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rsl234
ATCT GCTATGAGGGCCCAAT GCTTTTATTTCCGAGAGA

ATCT GCTATGAGGGCCCAAT GCTTTTATTTCCGACAGA
ATCT GCTATGAGGGCCCAAT GCTTTTATTTCCGACAGA
ATCT GCTATGAGGGCCCAAT GCTTTTATTTCCGACAGA
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300~500bp

Single Nucleotide Polymorphism (SNP)
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it W Human Genome Project (1990~2003)

TO CHANGE THE
PASSWORD

- total of $3 billion over this period
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rs12913832: GG GG

rs1800407: GG GG

ms671 - alcohol bLlush
(Asian blush)

(A:A) Flusher

(GG) nogr}narl
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rs17822931(ABCC11)

ho GG Wet earwax
i GA Wet earwax
i AA Dry earwax
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’L—I %ﬂ E_ \:i,:é\g,%%%m,co.kr Frequencies of ABCC11 allele c.538 (One nonsynonymous SNP 538G > A)\<”

Ethnic groups Tribes or inhabitants AA GA GG
Korean Daegu city inhabitants 100% | 0% 0%

“Emel, AS™O| BA B L= SR 7ENCE (23 Chinese Northern and southern Han Chinese 80.8% 19.2% 0%
Mongolian Khalkha tribe 75.9% 21.7% 24%
Japanese Nagasaki people 69% |27.8% 3.2%
Thai Central Thai in Bangkok 63.3% | 204% 16.3%
Vietnamese People from multiple regions 53.6%  392% 7.2%
Native American 30% 40% 30%
Filipino Palawan 229% | 479% 29.2%
Kazakh 20% 367 433%
Russian 4.5% |402% 55.3%

White Americans From CEPH families with out the French and Venezuelans 1.2% 19.5% 79.3%

African From various sub-Saharan nations 0% 83% 91.7%

African Americans 0% 0% 100%
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PCA analysis of East Asian descent
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SNPS

e Synonymous: do not result in a change of amino acid in the
protein, but still can affect its function in other ways

e Non-synonymous
— Missense : amino acid changes
— Nonsense : changes amino acid to stop codon

Type of SNP

Promoler
region Intron Exon

=

(SNI> iSNP ﬁ gSNP

(regulatory SNP) (intron SNP) cSNP sSNP
(non-Synonymous) J(Synonyrmous)
amino acid Mo amino acid
substitution substiution

Possible phenolype change

R RHAYE 24




Heterozygous vs. Homozygous Q) =u=veza

e SNP representation in a double stranded DNA fragment for 3
hypothetical individuals, tree 1, 2 and 3

e Tree 1 is heterozygous, whereas Trees 2 and 3 are homozygous
(CTGN Short Course, University of California, 2009)

SNP
{

Maternal chrom.

Tree 1 A
C 6T GTE GTCTT A Paternal chrom.

B

Tree 2 AaceGTGTC GTCTTA Maternal chrom.
A Paternal chrom.

A Maternal chrom.
CG6TGTC GTCTT A Paternal chrom.

Tree 3 A
A
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e Genotype assignment

e The overall call rate of a sample is equal to the number of
SNPs receiving an AA, AB, or BB genotype call divided by the
total number of SNPs on the chip.
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Genetic variance VS. Disease risk Q) Faznore

genome.gov

(il 2 2 T sc-ccH
%w National Human Genome Research Institute

National Institutes of Health

LT BTG T I Research at NHGRI | Health | Education | Issues in Genetics | Newsroom | Careers & Training = About

Home » Research Funding > Research Funding Divisions > Division of Genomic Medicine > GWAS Catalog

Division of Genomic Medicine

A Catalog of Published Genome-Wide Association Studies

Division Staff | Funding Opportunities | Genomic Medicine Activities | GWAS Catalog | Meetings & Workshops | Published Genome-Wide Associations thl’ough 12/2012
Potential Sample Collections for Sequencing | Programs ! Publications | Trans-NIH Sequencing Inventory Published GWA at pssxlo_s fOI' 17 trait Categories

o Current uses of and future directions for the Genome-Wide Association Studies Catalog I
On Thursday, July 18th, 2013, the Divi
presentations.

f Genomic Medicine held a webinar to highlight current uses and explore |

Additional information has been added to the HTML catalog columns below. For a description of column headin

Potential etiologic and functional implications of genome-wide association loci for human diseases and traits !
Click here to read our recent Proceedings of the Academy of Sciences (PNAS) article on catalog methods and analysis.

View the Interactive Diagram «&» View the Full Catalog Download the Catalog Searcl

o P—— The genome-wide association study (GWAS) publications listed he

AT STIACRCAY Sk g polymerphisms (SNPs) in the initial stage. Publications are organized fr
available. Studies focusing only on candidate genes are excluded from
daily NIH-distributed compilations of news and media reports, and occa
Navigator).

SNP-trait associations listed here are limited to those with p-values <
in p-values are rounded to the nearest single digit; odds ratios and alle
95 percent confidence intervals where applicable. Allele frequencies, p-
combined analysis (initial plus replication studies), are recorded below
For quantitative traits, information on % variance explained, SD increm
original paper are converted to OR > 1 for the alternate allele. Where 1

@ Digestive system discase

@ Cordiovascular disease

© Metaboic disease

e system dis e

arvous system dseess

@ Liver enzyme measurement

@ Linid or bpoprotein measurement
© tnflammatory merker measursment
@ Hematoiogica messurement

@ Booy messurement

@ Cordiovascular measursment

@ Other messirement

© Response o orug

@ siclogical process

@ Concer

@ Other asesse

@ othertrar

L " www.genome.gov/GWAStudieS
ﬂmm""‘"‘" www.ebi.ac.uk/fgpt/gwas/ EMBL-EBI
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ATCTAAGGCTATGAGGGCCCAATC
ATCTAAGGCTATGAGGGCCCAATC

ATCTAAGGCTATGAGGGCCCAATC
ATCTAGGGCTATGAGGGCCCAATC

ATCTAAGGCTATGAGGGCCCAATC

ATCTAAGGCTATGAGGGCCCAATC
ATCTAAGGCTATGAGGGCCCAATC

GCTTTTATTTCCGAGAGA

GCTTTTATTTCCGACAGA
GCTTTTATTTCCGACAGA
GCTTTTATTTCCGACAGA

GCTTTTATTTCCGAGAGA

GCTTTTATTTCCGACAGA
GCTTTTATTTCCGACAGA

ATCTAGGGCTATGAGGGCCCAATC

GCTTTTATTTCCGACAGA
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biobank’ Call Us On: 08000276 276 @

Your feedback is important to ug, tell us what you think

About | Participants | Resources | Approved research | Register & apply | Data Showcase | Scientists

4 n I / YouAreln  About UK Biobank

Int. J. Epidemiol. Advance Access published December 11, 2013

Published by Oxford University Press on behalf of the International Epidemiological Association International Journal of Epidemiology 2013;1-10

RARE NETIC VA
E GENETIC © The Author 2013; all rights reserved. doi:10.1093fje/dyt220

ht, with the aim of improving the
iesses — including cancer, heart
ns of dementia. UK Biobank

intry to take part in this project.

e Parental diabetes and birthweight in 236030 s |

dwelsel individuals in the UK Biobank Study B
9 December 2013 Last updated at 01:33 GM
Hundred thousan¢ Jessica S Tyrrell,” Hanieh Yaghootkar,” Rachel M Freathy,” Andrew T Hattersley’ and
1 ¥ 2 iew Ca

in Saudi Arabia ~ Timothy M Frayling™ v e
By Helen Briggs Tools =
BBC News

'European Centre for Environment and Human Health, University of Exeter Medical School, Truro, UK, ‘Genetics of Complex

4 P:
Traits, University of Exeter Medical School, Exeter, UK and “Molecular Genetics, Wonford Building, University of Exeter Medical oy

School, Exeter, UK

*Corresponding author. Genetics of Complex Traits, University of Exeter Medical School, University of Exeter, Magdalen Road,
Exeter EX1 2LU, UK. E-mail: T.M.Frayling@exeter.ac.uk

The HumanOmniZhongHua-8 BeadChip Kit uses the Infinium HD Super Assay and is
compatible with the iScan and HiScan systems.

Saudi Arabia is launching a national research project to study the genetic basis of disease in its population

Up to 100,000 people in Saudi Arabia are to have their genetic

codes mapped in a new human genome project. Related Stories

MAHE 2



Complex disease study

e Caused by multiple genetic and environmental factors

e Ultimate goal of GWAS is to define genetic architecture of
complex traits and disease and also provide new insight into
disease pathophysiology (Genome Research. 2015, 25(10): 1432)

Effect A
size loy S0y, v

%~ *Rare variants
\* Substantial effect sze \

_»Lommon diseases
* » Common variants
* Small effect size
> Variant
Very rare Common Gt

Image courtesy from http://www.sciencemag.org

GWAS chip with
sample (tag) SNP

/

tag SNP c I SNP
ausa ta
e.g. rs8099917 tag SNP variant(s) ’

e.g. rs12979860

RIS ey Y

(e.g. IL28B)

e.g. Chromosome 19

Journal of Gastroenterology and Hepatology (2012) 27(2):212-22
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NORTH AMERICA & CARIBBEAN EUROPE

Hait the giobal diabetes healthcare spending 11in 7 adufits tn this region is at risk

USD 1 in every USD 4 of the diabetes .
occurs in this regson o [k e m 11in 6 Uve births i atfected by

healthcare spending occurs region hyperglycaemia Ln pregnancy

2045
67 million

58mamicn

207

e

WESTERN
PACIFIC

¥ im3aduRswah
diabetes Lves
in this regon

1in 5 deaths
attributable to
diabetes happen
in this region

5% [ 183maon
159:1’:1@,

AFRICA

SOUTH-EAST ASIA

2 out of 3 people with
WORLD diabetes are undiagnosed 1 in 5 adults wih dlabetes
°, lives in this reglon
425minion ETA 3 cut of 4 deaths due to

1in 4 Uve barth aftected
by hyperglycaemia in pregnancy

diabetes were In people undes

2017 the age of 50

International Diabetes Federation Diabetes Atlas, 8" edition, 2017
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Fig. 1 The Venn diagram
contains loci significantly
(P<5x 10~®) associated with
type 2 diabetes (T2D) published
before September 2016. The
overlaps display significant

(P < 5 x 107®) overlapping
associations reported in genome-
wide association studies for each
variant with other glycemic traits.
The gene name provided is a label
for the genetic locus and not
meant to represent a causal gene.
FI Fasting insulin, 2ArG 2-hour
glucose following an oral glucose
tolerance test, P/ Fasting
proinsulin, FG Fasting glucose,
HbA Ic Hemoglobin Alc

2019 EA9H

" PPARG  « coBLL1

*ARL15 . ANKRD55
= IRS1 « FTO

= PEPD

2hrG

*GPSM1

= ZBED3

= ADCYS = GLIS3

= IGF2BP2 . gmm
-

*GIPR * GLPIR

= TBC1D4

= DGKB

= C1201f51

= RREB1

Linkage or candidate gene discoveries

Genome Wide Association Study (GWAS) discoveries
Exome sequence or chip discoveries

Genome sequencing discoveries

72 QEHEE 2

T2D
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National Institute of Health

= KCNQ1

= KLF14 = KCNJ11

= TP53INP1 = HMGA2

= TLE4 = CILP2 = THADA

= TLE1 = HNF4A * RBMS1

= BCAR1 = FAF1 = UBE2E2

= MC4R =« NOTCH2 " ADAMSTS9
= ZFAND3 = HNF1A *TMEM163

«CCDC63 = MPHOSPH9 " MAEA
= WFS1
“POUSF1 = AP3S2

*KCNK16 = PRCI . f:gGAu I:’:::Asiis
= ZMIZ1 = SRR « TMEMI54 . jarmnz
gl M. *BCLUA . pamgoa
= DUSP8 = JAZF1 « TSPANS

= CDC123 = SPRY2 « RBM43

= VPS26A = HMG20A MACF1

= HHEX = ZFAND6 « ZBED3

= PAM = SGCG = PAX4

= DUSP9 = CCND2 = LEP

= MADD *KLHDCS . pscc2

= BCL2 = FADS2

= LAMA1 = CCDC85A

= SLC16A11/13

Merino et al. Curr Diab Rep 2017
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he power is all of numbers Q) s=very

5,000 participants 50,000 participants 500,000 participants
i i Age at risk Age at risk
256 | Age at risk 256 | ge at ris 256 F 2 g
80-89
e 128 128 128 / 70-79
2 /r 70-79
. i | I L
2 el L] — 64 | 64 60-69
=
: 60-69
s 2} o 2t /\L 2t oo
: o %
z | BRI 2 I 50-59 -
S 16 B 16 16 1
=) =l /)/
£ }/{ ) A 40-49
[
8 8, 8t d 8
= n  50-59
= | [ 40-49 ?
2 | A1 40-49 I / |
§ 4 A 4 4
H—1 /
&
(&) 21 2T 2.
= y /}/(
1] 17 1 lr
l I A e T w1 5 df L b oo 5

120 ~ 140 160 180 120 140 160 180 120 140 160 180

Usual systolic blood pressure (mmHg)

Figure | Absolute risk of ischaemic heart disease mortality by usual systolic blood pressure and age at risk in 5000, 50000, and 500 000 partici-
pants. Unpublished figure containing data from the Prospective Studies Collaboration, obtained through personal communication. Cl, confidence
interval; IHD, ischaemic heart disease.

Eur Heart J. 2017. doi: 10.1093/eurheartj/ehx254
2019 A7 : S 14
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20114 UCSF-Kaiser RPGEH study

20124 50r & Taiwan Biobank Academia Sinica
= 20134 502 & UK Biobank
0=, 78 & EPEMEL 102 & iGeneTRAIN
Of = 2013 202F & Million Veteran Program

* UCSF: University of California San Francisco
* RPGEH: The Research Program on Genes, Environment, and Health
* iGeneTRAIN: The International Genetics & Translational Research in Transplantation Network

EXN: Affymetrix
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GW

Arrays Target Diseases Main purpose # of Contents Tagging

Description

Metabolic Replication

Metabo Chip . : : 200K No -
Diseases Fine mapping
. Immune Replication i
IANAAE) (El Diseases Fine mapping 200K No
Complex
Diseases
Exome Chip (Functional Discovery 250K No -
variants
included)
Discovery :
Cancers o OncoArray Consortium
Oncoarray (5 cancers®) .Repllcatlo.n 530K Yes 425,000 samples
Fine mapping
UK BioBank Cqmplex Discovery 820K Yes S ETEEEnI SO0
Diseases samples
Kaiser BioBank %)(i)sn;zlaos!:;( Discovery 650K Yes Kaiser B;:Eqapr;l;; 00,000

*5 cancers: Breast, Ovarian, Intestine, Lung, Prostate

R RHATE 24
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ANALYSIS

Genetic variance estimation with imputed variants finds
negligible missing heritability for human height and body
mass index

Jian Yang!-2:24
Matthew R Ra
The LifeLines
Patrik K E Ma
Naomi R Wra)

We propose am
for human comg
genome sequenc
based on whole-
~68% of variatii
can be captured
method, we estii
all ~17 million i
(s.e.) = 2.3%) of
variance for bod
height- and BMI
selection. Consi
potential overes
based studies, h
and 30-40% for
small for both tr

suggest
is now

© 2015 Nature America, Inc. All rights reserved.

2019 EA4&

Mot A4 ot=QES 0

With advances in genome sequencing technologies, it is now possi-
ble to sequence a human genome at high depth for $1,000, which, how-
ever, is still much more expensive than using a SNP array (for example,
the Illumina CoreExome array). Given a fixed budget for genotyping
and assuming that the genotyping cost using SNP arrays (for example,
$50 per sample) is 20 times less than that for whole-genome sequenc-
ing (for example, $1,000 per sample), on average, 1000 Genomes
Project imputation is currently at least 13 times more powerful than
whole-genome sequencing using a multivariant association analysis
approach (Supplementary Fig. 15). For a single variant-based asso-
ciation analysis, 1000 Genomes Project imputation is still at least 13

and 4 timee mare nowerful than whale-gennme caanencing in detact-

that SNP array-based genotyping followed by imputation
and in the near future will continue to be a more cost-
effective strategy than whole-genome sequencing for GWAS of com-
plex traits and diseases, even for rare variant associations. Nevertheless,

Lie dlla..l.ybtb duuve LUIIlPd.rEu e d.\’Erd.BC pUWCI 10I VAITAILS 111 d CerLdll
MAF range. There are a number of sequence variants (~10% rare and
~19% common) that are almost not tagged by any imputed variant indi-
vidually (single-variant tagging rrfm < 0.05) in 1000 Genomes Project
imputation based on the Illumina CoreExome array (Supplementary

8o 72 SEAHE 24

=2l Mo10g

National Institute of Health

Fig. 16). For association analysis of such variants and those with|
extremely low frequency or unique to specific populations, high-cov-
erage whole-genome sequencing or a haplotype-based method will
be a more efficient strategy. In contrast, it has been suggested that
extremely low-coverage whole-genome sequencing followed by impu-
tation can be even more cost-effective than SNP array-based imputa-

_tion for common variants**. an inferesting strategy thatis worth being
further investigated for its performance on rare variants.
With the latest imputation reference panel of large sample size
(n = 31,000; Haplotype Reference Consortium, personal communica-
tion) and very large GWAS cohorts genotyped on the same type of
for example, the UK Biobank has genotyped >400,000
sing Affymetrix Axiom arrays) that are soon becoming
can expect a great improvement in imputation accuracy
nts. For complex traits and diseases that have a genetic
iimilar to that of height (enrichment of height-associated
t MAF <0.1), we can expect to see a wave of discovery
of trait- or disease-associated low-MAF variants in the near future,
without the need for large-scale whole-genome sequencing.
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Example of Genome-wide scan Q) zuzumze

e High genomic coverage confers high association mapping power

g -

o il il .ﬂ w(nnunui

SNPS IO OO RN ORI B R 100 R (0
10- 156569474 11008
BUN 8
8- §§ ° 80 2
g0 EO:Q M 6o B
2" > % o
g 4 % 5 40 =
- - o° - §.
| 2 il 20 :
- 205
-,v g A | - o o : S
0- 2 0o =
RSPO3~, RNFI46 ~ —KIAAO408 | =

—ECHDC1 - Coorf174

T T T T
127.2 127.4 127.6 127.8

Kim et al. Nature 2011
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ARTICLE Singapore Sequencing Malay Project

Deep Whole-Genome Sequencing
of 100 Southeast Asian Malays

Lai-Ping Wong,1.14 Rick Twee-Hee Ong,!.1¢ Wan-Ting Poh,1.14 Xuanyao Liu,1.2.14 Peng Chen,!
Ruoying Li,! Kevin Koi-Yau Lam,! Nisha Esakimuthu Pillai,? Kar-Seng Sim,* Haiyan Xu,!

Ngak-Leng Sim,* Shu-Mei Teo,!2 Jia-Nee Foo,* Linda Wei-Lin Tan,! Yenly Lim,! Seok-Hwee Koo,
Linda Seo-Hwee Gan,® Ching-Yu Cheng, 1011 Sharon Wee,! Eric Peng-Huat Yap,® Pauline Crystal Ng*
Wei-Yen Lim,! Richie Soong,” Markus Rene Wenk,®® Tin Aung,10.11 Tien-Yin Wong,10.11

Chiea-Chuen Khor,1.4.1012 Peter Little,® Kee-Seng Chia,! and Yik-Ying Teo!.2.3.4.13*

- Variant discovery
: _ # of Tagged markers

- Population Structure Total # of SNP
- Mutation hotspot

- Impact of Sequencing Coverage

- Accessing Genomic coverage of microarray

- Comparison of Reference Panels in Genotype imputation
Wong et al. AJHG 2013
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Evenly spaced markers
— Affymetrix 500K, 5.0

Tagging SNP markers
— Illumina SNP chips

Hybrid approach (Evenly spaced + Tagging SNP)
— Affymetrix 6.0

Hao et al. PLoS Genet 2008
http://www.affymetrix.com
http://www.illumina.com

22
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(1) Minimize the number of markers filtered by QC because of

ethnic difference, resulting in maximum utilization of KoreanChip;

(2) Include the highest possible amount of potentially damaging
variants observed in Koreans that can directly affect coding

sequence,

(3) Achieve higher imputation-based genomic coverage at

common and rare variants;

(4) Ensure cost-effectiveness to provide more genomic information

on the same budget to facilitate genome-phenome studies.




Reproducibility Accuracy

* Genotype comparison between
35 blind duplicates of the
KoreanChip from different

batches reported data

oir
OH

* Genotype concordance test of
identical genotype between the
KoreanChip and previously

KoreanChip (833K)

Chip Contents
comparison

* Contents comparison between
the KoreanChip and existing
commercial arrays
- Number of shared markers
- Number of functional markers

on each platforms

Genomic coverage

* Calcaulation of genomic coverage

between the KoreanChip and

existing arrays

- comparison with well-known
commercial arrays

- comparison with next-
generation arrays using same
individuals (n=96)

Ansan and Asung study

[l KoreanChip (6,949)

KoreanChip (96) randomly
selected from 6,945

[ AFFY 5.0 (6,949)
B ILMN Exome array (5,793)
Il Exome sequencing (155)

72 QEHEE 2

* Follow-up replication analysis

o | =10
National Institute of Health

Ansan and Asung study

[l KoreanChip (6,949)

KoreanChip (96) randomly
selected from 6,945

[l AFFY 5.0 (6,949)
B ILMN Exome array (5,793)

Il Exome sequencing (155)
Utility (GWAS)

HEXA study
AFFY 6.0 (3,695)

* Preliminary GWAS of blood

biochemical traits using the

KoreanChip (n=6,949)
- HDL, LDL, TG, ALT, AST B TagMan gPCR (6,000)

. Il Axiom Biobank array (96)
[l Axiom UKB (96)

using directly genotyped for
significant variants with TagMan-
based assay (n=6,000)

[ Axiom PMRA (96)
ILMN GSA (96)

| CAVAS study
| 'LMN Omin 1 (3,666)

HEXA study
AFFY 6.0 (3,695)

CAVAS study
[ 'LMN Omin 1 (3,666)
Bl TagMan gPCR (6,000)
Il Axiom Biobank array (96)
| Axiom UKB (96)
[ Axiom PMRA (96)
ILMN GSA (96)
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07 ME 2HE (2014.5 ~ 8)

2,179 WES

397 WGS
J

!

Marker selection

- 7.7Mvariants (MAF«ocan21%)

- Potentially functional variants (MAF,...,>0)

I

Check for validation

Comparing with AxiomGD
(containing >26M high-performance validated markers)

'

Validated marker set

.

Validation by screening array

- Validated by AxiomGD
- Validated by Screening Array

- Axiom myDesign genotying array
(384 samples with ~1.6M variants)

- Check accuracy

!

Final contents

- Check genotype cluster (SNPolisher)

[ 833,535 markers

>

384
samples

SEEMoIn

National Institute of Health
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Methods—-Accuracy and reproducibility

54 Table. Comparison of accuracy between KCHIP and other platforms

SEEMoIn

National Institute of Health

Overlapping with KCHIP, N Accuracy, %
Platform
Subject Marker Owverall Hetero
Affymetnx Genome-wide human SNP array 5.0 6,949 41,246 998 8995
lllumina HumanExome BeadChip v1.1 5,793 34,683 999 997
Exome sequencing (lllumina Hiseq 2000) 155 90,020 998 899.7

Accuracy: # of True genotypes / £ of Total genotypes
Orverall: Owerall accuracy, Hetero: Accuracy of heterozygotes

Reproducibility (duplicate blind comparisons, 35 samples in different batches): 99.77%.
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Table 1. Contents summary of KoreanChip

oreanChip content- Functional Variant

o | =10
National Institute of Health

Category Number of SNPs* Contents (%)
Tag SNPs for genome-wide coverage 600,294 72.02
Functional loci (nonsynonymous SNPs and Indels) 208,039 24.96
eQTL 16,690 2.00
HLA 6,659 0.80
Fingerprint 255 0.03
NHGRI GWAS catalog 7,811 0.94
KIR 1,544 0.19
Pharmacogenetics/ ADME 1,881 0.23
Common mitochondrial DNA variants 178 0.02
Y chromosome markers R06 0.10
Total 833,535 -

*Some SNPs are overlapped among categories.

eQTL, expression Quantitative Trait Loci; HLA, Human leukocyte antigen; KIR, Killer cell immunoglobulin like
receptors; ADME, Absorption, Distribution, Metabolism, and Excretion.
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S5 Table. Contents comparison with existing arrays

o | =10
National Institute of Health

Chip Contents
comparison

« Contents comparison between
the KoreanChip and existing
commercial arrays
- Number of shared markers
- Number of functional markers

on each platforms

Platform AFFYS5.0 AFFY6.0 ILLU 1M
KoreanChip 47.846 90.057 123.761
AFFY5.0 - 482,398 140.046
AFFY6.0 - - 271.989
ILLU 1M - - -
S6 Table. Contents comparison with next-generation arrays
Platform Axiom Biobank UK Biobank ILMN Exome PMRA
KoreanChip 219,690 238,929 42.807 275,312
Axiom Biobank - 398,587 229,317 244305
UK Biobank - - 82,225 286,215
ILMN Exome - - - 34,348
PMRA - - - -

2019 EA9H




j|=l:l:| Ol Sl MY
o National Insitute of Health
Table 2. Comparison of contents between KoreanChip and other genotyping chips
Platform Total marker Annotated marker! Nonsyn marker® ASN marker®
N N N (%) N (%)
Affymetrix 5.0 500,568 489,457 2,179 (0.4) 769 (0.2)
Affymetrix 6.0 934,969 892,584 4,889 (0.5) 1,750(0.2)
Ilumina 1M 1,099,726 1,066,324 45,832 (4.3) 12,516 (1.2)
Illumina Exome array 242,761 241,923 217,775 (90.0) 39,480 (16.3)
Ilumina GSA 700,078 688,062 87,759 (12.8) 21,371 (3.1)
Axiom Biobank 718,212 645,060 251,080 (38.9) 46,416 (7.2)
Axiom UK Biobank 45,487 823,336 104,058 (12.6) 19,487 (2.4)
Axiom PMRA 920,744 856,797 44,819 (5.2) 6,088 (0.7)
KoreanChip 833,536 829,635 183,607 (22.1) 89,413 (10.8)

1) annotated by snpEff v4.1d based on the database of dbNSFP2.7 (functional prediction and annotation of nonsynonymous marker

2) proportion of nonsynymous markers among annotated markers

3) proportion of nonsynonymous makers, damaging =1, and allele frequency > 0 observed in East Asian ancestry among annotated markers

2019 EA9H
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Genomic coverage
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Example of Genome-wide scan Q) zuzumze

e High genomic coverage confers high association mapping power

9
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Kim et al. Nature 2011
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Introduction — Imputation

Imputation
reference
Observed H
genotypes
N
AC [ AC/
-- / /
GT [ GT/
AA :> AA/ /
-- [ AC/
GG / I GG

—

Predicted
genotypes
AA AB BB
A/C 0.0 1.0 0.0
AT
G/IT 0.0 1.0 0.0
A/G 1.0 0.0 0.0
A/C
C/G 0.0 0.0 1.0
posterior
probabilities



Imputation GWAS grid (UK Biobank] SEENaTE

3. Genome-wide Coverage
3.1 Genome-wide coverage for common variants (348,569 markers)

348,569 markers were selected using Affymetrix’ imputation aware marker choice algorithms
(Hoffman et al, Genomics 98 (2011) 422-430) to provide genome-wide coverage in Caucasian
European populations of common (EMAF=5%) markers (using the EUR panel defined as the GBR,
CEU, FIN, IBS and TSl samples from 1000G). This explicitly included the set of 246,055 markers
on Affymetrix’ Axiom Biobank Genotyping Array selected to capture common (EMAF=5%)
variation.

3.2 Genome-wide coverage for low frequency variants (280,838 markers)
280,838 markers were selected using Affymetrix’ imputation aware marker choice algorithms to
provide genome-wide coverage in Caucasian European populations of low frequency

(1% <EMAF<5%) markers (using the EUR panel described above).

Genome-wide imputation coverage in the EUR panel (see above for definition) estimated by

Affymetrix:
Category EMAF range Mean r % of markers with
| r’>0.8
Common 5% <EMAF<50% 0.92 90.1%

Low frequency 1% <EMAF<5% 0.785 67.1%




Estimated genomic coverage Q) Sazuore

e Genomic Coverage

— Genomic Coverage: the proportion of variants captured by a genotyping
microarray (Nelson et al. G3 2013)

— Imputation based genomic coverage: fraction of variants with imputation
quality score > 0.8
e Imputation
— Reference panel: 1,000 genomes project phase 3 (2,504 samples)
— Imputation: Impute v2.3

Platform # of markers # of samples

AFFY 5.0

AFFY 6.0

Hlumina 1M

KORV1.0
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Genomic coverage Q) Fazuare

Genomic coverage
* Calcaulation of genomic coverage
between the KoreanChip and
existing arrays
- comparison with well-known
commercial arrays
EENE
- comparison with next-
indviduas 199
EEN
Table 3. Comparison of genomic coverage
Allele frequency
Platform
Common Less common
# of samples MAF20.01 (MAF>0.05) (0.01<MAF<0.05)
KoreanChip 6,949 89.86 95.38 73.65
Affymetrix 5.0 6,949 76.25 84.78 51.23
Affymetrix 6.0 3,695 83.93 91.67 61.23
HNlumina Omni 1M 3,666 86.97 94.10 66.01
KoreanChip 96 88.37 95.24 68.22
Axiom Biobank 96 81.94 91.56 53.74
UK Biobank 96 85.21 94.05 59.30
Axiom PMRA 96 87.09 94.48 65.42
Hlumina GSA 96 84.38 92.27 61.24

* Calculated using imputed data
** Representative chips of next-gen arrays: Axiom PMRA (Precision Medicine Research Array), UK Biobank, Illumina GSA (Global Screening Array), and Axiom Biobank

2019 EA9H




CHR 1
(MAF = 5%)

Local Coverage
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CHR 1 §
(MAF 1-5%) §
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Estimated genomic coverage
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UK BIiLEVE: Aims

SEEMoIn

National Institute of Health

Phenotypes define by extremes of the lung function distribution
* heavy smokers
* non-smokers

A

\

Common SNPs Low frequency SNPs
MAF>5% MAF 1-5%

Rare SNPs
MAF <1%

Putative functional variation

Ve#####H##,ffffzjjjijjjjjﬁ\\\\“
Novel regions Fine map known regions Independent signals in
known regions
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Genotype call

SNPolisher
AN
“Excluded
= _
Good Cluster
MonoHighRes
PolyHighRes NoMinorHom

v

Filtered Genotype

v

QC by individual

- low call rate (95% 0|5}

- Excessive heterozygosity

- Excessive singleton

- Gender discrepancy

- 1% degree relative check
(MDS/PCA check)

i

QC by marker

- Exclude low quality marker
- HWE < 1x10-6
- Abnormal MAF difference of SNP

CIES 0|8 i

Overall scheme of GWAS

Bad Cluster

Off target
Variant

_'EIE'HO1_I

e

National Institute of Health

CallRateBelow
Threshold

Ohthers

QEHHYE 2

Imputation

- Phasing : ShapelT v2

- Imputation: IMPUTE v2

- 1000 Genomes Project Phase 3
- (CHB+JPT: 504)

GWAS (Ansan Ansung cohort)

- 6,949 participants

- SNPTEST v2.5.2 adjusting for age,

sex, and recruitment area
Top signal criteria :

(1) P<5x10°%for MAF21,

(2) for any locus containing a lead
signal with P<5x107 and one
or more supporting signal with
P<1x10*

Replication (HEXA cohort)

- 6,000 participants
- TagMan SNP genotyping assay
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Comparison results of Association signals @) ===22e

Comparison analysis

— Data: AFFY5.0, KORV1.0 identical 7,000 samples
(Imputed using 1KG phase3, 8,700,150 variants)

— Phenotype: Lipids (HDL, LDL, TG), Liver enzyme (AST, ALT, GGT), T2D
— Association test: SNPTEST v2.5
— Covariates: age, gender, recruitment area

— Top signal selection

— P-value < 10-6 (Lipids)




e Association results (HDL)
— High quality (info score > 0.8): similar association results
— In overall, K-CHIP showed higher imputation quality and stronger statistical

-log10(P-value of KORCHIPV1.0)
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Preliminary association analysis Q) =u=veza

e Discovery: 7,000 samples KCHIP (Imputed using 1KG phase3)
e Replication: 6,000 samples (Tagman genotyping)
e Phenotype: Lipids (HDL, LDL, TG), Liver enzyme (AST, ALT, GGT)

Top signal . P<5e7
selection

Cluster

signals * Group signals (1Mb window)

Association
islands

(1Mb regions)

» With supporting evidence
(any variant P < 5e-4)

: + Genotyped
F:Qﬁg,‘,’{'sa' * Predicted to be
damaging(dbNSFP)

31 variants remained




Application to GWAS (known or novel variants) &

5 variants at known loci

C2orfl6

BUD13

C190rf80,
DOCK®6

APOE

33.31
52.87
6.61

27.31

27.02
37.47

37.00
47.81
7.22

25.93

39.62

20.86 21.53
27.16 6.61
6.06 1.16
4.42 18.05
63.57 85.81

ALT lowering variants (missense)
a reduction in ALT level of 7.0% (1.982 IU/L) and 5.9% (1.658 IU/L) of the mean value

APOB

0.97

0.26

0 0

2 novel associations of a known variant (Asian-specific)

ALDH2

15.67

25.65

2 novel variants at novel loci (Asian-specific)

GPT
GPT

0.12
0.14

0.10
0.11

0.002 0.02
0.004 0
0 0

-0.0415(0.0089)
0.0379(0.0084)
0.0330(0.0073)

-0.0203(0.0056)

-3.8231(0.6689)
-0.2010(0.0052)

0.1509(0.0259)
15.9680(3.1140)

-0.0586(0.0107)
-0.0541(0.0075)

-0.6843(0.1140)
-0.5058(0.1048)

3.27E-06
7.20E-06
7.04E-06

3.16E-04

1.14E-08
1.23E-04

5.87E-09
3.01E-07

4.98E-08
5.20E-13

2.02E-09
1.41E-06

SEEMoIn Y
-0.0483(0.0105)  4.26E-06
0.0560(0.0100)  2.36E-08
0.0229(0.0081)  4.66E-03
-0.0281(0.0058)  1.57E-06
-3.6170(0.7294)  7.29E-07
-0.0210(0.0055)  1.31E-04

0.1117(0.0256)
13.2300(3.2040)

-0.0481(0.0114)
-0.0372(0.0075)

-0.5574(0.1023)
-0.4972(0.1024)

1.27E-05
3.69E-05

2.86E-05
8.14E-07

5.30E-08
1.24E-06
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KORV1.0

Genomic Coverage
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e KCHIP contains tagging SNPs and functional variants

— Higher genomic coverage than commercial chips

— Discovered functional variants in the previously reported regions
— Discovered novel rare associations

e Customized chips can help to discover novel loci (Wain et al.
2015, UK BILEVE)

— not detected in previous because it was neither directly genotyped nor
imputed with sufficient quality

e Association power will be maximized by various sampling from
a large biobank




