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PRS analysis




Data Description Q) FE=rer

e Subject
— Artificial Participants from KoGES (Korean Genome and Epidemiology Study)
e Genotype data

— Imputed genotype data, Chromosome 16

— platform : Korea Biobank Array (KBA)

e Phenotype data

— high density lipoprotein cholesterol (HDL)

e Public data

— BBJ HDL GWAS summary statistic (META, PRS)

— 1KP EAS 504 sample (PRS - ref.panel)




A Summary of Genomic Data Analysis Q) SEzuere

Analysis Tool Input Data

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

Annotated VCF file
PED file for Phenotypes and Covariates

Gene-based test EPACTS

Meta analysis METAL | TXT file with association result

PRS-CS | PLINK compact binary file format («.bed, +.bim, and «.fam)

PRS analysis plink | 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




DATA directory Q) Fuzroze

e 01_EPACTS : single-variants test, gene-based test
e 02_META : meta analysis
e 03 PRS : PRS analysis

e 04 OUTPUT : analsys results file




Single variant test

Statistical tool: EPACTS
(E P A C T )

Ref. https://genome.sph.umich.edu/wiki/EPACTS




Single Variant Test

e Phenotype E|O|E{0] I}= regression analysis

— Quantitative trait(QT)2| &<

— Case-Control®| 4%

5 Linear regression analysis

-+ Logistic regression analysis

e EPACTS supported statistical tests

Test Name Phenotypes

Covariates

Computational Time

Description
Logisitic Wald Test

Logistic Score Test
(from Lin DY and Tang ZZ, AJHG 2011 89:354-67)

Firth Bias-Corrected Logistic Likelihood Ratio Test

Likelihood Ratio Test

Genotype Likelihcod Ratio Test
(use GL or PL field in VCF to perform case-control test)

Linear Wald Test

Quantitative Score Test

(from Lin DY and Tanﬁ ZZ AJHG 2011 89:354-67)

Implemented by

Hyun Min Kang

(simply used gim in R)

ZElH oI

National Institute of Health

Clement Ma & Hyun Min Kang

Clement Ma

Clement Ma

Hyun Min Kang

Hyun Min Kang

(as implemented in Im in R)

Clement Ma

Linear Wald Test

) YES
b.wald Binary Slow
(Joint)
N YES
b.score Binary Fast
(Regressed Qut)
. . YES
b.firth Binary } Slow
(Joint)
5 YES
b.iIrt Binary . Slow
(Joint)
b.glrt Binary NO Fast
. YES
qQ.lm Quantitative Slow
(Joint)
. YES
qQ.score Quantitative Fast
iZearmaang D5
YES
q.linear Quantitative Fast
(Regressed Ourt)
: vES
qQ.reverse Quantitative Slow
(Joint)
- YES
qQ.wilcox Quantitative ) Slow
(Regressed OQut First)
. YES
qQ.emmax Quantitative Slow

2022 A 7H

(Regressed Qut First)

Hyun Min Kang

.
Reverse regression
of phenotypes on binary genotypes {(dominant medel)}

Nonparametric Reverse regression
of phenotypes on binary genotypes (dominant model)

EMMAX
( Kang et al (2010) Nat Genet 42:348-54 )

T2 FHMEE 24

Hyun Min Kang

Hyun Min Kang

Hyun Min Kang




Single Variant Test : Input Data Q) SEznere

e Genotype data (Variant Call Format , VCF)

$ less -NS KOGO.vcf.gz

##fileformat=VCFv4.1

##FILTER=<ID=PASS,Description="All filters passed">

##filedate=2019.7.16

##source=Minimac4.v1.0.1

##contig=<ID=16>

##INFO=<ID=AF,Number=1,Type=Float,Description="Estimated Alternate Allele Frequency">

##INFO=<ID=MAF ,Number=1,Type=Float,Description="Estimated Minor Allele Frequency">

##INF0=<ID=R2,Number=1,Type=Float,Description="Estimated Imputation Accuracy (R-square)">

##INFO=<ID=ER2,Number=1,Type=Float,Description="Empirical (Leave-One-Out) R-square (available only for genotyped variants)">

##INFO=<ID=IMPUTED,Number=0,Type=Flag,Description="Marker was imputed but NOT genotyped">

##INFO=<ID=TYPED,Number=0,Type=Flag,Description="Marker was genotyped AND imputed">

##INFO=<ID=TYPED_ONLY,Number=0,Type=Flag,Description="Marker was genotyped but NOT imputed">

##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">

##FORMAT=<ID=DS,Number=1,Type=Float,Description="Estimated Alternate Allele Dosage : [P(0/1)+2*P(1/1)]">

##FORMAT=<ID=GP,Number=3,Type=Float,Description="Estimated Posterior Probabilities for Genotypes 0/0, 0/1 and 1/1">

##minimac4_Command=minimac4 --mapFile genetic_map_chrl6_combined_b37.txt --refHaps 16.1000g.Phase3.v5.With.Parameter.Estimates.m3vcf.gz --haps phasing.chril6.v

##bcftools_viewVersion=1.9-207-9g2299ab6+htslib-1.9-271-g6738132

##bcftools_viewCommand=view -i 'MAF >= 0.001' KOGO.dose.vcf.gz; Date=Tue Jul 16 17:08:11 2019

##bcftools_viewCommand=view --targets 16:54000001-56000000 KOGO.vcf.gz; Date=Tue Jul 16 18:39:00 2019

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT 1ID@0502 ID@0503 ID00504 ID0@505 IDA@506 IDA0507 IDe508 IDAO509 IDA0510 IDA0S511 IDeAS51
54000023 16:54000023:G:A G A : PASS AF=0.00105;MAF=0.00105;R2=0.00781; IMPUTED GT:DS:GP 0]0:0.005:0.995,0.005,
54000190 16:54000190:T:C T : PASS AF=0.00118;MAF=0.00118;R2=0.02625; IMPUTED GT:DS:GP 0]0:0:1,0,0 0]0:0.
54000198 16:54000198:C:T C E PASS AF=0.01018;MAF=0.01018;R2=0.01336; IMPUTED GT:DS:GP 0]0:0.017:0.983,0.017,
54000220 16:54000220:A:G A : PASS AF=0.00112;MAF=0.00112;R2=0.02626; IMPUTED GT:DS:GP 0]0:0.004:0.996,0.004,
54000261 16:54000261:A:T A : PASS AF=0.00873;MAF=0.00873;R2=0.01516 ; IMPUTED GT:DS:GP 0]0:0.014:0.986,0.014,

#4# Meta information lines
# Header line

T2 FEMEE 24




SEEMoIRe

National Institute of Health

Single Variant Test : Input Data

e Phenotype (phenotype with pedigree, PED)

$ head KOGO.HDL.ped

Covariate

#IND_ID
IDOPOO1
IDOPOO2
IDO0OO3
TDO0004
IDOOOOS
IDOOO6
IDOOOO7
IDO0OOS
IDOOOO9

2022 EASH

FAM_ID
IDOPOO1
IDO00O2
IDOPOO3
IDO00O4
IDOOOOS5
IDOOOO6
IDO0OO7
IDO0OOS
IDOOOO9

OO0 0000000

OO0 00000000

[

PR RNRRPRRLRRN

Phenotype

.746009043413

.6247508915128
.0850347223023
.7957523405631
.977326067975

.4450279047399
.1970715090123
.9517163742377
.0440968362163




Single Variant Test : Analysis Command Q) SEznere

e Running

$ epacts-single \
--vcef 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 « --min-callrate: minimum call rate
« --vcf: input file in VCF format * --chr: chromosome #

« --ped: input file in PED format « =--region : position begin, end

« --pheno: phenotype in PED file « =--out: output file name

« --cov: covariate in PED file * --run: algorithm

« --test q.linear: Linear Wald Test

¢ --min-mac: minimum minor allele count (MAC)

* --min-maf: minimum minor allele frequency(MAF)




Single Variant Test : Analysis Result Q) SEznere

e 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




;';EIETIO:Iﬁ%

Single Variant Test : Analysis Result SEENED

e Output Text of All Test Statistics

$ less -NS ../04_OUTPUT/KOGO.HDL.single.q.linear.epacts.gz

BEGIN END MARKER_ID AC CALLRATE MAF PVALUE BETA SEBETA TSTAT

54770105 54770105 :54770105_T/C_16:54770105:T:C 34497 706.82 1 .010245 : .0046 1.8869 ©0.53241 8.
54770232 54770232 :54770232_C/T_16:54770232:C:T 34497 25478 i) .36929 0.64377 0. .46852 0.46244 6.1993e-06
54770268 54770268 :54770268_G/A_16:54770268:G:A 34497 7010.3 1 .10161 0.50391 0. .75536 0.66836 1.295e-05

54770445 54770445 :54770445_C/T_16:54770445:C:T 34497 15816 .22924 0.52231 0. .48189 0.6398 1.1867e-05
54770476 54770476 154770476 _C/T_16:54770476:C:T 34497 16357 .23707 0.46343 0. .49386 0.73321 1.5585e-05
54770477 54770477 154770477 _TC/T_16:54770477:TC:T 34497 0.23707 0. .36211 0.49386 0.73321 1.
54770478 54770478 :54770478_C/T_16:54770478:C:T 34497 25469 .36915 0.64351 0. .46858 0.4628 6.2092e-06

* 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

2022 EASMSEQA T A, QRS 0|2SHLE



Gene-based test

Statistical tool: EPACTS
(E P A C T )

Ref. https://genome.sph.umich.edu/wiki/EPACTS




Gene-based burden test (Y

e Rare variants (MAF < 1%)0]| Ci{et 2 &M Ql HEHd 21 HitH
— rare variants Tt A Al A A™EHO| ¥ F -> large sample 1

e Gene 2|0 A rare allele2 71X| 1 Q= AIEHO| H| S H|uw &AM

Disease Control
@ @ @
® O @
@ @

@ @ @ ® O

@ ® @ @
@ @
@ © @ @
@ Functional Variant
@© Neutral Variant




Gene-based burden test

e Step 1: Make input data
— annotated file of genotype data (vcf)

— group definition file based on annotated vcf file

e Step 2 : Gene-based burden test




Gene-based burden test : Input Data

e Annotating: VCF file using EPACTS (&5 X)

SEEMoIRe

National Institute of Health

$ epacts-anno --buildver hgl9 --in KOGO.vcf.gz \
--out ../04_OUTPUT/KOGO.anno.vcf.gz
$ tabix -f -p vef ../04 OUTPU/KOGO.anno.vcf.gz #Z8L A/

* anno: annotation
» --buildver: reference genome build version
* --in: input file name

« =--out: output file name

« tabix: vcf indexing software




Gene-based burden test : Input Data Q) 2z

e Annotated genotype data

$ less -NS KOGO.anno.vcf.gz

##fileformat=VCFv4.1

##FILTER=<ID=PASS,Description="All filters passed">

##filedate=2019.7.16

##source=Minimac4.v1.0.1

##contig=<ID=16>

##INFO=<ID=AF ,Number=1,Type=Float,Description="Estimated Alternate Allele Frequency">

##INFO=<ID=MAF,Number=1,Type=Float,Description="Estimated Minor Allele Frequency">

##INFO=<ID=R2,Number=1,Type=Float,Description="Estimated Imputation Accuracy (R-square)">

##INFO=<ID=ER2,Number=1,Type=Float,Description="Empirical (Leave-One-Out) R-square (available only for genotyped variants)">

##INFO=<ID=IMPUTED,Number=0,Type=Flag,Description="Marker was imputed but NOT genotyped">

##INFO=<ID=TYPED,Number=0,Type=Flag,Description="Marker was genotyped AND imputed">

##INFO=<ID=TYPED_ONLY,Number=0,Type=Flag,Description="Marker was genotyped but NOT imputed">

##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">

##FORMAT=<ID=DS ,Number=1, Type=Float,Description="Estimated Alternate Allele Dosage : [P(0/1)+2*P(1/1)]">

##FORMAT=<ID=GP,Number=3, Type=Float,Description="Estimated Posterior Probabilities for Genotypes /0, 6/1 and 1/1">

##minimac4_Command=minimac4 --mapFile genetic_map_chrlé_combined_b37.txt --refHaps 16.1000g.Phase3.v5.With.Parameter.Estimates.m3vcf.gz --haps phasing.chr16.vef --chr 16 --start 54000001 --e

##bcftools_viewVersion=1.9-207-g2299ab6+htslib-1.9-271-g6738132

##bcftools_viewCommand=view -i 'MAF >= 0.001' K0GO.dose.vcf.gz; Date=Tue Jul 16 17:08:11 2019

##bcftools_viewCommand=view --targets 16:54000001-56000000 K0GO.vcf.gz; Date=Tue Jul 16 18:39:00 2019

#CHROM  POS 1D REF ALT QUAL  FILTER INFO  FORMAT 1D@@562 ID@@563 ID00504 ID@@505 ID@@506 IDG@SA7 IDAG508 IDAA569 IDA@S516 IDAGS511 IDAAS512 IDA@513 IDAG514 1DAAS51S IDGAS
54000023 16:54000023:6:A G . PASS  AF=0.00105;MAF=0.00105;R2=0.00781; IMPUTE ); ANNO=Intron:FT0;ANNOFULL=FT0/ENST@0000471389.1:+:Intron|FT0/ENST00000394647
54000190 16:54000190:T:C T ; PASS  AF=0.00118;MAF=0.00118;R2=0.02625;IMPUTE ); ANNO=Intron:FT0;ANNOFULL=FT0/ENST@0000471389.1:+:Intron|FI0/ENST00000394647
54000198 16:54000198:C:T C : PASS  AF=0.01018;MAF=0.01018;R2=0.01336;IMPUTE ); ANNO=Intron:FT0;ANNOFULL=FT0/ENST@0000471389.1:+:Intron|FT0/ENST00000394647
54000220 16:54000220:A:6 A : PASS  AF=0.00112;MAF=0.00112;R2=0.02626;IMPUTE ); ANNO=Intron:FT0;ANNOFULL=FT0/ENST@0000471389.1:+:Intron|FI0/ENST00000394647

@




Gene-based burden test : Input Data

e Creating marker group file

SEEMoIRe

National Institute of Health

$ 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)
* =--ponsyn: use nonsynonymous SNPs




Gene-based burden test : Input Data

e Gene group data (137l gene)

>

SEEMoIRe

National Institute of Health

$ less -NS KOGO.gene.all.grp

CAPNS2  16:
CES1 16:
:55798603_A/G
CES5A  16:
IRX3 16:
IRXS 16:
IRX6 16:
LPCAT2 16:
MMP2 (168
RP11-2:2T121.2
RP11-2¢L20.
RP11-324D17.1

CES1P1 16

SLC6A2

2022 EASH

55600963 _G/C
55844421_G/A

55880480 A/C
54318172 _C/A
54967040 C/T
55360297 _G/A
55543149 T/G
55498738 _G/C

16:
16:
16:
16:
16:
16:
16:
16:
16:
16:55478526_G/A

55601192_G/A
55844927 A/C
55806276 _T/C
55880681 C/T
54318528 _A/G
54967096 _C/A
55361290 G/A
55559513_G/A
55525759_G/A

3 16:55316584_C/T

:55850879_G/A
155806277 _A/G
:55880716_T/C
:54319850_G/A

:55361493_C/T
:55559513_G/T
:55527063_T/C

:55853446_C/A

:55883652_C/T
:54319851_C/A

:55361523_G/C
:55562359_G/A
:55527073_C/T

16:54279640_G/T 16:54279662_C/T 16:54279712_A/C
16:55703498_C/T 16:55719143_G/A 16:55725894_C/G 16:55729318_G/A

:55853481_G/A

:55883674_G/A

155361727 _A/C
155562466 _G/A
:55530864_G/A

155734106 _T/C

16:

16:

16:

16:
16:

55853498_G/C 16

55893483_G/C 16

55362645_G/A 16

55579710_G/A 16
55536687_A/G 16

:55853545_C/A

:55897289_C/T

:55362716_G/A

:55613052_C/T
:55536723_G/T




Gene-based burden test : Analysis Command () Z¥=257¢

e 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

« 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

e --cov: column name of covariate in PED file

« --test: statistical method

» --skat-O: use SKAT-O (SKAT, optimal test) method

QENTE 24



Gene-based burden test : Analysis Result

SEEMoIRe

National Institute of Health

$ less -NS

../04_OUTPUT/KOGO.HDL.gene.skat.epacts

#CHROM BEGIN END
55600963
55844421
55798603
55880480
54318172
54967040
55360297
55543149
55498738
55478526
55316584
54279640
55703498

NS: number of phenotyped samples with non-missing genotypes

FRAC_WITH_RARE: fraction of individual carrying rare variants below

MARKER_I
55601192
55866957
55806277
55907857
54319851
54967096
55362842
55613052
55536782
55478526
55316584
54279712
55734106

D FRAC_WITH_RARE NUM_ALL_VARS

:55600963-55601192_CAPNS2
:55844421-55866957_CES1
:55798603-55806277_CES1P1
:55880480-55907857 _CES5A
:54318172-54319851_IRX3
:54967040-54967096 _IRX5
:55360297-55362842_IRX6
:55543149-55613052_LPCAT2
:55498738-55536782_MMP2

34497
34497
34497
34497
34497
34497
34497
34497
34497

:55478526-55478526_RP11-212I21.2
:55316584-55316584_RP11-26L20.3
:54279640-54279712_RP11-324D17.1

:55703498-55734106_SLC6A2

--max-maf (default : 0.05) threshold

NUM_ALL_VARS: number of all variants defining the group

34497

NUM_PASS_VARS
.0032177
.045482
.0007247
.081166
.7976e-05
.00034786
.032756
.032612
.031829
NA NA
NA NA
34497 @
9.002522

O 0O 0O U OO

(]

NUM_SING

2
21

U NP, P 00N OUN

U P OO OO0 NEFE, NEPE NP NI

VARS

>

o

PVALUE STATRHO

(SIS IS TS I S S B S B TS B S T )

()

215521
.018027
.29357 1
.50162 @
.96831 NA
.086471
.041928
.65149 @
.22382 1
A NA
A NA
0.63901 NA
0.094387

Z Z 00000000

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

= 0|8¢t Ui RENEE &

M
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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




Meta Analysis Q) FEzrere
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Meta Analysis

Zt input filel| 2+ HH

- 21 ¢4 240l = 20| marker id

- HIAE F allele (effective allele) / other allele
sample sizeE 75X 2 EMol= 8%
— p-value

— sample size (B2 3A7|7} CIE 4 F)
HELKXHSE)E 7ISXIE E45t= 8%

- ZF marker0j Ci{ 2t estimated effect size

- effect size estimate?| standard error




Meta Analysis

e METAL command (1)

SCHEME STDERR
MARKER SNP

ALLELE ALT REF

EFFECT BETA

STDERR SE

PVALUE PVALUE

PROCESS DATAL.input
PROCESS DATA2.input
OUTFILE meta.out
ANALYZE HETEROGENEITY

SCHEME: &4 Y& «yeight 247

MARKER: marker ID Z &Y

ALLELE: effective Allele / Other Allele Z &3
EFFECT: effect size Z3 Y

STDERR: standard error Z2 33

PVALUE: pvalue Z3d Y

PROCESS: intput Lt 2 &

OUTFILE: output I} & H

ANALYZE: meta &A1 A3l

* HETEROGENEITY test 7} &

~
2




Meta Analysis

METAL command (2) - 2} §|O|E OfCt H==HO| C}

SCHEME STDERR

MARKER SNP
ALLELE ALT REF
EFFECT BETA
STDERR SE
PVALUE PVALUE

_PROCESS DATAl.input |

MARKER ID
ALLELE A1 A2
EFFECT effect
STDERR StErr
PVALUE P

| PROCESS DATAZ2.input

OUTFILE meta.out

ANALYZE HETEROGENEITY

- SHROAE 0|8 T FHHIE £

M
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Meta Analysis Q) FEzrere

e Step1 : make input data

— markerid ¢, ¥+ dH ==

e Step2: metal command &/ 5! A3l




Meta Analysis : Input Data

o =10
National Institute of Health

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

#CHROM  BEGIN

16
16
16
16
16
16

54770105
54770232
54770268
54770445
54770476
54770477

MARKER _ID NS AC CALLRATE MAF
54770105 16:54770105_T/C_16:54770105:T:C 34497
54770232 16:54770232_C/T_16:54770232:C.T 34497
54770268 16:54770268_G/A_16:54770268:G:A 34497
54770445 16:54770445_C/T_16:54770445:C.T 34497
54770476 16:54770476_C/T_16:54770476:C.T 34497
54770477 16:54770477 TC/T_16:54770477:TC:T

PVALUE
706.82
25478
7010.3
15816
16357
34497

BETA  SEBETA TSTAT R2

1 0.010245 0.59445 1.0046 1.8869 0.53241 8.2174e-06
1 0.36929 0.64377 0.21666 0.46852 0.46244 6.199%e-06

1 0.10161 0.50391 0.50485 .75536 0.66836 1.295¢-05

1 0.22924 0.52231 0.30832 0.48189 0.6398 1.1867e-05

1 0.23707 0.46343 0.36211 0.49386 0.73321 1.5585e-05

16357 1 0.23707 0.46343 0.36211 0.49386 0.73321 1.5585e-05

$ less -NS BBJ.HDL-C.autosome.txt

SNP

CHR

rs12922563
rs13335763
rs7193881

rs72812125
rs28883922
rs74483905
rs72812126

2022 EASH

REF ALT
53001788
53002558
53003344
53003599
53003924
53005526
53006138

SE

0.751
0.763
Y
0.748
0.738
0.762
0.706

P LOG10P N

0.003753 0.008767
-0.002919 0.008922
-0.004507 0.009211
-0.004086 0.009103
-0.004533 0.009212
-0.003684 0.008934
-0.004596 0.009381




Meta Analysis : Input Data SEEISTE

## BBJ] input data

$ awk '$2 == 16 \
{print $2n:n$3n_n$4n/n$5n_n$2n:n$3n:n$4n:n$5n\tn \
$2”\t”$3”\t”$4”\t"$5”\t"$8"\t”$9”\t"$1@”\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




Meta Analysis : Input Data

o -0
National Institute of Health

$ less -NS KBA_meta_input.txt

MARKER_ID

16:
16:
16:
16:
16:
16:
16:
16:

54770232 _C/T_
54770268 _G/A_
54770445 _C/T_
54770478 _C/T_
54770489 _T/A_
54770720 _C/T_
54770770 _T/C_
54770815 _A/G_

CHR

POS

16:54770232:
16:54770268:
16:54770445:
16:54770478:
16:54770489:
16:54770720:
16:54770770:
16:54770815:

>HOHOOGOON

EOoH>HHA>HA

ALT

54770232
54770268
54770445
54770478
54770489
54770720
54770770
54770815

(I T I e I |
O 0000000

OO O0ONOOOOO®

O 0O 00000000

$ less -NS BBJ_meta_input.txt

MARKER_ID
54770232 _C/T_16:
54770268 _G/A_16:
54770445 C/T_16:
54770478 _C/T_16:
54770489 T/A_16:
54770720 _C/T_16:
54770770 _T/C_16:
54770815 _A/G_16:

16:
16:
16:
16:
16:
16:
16:
16:

2022 EASH

CHR POS
54770232:
54770268:
54770445
54770478
54770489
54770720:
54770770:
54770815:

> s 0O H OO GO0

aao0oHd>» A4 > A

ALT

54770232
54770268
54770445
54770478
54770489
54770720
54770770
54770815

PVALUE

a0+ >» 443 > 4

-0.004667
-0.01252
-0.01176
-0.00476

0.012 0.01535
-0.0003057
-0.0003183
-0.0003277

.005234
.008248
.005326
.005281

.4342

.01326 0.9816
.01326 0.9809
.01326 0.9803

0.3726
0.1291
0.02722
0.3674



Meta Analysis : Analysis Command Q) SEevere

e Running

$ metal

# SEPARATOR [WHITESPACE| COMMA|BOTH|TAB] (default = WHITESPACE)

# COLUMNCOUNTING [STRICT|LENIENT] (default = 'STRICT')

# MARKERLABEL [LABEL] (default = 'MARKER')

# ALLELELABELS [LABEL1 LABEL2] (default = 'ALLELE1', 'ALLELE2')

# EFFECTLABEL [LABEL | Log(LABEL)] (default = 'EFFECT')

# FLIP

#

# Options for filtering input files

# ADDFILTER [LABEL CONDITION VALUE] (example = ADDFILTER N > 10)

# (available conditions are <, >, <=, >=, =, I=, IN)

# REMOVEFILTERS
_______________ =2F — _ _ _ _ _ _ _ ____ __ _
_______________ S—I e

# Options for general analysis control

# PROCESSFILE [FILENAME]

# OUTFILE [PREFIX SUFFIX] (default = 'METAANALYSIS','.TBL')

# MAXWARNINGS [LNUMBER] (default = 20)

# VERBOSE [ON]|OFF] (default = 'OFF')

# LOGPVALUE [ON|OFF] (default = 'OFF')

# ANALYZE [HETEROGENEITY]

# CLEAR

# Options for general run control

# SOURCE [SCRIPTFILE]

# RETURN

# QUIT

|

2022 SARHA AL et=2E S 0|8t U2 REMHEE =4 30



Meta Analysis : Analysis Command

e 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 &0 =
ANALYZE HETEROGENEITY
QUIT

HH =l A
=1 2T




Meta Analysis : Analysis Result

SR Mo

National Institute of Health

$ less -NS

../04_OUTPUT/KBA_BBJ_META HDL1.txt

MarkerName
54881826_C/T_16:
54813858_A/C_16:
:54819972_C/T_16:
: 54829523 _T/A_16:
: 54859114 _T/C_16:
:54817406_G/A_16:
: 54870361 _G/A_16:
:55060225_C/T_16:

16:
16:

16
16
16
16
16
16

MarkerName: name of marker (e.g. rsid)

Allelel Allele2
54881826:
54813858:
54819972:
54829523
54859114:
54817406:
54870361:
55060225:

G

1
3¢
=T
A
36
A
*A
:T

StdErr

N wun- donoaonaon

Allele1: Allele 1 (effective allele)
Allele2: Allele 2 (other allele)

Direction: direction of effect (+,-, or ? denoting positive, negative or missing effect,

respectively)

P-value
-0.0003
-0.0137
0.0140

-0.0028
-0.0016
0.0139

-0.0112
-0.0080

HetChiSq: Heterogeneity statistics

HetPVal: Heterogeneity p-value

2022 EASH

Direction
.0096
.0148
.0148
.0054
.0054
.0148
.0113
.0078

O 0O 0O 0000

O 000000

HetISq HetChiSq

O o000 r o000

P P, RP PR PP R

HetPVal

O 000000

.6296
.5798
.8844
.7552
.2382
.5799
.6734
.8703




Polygenic Risk Score Analysis

Statistical tool: PRS-CS, Plink

https://github.com/getian107/PRScs

2022 EASH



PRS Analysis

Polygenic Risk Score (PRS)= 7l|Q12| ZH Sof Cjsl
SHHE =& 7ol =+

— PRS; = YL, P:G; (B:effect size, i: SNPs 1, ..., n, j: individual)

PRSE £H ME 2 0| %] = phenotype 24 Y
AE Nz ME A oF 2ES 75T = A3




PRS Analysis Q) Fuzvere

Method # of markers Software Limitation
PRS using validated Limited # of
~ hundreds -
markers markers
Unadjusted PRS ~ millions - No LD info.

Clumping(or Pruning) +

P-value thresholding ~ millions PRSice Not optimized
Bayes based analysis o
(Individual data) millions BayesR Accurate but slow
local LD info ~ millions L Dpred Less accurate

(Summary stat.) (Fast and efficient)

local LD + Shrinkage
factor ~ millions PRS-CS
(Summary stat.)

Less accurate
(Fast and efficient)




PRS Analysis Q) FHzvare

e 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

e Step2 : PRS calculation (plink)




—-Elgﬂoqﬂq

PRS Analysis : Input Data

e GWAS summary statistic (2 2H$ F5)

$ head BBJ.HDL-C.autosome.txt

SNP CHR REF BETA SE P LOG16P N
rs12922563 53001788 0.8626 0.751 0.003753 0.008767

rs13335763 53002558 0.1283 0.763 -0.002919 0.008922
rs7193881 53003344 0.1241 0.739 -0.004507 0.009211
rs72812125 53003599 0.1256 0.748 -0.004086 0.009103

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

[SNP ALT BETA P
rs12922563 T 0.003753
rs13335763 -0.002919
rs7193881 -0.004507
rs72812125 -0.004086
rs28883922 -0.004533

2022 A 7H



PRS Analysis : Input Data e i

e Genotype data (vef ZE8 -> plink 2SO & HEh

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

ONGui-MacBook-Pro:93 _PRS ongs$ ls -ahl KOGO.HDL.PRS.*
-rw-r--r-- 1 ongs staff 196M 6 16 18:17 KOGO.HDL.PRS.bed

-rw-r--r-- 1 ongs staff 806K 6 16 18:17 KOGO.HDL.PRS.bim
-rw-r--r-- 1 ongs staff 842K 6 16 18:17 KOGO.HDL.PRS.fam

$ head KOGO.HDL.PRS.bim

16:54000023:G:A 0 54000023
16:54000190:T:C 0 54000190
16:54000198:C:T @ 54000198
16:54000220:A:G 0 54000220
16:54000261:A:T © 54000261

2022 EASH



PRS Analysis : Input Data

e Genotype data (SNP ID Hzh

>

SEEMoIRe

National Institute of Health

$ awk '{print $2":"$3":"$4":"$5"\t"$1}' BBI.HDL-C.autosome.txt > rsID MAT
$ head reID MAT

CHR:POS:REF:
16:53001788:
16:53002558:
16:53003344:
16:53003599:
16:53003924:

SNP
rs12922563
rs13335763
rs7193881
rs72812125
rs28883922

$ plink --bfile KOGO.HDL.PRS --update-name rsID MAT --make-bed \
--out ./04_OUTPUT/KOGO.HDL.PRS.rsID
$ ls -ahl KOGO.HDL.PRS.rsID*¥

[ONGui-MacBook-Pro:03_PRS ongs$ Ls -ahl KOGO.HDL.PRS.rsID.*

1 ongs staff 196M 6 16 18:41 KOGO.HDL.PRS.rsID.bed
1 ongs staff 775K 6 16 18:41 KOGO.HDL.PRS.rsID.bim
1 ongs staff 842K 6 16 18:41 KOGO.HDL.PRS.rsID.fam

-I'W-I--I--
-IW-I--I--
-I'W-I--I--




PRS Analysis : Input Data e i

e Genotype data (overlap data)

$ head KOGO.HDL.PRS.rsID.bim

16:54000588:A:C @ 54000588
16:54000773:G:A @ 54000773

rs1344502 0 54000792
rs1111483 0 54000907

$ 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

rs1344502 54000792
rs1111483 54000907
rs7194907 54003483
rs8053888 54003805
rs7206456 54005489




PRS Analysis : Analysis Command

e Running

SEEMoIRe

National Institute of Health

$ python3 PRScs.py --ref dir=ldblk_1kg eas --chrom=16 \
- -bim_prefix=K0OGO.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 al b0.5 phiauto_chrilé.txt

« --ref_dir: LD reference panel (the snpinfo file and hdf5 file)

« --chrom: chromosome &M

« --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

rs1344502 54000792 6.206899%e-05
rs1111483 54000907 -3.421857e-05
rs7194907 54003483 1.934491e-04
rs8053888 54003805 2.805416e-05

rs7206456 54005489 -1.508700e-05
rs7185783 54007822 8.683969e-05




SR Mo

PRS Analysis : Analysis Command e et

e PRS Calculation

$ plink --bfile KOGO.HDL.PRS.FINAL --allow-no-sex \
--out ../04 _OUTPUT/HDL.PRS.OUT \
--score PRS BETA pst eff al b@.5 phiauto chrl6.txt 2 4 6 header sum

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

. --bfile: genotype (plink Z£2Y) input file name

 --allow-no-sex: ‘J8 &I YOt EM0| 755t S &

« --out: output file name

« --score: effect size input file name

- header sum: socre fileO| header”?} 11, scoring= S &ISHA| £7|5t=F &

FID IID CNT2 SCORESUM
ID00502  ID00502 331 -0.0060191
IDe@R503 IDRO503 311 -0.00395759
IDo0504  ID00504 246 0.00456846
IDe0@505  ID@B5e5 287 0.00564633

IDeR506  IDRO506 -0.0060505
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