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The human genome
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23 pairs of chromosomes (XX female, XY male)
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Variations of human genomes
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Bak S et al., Stroke (2002)
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Which variants influence the risk of diseases?
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Genome-wide association study (GWAS)

Affected Individuals Unaffected Individuals

SNPs analyzed
and compared
statistically

ttttt ://Iwww.researchgate.net/figure/Genome-wide-association-studies-GWAS-Genome-wide-

association-studies-aim-to-discover_figs_221929527

Repeat genetic association tests for >10,000,000 common variants
Genome-wide significance, P <5 X 108
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Stroke genetics informs drug discovery and
risk prediction across ancestries
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M Check for updates

Previous genome-wide association studies (GWASs) of stroke — the second leading
cause of death worldwide — were conducted predominantly in populations of
European ancestry'? Here, in cross-ancestry GWAS meta-analyses 0f 110,182 patients
who have had astroke (five ancestries, 33% non-European) and 1,503,898 control
individuals, we identify association signals for stroke and its subtypes at 89 (61 new)
independentloci: 60 in primary inverse-variance-weighted analyses and 29 in
secondary meta-regression and multitrait analyses. On the basis of internal
cross-ancestry validation and anindependent follow-up in 89,084 additional cases

of stroke (30% non-European) and 1,013,843 control individuals, 87% of the primary
stroke risk loci and 60% of the secondary stroke risk loci were replicated (P < 0.05).
Effect sizes were highly correlated across ancestries. Cross-ancestry fine-mapping, in
silico mutagenesis analysis®, and transcriptome-wide and proteome-wide association
analyses revealed putative causal genes (such as SH3PXD2A and FURIN) and variants
(such as at GRKS and NOS3). Using a three-pronged approach*, we provide genetic
evidence for putative drug effects, highlighting F11, KLKB1, PROC, GP1BA, LAMC2 and
VCAM1 as possible targets, with drugs already under investigation for stroke for F11
and PROC. A polygenic score integrating cross-ancestry and ancestry-specific stroke
GWASs with vascular-risk factor GWASs (integrative polygenic scores) strongly
predicted ischaemic stroke in populations of European, East Asian and African
ancestry’. Stroke genetic risk scores were predictive of ischaemic stroke independent
of clinical risk factors in 52,600 clinical-trial participants with cardiometabolic
disease. Our results provide insights to inform biology, reveal potential drug targets
and derive genetic risk prediction tools across ancestries.



GIGASTROKE Study: GWAS

Cross-ancestry meta-analysis identifies association signals for stroke and its subtypes

at 89 (61 new) independent loci
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Risk prediction using genetic information
(polygenic risk score; PRS)
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Extremely high iPGS was associated with 3~5-
fold increased risk of ischemic stroke in EUR
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Extremely high iPGS was associated with 3-
fold increased risk of ischemic stroke in EAS
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2. Genotype Imputation
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HLA (Human Leukocyte Antigen) &{GF
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HIiBAG Algorithm

Build ensemble of K classifiers

/ — Bootstrap sample (in bag)\
————————— Out-of-bag sample

G C
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Zheng X et al., Pharmacogenomics J (2014)
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4. Polygenic Score (PGS) Calculation
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Risk prediction using genetic information
(polygenic risk score; PRS)
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PGS CatalogT—%~X—2X

Latest release: Dec. 18, 2025

The Polygenic Score (PGS) Catalog

An open database of polygenic scores and the relevant metadata required for accurate application and evaluation.

‘ Search the PGS Catalog B

Examples: breast cancer, glaucoma, BMI, EFO_0001645

2% Available tool: pgsc_calc

A reproducible workflow to calculate both PGS Catalog and custom polygenic scores. > See more information

Explore the Data

In the current PGS Catalog you can browse the scores and metadata through the following categories:

Polygenic Scores Traits Publications

¥ 5,221 T 660 M 756
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$ gunzip=-c=~/prs-on-hail/prs-models/PGS@00004.txt.gz=|=head=-n=20
### PGS CATALOG SCORING FILE - see www.pgscatalog.org/downloads/#dl_ftp for aD
dditional information
## POLYGENIC SCORE (PGS) INFORMATION
# PGS ID = PGS000004
|# Reported Trait = Breast Cancer }e¢ E.AAZET 9N LEL-PRSETIL
[# Original Genome Build = GRCh37 |« GRCh37chr, position|ZE DL TLVS
[# Number of Variants = 313 |« ETIICEEND/NIT U313 {E
## SOURCE INFORMATION
# PGP ID = PGP0O0000O2
# Citation = Mavaddat N et al. Am J Hum Genet (2018). doi:10.1016/7. 5| F3ER
ajhg.2018.11.002
chr_name chr_position effect_allele reference_allele e-FfecID
t_weight allelefrequency_effect
1 100880328 T A 0.0373 0.4097 PRSETILOHTE
1 10566215 G A -0.0586 0.329 * chr_name
1 110198129 C CAAA 0.0458 0.7755 * chr_position
 effect_allele
1 114445880 A G 0.0621 0.1664 . reference_allele
1 118141492 C A 0.0452 0.2657 . effect_weight
1 120257110 C T 0.0385 0.5309 « allelefrequency_effect
1 121280613 G A 0.0881 0.4053
1 121287994 G A -0.0673 0.106
1 145604302 CT C -0.0399 0.3515
1 149906413 C T 0.0548 0.4017
$
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Vaut Reference Panels:
| IN! I I Genotypes 1000 Genomes / Hapmap /
-/ HRC
— ol
.

Imputation Server

@y —/IEIZRBEShTLS
reference panelz ALV CGEEER MY

Reference
Panel

Scientist

EaTr—3arzET
| W Imputed Genotypes
d—4HF[Lreference panellZ[EHET

OA—HIIHEHRETHI VT /21 He R LELY

TT—A(imputed)ZFo>O—F 39

http://fulir.irb.hr/2108/2/BOSC_Cloudgene_Schoenherr%20presentation.pdf
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EBEBA v aT—avDEE
0.01%MD/\) 7> L EFEE (RSQ20.8)
(A EaT—S 3> ARE

European Ancestry
1.00- 0.01%

|
|
: HRC=Haplotype Reference Consortium
.. TOPMed HRC panel
W panel !
W &) (n=97 ! |
o\ , 1KGP panel
4
A | (n=2,500)
W) = 050~ |
| & :
|
I~ LLl I
M !
U & :
1000G
'\ O 025- : TOPMed _r2 HRC Genomes
\w g I N samples 97K 39K 2,500
: Ancestry Multiethnic European Multiethnic
I N variants 308M 39M 88M
Avg. depth 38X 8X 4X
i Genome build
0.00- | Position b38 b37 b37
1 l 1 1 1 1
107° 107 107° 1072 10” 10°

Minor Allele Frequency in TOPMed EUR

https://topmed.nhlbi.nih.gov/sites/default/files/Genomic%20Variation%20in%20TOPMed%20-%20IRC.pdf



EBEBA a2 T—a v ORE
East Asian Ancestry | 1%/ 7o 5E#E (RsQ20.8)!:
AVEaAT—23>TELGL

1.00- 4
1% —
l
i
- |
—~ 0.75 I
i O TOPMed panel 1
4T o (n=97K) 71"
N\ = - ' HRC panel
m S - I
D\ = 0.50- : (n=39K)
| S |
I~ | _~ 1KGP panel |
oﬂ % (n=2,500) : 1000G
N O o025- TOPMedr2 HRC . ' °
N g I N samples 97K 39K 2,500
: Ancestry Multiethnic European Multiethnic
I N variants 308M 39M 88M
| Avg. depth 38X 8X 4X
i Genome build
o G0 : Position b38 b37 b37
107° 1072 107" 10°
Minor Allele Frequency in TOPMed EAS 42

https://topmed.nhlbi.nih.gov/sites/default/files/Genomic%20Variation%20in%20TOPMed%20-%20IRC.pdf
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Imputation

Togolmputation
(IH4&: NBDC-DDBJ imputation server)

- BERDMBESEBEATEN /LT—3ZHAS
BRSOV EANT / LGBHFTRE ) [CH—/\ZHRE
(RO RERENFALTLY)

« BARAWGST—4ARIZE D reference panel ZEEL .
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ZX=}) -




AT LK

NIG supercomputer personal genome section

Workflow

@I TTUIMS/INTA—A
#HEL. BB A UEA
T—2avEERT
(GAAGHTIE#E SN T-

@l_*f‘iSSL' Virtual machine
Y—nggfﬁ? _;:Ej . Web user interface
SSL-VPN
Researcher
&5
@ S Sapporo
N &
@:L— -If i cwitool
[XSSL-VPN
#EHTI7 2
AILDTY File system /
j A— |~° = y
g’rj >0 (O Target
FAHYAI EE SSL-VPN (input)

Reference
(input)

SR API{LFRIZZEENL/ B BT
dmp® |EIHNTELTIEE!N)
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S @BEAAWGS
N\ F—ARIZE I
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JGA WGST — & H breference panel DEEE

Japanese Genotype-phenotype Archive (JGA) [Z&§% - ANBch . H
D.T—AEMNMIIZET 5E&FEZFI TLAIRRAEWGST—4(>1000
"5'/7’)lz)".«f3'f'f§Ls FastQ 7T —4SZFE b idreference panel’é*ﬁﬁ

Dataset [ Sample 001 | | Sample 002 | | Sample N |
. R 2 . 2Nl
JGA analysis per-sample workflow (version 1.0.0)
v v v
CRAM CRAM CRAM CRAV
wRAN gVCF gVCF gVCF
(autosome_PAR, ploidy=2) (autosome_PAR, ploidy=2) (autosome_PAR, ploidy=2)
gVCF gVCF gVCF
aVCF (chrX_nonPAR, ploidy=2) (chrX_nonPAR, ploidy=2) (chrX_nonPAR, ploidy=2)
gVCF gVCF gVCF
(chrXY_nonPAR, ploidy=1) (chrXY_nonPAR, ploidy=1) (chrXY_nonPAR, ploidy=1)
. Visual inspection JGA analysis QC (version 1.0.0)
r & v v v v
! (sex=male) (sex=ambiguous) (sex=female)
Male PASS " All PASS Female PASS
! samples samples samples !
————————————————————————————— bttt Zetleiliietletiete it Sl
JGA analysis multi-samples workflow (version 1.0.0)
A v v 7
Aggregale Aggregate VCF Aggregate VCF Aggregate VCF
(chrXY_nonPAR, ploidy=1) (autosome_PAR, ploidy=2) (chrX_nonPAR, ploidy=2) https://humandbs.dbcls.jp/whole-genome-sequencing

KBFET—IDEEFESLUT—2IMITIZAEL V=2 V=BioBank JapanH LU
BILEMBEFTDEEFICEHILBLEITET,




FIHRIEEL: reference panel co2sz108mE)

B S A2 (FEHI PR 22 BH)

Reference panel T—3tvk fH5E AEL 7t
GRCh37.1KGP 1KGP %% 2,504 GRCh37 (hg19)
GRCh37.1KGP_EAS 1KGP H7JF7 504  GRCh37 (hg19)
GRCh38.1KGP 1KGP %%k 2,548 GRCh38
GRCh38.1KGP_EAS 1KGP H7CF 508 GRCh38
B H 0 22 (i PR 22 BH)

Reference panel T—3t vk fH5E AEL 7t
(878 A b 5) TGP ;@5 3504 GRCN37 (hg19)
E;EBj\js,K+G e KGR BBJ HA 1037 GRCh37 (hgi9)
(HORAVE1F—say)  TIKEP HRTTT 4504
BBJ1K BBJ B 1,026 GRCh38
BBJ2K BBJ B 1,964 GRCh38

BBJ=BioBank Japan
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HLA imputationige
HIBAGTZ JLOY X LIZEDINT, SNPFL AT —4EHSHLA
genotypeZHETE

g&&é HiBAG:Ej_-“)l/b‘sWEb UI The NBDC-DDBJ imputation server HIBAG — HLA Genotype Imputation

configuration

ZiEC TRIRATRE e —
* Platform: 33f&¥ D o 1

genotyping platform[TXf s <o L==
* Ancestry: European, Asian,
Hispanic, African, Multi-

ethnic A E R Al gE

* Resolution: Two-field (4-

digit) D#H:ERATGE o

HLA & KIR imputation network (HKimp.net)® 3-field (6-digit) T
JUASE B ISR T8RS 5 T 5




PGS Catalog APl & pgsc_calc workflow

Traits
Publications
Score IDs

Scoring files

Target genomes

pgscatalog/pgsc_calc .
A reproducible workflow to calculate polygenic scores

using nextflow

Genotypes @ pgscatalog_utils

O plink2
© FRAPOSA

Variants

=== Samples License: @ ®

O https://github.com/PGScatalog/pgsc_calc

Matching and scoring

D LoD ©E

Reference genomes

&
<&
1 4 1
o

= ]
Genetic ancestry (optional)

FBEL-TF ) AL
K (GRCh37H L
GRCh38) ®PGS
Catalog APIZ{ii A L
TPGSET /LD X 7
v — RA3ATHE
Imputationtd D77 /) I
TG, EIRE
N7-PGSET /L (&
FOERATEE) (2O
T. PGSR a7 fl%
AHET D



Togolmputation @ PGSE 7 /L ERE

PGS Catalog Rz 5% —7 1 X

ZAPF—#H:5061 DL I— RAHHAAENTNET S
BI&EHT: 2025/3/6 17:00:41 G RAFPF vy Y1 EEH

BRER71IL%
PGS ID PGP ID EFO ID/Z X)L /Et8E

%l: PGS000001 %l: PGPO00001 %l: EFO:0001645, carcinoma, epithelial
FZE (Trait/EFO = \)L/5HE) HhRY ID (Publication ID)

f51: Coronary artery disease, carcinoma, epithelial fll: PMID:12345678

HiR¥ 7 « L% (Publication Filters)

E[EEE (First Author) Y+ —7)L4 (Journal Name)

Bll: Smith #l: Nature Genetics
XY A ML (Title) DOI HhkHE (Publication Date)

fl: Genome-wide association #1:10.1038/ #l: 2020

REER [ 506144 |
10 v|#RE

|maim maAaaas ——— A



Sampleset

1kgp-jpt
1kgp-jpt
Tkgp-jpt

1kgp-jpt

Scoring file

PGSETRIERT <Y —

PGS000001_hmPOS_GRCh38

PGS000002_hmPOS_GRCh38

PGS000003_hmPOS_GRCh38

PGS000802_hmPOS_GRCh38

Showing 1to 4 of 4 entries

Polygenic

Publication
Score ID

PGP000001
PGS000001 Mavaddat N et al. J Natl
PRS77_BC Cancer Inst (2015).

doi:10.1093/jnci/djv036

PGP000001
PGS000002 Mavaddat N et al. J Natl
PRS77_ERpos  Cancer Inst (2015).

doi:10.1093/jnci/djv036

PGP000001
PGS000003 Mavaddat N et al. J Natl
PRS77_ERneg Cancer Inst (2015).

doi:10.1093/jnci/djv036

Number
of
variants

77

77

build: NR

armonised
buil
GRCh38

T

oy

Original
build: NR
armonised
uild:
GRCh38

T

o

Complex
alleles
present?

false

false

false

Effect types
compatible?

true

true

true

Number
Passed Match Total
of .
) matching % matched |
variants
77 true 63.6 49
77 true 63.6 49
77 true 63.6 49
19 true 84.2 16
Previous 1 Next
PGS Distribution(s)
PGS000001 PGS000002
1.00 4
0.75 4
0.754
0.50 4
0.501
0.254 0.25 4
0.004 0.00 A
-‘% 0?5 1?0 1T5 2.0 0.0 0?5 170 1?5 2:0
§ PGS000003 PGS000802
1.54
1.04 1.0
0.54 0.54
0.04 0.01
075 170 1f5 270 275

PGS (SUM)

sampleset

[] tkopet



Togolmputation FJHAE

Q. Togolmputation X & &

.............................. C.

Togolmputation TR R !!

g EERTR/I> =
I https://sc.ddbj.nig.ac.jp » imputation_server : - ¢ 5
Togolmputation (beta) | NIG supercomputer - E{=ffF X /8T s
> I

2024/07/17 — Togolmputation (beta). ¥ > E 27— 3 > —/\ (Imputation
Server) (& SNPPZLAT—9DA V17— a VETEXIRT 2P —ERXTT,

° TogoTV
https://togotv.dbcls.jp » ...

Togolmputation (beta)(lH: NBDC-DDBJf Y E 27— 3> ...

2024/05/26 — Togolmputation (beta)(|H: NBDC-DDBJ > 27— 3 v H—/)N\)i&k, BEHX/OYV
DEANT/ LEFXE THARRRY A5 —T7 2 —XA T,

52



Togolmputation FIFH A&
X THIAHATEE!

B R /332 /Togoimputation AT LF|FHEREE

AR AT LFAREEZE O (imputation-server@ddbj.nig.ac.jp) [Z. FIFAEHAA—ILE
EoTLZE0Y

TogoImputation (N—%hR) OFBZHEL XTI,
HrfzlcguacamoleZ A UL REBY Y VBB OB EEZBEWTEE T EEZEVTT,

BANT/ LERXBO7ZHhOV NG T __ (#: youraccount-pg)
guacamoleZ &I 5V VHA . _ (#:ateo1)
7% (HEEE: 16l L)

RAM : (#E2E © 128GBLL L)
NOYhIBToLOKNY . (#: /home/ddbjshare-pg [#78], /home/youraccount-pg [#ZE])

ZOfth © singularity®1 YA M—=J)LEBBEVWULET,

ESFLBULLBREVWLET,

1 PR 2> BAreference panel ¥ A B EF (FEHIFE 2B/ \RILF| ARFIZIXHBRBAE)

FIBR B 7L 2 R/ )LIF Japanese Genotype-phenotype Archive (JGA) [Z& &%
SNTWET  IGAT—2DFABRFGEAZEIE NBDCERNT —2A—X T—2DFI

(https://humandbs.dbcls.jp/data-use) ZZ S HELIZELY, .



mailto:imputation-server@ddbj.nig.ac.jp
mailto:imputation-server@ddbj.nig.ac.jp
mailto:imputation-server@ddbj.nig.ac.jp
https://humandbs.dbcls.jp/data-use
https://humandbs.dbcls.jp/data-use
https://humandbs.dbcls.jp/data-use

Togolmputation FIFH A&
TOGOOTV BB T RAENZHID!

Togolmputation (beta)
(IH: NBDC-DDBg&>E2 77— 3V

=)\ &E>CIPT LA T~ D
BEF RN (TS (CE5R)

£ DBCLS 20240510k o
2% @Youlube

ZOEEHNBESINBRWVEEIX. YouTubeTEL £E W, https://youtu.be/yel Wd-4aNxo

2024.05.26 07:55 & 1£%&: Ryo Niwa 7 #Rsk: \& BIsL, 55 5% S BEVYRNRE

Togolmputation (beta)(IB: NBDC-DDBJA ¥ EaF—va vH—s)%
£ > TSNP? V4 7— 2 0 BRFE RN %17 5 CERR)
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FIfEME R _EDHR V) B A
DDBJ7 h > b & DEE

. DDB]

“  DNA Data Bank of Japan

Imputation Server Sign in to your account
System Username or ema il
Please sign in using Keycloak OAuth
BIER/NAVDOBREFIXBEGL DDBIZHI > TVS

A—HIEAaS(o0HTHRIATEEIC

IGAT—43 YAV EAT—3 S B/AARIL) DT —53F | HH

5 LDDBIT YU ML SNTEY . OF 1293 EF A TTEEA

INR L B RN ZERFATHEIS
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Coming Soon!

HLA imputationDZS 88/ \RJLIZ HLAGKIR
imputation network (Hkimp.net) &7 L%

1850

Meta-imputation|ZKHEHMD S/ \1
WIZEHERDME

GLIMPSE2[Z & blow-coverage WGST—%4
DA EAT—IaVBEEDIEM



Togolmputation

TOGO
)~ Imputation

. BIEEA 17— 3> (Genotype Imputation)

. HLA1 > E 15— 3> (HLA Imputation)

IRV Yz Zwy o XO7EE (Polygenic Score
Calculation)

FMADIIHREFZLALLBRELNNLET




