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Genome Korea Project

Aims:

. To characterize the non-pathological ethnicity-relevant
genetic variation and diversity present in the Korean
population

. To predict candidate loci, inheritance patterns, and

genetic risk for certain diseases

5" . 02 . To improve the consensus Korean Reference genome

7“‘&- standard

U 3-315.. é) . To identify Korean population-specific pathogenic rare

A= 2|0t
Korean Personal Genome Project

variants
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Whole Genome Processing Pipelines

=

Raw Data ]
[

(hg38) bwa gatk Control-freeC ERIERIES

I
[
[ 1 HaplotypeCaller
) MELT
[ Mapped Reads Copy Number
I J - v Variants

[ Analysis-Ready
Reads(BAM)

Map to Reference

- .. SNP
Mark Dupll_cate_s & gatk Individual VCF Transposable
Base Recalibration

Analysis-Ready ] GVCF m]

Reads (BAM)

element

L HLA typing L
| | i ]

r . |

Combined gatk I
(v e - - - S - - - - _
| Optitype
[ Joint Call with Cohort ]

gatk I

A 4
A 4 Filter Variants & Final VCF H Use in Project J
[ Raw SNPs + Indels Annotate Variants

Whole Genomes: SNP, Indel ,HLA type, Transposable element, Copy
number variants, Structural variants

o
.,
)
—o
.
'®, KOreanG Cent
A s M | & M

-ean Genomics Center
‘g g



e — S
Clinical information Height

Hearing
Sight
i Electro cardiogram
TSH,T3

Ketone body Cholesterol (HDL,LDL)

Hemoglobin ~ RBC

Blood platelet Pulmonary function ~ Blood Pressure
Albumin WBC

LDH - :
Na, K, Ca Hematocrit Pl Lipoprotein a
ASTALT Blood Sugar
BMI Amylase
Waist circumference  yric Acig  Uric Sugar _ ,
Neutral fat Forced vital capacity
Weight
Degree of obesity Homocysteine
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.
e
oo
= KOGIC 6
0
',  KOrean Genomics Center
Asedodedd



e —
Variant Statistics

14 M
12 M
10 M
BM

6 M+

Variant count
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Variant count
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Samples

» 39,025,362 variants (13,462,495 singleton) from 1,094 Koreans and most of them are rare

variants, although Korean population is known to be homogenous

» KorealK covered most of very common variants, while more samples are needed to cover

very rare variants.
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Variant Distribution by Variant Class
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Principle Component Analysis with 1KGP data
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Koreans can be distinguished from the Chinese and Japanese.
Koreans are a fairly homogenous population.a
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Drug response variants found in Korea1Ka
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We also found 35 drug- response variants annotated in ClinVar (fig. S16), and 11 of
them displayed significantly different allele frequencies from those of the Chinese or
Japanese individuals in the 1KGP set, highlighting the importance of population-
specific datasets when interpreting pathogenic or drug-response variants.

For example, the variant rs4961 in ADD1 had the highest frequency in the KorealK
compared to other populations and is associated with hypertension and responsiveness
to furosemide and spironolactone as shown in a European studly.




—
HLA typing by WGS dataa

Korean population have different HLA allele frequency pattern with the Japanese,
although they are known to be genetically very close
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Population stratification confirmed by PCA with TEs in Korea1Ka

SVA

LINE1

ALU

PC1
© ACB » CHS » GWD + LWK » STU

* ASW ¢ CLM « IBS
* BEB ¢ ESN «ITU

-3

PC1
© ACB * CHS * GWD » LWK » STU

PC1
+ACB » CHS » GWD « LWK + STU

= ASW = CLM = IBS
= BEB * ESN « [TU

* MSL » TSI
* MXL * YRI

*CDX “ FIN e JPT ePEL
* GBR * KHV » PJL

CEU
* CHB » GIH » KOR « PUR

* MXL e YRI
* PEL
* PJL

* MSL « TSI
* KOR * PUR

CEU » GBR » KHV

« ASW « CLM » IBS
*CDX « FIN e JPT
* CHB « GIH

*BEB #ESN «ITU

= MSL = TSI
= MXL = YRI

GBR » KHV = PJL

CEU
*CHB * GIH = KOR + PUR

+CDX “FIN *JPT PEL

=1

<2

=3

12

PC1

=

-3

PC1




N — B
Whole-genome sequencing based GWAS identified more significant
GWAS marker than chip-based

Among the 11 loci of reported variants, 9 contained variants reported in the GWAS

catalog, but their index variants were newly identified in this study.
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WGS data help identify low-frequency alleles and

unreported GWAS loci

0.5

L]
0.4- °
The MAFs in the previously unidentified loci
were markedly lower than those previously
0.3- reported when we compared the MAFs of
GWAS variants in these previously reported
and the unreported loci (fig. S29). This means
O.2- that large-scale variomes from WGS data help

MAF

identify low-frequency alleles and unreported

0.1- loci via whole genome—-based GWA studies.
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Korea1K imputation panel

1.0
0.9+
0.8 1

0.7 A

O
o

Aggregated R?
o
(6]

« KorealK + 1KGP

0.3 < KorealK
& 1KGP
0.2 1
0.1
Low frequency | Common Very common

02 056 1 2 5 10 20 30 40 50 100
Alt allele frequency (%)

“The accuracy of imputation is improved
when a population-specific reference panel is used.”
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Performance of the variant classification using different panels of
normals Variome DB (Panel of normals)

Control sample from the
same individual
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Although the 3.5KJPN set contained the largest number of variants, the Korea1K
dataset had the highest accuracy of prediction of germline and somatic variants.
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Publication of KorealK

SCIENCE ADVANCES | RESEARCH ARTICLE

HUMAN GENETICS

Korean Genome Project: 1094 Korean personal
genomes with clinical information

Sungwon Jeon"?*, Youngjune Bhak'??*, Yeonsong Choi'**, Yeonsu Jeon'?, Seunghoon Kim'?,
Jaeyoung Jang', Jinho Jang'?, Asta Blazyte', Changjae Kim'?, Yeonkyung Kim', Jungae Shim’,
Nayeong Kim', Yeo Jin Kim', Seung Gu Park’, Jungeun Kim?, Yun Sung Cho?, Yeshin Park?,
Hak-Min Kim'?3, Byoung-Chul Kim?, Neung-Hwa Park®?®, Eun-Seok Shin’, Byung Chul Kim?,
Dan Bolser?, Andrea Manica®, Jeremy S. Edwards®, George Church'®’,

Semin Lee'?", Jong Bhak'-*3%"

We present the initial phase of the Korean Genome Project (Korea1K), including 1094 whole genomes (sequenced
at an average depth of 31x), along with data of 79 quantitative clinical traits. We identified 39 million single-
nucleotide variants and indels of which half were singleton or doubleton and detected Korean-specific patterns
based on several types of genomic variations. A genome-wide association study illustrated the power of whole-
genome sequences for analyzing clinical traits, identifying nine more significant candidate alleles than previously
reported from the same linkage disequilibrium blocks. Also, Korea1K, as a reference, showed better imputation
accuracy for Koreans than the 1KGP panel. As proof of utility, germline variants in cancer samples could be
filtered out more effectively when the Korea1K variome was used as a panel of normals compared to non-Korean
variome sets. Overall, this study shows that Korea1K can be a useful genotypic and phenotypic resource for clinical
and ethnogenetic studies.

https://advances.sciencemag.org/content/6/22/eaaz7835

Copyright © 2020

The Authors, some
rights reserved;
exclusive licensee
American Association
for the Advancement
of Science. No claim to
original U.S. Government
Works. Distributed
under a Creative
Commons Attribution
NonCommercial
License 4.0 (CC BY-NC).
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http://1000genomes.kr/

KorealK Variome

This webpage is for data sharing of 1K Korean human genomes.

For allele frequency data

You can download the allele frequency of SNVs and Indels, Copy Number variants (CNV), Transposable
element (TE) insertions of Korea1K genomes for academic purposes. For the method about calling variants,
please refer to the publication ( S. Jeon, Y. Bhak, Y. Choi, Y. Jeon, S. Kim, J. Jang, J. Jang, A. Blazyte, C. Kim, Y. Kim,
J. Shim, N. Kim, Y. J. Kim, S. G. Park, J. Kim, Y. S. Cho, Y. Park, H.-M. Kim, B.-C. Kim, N.-H. Park, E.-S. Shin, B. C. Kim,
D. Bolser, A. Manica, J. S. Edwards, G. Church, S. Lee, J. Bhak, Korean Genome Project: 1094 Korean personal

genomes with clinical information. Sci. Adv. 6, eaaz7835 (2020).).

O | agree with the terms and conditions

KorealK SNP and Indel Allele frequency data
Korea1K Copy Number Variants Allele frequency data
KorealK TE insertion Allele frequency data

£3KOGIC 1

'®,  KOrean Genomics Center
[ R ]


http://1000genomes.kr/

R — D
ot 0l X HZE A= (KOREF), EZ HO|X| (KoVariome)

o M Eo| St BEFE AlE5X|=(KOREF) < oxQl H#ExHZFE HO|X|(KoVariome) 1

ientificreports

nature \ ——————————
COMMUNICATIONS

ARTICLE SCIENTIFIC REPg}RTS

Received 24 Mar 2016 | Accepted 18 Oct 2016 | Published 24 Nov 2016 DOI: 10.1038/ncomms13637 OPEN

An ethnically relevant consensus Korean reference OPEN: KoVariome: Korean National
genome is a step towards personal reference - Standard Reference Variome
genomes .database of whole genomes with
Reeceived: 22 Sepiemier 2017 ; . .
- = ‘comprehensive SNV, indel, CNV
Yun Sung Cho?3*, Hyunho Kim**, Hak-Min Kim"2, Sungwoong Jho®, JeHoon Jun®4, Yong Joo Lee?, :uh::;::;:i:‘wﬂhlz'\o(::l 2018 d gv | ! ’ !
Kyun Shik Chae®, Chang Geun Kim®, Sangsoo Kim®, Anders Eriksson’, Jeremy S. Edwards®, Semin Lee'?, an ana yses
Byung Chul Kim"2, Andrea Manica’, Tae-Kwang Oh®, George M. Church'®** & Jong Bhak!234.++ ; fﬂlﬂ‘f:'r“_g’g::‘“ﬁ‘;ﬁ :‘fﬂ";‘_‘ﬂ“;f:ﬂg"::{“af:’;ﬁ’::‘(’)‘;‘f:;-;:m’:"(mh:;Gwn(m‘-

* HyelinLee?, Byung Chul Kim’, Kyudong Han, InSang Koh?, kyun Shik Chae, Semin Lee®,
i Jeremy 5. Edwards™ & Jong Bhak( 4"

Q! Hi=sAlHE 2ot QKQREF ” - !
me » o Korean National Standard Reference Variome database of whole genomes

o=z 0l . @

BEEN=xs )

with comprehensive SNV, indel, CNV, and SV analyses

SCIENTIFIC IEPQRTS tpe/ frrwm.nature comy/srticles/s4 1588-018- 238 -

KOGIC

e {®} Korean Per | Genome Project
KOrean Genomics Industrialization and ' ‘ean s m,_,.c i
Commercialization Center GRF Qrorer PN

£3KOGIC E

'®,  KOrean Genomics Center
U ow oMo



€« C | ® 210.218.217.88/sample s
Genome Report ®=270k2
A=
YEED
o
AFAR 0] 0fl%
MK Z0|2 MRt ZHsl0]
AHLto| ol Show 10 v entries XA v|| #OiXtOjO|C M
=23 Fojxtotol
e o oiof a4 Al 2EE PDF 2|
U10K U10K-00921 32 oy N FEoHots 20N =3
4L 2IEEY
U10K U10K-00920 32 oy Y F2od Hel Bk =3
His 7IH0R QIE/0I% 14Q4
L H[E Y U10K U10K-00919 2 g8 v S2 g 82 20K =
U10K U10K-00918 32 oy Y FE L HA BN
U10K U10K-00017 =2 oy N 22 04 ots B A =3
4ZY O[FFZ BY .
U10K U10K-00916 2 o8 N 2 HH0HE 22N m
2 L A IE /21K A
U10K U10K-00915 32 =4 N S22 g40s 21N m
U10K U10K-00914 =2 = N FE2 Y 0tE 2N Make
U10K U10K-00913 2 o N F2HH 0 22N m
"~ b U10K U10K-00912 =2 =4 N 2405 21N
X CERLERT -
[ i E o Vin
». - '} b 9l AKX EAID} oI tEl Showing 1 to 10 of 316 entries Previous - 2, 3 4 5 5 32 Nexd
S m - FAHHO| Aet £ ezc

£3KOGIC 2

'®,  KOrean Genomics Center
A s 4 YU ow M



N
Al= ClolE 2] S+
A=

< 2004

do| ™

40| E

x|

X158 (Korea1K)

2% 71# Ha gmt F 7| M3 gxt
QFAREL AN 2020.05.13. Al ATAS 2020.09.07.
<2 oo A

REEEE 2020.05.27. 4G5l et /m) NH 2020.10.04.

Fudan KAIST
University 2020.06.09. BE e 2020.11.25.
el 2020.06.11. Einasiiian] 2020.12.03.
2 oo
A 815} 22} 2020.06.12. UC Berkeley 2020.12.08.
Ay 55t
A x S o
%Lﬂ} ;;_H 2020.06.12. P 2020.12.08.
Al AT 2020.06.15. AAITH och FSHA 1YF
A oJh 2020.06.21. UNBT s I o B
Lieber Institute for Brain Devel N I
MRC_LMB 2020.08.13. Opment, JOhnS HOpleS 9' I:H T']:_L%‘:;gxl' ;ﬂng
ent of Psychiatry, N N
Dot o Fychay 2020.08.19. M cHetm ol akstat 2PAA QD3
AMed B e Srhs z
13%%74]032@ © 2020.08.24. MEMHet g ¥ BSHEA 1Y F

-—-KOGIC

. KDreqn enol m cs Center
o

21




I B —
A= A OESYL A == 168 Al

Korean Genome Project: 1,094 Korean personal Depression and suicide risk prediction models using
genomes with clinical information blood-derived multi-omics data
KorealK zg o= & 24 o e
A RS B MoIZ AT C 8h2 Al - MDD: 39
Q23 48 b ﬁc'; ‘J ia??ﬁ i + Control: 87
s 2 F.J ﬂ . ’-,."Ti
¥ i 1« Ma ' o
i”‘°' %N-”' EE I:ol_‘g};;? ., Ak ;?":ﬂ; Psychiatric score measurement Multi-omics from peripheral blood
2 }':_' | | l o] 20| BN §URCISLR uIU Y v =] * HAM17 for depression + Methylome
A A 4 -4 (’M! $#o)) b4 v =1 + SSIfor suicidal ideation + Transcriptome
R R R~ R L=
- l ‘ woj 948 s l wo
ALk w A + Case classifier
e e 00001 [ 0.0001 Model development Psychiatric score regression
#o| ¢ 001
8 wolE _ 15 0.0001 Data collection Feature Ovthnization Model
#o| F 00001 + DEG and DMS selection P construction

CHRF (17 E)2] et=Ql A= 00| E| 7t 3t=0lo] vt
A RS L EUY BN PEES U+ 08 CIFRUA BM2S E3) 2250 XAt o B8t=
J|AetE 2RSS MESH X 20| 28T 5+ 2Us

-—-KOGIC 22

. KD eun enomc Ceﬂt
P} El



Korea10K Data = BioDataFarm

s+ Genome Based Biomedical

. . oRziEey
e oje o nE s an
& Al7[4t
im @
pe o1zt
#° Ep e b L ¥

Folx Q. waYAIG L wEME i

= [ Ziofud xIcky | & Jljet
Z HAM ZaHE & [= = el =
Hdd A e 74 (7]t 2% Hiojeia zich

A, Mok, EH|XI=H EHEE U= T2 ChS AL 15
$

103 PB

o}
& S7H HIO|2 B{CHO[E 2 2AXIxt
< 219 8 120 Als di= &
. 2213 1912 a5 =2 B (20043) HlO|QEEO|E] & Hio[2{A A x| BN SEHEE W2
3 52 SINCE =] N i

w SH201 BEis, 0| 2 [ZNCBI[ @ cenccc ) & ZHIEIEH A& /Ta]/AUE FICHIH/A| A B2

- STAIY QG101 St 507 elerserss PHOM e s
=R PDB et} P BioBank & 2E # dY9E FZA AN OIS A2H HIS

Koreal0K Data = Personalized Medicine

£3KOGIC &

',  KOrean Genomics Center
A s 4 YN eNH




=2 KOGIC

0 KOrean Genomics Center
A 5 & 9 71 = M H

WrisT



