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1 유전적 위험도 개요 

!"#$%&'6?□ 

 ○ !"#$%&' 78$(polygenic risk score, PRS)9$!":7;$<=$!"# > 
?@$7AB$CDE$(F=$GHI$J-$!"#$%&'K

          !"#$ %&
'%(

)

*'+$' ( : effect size, G: genotype, i: individual, j: trait-associated SNP)β 

   - .L$MN$O?I$PQR$S%$ =$!"#$T%&UV$WXF5% J3 Y$ 3
7S=$GH Z[$\]^7$_`9$a7$1Tb 

그림 를 분석 결과 중 < 1. PRS (Khera AV et al. Nat Genet. 2018, Table 3 CAD, AF)>

그림 분포에 따른 심혈관질환 유병률 변화 < 2. PRS (Khera AV et al. Nat Genet. 2018)>
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CD$45$()PRS □ 

 ○ 9$Nc$deI$Pf$`g-$hijkl@$mA8n$CD7$\]oPRS

표 모형 종류< 1. Polygenic risk score >

No. Method # of marker Software Note

1 GRS  ~ hundreds plink using validated marker

2 P+T
(clumping + p-value) ~ millions PRSice, Plink using independent marker

(no optimized)

3 LDpred ~ millions LDpred, LDpred2 adjust LD

4 PRScs ~ millions PRScs adjust LD & Shrinkage factor z

그림 기법에 따른 모형 < 3. PRS (Ge T et al. Nat Commun. 2019)>

0p-$ CD,$%Bq$`r=$*+$?0,$Ps   - PRS 

     1. tuE$MN$vwIq$xyE$ O?$z${|}~GWAS (reference 
=$ @$mA-$de$Ncpanel) linkage disequilibrium(LD)

         * GWAS: genome-wide association study

Nc-$ de,$ �� !"�01I$ #A8n$ M�^$ *+     2. (target) , 
*+$�$xy8n$�#�E$de$�0$z$mAvariance explained 

   - tuE$ O?\$���$MN$vw=$�7^,$T��$�)\$�9GWAS  
��$ ��*+$mAo10-fold LOGO(leave on group out) 
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2 분석을 위한 기본 정보 준비 

*+,$%-$./$01$23PRS □ 

 ��$!"�01 @$CD89$MN$JS$01: PRS○ 

!"�019$ I$Pf$0'��@$xyo   - GWAS standard guideline

      * -�F�$��7� Iq$��$��I$ ���� ����(https://koreanchip.org) ‘ ’->‘ ’ 
 C!"�¡¢£$Z¤¥¦$�! =$¥¦$z$ §1¥¦ ¨q {T->‘2019 ’ ‘ ’->‘ ’ 

0©E$!"�01@$ ,$ B$ ª1   - imputation imputed genotype 

*+$ 45V$ S.$ ��7�Iq$ ªF$ \]8« *+$ ¬$      * , imputation quality 
7S=$T­G$!"�01®$�A89$a¯°$±²o$score 0.8 

 *+,$%-$tuE$ *+$O?$23PRS GWAS ○ 

�($³�7j$�,$ B$ ¥¦@$ª18T$´µ=$   - summary statistics 
�x$01$¶o$n·@$ªFo

01$    · chromosome, position, allele (effect, other allele), effect 
(beta), standard error, sample size, p-value 

01$�V$ hijkl@$mA¸I$�A89$    · Position PRS reference 
?$��$!"�01\$d¹$ºW-$ @$�AB»o$¼panel genome build ( . hg19)

I$Pf$ 01\$½¾$x$�¯¿° ´µ$³�7j@${T    · Strand allele , 
8n$ 01@$ªF8T$107$�)oStrand 

{T      * : https://www.well.ox.ac.uk/~wrayner/strand/ 

표 주요 공개 웹사이트< 2. summary statistics >

No. Database Website Population # of summary 
statistics

1 GWAS catalog
https://www.ebi.ac.uk/gwas/
downloads/summary-statistics

Multi-ethnic 6,475

2 Global Biobank 
Engine https://biobankengine.stanford.edu Multi-ethnic > 2,000

3 Biobank Japan https://pheweb.jp/downloads East Asian 224

4 T2D AMP portal https://t2d.hugeamp.org Multi-ethnic 292
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3 분석 방법 GRS 

*+76GRS ?□ 

 ○ *+V$nÀ$MN@$ B$ÁÂE$ÃÄGRS(Genetic Risk Score) 
®,$�A89$45K(validated marker)

ÁÂE$ÃÄ@$�Ao¯°Å$Æ"^7$�¯�$ÇV$MN\$xyÈ�$ÉV$¤Êe=$$    * 
��$#V$x=$ÃÄ°$FB$ËÌÍ7$ÎV$wÏ7$�r

*+$45GRS □ 

 ○ *+,$%-$23GRS 

`Ð°Ñ$z$ËÒ$   - plink (https://www.cog-genomics.org/plink/)

CD,$%-$ÁÂE$ÃÄ$01$23   - GRS 

ÓÔIq$1T$Õ9$MN¥\$¥�#¯°$23-$ÃÄ$01    · 

�x01    · : Marker ID, effective allele(coded allele), effect (beta)

9$��$!"�01;$ºW$´7Ö\$�) WÒ$n·$ªF$�)      * Marker ID . Allele 

×$ØÙ,$Ú ¯°$N*8n$ÛW°$ÜÝo    · (tab)

¼ ®$ÜÝ dÞ$01      * ) validated_marker_list.txt: Marker ID , validated_info.txt: 

CD,$%-$��$!"�01$23   - GRS 

E$ß7à ¯°$:H$�) Iq$´µ=$    · imputation (plink binary format )
Ìál@${T8n$ÁÂE$ÃÄ$01®$±âo

:H$z$ãä$�V$ ��7�${T      * plink binary format plink 

      plink --bfile MYDATA --extract validated_marker_list.txt make-bed --out MYDATA_PRS_target—

 ○ @$7A8n$ CDPlink GRS 

       plink --bfile MYDATA_PRS_target --score validate_info.txt 1 2 3 header sum 
include-cnt double-dosage --out MYDATA_PRS_out 

ÛW$ ÃÄ´7Ö$ØÙ$åæ ØÙ$åæ ØÙ$      * --score < > <effective allele > <effect 
åæ \$�9$��> header (header )
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4 분석 방법 Clumping 

*+76Clumping ?□ 

 ○ @$ 7A8n$ ;$ 01@$ 7A8n$Summary statistics p-value LD 
*+,$%-$ÃÄ@$�ç89$45PRS 

*+$45Clumping □ 

 ○ *+,$%-$23Clumping 

`Ð°Ñ$z$ËÒ$   - plink 

{T    · : https://www.cog-genomics.org/plink/

23   - reference panel 

´µ$³�7jIq$ ß7à@$`Ð°Ñ$èT    · 1,000 genomes phase 3 , 
eé¯°$ÜÝ$z$FêI$ë±l$ß7à$�Aplink binary 

      * ß7à$z$Fê$01${T : https://www.cog-genomics.org/plink/2.0/resources#1kg_phase3

CD,$%-$��$!"�01$23   - PRS 

E$ß7à@$ ¯°$:H$�)    · imputation plink binary format

:H$z$ãä$�V$ ��7�${T      * plink binary format plink 

23   - Summary statistics 

01@$`Ð°Ñ$èT$�x$01@$±âo    · Summary statistics 

�x$01    · : ÃÄ$´7ÖSNP ( ), Effective allele(coded allele), effect 
(beta), ?$ =$ØÙ$ ÌìV$ °$Ë0 P (P-value), SNP P header SNP, P

´7Ö9$ ?$ºW-$´7Ö$�)      * SNP reference panel

 ○ *+Clumping 

@$7A8n$ *+   - Plink clumping 

    · ´µ=$Ìál@${T8n$`g-$ @$#A8n$ *+threshold clumping 
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       plink --bfile 1KGP3_EAS --clump sum_stat.txt --clump-p1 0.0001 --clump-p2 0.01 
--clump-r2 0.1 --clump-kb 500 --out CLUMP_OUT

      * ÛW--clump <summary stat 

=$        --clump-p1 <index SNP p-value threshold>

        =$--clump-2 <secondary SNP p-value threshold>

        --clump-r2 <LD threshold>

        89$Ní Iq·à$ °$ w%$��--clump-kb <clumping , index SNP +- kb >

¯°$�çE$ =$ ØÙ$ªF I$Bî89$    · clumping SNP(*.clumped SNP )
01®$ ?$ ¯°$23$ ãä$�Asummary stat plink format (--extract )

@$7A8n$ CD   - Plink PRS 

       plink --bfile MYDATA_clump --score sum_stat_clump.txt 1 2 3 header sum 
include-cnt double-dosage --out MYDATA_clump_PRS

      * MYDATA_clump: ¯°$�çE$ ®$¶o-$ ÛWclumping SNP plink binary format 
¯°$�çE$ ®$¶oE$sum_stat_clump.txt: clumping SNP summary statistics

ÛW$ ÃÄ´7Ö$ØÙ$åæ ØÙ$åæ ØÙ$        --score < > <effective allele > <effect 
åæ \$�9$��> header (header )
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5 분석 방법 LDpred (v1) 

*+76LDpred v1 ?□ 

 ○ ï,$ 108n$ @$ 1089$ 45¯°LD effect size , summary 
=$dÞ$!":7$01=$ @$|0ostatistics effect

   - {T$ÓÔ: Vilhjalmsson et al. Modeling linkage disequilibrium increases 
accuracy of polygenic risk scores, American Journal of Human Genetics 2015

*+$45LDpred □ 

 ○ *+,$%-$23LDpred 

ËÒ45 {T$   - LDpred : https://github.com/bvilhjal/ldpred

    · pip install --user ldpred

    · \$�9$ 9$ 7sVdependency package h5py, scipy, libplinkio (package  
°$ËÒplinkio) pip

ËÒ9$Fàð$MO7$�)o    · pip 

23   - reference panel 

´µ$³�7jIq$ ß7à@$`Ð°Ñ$èT    · 1,000 genomes phase 3 , 
eé¯°$ÜÝ$z$FêI$ë±l$ß7à$�Aplink binary 

      * ß7à$z$Fê$01${T : https://www.cog-genomics.org/plink/2.0/resources#1kg_phase3

23-$ß7à9$ ç°$*ñ8n$ÜÝ$    · chromosome 

23   - Summary statistics 

´µ=$eéI$ëòq$ß7à$23    · 

      chr    pos    ref    alt    reffrq    info    rs    pval    effalt

      chr1    4600233    A    C    0.3494    1    1:4600233_A/C    0.5965    0.0017

      chr1    183728249    T    C    0.0251    1    1:183728249_T/C    0.9188    -0.0011

ØÙ=$´7Ö9$ z$��$!"�01$      * rs reference panel, summary statistics 
d¹$WÒB»o
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\$ 7« =$ ��$    · alt (alternative allele) effective allele , reffrq
=$ ¥¦@$´µ=$Ìál@${Treference panel plink binary format 

8n$ 01@$±â8T$ I$¶oofrequency summary statistics

         plink --bfile 1KGP3_EAS freq --out 1KGP3_EAS_FRQ—

23-$ß7à9$ ç°$*ñ8n$ÜÝ$    · chromosome 

CD,$%-$��$!"�01$23   - PRS 

E$ß7à@$ ¯°$:H$�)    · imputation plink binary format

:H$z$ãä$�V$ ��7�${T      * plink binary format plink 

 ○ *+LDpred 

   - Step 1: ß7à;$ 01$WÒCoordinate data: reference summary statistics  
z$¶ó$:H

      ldpred coord \

       --rs rs \

       --A1 alt \

       --A2 ref \

       --pos pos \

       --chr chr \

       --pval pval \

       --eff effalt \

       --ssf-format CUSTOM \

       --N 100000 \

       --ssf sumstat.chr1 \

       --out=MYDATA_COORD_CHR1 \

       --eff_type LINREG \

       --gf 1KGP3_EAS_CHR1 \

       > MYDATA_COORD_CHR1.log

×$*+V$ w%°$*+$�)      * chromosome 

ôõ$x ö$�÷      * N: , eff_type: LINREG, OR, LOGOR, BLUP , gf: reference 
=$ =$7spanel plink binary format file
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[^   - Step 2: LDpred SNP weight 

      ldpred fast \

       --cf MYDATA_COORD_CHR1 \

       --ldr 270 \

       --ldf MYDATA_CHR1.ld \

       --out MYDATA_CHR1.weight \

       --N 100000 \

       > MYDATA_CHR1_WEIGHT.log

45 45 öIq$�÷      * ldpred fast(BLUP )/gibbs (gibbs sampling ) 

×$*+V$ w%°$*+$�)      * chromosome 

*+$45I$Pf$ \$`g8ø$[^b ,$ B$�#ï$ªF      * weight . Step 3

      * ïV$ °$ =$¢.;$ÃÄx@$T�8n$ 1 $�ùq Ë0ldr ladius chromosome ( ) 

(Fç$ CD   - Step 3: PRS 

      ldpred score \

       --gf MYDATA_CHR1 \

       --rf MYDATA_CHR1.weight \

       --out MYDATA_PRS_CHR1.score \

       --pf MYPHENO.txt \

       --pf-format STANDARD \ 

       > /ADATA/JHM/PRS/LDpred/OUT/FPG_PRS_CHR22_score_log.log

      * ÛW ÛWV$ ¶óW$��$ ï--pf Phenotype : phenotype standard ID, phenotype

ÛW,$ úÍ8R$ �#=$ @$ û´ü« ÛW$ ýIq$      * phenotype weight , log 
°$ªF7$\]ooptimal polygenic score
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6 분석 방법 LDpred (v2) 

*+76LDpred v2 ?□ 

 ○ ,$(þ8n$ÿ$0ª'\$_T$ °$*+7$\]LDpred v1 genome-wide
8'!$(ZE$*+5

   - {T$ÓÔ: Prive et  al. LDpred2: better, faster, stronger, Bioinformatics 2020

*+$45LDpred v2 □ 

 ○ *+,$%-$23LDpred v2 

   - ËÒ45 {T$LDpred v2 : https://choishingwan.github.io/PRS-Tutorial/ldpred/

      * {T : https://privefl.github.io/bigsnpr/articles/LDpred2.html

23   - reference panel 

´µ$³�7jIq$ ß7à@$`Ð°Ñ$èT    · 1,000 genomes phase 3 , 
eé¯°$ÜÝ$z$FêI$ë±l$ß7à$�Aplink binary 

      * ß7à$z$Fê$01${T : https://www.cog-genomics.org/plink/2.0/resources#1kg_phase3

=$ ö$ 01@$ªF8n$    · LDpred v2 accessory file HapMap phase 3 
Iq$ I$BîÈ9$01®$±âreference panel HapMap phase 3

      * plink --bfile 1KGP3_EAS --extract hapmap3_list.txt --make-bed --out 1KGP3_EAS_HM3

23-$ß7à9$ ËÒ@$ B$·\#¯°$ËÒE$    · LDpred v2 bigsnpr 
}"�@$7A8n$ ÛW,$ ÛW°$:Hplink rds 

Iq$*+$�)      R ## R statistics software

      library(bigsnpr)

      snp_readBed(“1KGP3_EAS_HM3.bed”)

      q()

         * [ $̂n·$ªF$�) 1KGP3_EAS_HM3.rds 

23   - Summary statistics 

´µ=$eéI$ëòq$ß7à$23$ =$ ®$¶o    · (HapMap phase3 SNP )
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      chr    rsid    pos    a0    a1    beta    beta_se    p    n_eff

9$ ?$WÒB»o 7$ K      * rsid reference panel , a1 effective allele

      * beta = effect (beta), beta_se = standard error

9$ =$��9$ 7« =$��9$      * n_eff quantitative trait sample size , case-control  

x$ x4 / (1/case + 1/control )

   - CD,$%-$��$!"�01$23$ =$ ®$¶oPRS (HapMap phase3 SNP )

E$ß7à@$ ¯°$:H$�)    · imputation plink binary format

:H$z$ãä$�V$ ��7�${T      * plink binary format plink 

23-$ß7à9$ ËÒ@$ B$·\#¯°$ËÒE$    · LDpred v2 bigsnpr 
}"�@$7A8n$ ÛW,$ ÛW°$:Hplink rds 

Iq$*+$�)      R ## R statistics software

      library(bigsnpr)

      snp_readBed(“MYDATA_HM3.bed”)

      q()

         * [̂ $n·$ªF$�) MYDATA_HM3.rds 

 ○ *+LDpred v2 

dÞ$*+V$ Iq$ @$ B$*+,$xyo   - R bigsnpr library

°#$z$ CD   - Step 1: Summary statistics, reference panel LD 

      ## Summary stat file name

      ss.name <- "MY.SUM.STAT.txt"

I$�A�$ x      NCORES <- 60 ## parallel computing core 

      ## library loading

      library(bigsnpr)

      library(data.table)

      library(magrittr)

      options(bigstatsr.check.parallel.blas = FALSE)

      options(default.nproc.blas = NULL)
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$À%.      ## Reference panel 

      obj.bigSNP <- snp_attach("1KGP3_EAS_HM3..rds")

      tmp <- tempfile(tmpdir = "./tmp-data")

      on.exit(file.remove(paste0(tmp, ".sbk")), add = TRUE)

      corr <- NULL

      ld <- NULL

$À%.      ## Summary stat 

      sumstats <- bigreadr::fread2(ss.name)

      names(sumstats) <- c("chr", "rsid", "pos", "a0", "a1", "beta", "beta_se", "p", "n_eff")

?$ =$ &ì      ## Summary stat reference panel SNP 

      fam.order <- NULL

      map <- obj.bigSNP$map[-3]

      names(map) <- c("chr", "rsid", "pos", "a1", "a0")

      info_snp <- snp_match(sumstats, map)

,$7A8n$ CD      #Reference panel LD 

      genotype <- obj.bigSNP$genotypes

      CHR <- map$chr

      POS <- map$pos

      POS2 <- snp_asGeneticPos(CHR, POS, dir = "LDpredV2/ACC", ncores = NCORES)

=$ '=$%Ò      ##LDpred V2 accessory file

·*      # calculate LD 

      for (chr in 1:22) {

      # Extract SNPs that are included in the chromosome

      ind.chr <- which(info_snp$chr == chr)

      ind.chr2 <- info_snp$`_NUM_ID_`[ind.chr]

      # Calculate the LD

      corr0 <- snp_cor(



- 13 -

            genotype,

            ind.col = ind.chr2,

            ncores = NCORES,

            infos.pos = POS2[ind.chr2],

            size = 3 / 1000

      )

         if (chr == 1) {

            ld <- Matrix::colSums(corr0^2)

            corr <- as_SFBM(corr0, tmp)

         } else {

            ld <- c(ld, Matrix::colSums(corr0^2))

            corr$add_columns(corr0, nrow(corr))

         }

      }

      ## LD score regression

      df_beta <- info_snp[,c("beta", "beta_se", "n_eff", "_NUM_ID_")]

      ldsc <- snp_ldsc(   ld, 

                    length(ld), 

                    chi2 = (df_beta$beta / df_beta$beta_se)^2,

                    sample_size = df_beta$n_eff, 

                    blocks = NULL)

.X$      h2_est <- ldsc[["h2"]]   ## LDSC estimated genetic heritability

   - Step 2: (option #1) Infinitesimal model

      genofile <- "MYDATA_HM3.rds"

      phenofile <- “MYDATA_pheno.txt”

      #inf model

      beta_inf <- snp_ldpred2_inf(corr, df_beta, h2 = h2_est)
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      ## Loading MYDATA genotype

      obj.bigSNP <- snp_attach(genofile)

      genotype <- obj.bigSNP$genotypes

      fam <- obj.bigSNP$fam

      ind.test <- 1:nrow(genotype)

CD      ##### PRS 

      pred_inf <- big_prodVec(    genotype,

                            beta_inf,

                            ind.row = ind.test,

                            ind.col = info_snp$`_NUM_ID_`)

      #### I$CDE$ ï7$�¯« =$ ÛW$(q°$0�bpred_inf PRS , MYDATA plink format fam 

   - Step 2: (option #2) Grid model

      genofile <- "MYDATA_HM3.rds"

      phenofile <- “MYDATA_pheno.txt”

      #grid model

      p_seq <- signif(seq_log(1e-4, 1, length.out = 17), 2)

      h2_seq <- round(h2_est * c(0.7, 1, 1.4), 4)

      grid.param <-

            expand.grid(p = p_seq,

            h2 = h2_seq,
            sparse = c(FALSE, TRUE))

      # Get adjusted beta from grid model

      beta_grid <- snp_ldpred2_grid(corr, df_beta, grid.param, ncores = NCORES)

      ## Loading MYDATA genotype

      obj.bigSNP <- snp_attach(genofile)

      genotype <- obj.bigSNP$genotypes

      fam <- obj.bigSNP$fam
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      ind.test <- 1:nrow(genotype)

      계산# Grid model PRS 

      pred_grid <- big_prodMat(   genotype, 

                   beta_grid, 
                   ind.col = info_snp$`_NUM_ID_`)

      #### I$CDE$ ï7$�¯« =$ ÛW$(q°$0�bpred_grid PRS , MYDATA plink format fam 

   - Step 2: (option #3) Auto model

      genofile <- "MYDATA_HM3.rds"

      phenofile <- “MYDATA_pheno.txt”

      # Get adjusted beta from the auto model

      multi_auto <- snp_ldpred2_auto(

                corr,

                df_beta,

                h2_init = h2_est,

                vec_p_init = seq_log(1e-4, 0.9, length.out = NCORES),

                ncores = NCORES

      )

      beta_auto <- sapply(multi_auto, function(auto) auto$beta_est)

      ## Loading MYDATA genotype

      obj.bigSNP <- snp_attach(genofile)

      genotype <- obj.bigSNP$genotypes

      fam <- obj.bigSNP$fam

      ind.test <- 1:nrow(genotype)

      계산# Auto weighted PRS 

      pred_auto <- big_prodMat(genotype,

                beta_auto,
                ind.row = ind.test,
                ind.col = info_snp$`_NUM_ID_`)
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      # scale the PRS generated from AUTO

      pred_scaled <- apply(pred_auto, 2, sd)

      final_beta_auto <-

                rowMeans(beta_auto[,
                abs(pred_scaled -median(pred_scaled)) <
                3 * mad(pred_scaled)])

      pred_auto <- 

                big_prodVec(genotype,
                final_beta_auto,
                ind.row = ind.test,
                ind.col = info_snp$`_NUM_ID_`)

      #### I$CDE$ ï7$�¯« =$ ÛW$(q°$0�bpred_auto PRS , MYDATA plink format fam 
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7 분석 방법 PRScs 

*+76PRScs ?□ 

 ○ ï$z$ @$7A8n$ @$1089$45LD shrinkage factor effect size
¯° =$dÞ$!":7$01=$ @$|0o, summary statistics effect

   - {T$ÓÔ: Ge et al. Polygenic prediction via Bayesian regression and 
continuous shrinkage priors, Nature Communications 2019

*+$45PRScs □ 

 ○ *+,$%-$23PRScs 

   - PRScs ËÒ45 {T$ : https://github.com/getian107/PRScs

23   - reference panel 

    · ´µ$³�7jIq$*+8T¥$89$Fê=$ ,$`ÐLD reference panel
°Ñ$ èr$ ß7à°$(1,000 Genomes project phase 3 HapMap 

=$ ®$�Aophase3 SNP )

      * https://github.com/getian107/PRScs

23   - Summary statistics 

´µ=$eéI$ëòq$ß7à$23$ =$ ®$¶o    · (HapMap phase3 SNP )

         SNP    A1     A2     BETA    P

=$ 9$ 7«$ =$´7Ö;$WÒB»o      * SNP ID rs id reference panel

      * BETA = effect (beta), P = P-value

   - CD,$%-$��$!"�01$23$ =$ ®$¶oPRS (HapMap phase3 SNP )

E$ß7à@$ ¯°$:H$�)    · imputation plink binary format

:H$z$ãä$�V$ ��7�${T      * plink binary format plink 
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 ○ *+PRScs 

d)$*+   - Step 1: PRScs AUTO 

       export MKL_NUM_THREADS=5 && \

       export NUMEXPR_NUM_THREADS=5 && \

       export OMP_NUM_THREADS=5 && \

       PRScs.py \

위치        --ref_dir=reference \

타겟유전체정보 파일 이름 확장자 제외      --bim_prefix= ( ) \

파일       --sst_file= summary statistics \

샘플사이즈       --n_gwas= \ 

파일이름 파일 로그파일      --out_dir=out > out

      * 등 사용 갯수를 제한함 여기서는 개export MKL_NUM_THREADS : core . 5

      * 정보 위치 정보임ref_dir: reference panel (1KG EAS )

      * 이 되는 파일의 마커 정보 추출 여기서는 로 고정bim_prefix: target ( 24K )

      * 파일sst_file: summary statistics 

      * 샘플 사이즈n_gwas: 

      * 의 다른 옵션을 주지 않으면 는 모드로 분석됨PRScs PRScs auto 

*+$O?@$7A8n$ CD   - Step 2: PRScs AUTO PRS 

결과값        plink bfile MYDATA_HM3 --score PRScs 2 4 6 header sum include-cnt —
double-dosage --out MYDATA_PRScs_PRS
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8 분석 방법 LOGO 

10-fold LOGO(leave on group out)□ 

 ○ tuE$MN$vwIq$xy-$ O?\$��� MN$vw=$�7^GWAS ,  
�,$ T�8n$ -�F$ FNvwI$ #A7$ ©-È9$ ��$ 10-fold 

��*+,$xyoLOGO(leave on group out) 

   - nÀ$vw¯°$�ùq$*+o¯°Å$\S=$tuE$MNvw$ O?@GWAS  
mA89$>?@$#A�$x$�r

CD�$"�$vw,$ ($vw¯°$*ñ$       PRS 10⓵ 

å$vwIq$××$M�^$*+$z$ *$��*+$xy$       1~9⓶ 

       ⓷ ��*+$O?$ @$7AB$ de$Nc$z$NcE$summary statistics PRS 

de,$7AB$ å$vw=$ CD$10 PRS 

       ⓸ %;$+7$tuE$vw=$M� $̂*+$O?@$7A8n$ ($vw$d¹$ CD10 PRS 

그림 메타분석을 이용한 계산 예 < 4. LOGO PRS (Sakaue et al. Nat Med. 2020)>
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{T ��$*+$45( ) □ 

 ○ ËÒMetal software 

´µ=$,¢@${T8n$ËÒo   - 

     * https://en.wikipedia.org/wiki/Metal

     * https://genome.sph.umich.edu/wiki/METAL_Quick_Start

 ○ 23Input data 

´µ=$01@$¶o8n$ -^   - input data 

    · Marker ID : =$ °$��$*+I$�AÈ9$dÞ$ß7à\$ºW-variant ID  
@$\�T$�l»oID

    · @$±0�$.$�AÈ9$ 01Effective Allele : effect (beta) coded allele 

<$/$ 01    · Other Allele : allele 

M�^$*+$O?=$ 01    · Effect : effect (beta) 

=$ ï    · Stderr : effect standard error 

M�^$*+$O?=$    · P-value : p-value

M�^$*+I$�AE$ôõ$�70    · N : 

 ○ ¼¸Metal script 

,$1y8T$´µ=$2¢uj@${T8n$��*+$xy   - Metal

ãä Õ9$SCHEME STDERR    ## weight : STDERR SAMPLESIZE

ØÙ$7sMARKER SNP   ## MarkerID 

ØÙ$7sALLELE ALT REF  ## Effective allele, Other allele 

ØÙ$7sEFFECT BETA   ## Effect 

ØÙ$7sSTDERR SE     ## Stderr 

ØÙ$7sPVALUE PVALUE  ## P-value 

å$7sPROCESS DATA1.input  ## Input file 1

å$7sPROCESS DATA2.input  ## Input file 2
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OUTFILE meta_out .txt ## 7s ªÝ¥ 3I$�¨$�xoutput . .txt( ) 

ANALYZE HETEROGENEITY  ## *+$ *+$ãäMeta (heterogeneity )

ê¦       QUIT ## 

Ã`$ØÙ$Ìì7$`4$��9$´µ;$+7$ 7"I$×$   - input process 
ÛW=$ØÙ$Ìì,$�08T$ xyprocess 

å$ÛW=$ ØÙMARKER SNP   ## 1 MarkerID 

å$ÛW=$ ØÙALLELE ALT REF  ## 1 Effective, Other allele 

å$ÛW=$ ØÙEFFECT BETA   ##  1 Effect 

å$ÛW=$ ØÙSTDERR SE     ##  1 Stderr 

å$ÛW=$ ØÙPVALUE PVALUE  ##  1 P-value 

å$7sPROCESS DATA1.input  ## Input file 1

å$ÛW=$ ØÙMARKER SNPID   ## 1 MarkerID 

å$ÛW=$ ØÙALLELE EA OA  ## 1 Effective, Other allele 

å$ÛW=$ ØÙEFFECT Effect   ##  1 Effect 

å$ÛW=$ ØÙSTDERR SE     ##  1 Stderr 

å$ÛW=$ ØÙPVALUE Pvalue  ##  1 P-value 

å$7sPROCESS DATA2.input  ## Input file 2


