04_OUTPUT/KOGO.HDL.single.q.linear --run 4

• single: option for single variant test
• --vcf: input file in VCF format
• --ped: input file in PED format
• --pheno: phenotype in PED file
• --cov: covariate in PED file
• --test q.linear: Linear Wald Test 
• --min-mac: minimum minor allele count (MAC)
• --min-maf: minimum minor allele frequency(MAF)

• --min-callrate: minimum call rate
• --chr: chromosome #
• --region : position begin, end
• --out: output file name
• --run: algorithm
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Single Variant Test : Analysis Result

l Result files 
– Output Text of All Test Statistics

– Output Text of Top Associations (top 5,000)

– Q-Q plot of test statistics (stratified by MAF)

– Manhattan Plot of association results
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Single Variant Test : Analysis Result

l Output Text of All Test Statistics

• NS: number of phenotyped samples with non-missing genotypes
• AC: total non-reference allele count
• CALLRATE: fraction of non-missing genotypes
• MAF: minor allele frequencies
• PVALUE: p-value of single variant test
• BETA : effect size of single variant test
• SEBETA : standard error of single variant test
• TSTAT: score test statistics
• R2: varinace explained

$ less -NS ../04_OUTPUT/KOGO.HDL.single.q.linear.epacts.gz
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Gene-based test
Statistical tool: EPACTS 

(Effcient and Parallelizable Association Container Toolbox)

Ref. https://genome.sph.umich.edu/wiki/EPACTS
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Gene-based burden test

l Rare variants (MAF < 1%)에대한효율적인연관성분석방법

– rare variants 단일분석시통계검정력이낮음 -> large sample 요구됨

l Gene 단위에서 rare allele을가지고있는사람의비율비교분석

Disease Control

Functional Variant

Neutral Variant
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Gene-based burden test

l Step 1 : Make input data
– annotated file of genotype data (vcf)

– group definition file based on annotated vcf file

l Step 2 : Gene-based burden test
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Gene-based burden test : Input Data

l Annotating: VCF file using EPACTS (실습 X)

• anno: annotation
• --buildver: reference genome build version
• --in: input file name
• --out: output file name
• tabix: vcf indexing software

$ epacts-anno --buildver hg19 --in KOGO.vcf.gz \
--out ../04_OUTPUT/KOGO.anno.vcf.gz

$ tabix -f -p vcf ../04_OUTPU/KOGO.anno.vcf.gz  #필요 시
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Gene-based burden test : Input Data 

l Annotated genotype data 

$ less -NS KOGO.anno.vcf.gz
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Gene-based burden test : Input Data

l Creating marker group file

$ epacts make-group --vcf KOGO.anno.vcf.gz \
--out ../04_OUTPUT/KOGO.gene.all.grp --format epacts –nonsyn

• make-group: option to create grp file
• --vcf: input file  (VCF format), annotated VCF
• --out: output file name
• --format: annotation format (epacts, annovar, gatk, snpeff, chaos)
• --nonsyn: use nonsynonymous SNPs
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Gene-based burden test : Input Data 

l Gene group data (13개 gene)

$ less -NS KOGO.gene.all.grp
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• group: option for gene-based test
• --vcf: input file in VCF format
• --ped: ped file name
• --groupf: grp file name
• --out: output file name 
• --pheno: column name of phenotype 
• --cov: column name of covariate in PED file
• --test: statistical method
• --skat-O: use SKAT-O (SKAT, optimal test) method 

Gene-based burden test : Analysis Command

l Running

$ epacts-group --vcf KOGO.anno.vcf.gz \
--ped KOGO.HDL.ped --groupf KOGO.gene.all.grp \

--min-mac 5 --chr 16 --pheno HDL --cov AGE --cov SEX --test skat \

--skat-o --unit 1 -min-callrate 0.90 --run 4 --field DS --missing NA\
--out ../04_OUTPUT/KOGO.HDL.gene.skat
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Gene-based burden test : Analysis Result

• NS: number of phenotyped samples with non-missing genotypes
• FRAC_WITH_RARE: fraction of individual carrying rare variants below 

--max-maf (default : 0.05) threshold
• NUM_ALL_VARS: number of all variants defining the group
• NUM_PASS_VARS: number of variants passing the --min-maf, --min-mac, --max-maf, --

min-callrate thresholds
• NUM_SING_VARS: number of singletons among variants in NUM_PASS_VARS
• PVALUE: p-value of burden tests

$ less -NS ../04_OUTPUT/KOGO.HDL.gene.skat.epacts
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Meta analysis
Statistical tool: METAL

Ref. https://en.wikipedia.org/wiki/Metal; https://genome.sph.umich.edu/wiki/METAL_Quick_Start
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Meta Analysis

l 통계검정력을높일수있음 (샘플수증가)

l 데이터결합분석의제한점*에영향을받지않음

* 각연구마다 confounding variable이다름

* 수집데이터용량 , 포맷, 특성, 동의등에따라공유에제한

l 접근이용이한 summary statistic(p-value) 등을이용하여분석

효율성을증가시킴
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Meta Analysis

l 각 input file의필수정보

– 각 연구간에동일에 marker id

– 테스트된 allele (effective allele) / other allele

l sample size를가중치로분석하는경우

– p-value

– sample size (표본크기가다른경우)

l 표준오차(SE)를가중치로분석하는경우

- 각 marker에대한 estimated effect size

- effect size estimate의 standard error
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Meta Analysis

l METAL command (1)

SCHEME STDERR

MARKER SNP

ALLELE ALT REF

EFFECT BETA

STDERR SE

PVALUE PVALUE

PROCESS DATA1.input

PROCESS DATA2.input

OUTFILE meta.out

ANALYZE HETEROGENEITY

- SCHEME: 분석 방법 * weight 옵션

- MARKER: marker ID 컬럼명

- ALLELE: effective Allele / Other Allele 컬럼명

- EFFECT: effect size 컬럼명

- STDERR: standard error 컬럼명

- PVALUE: pvalue 컬럼명

- PROCESS: intput 파일명

- OUTFILE: output 파일명

- ANALYZE: meta 분석 실행

* HETEROGENEITY test 추가옵션
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Meta Analysis

l METAL command (2) – 각 데이터 마다 변수명이 다른 경우

SCHEME STDERR
MARKER SNP
ALLELE ALT REF
EFFECT BETA
STDERR SE
PVALUE PVALUE
PROCESS DATA1.input
MARKER ID
ALLELE A1 A2
EFFECT effect
STDERR StErr
PVALUE P
PROCESS DATA2.input
….

OUTFILE meta.out
ANALYZE HETEROGENEITY



2022 통계유전학워크샵: 한국인칩을 이용한 대규모 유전체정보 분석

Meta Analysis

l Step1 : make input data 
– marker id 통일, 필수정보추출

l Step2 : metal command 작성및실행
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Meta Analysis : Input Data

$ less -NS KOGO.HDL.single.q.linear.epacts.gz 

$ less -NS BBJ.HDL-C.autosome.txt
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Meta Analysis : Input Data

## BBJ input data
$ awk '$2 == 16 \
{print $2":"$3"_"$4"/"$5"_"$2":"$3":"$4":"$5"\t" \

$2"\t"$3"\t"$4"\t"$5"\t"$8"\t"$9"\t"$10"\t"$12}' \
BBJ.HDL-C.autosome.txt > ../04_OUTPUT/BBJ.HDL.txt

$ cat TITLE.txt ../04_OUTPUT/BBJ.HDL.txt > ../04_OUTPUT/BBJ_meta_input.txt

## KBA input data
$ gunzip -c KOGO.HDL.single.q.linear.epacts.gz | tail -n+2 | \

awk '{split($4,arr,":"); print $4"\t"$1"\t"$2"\t" \
arr[4]"\t"arr[5]"\t"$10"\t"$11"\t"$9"\t"$5}' > ../04_OUTPUT/KBA.HDL.txt

$ cat TITLE.txt ../04_OUTPUT/KBA.HDL.txt > ../04_OUTPUT/KBA_meta_input.txt
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Meta Analysis : Input Data

$ less -NS KBA_meta_input.txt

$ less -NS BBJ_meta_input.txt
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Meta Analysis : Analysis Command

l Running

$ metal

=============== 중략 ===============
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Meta Analysis : Analysis Command

l Running

SCHEME STDERR
MARKER MARKER_ID
ALLELE ALT REF
EFFECT BETA
STDERR SE
PVALUE PVALUE
PROCESS KBA_meta_input.txt
PROCESS BBJ_meta_input.txt
OUTFILE ../04_OUTPUT/KBA_BBJ_META_HDL .txt ## .txt 앞에공백필수
ANALYZE HETEROGENEITY 
QUIT
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Meta Analysis : Analysis Result

• MarkerName: name of marker (e.g. rsid)
• Allele1: Allele 1 (effective allele)
• Allele2: Allele 2 (other allele)
• Direction: direction of effect (+,-, or ? denoting positive, negative or missing effect, 

respectively)
• HetChiSq: Heterogeneity statistics
• HetPVal: Heterogeneity p-value

$ less -NS ../04_OUTPUT/KBA_BBJ_META_HDL1.txt
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Polygenic Risk Score Analysis
Statistical tool: PRS-CS, Plink

https://github.com/getian107/PRScs
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PRS Analysis

l Polygenic Risk Score (PRS)는개인의질병등에대한

유전적위험도를평가하는점수

– 𝑃𝑅𝑆𝑗 = ∑!"#$ 𝛽𝑖𝐺𝑖𝑗 (𝛽: effect size , 𝑖: SNPs 1, …, n, 𝑗: individual)

l PRS는유전정보로예측되는 phenotype 값임

l 질병고위험군선별및예측모형을구축할수있음
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PRS Analysis

Method # of markers Software Limitation

PRS using validated 
markers ~ hundreds - Limited # of 

markers

Unadjusted PRS ~ millions - No LD info.

Clumping(or Pruning) + 
P-value thresholding ~ millions PRSice Not optimized

Bayes based analysis
(Individual data) ~ millions BayesR Accurate but slow

local LD info 
(Summary stat.) ~ millions LDpred Less accurate

(Fast and efficient)

local LD + Shrinkage 
factor

(Summary stat.)
~ millions PRS-CS Less accurate

(Fast and efficient)
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PRS Analysis

l Step1 : adjusted effect size calculation (PRS-CS)
– Input data

• GWAS summary statistic (BBJ HDL GWAS Result) 

• Ref panel (1KGP East asian 504 sample, HapMap Phase 3 SNPs)

• Target genotype data (plink format file)

* Only use overlapped SNPs 

l Step2 : PRS calculation (plink)
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PRS Analysis : Input Data

$ head BBJ.HDL-C.autosome.txt

l GWAS summary statistic (필요변수 추출)

$ awk '{print $1"\t"$5"\t"$4"\t"$8"\t"$10}' BBJ.HDL-C.autosome.txt > \
../04_OUTPUT/BBJ.HDL.SS.txt

$ head ../04_OUTPUT/BBJ.HDL.SS.txt
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PRS Analysis : Input Data

$ plink --vcf KOGO.vcf.gz --make-bed --out ./04_OUTPUT/KOGO.HDL.PRS
$ ls –ahl KOGO.HDL.PRS*

l Genotype data (vcf 포맷 -> plink 포맷으로 변환)

$ head KOGO.HDL.PRS.bim
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PRS Analysis : Input Data

$ awk '{print $2":"$3":"$4":"$5"\t"$1}' BBJ.HDL-C.autosome.txt > rsID_MAT
$ head reID_MAT

l Genotype data (SNP ID 변환)

$ plink --bfile KOGO.HDL.PRS --update-name rsID_MAT --make-bed \
--out ./04_OUTPUT/KOGO.HDL.PRS.rsID

$ ls –ahl KOGO.HDL.PRS.rsID*
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PRS Analysis : Input Data

$ head KOGO.HDL.PRS.rsID.bim

l Genotype data (overlap data )

$ grep -E "rs" KOGO.HDL.PRS.rsID.bim | awk '{print $2}' > ext_rsID_SNP
$ plink --bfile KOGO.HDL.PRS.rsID --extract ext_rsID_SNP --make-bed \

--out ./04_OUTPUT/KOGO.HDL.PRS.FINAL

$ head KOGO.HDL.PRS.FINAL.bim
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PRS Analysis : Analysis Command

$ python3 PRScs.py --ref_dir=ldblk_1kg_eas --chrom=16 \
--bim_prefix=KOGO.HDL.PRS.FINAL --sst_file=BBJ.HDL.SS.txt \
--n_gwas=136615 --out_dir=../04_OUTPUT/PRS_BETA

$ head ../04_OUTPUT/PRS_BETA_pst_eff_a1_b0.5_phiauto_chr16.txt

l Running

• --ref_dir: LD reference panel (the snpinfo file and hdf5 file)
• --chrom: chromosome 옵션
• --bim_prefix: bim file for targer genotype dataset
• --sst_file: effect size input file name (GWAS summary statistics file)
• --n_gwas: sample size of the GWAS
• --out_dir: output file name 
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PRS Analysis : Analysis Command

l PRS Calculation
$ plink --bfile KOGO.HDL.PRS.FINAL --allow-no-sex \

--out ../04_OUTPUT/HDL.PRS.OUT \
--score PRS_BETA_pst_eff_a1_b0.5_phiauto_chr16.txt 2 4 6 header sum

$ head ../04_OUTPUT/HDL.PRS.OUT.profile

• --bfile: genotype (plink 포맷) input file name
• --allow-no-sex: 성별 정보가 없어도 분석이 가능하도록 함
• --out: output file name 
• --score: effect size input file name
• header sum: socre file에 header가 있고, scoring을 합산해서 표기하도록 함
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