The 9t Korea-Japan-China Bioinformatics Training Course

Shanghai Institutes of Biological Sciences, Chinese Academy of Sciences
20104F4H19H ~ 201044 H23H

o o
Genome-wide Association Study
(GWAS)

Sangsoo Kim
School of Systems Biomedical Sciences

Soongsil University, Seoul, Korea



What is GWAS?

« An examination of genetic variation
across a given genome

« Designed to identify genetic associations
with observable traits
— Such as blood pressure or weight,

— or why some people get a disease or
condition

» Hypothesis-free approach
»Candidate gene approach




Overview of GWAS
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Population resources -
trios or case-control samples

Whole-genome genotyping

Genome-wide association
Fine mapping

Gene mining

Gene sequencing &
polymorphism identification

Identification of causative SNPs

Pathway analysis &
target identification



Assumptions in GWAS

Bi-allelic SNPs

Common ancestors

Linkage disequilibrium and haplotypes
Common disease-common variant
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International HapMap Project
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The International Haphap Project is a partnership of scientists and funding agencies from Canada, China, Japan, Nigeria, the United Kingdorn and the United States to develop a public
resource that will help researchers find genes associated with human disease and response to pharmaceuticals. See "About the International HapMap Project” for more information.

Project Infarmation L MNews |
About the Project

Haphdap Publications

Haphtap Tutorial Recently, there are several questions about Haploview data format errors, and these errors were observed when users
. tried to analyze Haphap release 27 data dumped from Haptap, The current Haploview version (4.1) does not work with

Haphdap Mailing List release 27 data. Haploview will generate a software error similar to "Hapmap data format error! NADE984" when frying to

« 2003-12-14 Notice to Haploview users

Haphdap Project Participants open the data.

The r27 data format will be supported by next Haploview version, There is a beta test version that is supposed o work and it
Project Data can be obtained from http: /Awwew, broadinstiiute. org/haploview/haploview-downloads, But since itis NOT an official release
Haphap Genome Browser ( Phase 1,2 83 - versian, please use it base on your own judgment,

merged genotypes & freguencies )

+ 2003-12-10: Corrected HapMap3 phased haplotypes available for chromosome X
Haphlap Genome Browser ( Phase 3 -
genatypes, frequencies & LD ) Phased haplotypes for consensus Hapkdap3 release 2 data for chromosome ¥ has been corrected and the new data are
Haphap Genome Erowser { Phase 1 & 2 - ful now available for bulk download. Sorry for any inconvenience this might have caused.
deta=et) » 2003-12-02 HapMap3 phased haplolypes available for chromosome X
GWAs Karyogram
Hanhart Phased haplotypes for consensus Haphap3 release 2 data has been phased for chromosome X and are now available .
" pM o far bulk download, [Update: The downloading was disabled because several users have found that there are repeating
aphdap

data in some of the chrx phasing data files. The data source is being contacted and the downloading will be enabled as
Bulk Data Download s00n as the problem is cleared.]

Data Freezes for Publication
EMCODE Project

Guidelines For Data Use There wi\! be a 30-minute dowmime for Hapmap site on Nav, 23, 2003 between 8:30 am - 300 am (EST). Sarry far any
inconvenience. [Update: Maintenance completed.]

.

2005-11-18 Short downtime for hardware maintenance

Useful Links

VG B gl MCBI gervers will undergo maintenance beginning Novernber 13 at 3:00 p.m. to Movember 14 at 8:00 p.m. (EST). Therefore, some
Haphtap Samples at Coriell Institute MCEBI services may be intermittently slow or inaccessible. Please contact NCBI with concems: info at nebi.nlm.nih.gov. [Update:
Haphdap Project Press Release MNCBI Scheduled maintenance compleleted.]

MHGRI Haphap Page
MNCEI Yariation Database (dbSMF)

Japanese SNP Database (JSNP) Haphlap is scheduled to have a database maintenance from 5:00pm 1106/2009 - 8:00am 11/09/2009 EST. The site will be
inaccessible during the maintainence. Sorry for the incorvenience. [Update: Database maintenance compleleted.]

.

2005-11-05" NCBI Scheduled maintenance

.

2005-11-03 Database maintenance notice

.

2009-04-02 HapMap3 CEL files available

Raw signal intensity data from HapMap3 genotypes on the Genome-Wide Human SMP Array B.0 are now available for bulk
download.
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Samples

Matched case-control samples on age,
sex, demographics

Case: more severely affected individuals

Control: low risk of disease, rather than
population-based samples

Common population structure
— Population stratification



Genotyping methods

« ~ 1 million SNPs on a chip

« Affymetrix or Illumina
— Random equi-distant probes
— Gene-dense probes
— Haplotype tagging SNPs
— Copy number probes



Quality Control

» Poor markers
— Violation of Hardy-Weinberg equilibrium
— Genotype call rates < 95%
— Minor allele frequency (MAF) < 0.01

 Poor samples
— Genotyping rate < 95%

— Gender inconsistency
— Cryptic relatedness




Statistical tests

« Case-control
— Allelic chisq test
— Cochran-Armitage trend test

— Logistic regression
(http://www.well.ox.ac.u k/rmott/LECTURES/LOGISTIC_REGRESSION/Logistic%20
Regression%ZOusing%ZOR.ppt)

* Quantitative traits
— Linear regression

« Covariate interations
— Age, sex etc



Case-control association test

Chi square & OR
mmmm

Case 542 2062 2033 4637 292 4345 4637
Control 514 1905 1786 4205 0 381 3824 4205
Total 1056 3967 3819 8842 0 673 8169 38342
_Allele | _a__| A | Total nn

Case 3146 6128 9274 8982 9274
Control 2933 5477 8410 381 8029 8410
Total 6079 11605 17684 673 17011 176384

Odds (case) 3146/6128=0.513 292/8982=0.0325
Odds (control) | 2933/5477=0.5355 381/8029=0.04745
Odds ratio 0.513/0.5355=0.959 0.0325/0.04745=0.685
P (ChiSQ) 0.183 1.619e-06




Cochran-Armitage Trend Test
TS EYNETY S O T

Cases 2062 2033 4637

Contorls S S5 S, S 514 1905 1786 4205

Sum ny ny n, N 1056 3967 3819 8842
2 o o

T:= 3 1S - siR), « Additive P = 0.1842

=0

Pr(Case| Genotype 1) = Pr(Case|Genotype j) = n;/N

e Dominant P = 0.1941

* a dominant over A
t=(1,1,0
* a recessive to A
t=(0L11)  Recessive P = 0.4386
* a and A additive
= (0,1,2)



height

160

150

Quantitative traits

rs6918981 genotype

« Genotypes coded
(additive mode)
— 0 major homozygotes
— 1 heterozygotes
— 2 minor homozygotes

 Linear regression
— Intercept = 153.54
— Slope = 0.6086
— P value = 2.05e-05



Covariate adjustment

« Case-control « Quantitative traits
— Logistic regression — Linear regression

n = genotype + sex +age+&  height ~ genotype +
case ~ exp(n)/(1+exp(n)) sex + age + ¢

case




Imputation

« Genotypes not measured with SNP chips
can be inferred by referencing HapMap
haplotypes

* Increases marker density; helps define
signal boundaries

« Facilitates merging datasets from
different platforms; critical for meta
analysis
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Replication
Cohort #2:

Cohort #5:
ISIS

FINRISK9?

GWA in ~19,840 individuals
Follow-up in ~20,623 individuals

Kathiresan (2009) Nat Gen 41:56
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|Wh0|e genome association analysis toolset

introduction [ Basics [ Download | Aeference [ Formats [ Data management | Summan: sfats | J Famiy=based [ Farmutation | LO calcuations | Haplolypes [ Condiional tests | Froxy association

[ imputation { Desage data [ Meta—analsis [ Result annotation [ Qlumping | Gene Repont | Epistasis [ Rare CNV's [ Commuen CNPs [ A-plugins { SNP annetation | Simulation | Profiles [ /D helper [ Aesources [ Flow char | JEAQ
GFLINY
1. Introduction
2. Basic information
 Citing PLINK PLINK iz a free, open-source whaole genome association analysis toolset, designed to perform Quick links D
® Reporting prablems a range of basic, large-scale analyses in & computationally efficient manner.
* Whats new? ) ) ) PLIHK tutarial
* PDF documentation The focus of PLINK is purely on analssis of genotype/phenotype data, so there is no support -
5. Benmiivad and meeE muks for steps prior to thils e.g. lstudyldesign and planning, generating_genotype ar CMY calls from gaPLIHK
raw data). Through integration with gPLINIK and Haploview, there is some suppart far the ; .
* Stable download suhsequent visualization, annotation and starage of results. Jdoin e-mail list
e Dewelopment code
. %S PLIHNK (one syllable) is being developed by Shaun Purcell at the Center far Human Genetic Resources
o UnisgLinus notes Research (CHGR), Massachusetts General Hospital (MGH), and the Broad Institute of Harvard
« Compilation & MIT, with the support of athers. FAQs | PDF
- ng the command line .
« Wiewing output files Cltlng FLIHK
= Werzion histony )
5 Eommand (e e New in 1.07: meta-analysis, result annotation and analysis of dosage data. Bugs, guestions?

=« Lizt of aptions
« List of output files

# Under dewelopment | Data management
5. Basic usage/data form.ats o Read data in a variety of formats
* Running PLINK + Recode and reorder files
o PED S « Merge two or more files
- L » Extracts subsets (SNPs or individuals)
® Transposed filezets .
#» Long-format filesets . Fllp strand of SNPS .
« Binary PED files +« Compress data in a binary file format
« Alternate phenotypes
« Cowvariate files ot A
. | Summary statistics for quality control
» Setfiles )
D + Allele, genotypes frequencies, HWE tests
5. (D IR + Missing genotype rates
Recoda + |nbreeding, IES and IED statistics for individuals and pairs of individuals
Reorder « nor-Mendelian transmission in family data
iz S it + Sex checks based on X chromosome SNPs
HpdstelsHhdmap + Taests of non-random genotyping failure

-
-

-

-

« Update allele information
» Force reference allele = = = =
« Update individuals | Population stratification detection
= irite covariate files

= lirite cluster files
-
-
-
-
-
-
-
-

Complete linkage hierarchical clustering

Handles virtually unlimited numbers of SNPs

Multidimensional scaling analysis to visualise substructure

Significance test for whether two individuals belong to the same population

Constrain cluster solution by phenotype, cluster size andfor external matching criteria
Perform subsequent association analyses conditional on cluster solution

Flip strand

Scan forstrand problem
Merge o files

Merge multiple filas
Extract SHFs

Remove SHPs

Zero out sets of genotypes
Extract Individuals

L

| £




© 2009 Nature America, Inc. All rights reserved.

ARTICLES

gieies — An example

A large-scale genome-wide association study of Asian
populations uncovers genetic factors influencing eight
quantitative traits

Yoon Shin Cho!, Min Jin Go', Young Jin Kim', Jee Yeon Heo!, Ji Hee Oh', Hyo-Jeong Ban', Dankyu Yoon?,
Mi Hee Leel!, Dong-Joon Kim!, Miey Park!, Seung-Hun Chal, Jun-Woo Kim!, Bok-Ghee Han!,

Haesook Min', Younjhin Ahn', Man Suk Park!, Hye Ree Han', Hye-Yoon Jang®, Eun Young Cho?,

Jong-Eun Lee*, Nam H Cho?*, Chol Shin®, Taesung Park®®, Ji Wan Park’, Jong-Keuk Lee®, Lon Cardon®,
Geraldine Clarke®, Mark T McCarthy'®!!, Jong-Young Lee!, Jong-Koo Lee!?, Bermseok Oh"!? &

Hyung-Lae Kim!'

To identify genetic factors influencing quantitative traits of biomedical importance, we conducted a genome-wide association
study in 8,842 samples from population-based cohorts recruited in Korea. For height and body mass index, most variants detected
overlapped those reported in European samples. For the other traits examined, replication of promising GWAS signals in 7,861
independent Korean samples identified six previously unknown loci. For pulse rate, signals reaching genome-wide significance
mapped to chromosomes 1¢32 (rs12731740, P =29 x 10 % and 622 (rs12110693, P= 1.6 x 10 9, with the latter ~400 kb
from the coding sequence of GJAT. For systolic blood pressure, the most compelling association involved chromosome 12¢21 and
variants near the ATP2BT gene (rs17249754, P = 1.3 = 10 7). For waist-hip ratio, variants on chromosome 12¢24 (rs2074356,

P = 7.8 x 107'%) showed convincing associations, although no regional transcript has strong biological candidacy. Finally, we
identified two loci influencing bone mineral density at multiple sites. On chromosome 731, rs7776725 (within the FAM3C gene)
was associated with bone density at the radius (P = 1.0 x 10~ 1), tibia (P = 1.6 x 10°®) and heel (P = 1.9 x 10°'%. On
chromosome 7p14, rs1721400 (mapping close to SFRP4, a frizzled protein gene) showed consistent associations at the same three
sites (P=2.2x 103 P=14 »x 107 and P = 6.0 x 10°%, respectively). This large-scale GWA analysis of well-characterized
Korean population-based samples highlights previously unknown biological pathways.



Korea Association Resource (KARE) project

. Afg‘jymetrix 5.0 genot ges on 10,004
individuals (ages 40~69)
« 352,228 SNPs passed QC
— 38,364 markers violated HWE (P < 10-9)
— 17,926 genotype call rates < 95%
— 92,050 MAF < 0.01

« 8,842 individuals passed QC

— 11 sample contamination

— 41 gender inconsistency

— 608 cryptic relatedness

— 101 serious concomitant illness
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Figure 2 Quantile-guantile plots for the eight quantitative traits. The observed P values (y axis) were
compared with the expected FPvalues under the null distribution (x axis) for each trait. The shaded
region represents the 95% concentration band. (BMI, body mass index; WHR, waist hip ratio; SBF,
systolic blood pressure; DBP, diastolic blood pressure; BD-RT, bone density estimated by T-score at
distal radius; BD-TT, bone density estimated by T-score at midshaft tibia).



GWAS, replication, literature

Table 1 Association between SNPs and quantitative traits in the population with GWA data and in the replication population

KARE GWAS Trend Fvalue
Sample size Effect size of
MNearby Minor Effect size for 80% GWAS Replication Combined® combined Meta-analysis Previously
Trait RS ID Class Locus genes? allele MAF (P £se.m.) Variationcopy power®  (n= 8,842) (n= 7,861) (n=16,703) (pzxs.emm.) heterogeneity Q (P) published
BMI rs17178527 Unknown  6g24.1 LOC729076 A 0.25-0312:0.055 -0.210 2,127 1.2E-08  39E-01 3.7E-04 -0.142 £ 0.040 20.63 (5.6E-06)
rs9939609 Intron 16q12.2 FTO A 013 0335z+0.07 0.200 3,190 1.7E-06  2.2E-02 1.5E-07 0.235+0.045 573 (1.7E-02) Frayling et al.’
WHR rs2074356 Intron 12q24.13 C12o0rf51 T 0.15-0007 £0.001 -0.005 1,757 1.8E-07  7.6E-0B 7.86-12 -0.006 = 0.001 0.09 (7.7E-01)
rs17089410 Unknown  13g21.33 T 0.14 0.006 +0.001 0.005 1,852 6.1E-06  5.3E-01 4.4E-03 0.003+0.001 12.59 (3.9E-04)
Height 6918981 Unknown 6p21.31 HMGAI G 0.21 0542+0.098 1.030 6,113 3.2E-08 2.5E-02 3.3E-08 0.401+0.072 4.25(3.9e-02) Gudbjartsson ef al.
(rs1776897)23
rs17038182 Unknown  1pl2 C 042 -0451+0.082 0320 5,977 4.3E-08 1.2E-01 4.7E-07 -0.303 =0.060 6.75 (9.4E-03)
rs10513137 Intron 3g23 ZBTB38 A 026 0492 +0.091 0.760 6,363 5.6E-08 1.8E-05 5.6E-12 0.461+0.067 0.24 (6.2E-01) Weedon et al.
(rs6440003)
rs13273123 Intron 8gl2.1 PLAGI G 0.07-0.78l+0.16 -0.165 7,858 1.1E-06  2.0E-04 1.0E-09 -0.710+0.116 0.40 (5.2E-01) Gudbjartsson et al.
(rs10958476)23
rs600130  Intron 9q22.32 FBPZ2 G 0.15-0529+0.113 -0.330 8,367 2.7E-06  5.1E-01 9.9E-05 -0.316 £0.081 7.75 (5.4E-03)
rs2079795 Unknown 17g23.2 BCAS3 TBX2 A 0.33 0.399+0.085 0.315 8,357 2.9E-06 - - - - Gudbjartsson et al.
(rs757608)%3
rs3791675 Intron 2pl6.l  EFEMFPI G 0.22 0445=+0.09 0.310 8,346 3.6E-06 1.0E-04 1.7E-09 0.424+0.070 0.11 (7.4E-01) Weedon et al.®
rs41464348 Intron 2p22.3  LTBPI T 035-0370+0.082 -0.195 9414 7.4E-06 - - - -
SBP rs17249754 Unknown  12921.33 ATP2E1 A 0.37-1309+0.266 -1.260 2,904 9.1E-07  9.9E-03 1.3E-07 -1.064 +0.201 1.65 (2.0E-01)
rs715987 Unknown 10pl5.1 C 0.15-1660+0.362 -1.695 3,337 4.5E-06  4.8E-01 6.4E-03 -0.741 =0.272 12.77 (3.5E-04)
DBP rs17249754 Unknown  12q21.33 ATP2BI A 037 -0882+0.181 -0.860 2,748 1.2E-06  8BE-02 3.0E-06 -0.630=+0.135 3.82 (5.1E-02)
Pulse rate rs12731740 Unknown  1g32.2  CD46, T 0.10 0993+£0.195 1.030 2,448 3.7JE-07  2.0E-04 2.9E-09 1.085+0.183 0.27 (6.0E-01)
LOC148696
rs12110693 Unknown  6g22.31 LOCA44502 A 049 0573+0.118 0.620 2,729 1.3E-06  7.0E-05 1.6E-09 0.661+0.109 0.69 (4.1E-01)
rs11576175 Intron 1g21.2 CTSS A 0.24 0630=x0.141 0.855 3,098 8.3E-06  5.8E-02 3.7E-05 0534+0.129 0.59 (4.4E-01)
BO-RT  rs7776725 Intron 7q31.31 FAM3C C 013 0222+0.033 0.212 1,609 1.0E-11  1.9e-10¢ - - -
rs9525667 Unknown  13gl4.11 T 043-0103+0.022 -0.110 3,549 3.1E-06  3.5e-01¢ - - -
BD-TT  rs7776725 Intron 7q31.31 FAM3C C 0.13 0155+0.032 0.201 1,609 1.66-06  1.9e-10¢ - - -
rs1721400 Unknown 7plda.l  TXNDC3, T 017 -0149+0.028 -0.136 2,987 1.4E-07  6.0E-D4¢ - - -
SFRP4,
EPDR1
rs550677  NearGene-5 12g24.31 TMEM1328 T 0.17 0.13=0.028 0.195 3,979 5.0E-06  1.4E-01¢ - - -
rs6974574 Unknown  7pla.l A 0.30-0105+0.023 -0.110 3,774 7.9E-06 - - - -
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NHGRI GWAS Cataloc
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As of 04702710, this table includes 533 publications and 2540 SNPs. —

Date First Author/Datef DiseasefTrait Initial Replication Sample Region Reported Gene(s}) Strongest Risk allele P-value OR or beta- Platform CNY E
Added to Journal fStudy Sample Size Size SNP-Risk Frequency coefficient and [SNPs passing QC]
Catalog Allele in [95% CI]
(since Controls
11/25/08)
03/29/10 Li Lung cancer 377 cases, 377 511 cases, 1,007 13931.3 GECS rsE35E025- | 0.26 6% 1076 146 [1.26-1.70] Hlumina N
March 19, 2010 matched controls | controls 3 [331,918]

Lancet Cnool
Genetic variants and
risk of lung cancer in
never smokers: a
genorme-wide
association study

04/02/10 Medland Digit length ratio 2,389 European | 3,659 European 6016.3 LINZEE rs3idF77-4 | 0.15 5y 1076 63 [0.41-0.85] Hlumina N
March 18, 2010 children and children increase in mean | [310,613]
A J Hum Genet adolescents ZD:4D

A Wariant in LINZBE 1s
Associated with 2040
Finger-Length Ratio, &
Putative Retrospective
Biornarker of Prenatal
Testosterons Exposure

04/02/10 Makajima Knee osteoarthritis 899 Japanese 167 Japanese cases, BpZ1.32 BTMWLE, HLA-DQAZ, HLA-DQEL rsl09d7z6z- | 042 5 %1077 1.31 [1.20-1.44] Hlurmina i
March 18, 2010 cases, 3,396 347 lapanese controls, T [459,393]
FPLos ONE Japanese 243 Spanish cases, 426

Mew Sequence Variants controls

in HLA Class 1I/111
Region Associsted with
Susceptibility to Knee
Ostecarthritis Identified
by Genorne-Wide
Association Study

Srith

March 15, 2010
Circtiation

Movel Associations of
Multiple Genetic Loci
With Plasma Levels of
Factor WII, Factor WIII
and won Willebrand
Factor, The CHARGE
Cohorts for Heart and
Aning Research in
Genome Epidemiology

Consortium

Franl

Plasma coagulation Up to 23,608

factars European
ancestry
individuals

Spanish contrals, 570
Greel cases, 645
Greek controls

Up to 7,604 European 20q11.22

ancestry individuals
6q24.3

6 x 10737 (FUIL) MR

4.8[2.1-7.5] %

1% 10722 (vWF)
decrease

affymetrix & lumina | N
[~2.6 million]
{imputed)




Published Genome-Wide Associations through 12/2009,
658 published GWA at p<5x10-2
Q80

NHGRI GWA Catalog
www.genome.gov/GWAStudies
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17 @ Pancreatic cancer

15 O Homocysteine levels @ Mairix metalloproteinase levels @ Pain @ Response to hepatis C treat
iy @ Idiopathic pulmanary fibrosis O MCP-1 @ Panic disorder O Restless legs syndrome
= 14 @ Chronic lymphocytic leukemia @ F cell distribution @ IgE levels O Mean platelet volume @ Parkinson's disease O Rheumatoid arthritis
13 © Bipolar disorder © Cleft lipipalate Q Fibrinogen levels © Inflammatory bowel disease @ Melancma QO Periodontitis Q Schizophrenia

O Acute lymphoblastic leukemia @ Bilirubin @ Cognitive function @ Folate pathway vitamins @ Intracranial aneurysm O Menarche & menopause @ Peripheral arterial disease O Serum metabolites X
@ Adiponectin levels @ Bladder cancer @ Colorestal cancer O Freckles and burning @ Iris color @ Multiple sclerosis © Phosphatidyicholine levels @ Skin pigmentation
@ Age-related macular degeneration @ Blond or brown hair (0] Coronary disease O Gallstones @ Iron status markers @] Myeloproliferative neoplasms @ Primary biliary cirhosis @ Soluble E-selectin
O AIDS progression © Blood pressure @ Creutzfeldt-Jakob disease @ Glioma @ Ischemic stroke O Marcolepsy @ Prostate cancer @ Soluble ICAM-1
© Acohol dependence @ Blug or green eyes @ Crohn’s disease @ Glycemic traits O Juvenile idiopathic arthriis O Nasopharyngeal cancer O Protein levels @ Speech perception O Type 1 diabetes
O Alzheimer disease @ BMI, waist circumference @ Cutaneous nevi © Hair color @ Kidney stones O Neuroblastoma O Psoriasis O Sphingolipid levels @ Type 2 diabetes
(@] Amyotrophic lateral sclerosis O Bone density @ Dematitis @ Hair morphology Q@ Leprosy @ Nicotine dependence [ ] Pulmonary funct. COPD @ Statin-induced myopathy O Urate
@ Arterial stifiness @ Breast cancer @ Drug-induced liver injury O Heart rate @ LOL cholesterol @ Honsyncromic clef ip whwo cktpaiale @ QT interval @ Stroke @ Venous thromboembolism
@ Asthma @ C-reactive protein @ Eosinophil count O Height @ Liver enzymes @ Obesity @ CQuantitative traits O Systemic lupus erythematosus @ Vitamin B12 levels
@ Atria fitwillation @ Cardiac ffuncti Erythrocyte p O Hepatitis @ LP(a) levels @ Open personality © Recombination rate O Testicular germ cell tumor @ Warfarin dose
@ Attention deficit hyperactivity disorder @ Camitine levels © Esaphageal cancer © Hirschsprung’s disease @ Lung cancer @ Otosclerosis © Red vs.non-red hair @ Thyroid cancer @ Weight
QO Autism @ Carolenvidtocopherol levels @ Essential tremar O HIv-1 contral @ Malaria © Other metabolic traits O Renal function @ Total cholesterol O White cell count
@ Basal cell cancer QO Celiac disease O Exfoliation glaucoma O HDL cholesterol © Male pattern baldness @ Ovarian cancer @ Responsze to antipsychotic therapy@ Triglycerides @ YKL-40 levels



Published odds ratios for discrete traits by reported risk allele frequencies.
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Odds ratios for TAS block enrichment/depletion analysis after adjusting for “hitchhiking” effe
cts from nonsynonymous sites.

Enrichment/depletion analysis after adjusting for *hitchhiking’ effects from non-synonymous sites
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Hundreds of GWAS applications tells us

« Many common variants of highly significant
disease association have been found

« They confer relatively small increments in
risk (1.0~1.5 fold)

« They explain only a small portion of
heritability
— Human height is estimated to have 80%
heritability
— About 5% of phenotype variance is explained
based on >10% people

Manolio et al, Finding the missing heritability of complex diseases. Nature 2009



Excuses for the missing heritability

» Large numbers of variants of smaller
effect yet to be found

 Rarer variants (possibly with larger effect)

» Structural variants poorly captured by
existing arrays

« Low power to detect gene-gene
Interactions

 Inadequate accounting for shared
environment among relatives

Manolio et al, Finding the missing heritability of complex diseases. Nature 2009



Highly significant signals are found,
but difficult to discuss biology

Nearby Minor GWAS

Trait RS ID Class Locus genes? allele MAF (n=8,842)
BMI rs17178527 Unknown 6q24.1 LOC729076 A 0.256 1.2E-08
rs9939609 Intron 16g12.2 FTO A 0.13 1.7E-06
WHR 152074356 Intron 12q24.13 C12orf51 T 0.15 1.8E-07
rs17089410 Unknown  13921.33 T 0.14 6.1E06
Height  rs6918981 Unknown 6p21.31 HMGAIL G 0.21 3.2e-08
rs17038182 Unknown 1pl2 C 0.42 4.3E-08
rs10513137 Intron 3g23 ZBTB38 A 0.26 5.6E-08
rs13273123 Intron 8gql2.1 PLAGI G 0.07 1.1E-06
rs600130  Intron 9gq22.32 FBPZ2 G 0.15 27E06

rs2079795 Unknown 17q23.2 BCAS3,TBXx2 A 0.33 2.9E-06

rs3791675 Intron 2ple.l  EFEMPI G 0.22 3.6E-06
rs41464348 Intron 2p22.3 LTBPI T 035 7.4E-06
SBP rs17249754 Unknown 12q21.33 ATPZB1 A 037 91807
rs715987  Unknown  10pl5.1 c 0.15 4.5E-06
DBP rs17249754 Unknown  12q21.33 ATP2B1 A 037 12806
Pulse rate rs12731740 Unknown 1g32.2  CD46, T 0.10 3.7E-07
LOC148696
rs12110693 Unknown 6q22.31 LOC644502 A 0.49 1.3E-06
rs11576175 Intron 1g21.2 CTSS A 0.24 B83E-06
BD-RT 1s7776725 Intron /q31.31 FAM3C c 013 1.0&e-11
rs9525667 Unknown 13q14.11 T 043 3.1E-06
BD-TT 1s7776725 Intron 7/q31.31 FAM3C C 0.13 16E-06
rs1721400 Unknown 7pld.l  TXNDCS3, T 017 14807
SFRP4,
EFPDR1

1550677  NearGene-5 12q24.31 TMEM13ZB T 0.17 5.0E-06
156974574  Unknown  7pl4.l A 030 7.9E-06
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Rare Variants Create Synthetic Genome-Wide
Associations
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Abstract

Genome-wide association studies (GWAS) have now identified at least 2,000 common variants that appear associated with
common diseases or related traits (http//www.genome.gov/gwastudies), hundreds of which have been convincingly
replicated. It is generally thought that the associated markers reflect the effect of a nearby common (minor allele frequency
=0.05) causal site, which is associated with the marker, leading to extensive resequencing efforts to find causal sites. We
propose as an alternative explanation that variants much less common than the associated one may create “synthetic
associations” by occurring, stochastically, more often in association with one of the alleles at the common site versus the
other allele. Although synthetic associations are an obvious theoretical possibility, they have never been systematically
explored as a possible explanation for GWAS findings. Here, we use simple computer simulations to show the conditions
under which such synthetic associations will arise and how they may be recognized. We show that they are not only
possible, but inevitable, and that under simple but reasonable genetic models, they are likely to account for or contribute to
many of the recently identified signals reported in genome-wide association studies. We also illustrate the behavior of
synthetic associations in real datasets by showing that rare causal mutations responsible for both hearing loss and sickle cell
anemia create genome-wide significant synthetic associations, in the latter case extending over a 25-Mb interval
encompassing scores of “blocks” of associated variants. In conclusion, uncommon or rare genetic variants can easily create
synthetic associations that are credited to common variants, and this possibility requires careful consideration in the
interpretation and follow up of GWAS signals.




We propose Gene-Set based approach

 Test gene-sets such as Gene Ontology
biological processes, molecular
signatures, etc

— Designed to be biology-friendly

 Set-wise tests may be robust to different
population structures

— Weak but consistent associations may be
detected



Program submitted to NAR Webserver issue &
under review

G SA_ 8 N P Nucleic Acids Research

Download
Program GSA-SNP: a general approach for gene set analysis of
Requirement: JRE (Java runtime environment) 1.6.0 or greater polymorphisms
e GSA-SNP program (stable version, about 120 MB)
e GSA-SNP proaram (development version) Lo R _ ) .
e manual P Dougu Nam'”, Jin Kim™. Seon-Young Kinr’, Sangsoo Kim™*
o Supplementary material
Examples {Da"rision of Computational Mathematics, National Institute for Mathematical Sciences
“School of Computer Seience and Engineering, Seoul National University
» SNP , *Medical Genomics Research Center, Kovea Research Institute for Bioscience and
o 100 permutations (about 145 MB) _
o without permutation Biotechnology
* dene . JDepm mment of Bioinformarics and Life Science, Soongsil University
o 100 permutations
o without permutation
- haplot_vpe “These authors contributed equally to this work
I o without permutation *Corresponding author
* 3
o download all above examples (about 155 MB)
Contact

E-mail to: Dr. Douau Mam or Dr. Sanasoo Kim

Updated: 2010/02/06



Procedure

« PLINK association runs

— The KARE genotypes were supplemented by
imputing SNP genotypes based on those of the
JPT+CHB panel of the HapMap Phase II

— Additive linear regression model adjusted by
age+sex

« SNPs within a gene boundary were
summarized (2" best; 20kb cushion)

« Another summarization by GO
— Multiple testing corrected P-values are reported




Moderate but consistent associations were

detected in some Gene Ontology sets
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“A key biological function in height regulation” by Weedon et al. (2008) Genome
-wide association analysis identifies 20 loci that influence adult height. Nat Gene
t, 40, 575-583.

GRIAL, one of the members, was implicated near a loci associated with height in
Croatian population. Endogenous activation of metabotropic glutamate receptor
s is known to modulate GABAnergic transmission of gonadotropin-releasing hor
mone (GnRH) neurons. Moreover, treatment with a GnRH agonist in short adoles
cents increased adult height

Related to EXTRACELLULAR MATRIX

Gudbjartsson et al. (2008) Many sequence variants affecting diversity of adult hu
man height. Nat Genet, 40, 609-615.

The most abundant proteins in ECM



