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RAEREN

- £ERFABXERDTT (GWAS)
« EARHES
= IR A=

» BTN A
= GWASSELAI

« WASZ4
= RWMBEWAS
i’s‘%?HTWAS
» FEHEZEHPWAS
» LRIZAPheWAS

» RERANRE

W—0t%&, M5 2i8E; ERPZk, MAXTZE. — GEREF LD
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EEFBXIXTITCGWAS

Courtesy of Xiang-feng Wang@CAU
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AT 2B NS EES0Z, BRIANOERASREE?

7 AR Z EARAE,

=gan

AN

'“';‘ :

llele No.of AIIeIes

i M F SRS \¥1Z|K§%

HIE?

A
MC1R rs86insA A 012NA
| =
MC1R rs11547464 A 0 12NA . HIE = H j; INE HK?
MC1R rs885479 T 012NA HEI’H:I: t'jr ﬂ_
MC1R rs1805008 T 012NA SR /7 B
MC1R rs1805005 T 0 12NA * u%l@jg1+Aﬂ<‘lgI7
MC1R rs1805006 A 012NA
MC1R rs1805007 T 0] 1 2 NA —i]]E %B_ TEIDNAB
MC1R rs1805009  C 01 2NA 7 =$ %E?“ RY 2H.
MC1R Y1520CH A 0 12NA
MC1R rs2228479 A 012NA
MC1R rs1110400 C 012NA an ohenmac
Sicrer c o I I ) I Human chromosomes
SLC45A2 rs16891982 C 012NA | I I TR l |
KITLG rs12821256 G 01 2NA I | \
EXOC2 154959270 A 012 NA ‘ ‘ I I I I I Ll | .
IRF4 rs12203592 T 012NA ) ) |
TYR 1042602 T ST |2 3 4 5 6 7 8 9 1011 1213 41516 17 1819 20202 X Y M
OCA2 rs1800407 A 01 2 NA
SLC24A4 rs2402130 G 0 12NA : .
HERC2  rs12913832 T 01 2NA IA 1B | | | | Chimpanzee chromosomes
ASIP 12378249 C 01 2NA oy | 1) | | Vo,
SLC24A4 rs12896399 T 012 NA T S
TYR 51393350 T 01 2MA I | l IERREREEN
TYRP1 rs683 G 012NA
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HEBIFIRE

HE B (Genotype) BiER—4YReIEREENETR, RIEEYIRHISEEME
i, 1EEZEH Mﬁﬁ%ﬁ’ﬁ 8, FEEERE—HRNERE,

=5l (Phenotype) : ,\E%EEE*’*”E’JAMK E—EREEMET, FiRIERAE
WFHE (P, 50, . £, 1785 BREIRE,

=B - BEE + IHR, i‘%mﬂ_%xé':._%%k e IEINEA

A phenotype is the physical
manifestation of an
inherited trait or disease

A genotype is the
genetic makeup e
of a person 2 )
J

1 ! ' i)

”n ',‘ Y ’I} W \ \
\I i n

“\\ : o

\” H '

In cancer, both genotype and phenotype keep changing over time

https://cisncancer.org/research/what we know/biology/language of biology.html
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SBEEHXIR D

Indwnduals with disease Individuals without disease

500,000 -5 Million SNPs

Genome-Wide Association Study, 5l 5l B s e

%—WGWAS SNP 1

No association
to disease

RS ETMR X R E T RAITTE,
BT BSHTERAREMSHT, ELEE
EEEN RN ENRFIER, M SN e
BEH S S AR R RIS R A

SNP 3
Associated
to disease

https://www.genome.gov/about-genomics/fact-sheets/Genome- ——
Wide-Association-Studies-Fact-Sheet ‘ @ ==
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GWASK&E

GWASERIBSEREBENNAFIFE (SNP) IBHASHTIIN, SHHTFiT
SR B R

1996’EE RischiEg B I2H T GWASHIIZAE, IANNAFREKAEREFERFIIHRABEEIREERR
U, BemsfESEEENKFZN
. 2001’EE HansenZF&EMNFGWASTE 7|‘E’—T@EF'5USea beet (BEIH>) BISEIIMHIT 7ot

o 20028, OzakiZEAII21NSNP '5)\7'<IL,\HME =D S
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(ERPEEN=E

MRBRFREUDITHIENSETIE, RN T AERERRR (BT
Wim, FRETRIERRS) MREERE] 1? B2

2

N 8-14 B :
2 G A P SR Ms-14 FRBARBIE BS-12 M S

LYRE 2. NRE
LRBMERENE Z.RMIEME WS

) d\ /.

'_ 4 : HS-13 WEFEHS
) 8-15 BEESRS
SR ‘f.a;;x z.:nz? LEFBRGEL 2.AFBEEL
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GWAS{EEE

- ERERAHEXREKDT

* WEMAELBREBERIREES (F2) STIBHTIRN, T8
HE A

- BFERESHINAOMER, BIRE, BT FRISGTE o

- IRIESIT EEEEPERSHEE UL IMXIERINEEZES (R
1c) , BIESIERNERERINERE

© GWASf%:
C SRR (BRHEKT)
« FIESHRERIEZ, RS
. TR
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GWASHAR

HERDERANIEEERFHNARE
2 RBSG----S R SiE

- BEGH®RA: SBEDE

e

Affymetrix Genome-Wide
Human SNP Arrays

RIVEEHSH

- 2EEHENFERA. SiE EﬂEEEJZZIK
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GWAS jargon

* Locus - genetic position on a chromosome, and a single base pair
position in the context of SNPs

 SNP - alocus (single base pair) that exhibits variation (polymorphism) in a
population

« Allele (in the context of SNPs) - the alternative forms of a nucleotide at a
particular locus

« Genotype - the pair of alleles at a locus, one paternal and one maternal
« Haplotype - a group of SNPs that are inherited jointly from a parent

 Linkage disequilibrium - alleles at multiple loci that exhibit a dependence
(nonrandom association)
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GWASIHRET

EXEZERIRE: RAgnEFE I EEkMEFGRIZEEREIR. T
= ) o
T o iEmImARIEERYSFAE. SRl BT 2=l mAYREFIE
BEESFRERC: BESNP, indel, CNVE
S T DNA Z&47 5 (SNPs) , HAKR, FIFRSAT S
e A snes SNP SNP SNP SNP SNP
i . . N N B
F?‘ - Fﬁ - SR eanAnAIIIIA SRS e Sreaases s
LR ««eGTGAC.... ACATGCCA. TCGGGGTC....63TCAACCG.... TCCGT....
ﬂmm{ﬁ Uumg{sm St iE TGAC....ACA GCCA. TCGOCGGEGTC.....6TCCACCG....TCGC
\+ /
e WA - ® s S wiam SeEL SreAmiliiilisaniir  epqEm. eafEkE
:sgg};;mgzgj_ﬁgg;w giﬂu:’sa,ﬁ&ummmiﬁm&m :::ﬁ: CCCIGATCTGTGATACTGGT G Eﬁ!ﬂgfﬁﬁ{, ;:I\:IE
— s | © s o EENS M EEE
& @&y L EBEEmE

el NIRRT

Ab TS
Eb//

Pk

R E B AT BK AR

BT REilEE, ohEiEFEs—Ti= (50w-100w)

e ERAHBHTBARHITGWAS
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GWASERE S HIAFIRETEIR

- FSEMHIK: Aizdl, geBNEERIEMNEE, ﬁé‘ffi?ﬁj\?ﬁ & :ZEU*QE
MHERSZIR %%ﬂﬂj( uu FrBM e —INE NEEaFTE, SERZFE
REHRE D ot a SR EBLUP (best linear unblased prediction){&
1’573 MR EHITREL DT,

- REMX: BEREG, TARERSEEE, IRIENR0. 1F5R, FER
BE WLEYJEMEI’J' 7/ W

« DRIEIR: FREDT M EMR, BCirzZEEES (BEMR) - W
MR, Jttﬁﬁ%fxd MMEFETHERY I)xJE&ﬂJ

- SRR B2 1 e UIRREZRN, A RERESIETFINERMD

A+, {EAXREKS \ﬁﬁ'ﬁ"%ﬂ”éﬂmo




GWASHsE /B T\

GWASHABIILLER: (1) BETIEREAR, (2) MBULABASIRIRREAES SN
R, RLERRSRIEREETNC, ATIREI B ERE R B R A m i bl EiHR L
M. Bk, NS SARES, REXEMREATREMEREA,

| 'I'

T TIL
NI S W
® % DNA §1% A\ BY DNA

mmnsrw IASNP R \ )

EBEFIEE BEHLAEFBAS
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GWASHIHR ST

« EHTERFOZINER

- EAMER: 1EREMBIIER, —REERREHRIS XSG
SNPIHITERSE!, REDtHESNPFIERE/NTERAIKEL, B
HHEI’JGWASEHﬁ':'F' JiR%%,

BB LUMRAERN, HRTLAKAIDNA poolingBy75i%, ik

HIR/DERIPHMESNP,; B _MERRAE AR ENTFE—ER T

EHBIPEIESNPIFHITOHT.

DNA Pooling: atool for large-scale association studies. Nature Review Genetics (2002)
https://doi.org/10.1038/nrg930
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GWASHITH A

Each SNP is an independent test

Associations are tested by comparing the frequency of each
allele in cases and controls

* Odds ratio: strength of association
« P-Value: chi-square test

Table 3. Association of Alleles and Genotypes of rs6983267 on Chromosome 8q24 With Colorectal Cancer?

Number and Frequency of rs6983267 Alleles Number and Frequency of rs6983267
in Colorectal Cancer Genotypes in Colorectal Cancer
| o |
c T x2(1df) P Value OR CC CT T x2(2dfy P Value OR OR
Cases 875 (56.5) 675 (43.5) 248 63 x107 1.35° 250(32.3) 375(48.4) 150(19.4) 245 47x10° 1.33° 1.819
Controls 1860 (48.9) 1940 (51.1) 460 (24.2) 940 (49.4) 500 (26.3)

Abbreviation: OR, odds ratio.

@Data are hypothetical; adapted from Tomlinson et al.%
Denctes allelic odds ratio.

©Denotes heterozygote odds ratio.
Denctes homozygote odds ratio.

How to Interpret a Genome-wide Association Study. JAMA 2008
f}ﬂf?ﬁ‘g&? HEHZ - Genomics




Odds ratio (OR)

A measure of effect size, or strength of association

e odds=P/(1-P)

* If probabillity of winning is 50%, odds is 0.5/ (1-0.5) =1
 If probably of winning is 75%, odds is 0.75/ (1-0.75) = 3

- Cases | Controls

odds of case with T allele

OR = .
Allele T A B odds of case with G allele
Allele G C D = (A/B) / (C/D) = (AD) / (BC)
« OR=1, no association 95% Cl of In(OR) =
e OR>1, allele T increases risk IN(OR) £ 1.96(Y/ y+Y/g+/ +1/5)0>

* OR<], allele G increases risk

(,‘; *; U livmi:y fi‘: :ff:’f:] ﬁi E E QE$ = G e n O m i CS




Odds ratio (OR)

Smoker 700 200
Non-smoker 300 800
OR = (700/200) / (300/800) = 9.33

N

“FizH 500 500

XJHEZH 250 750
OR = (500/500) / (250/750) = 3
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Chi-square test for significance level

____

Cases
Controls so s.1 s2 S
Total n, n, n, N
Observed allele counts Expected allele counts

--- .

2R(2ny+n,)/(2N) 2R(n;+2n,)/(2N)

Cases 21+, r+2r,
2S(2n,+n,)/(2N) 2S(n,+2n,)/(2N
Controls 2S,+S; S;+2s, 2S o v+eng/eN)
Chi-square test y (Obs—Exp) _ 212
Total 2n,+n; n,+2n, 2N P-value Exp

B E4HZ - Genomics



rs1333049: Association with Coronary Artery Disease
(BARTIBXIETS)
| CO®) | G | 2(1d) | Pvalue _
Cases 2,132 (55.4) 1,716 (44.6)

Controls 2,783 (47.4) 3,089 (52.6)
Allelic Odds Ratio = 1.38

Current Bu ild 155
Released April 9,2021

55.1 1.2 x 1083

. . . Organism Homo sapiens Clinical Significance Reported in ClinVar
e OR =1, no disease association Gene:Consequence e
. . Alleles GoA/ G>C Publications 213 citations
* OR > 1, allele C increase risk itvarem

Frequency C=0.412282 (109127 /264690 , TOPMED ) Genomic View See rs on genome

e OR < 1], allele C decrease risk e oo ey T o)

quency arian Submissions History Publications Flanks
Details
Allele: C (allele ID: 800888 ) ©
) L. ) i | sion m linical Signifi
Genomewide association analysis of coronary artery disease.
000000000000 .1 Three Vessel Coronary Disease Risk-Factor

N Engl J Med 2007 : :
https://www.ncbi.nlm.nih.gov/snp/rs1333049
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Multiple Hypothesis Testing
ZEMNIEHIE

Correction for multiple testing: Statistical hypothesis testing is based on rejecting the null
hypothesis if the likelihood of the observed data under the null hypotheses is low. If multiple
hypotheses are tested, the chance of observing a rare event increases, and therefore, the
likelihood of incorrectly rejecting a null hypothesis increases.

The false discovery rate (FDR) is a method of conceptualizing the rate of type | errors In
null hypothesis testing when conducting multiple comparisons.

= Benjamini-Hochberg, Holm—Bonferroni

The Bonferroni correction compensates for that increase by testing each individual
hypothesis at a significance level of a/m, where a is the desired overall alpha level and m is
the number of hypotheses.

= testing m=10 hypotheses with a desired a = 0.05, then the Bonferroni correction would test each
individual hypothesis at a = 0.05/10 = 0.005.

QI FRRT HEHZ - Genomics

versity of Chinese Academy of Sciences



Multiple Hypothesis Testing

When conducting multiple tests on the same samples or gene sets, it needs to
adjust the overall false positive rate through correcting/adjusting p-values.

adjusted p-value

Assume:
Rank p-value Benjamini- Holm or Nn = number of tests
Bonferroni Holm—
Hochberg o o rroni r = rank of p-value
1 0.001 0.01 0.0100 0.010 Slgnlflcance level at 0.05
2 0.003 0.03 0.0150 0.027 Bonferroni: pD*n
3 0.006 0.06 0.0200 0.048
4 0.009 0.09 0.0225 0.063 Benjamini—HOChberg:
5 0.016 0.16 0.0320 0.096 * rank p-values in ascending order
6 0.023 0.23 0.0383 0.115 . ca!culate each adjusted p-value
usingp*n/r
7 0.038 0.38 0.0543 0.152 .
Holm-Bonferroni:
8 0.049 0.49 0.0613 0.147 « rank p-values in ascending order
9 0.051 051 0.0567 0.102 . ca!culate each adjusted p-value
usingp*(n—-r+1)
10 0.080 0.80 0.0800 0.080

B ELH% - Genomics



Manhattan Plot

A Manhattan plot is a type of scatter plot, commonly used in genome-wide association
studies (GWAS) to display significant SNPs.

15

~log1o(P)
10
==
oons

P=5X10"8
P=1X10°

_I... ....

| . ry .' = o)

1242 ¢ ERCTR fisal il d 3

“i -.“:n | w m
L5 ~ ®

v © o = e er®eg
chromosome

5

-
o~

22-

* In GWAS Manhattan plots, genomic coordinates are displayed along the X-axis,
with the negative logarithm of the association P-value for each single nucleotide
polymorphism (SNP) displayed on the Y-axis.

- The -log,,P-values for association are plotted for each SNP according to its
chromosomal position (10-'°, its negative logarithm is 15).
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ESA ST (Linkage disequilibrium)

EENA 1 e A
BHAN AR RS ER ERIFFRET IR Disequilibrium Equilibrium

SHRER, MECTFRA—SREANE, oo 10KD 2 SNP . 10Mb 2
HEEE (A, B) EREENFERIEZR : % —
. . — , ee—
| KFRHAPERNSHBHEM IS = = | == —
RS, PARXFNRAETLDIRE. ’ g | . iy
Locus 1 , Locus 1
o o : o 0
2le]| 6 : 2lo| 3| 3
- | -
: 8
9 S D=1 ¥ = 2 D=0
AFIBIESRSS AFIBSERME

IEERT, BRAFRR  IEERE, EEDHIRMR
11 PNSNPRER2NEE FE2PSNPIUR2MER]

MRAFIBEFEREZRNEMA TS, BBABAILUEAARIRC
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Regional Manhattan Plot & Haploview

10

P - 100

- rs6658216
0.8 ®
4

LD
heatmap (r?)
patterns

-logig(p-value)

Linkage Disequilibrium (LD) e

IS the non-random association , . il , ( Physical
of alleles at different loci in a . P o g5 o "\ position
given population. '_——-;g‘%?@g?—-—-—m

LD pattern
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Haploview

AFIBRMUR ERFAEEAEIR
RERRY, XML B AT

) f"a‘@’? “&é HPEHS - Genomics




GWAS study design

2,500 Population
© BMI
e Height Controls Cases Unselected sample
2000 | © WHRadjBMI

8 Genotyping method
=
= . . .
§ 1500 walist-to-hip ratio ,
:5 adeSted fOI’ BMI Meta-analysis SNP array and
9 imputation
°
8 1,000~
= )
> -
< Statistical é

association &

L
T
500 —
Chromoson~1e~ T
0 T = T
10,000 100,000 1,000,000 Linkage
. disequilibrium
Sample size

Number of loci identified as a function of GWAS sample size
Benefits and Limitations of Genome-Wide Association Studies. Nature Review Genetics 2019
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First GWAS: myocardial infarction "Gt

=]
Table 3 * Association between myocardial infarction and SNPs in LTA, NFKBIL1 and BAT1 E
Myocardial Control Control
infarction 1 2 »? Odds ratio
625+ 11.3* 385x20.3* 64.3+11.3* (P value) (95% c.i.)
Genotype (n=1,133) (n=1,006) (n=872) versus versus versus versus
control 1 control 2 control 1 control 2
LTA exon1 10G—A
GG 416 378 344 AA versus GG+GA
(36.7%) (37.6%) (39.4%)
GA 504 512 428 21.6 20.2 1.78 1.79
(44.5%) (50.9%) (49.1%)
AA 213 116 100 (0.0000033) (0.0000069) (1.39-2.27) (1.38-2.31)
(18.8%) (11.5%) (11.5%)
LTA intron1 252A—G
AA 413 n 346 GG versus AA+AG
(36.5%) (36.9%) (39.7%)
AG 511 516 426 18 17.4 1.69 1.75
(45.1%) (51.3%) (48.8%)
GG 209 119 100 (0.000022) (0.000018) (1.32-2.15) (1.35-2.26)
(18.4%) (11.8%) (11.5%)
LTA exon3 804C—A, T26N
CcC 414 376 343 AA versus CC+CA
(36.5%) (37.4%) (39.3%)
CA 506 514 429 21.6 20.1 1.78 1.79
(44.7%) {51.1%) (49.2%)
AA 213 116 100 (0.0000033) (0.0000073) (1.39-2.27) (1.38-2.31)
(18.8%) (11.5%) (11.5%)
NFKBILT promoter -63T—A
TT 406 374 340 AA versus TT+TA
(35.8%) (37.2%) (39.0%)
TA 521 509 424 14.5 12.5 1.6 1.57
(46.0%) (50.6%) (48.6%)
AA 206 123 108 (0.00013) (0.00040) (1.25-2.03) (1.22-2.02)
(18.2%) (12.2%) (12.4%)

Functional SNPs in the lymphotoxin-a gene that are associated with susceptibility to myocardial infarction. Nature Genetics 2002

s (ORI S ¥y EE4H%: - Genomics

University of Chinese Academy of Sciences



—|0910(P)

10 1
5

15 1

15
10 +
5
0-

15 4
10 A
5
0-

15 7
10 4

Genome-wide scan for seven diseases

Bipolar disorder ﬁﬁl‘ﬁ

e i i i i Genome-wide assocnatlm? study 0f14,000
8 2 8 8 255 I8N cases of seven common diseases and 3,000

| - shared controls

The Wellcome Trust Case Control Consortium
' i Crohn's disease ﬁg l@\,ﬁ

. | " .ol R I . . )
il diio il bbby o il i ikl Nature 447, 661-678 (2007) | Cite this article

N _I%_M,ZTS 102k Accesses ‘ 7185 Citations | 182 Altmetric | Metrics
e " & d . b . . - 2
et tiaiaily w“a 2R ??M;; Zaa BN X GWAS represents a powerful approach to
_ Rheumatoid artriis S ] SEISETH Y identify genes involved in human diseases.
o0l . e ia L .} o3 . 1 g _® . - 2
S i i RSl At 6w i i 2,000 cases for each disease and 3,000
: npetaavees ] EEUREEERISE shared controls
H 2 . v H o - 2 ® . - : .o " . S . .
CE R T w%??mm s GeneChip 500K Mapping Array Set,
Typezdibetes D RUKRERISE comprising 500,568 SNPs

.MM-'W Genome-wide association study of 14,000 cases of seven

common diseases and 3,000 shared controls. Nature 2007

Chromosome
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Strong GWAS regions

ERBRAE

BD hit region, chromosome 16

COG7
GGAZ
15+ EARS2
UBPH/UBFD1
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= . PLK1
_g 5 ERNZ
1 -
o ..tmmmmtaim.r.‘ .
‘g 2804 ’
= E4ﬂ' - ' L
(& D_ e "
Genes d
CCII"IS L] [N . ‘thnmm oar [T IR A | [ ]
22.5 23.0 23.5 24.0 24.5
Chromosomal position (Mb)
CD hit region, chromosome 2
o ATGT8LT
15 7 .
*
10 4 i
%
g  5- &
! oI h .l 0] -
. Py ",'i' -g‘ = 3
0 sdaredeaimatlts Sk abtuliaMtsto dn's
E_.::BU —
= =40 _j
Q 0 st ) P
Genes
Cons [T T TR B[N ] e | I T I A1 I ]
233.0 233.5 234.0 2345 235.0

Chromosomal position (Mb)

University of Chinese Academy of Sciences

AN BBk

CAD hit region, chromosorme 9

=S Bi5

CD hit region, chromosome 1

. COKN2A . 23R
. CDKNZB ,
159 . R 159 .
10+ i 10 Lt
B .} - t
5 ' 51
e ,.. et ! .2
o Mm h.ﬂlr Mm.u—u 0l am e ! -J-.‘m
4 8O- 4 804
2404 — [2 404 e —
- ol Lo L I.t | aal s o o-
n 1 n L1} I -'I [ ] 1l I mrnm B ] nne mi’ I: [ ] 1] [ 111 [
21.0 21.5 22.0 22.5 23.0 66.5 67.0 67.5 68.0 68.5
Chromosomal position (Mb) Chromosomal position (Mb)
CD hit region, chromosome 3 CD hit region, chromosome 5
UsP4 RNF123 ,
. . GEX1  AMIG .
15+ : . AHOA GMPPB 151 .
. : TCTA IHPKI .
AMT  LOC389118 i 8
10 4 NICNT C3orfad 104 * ¥
DAG! UBETL L
. , BSN  TRAIP P
F, ’
57 . g MST1 5 . e g L0 .
PR PR x ‘b:l'- ¥ - - - % "?ﬂ &,‘_' d-"
P e A P PR T e S S o o v enlinhi il B’ - % -3%“
4 80 f ﬁ 4 go- f :
9 40_ . . 2 -
, - : M S JHJ_ﬁ N R R
[ 1] [N R [N ] 1 inm "III (N ] [N ] o ] [ B | I ] i
T T T T T 1 ) T LI I T
48.5 43.0 49.5 50.0 50.5 51.0 39.5 40.0 40.5 41.0 41.5

Chromosomal position (Mb)

Genome-wide association study of 14,000 cases of seven common diseases and 3,000 shared controls. Nature 2007
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Strong GWAS signals

€ 2 i NP 8 9 ~ Za 2 = 2 2
$ e Region (Mb) S ETE ég ‘éﬁ % =: g'g %.g § g
. : S 5 35 :f 3 5 &S g T 3
o o o o & 5 &8 €
5 Ya ® & 2 £§ £§ 8 o
Standard analysis
8D 16p12 23.3-23.62 1420259 219X 107%% 629x107° 196 479 A G 208(160-2.71) 207(1.6-269) 0282 0.248
CAD 9p21 2193-22.12 rs1333049 179x 107! 116x 107 1166 1119 C C 147(127-1.70) 19(1.61-224) 0474 0.554
CD 1p31  67.3-67.48 rs11805303 645 x107'3 585%x107* 1007 941 T T 139(1.22-1.58) 1.86(154-224) 0317 0.391
cD 2q37 23392-234 510210302 7.10x107** 526x107* 1111 1128 T C 1.19(101-1.41) 1.85(1.56-221) 0.481 0.402
cD 3p21  49.3-49.87 59858542 7.71x107°%7 358x107% 424 522 A A 109(096-1.24) 1.84(1.49-226) 0282 0.331
cD 5pl3  40.32-40.66 rs17234657 213 x1071% 199x107* 1041 989 G G 154(1.34-1.76) 232(1.59-3.39) 0.125 0.181
cD 5q33 150.15-150.31 rs1000113 510x107° 315x107% 536 501 T T 154(1L31-1.82) 192(0.92-400) 0.067 0.098
cD 10g21 64.06-64.31 rs10761659 268 x107°7 175x107% 469 413 G A 123(1.05-1.45) 155(1.3-1.84) 0461 0.406
cD 1024 101.26-101.32 rs10883365 141 x107°® 582x107% 591 548 G G 12(1.03-139) 162(1.37-192) 0477 0.537
cD 16912 49.02-494 rs17221417 936 x107'? 398x 107" 893 847 G G 1.29(1.13-1.46) 192(1.58-234) 0.287 0.356
cD 18p11 12.76-12.91 rs2542151 456 x107%°® 203x 107 542 500 G G 13(1.14-148) 201(1.46-2.76) 0.163 0.208
RA 1p13 11354-114.16 rs6679677 490 x1072° 555X 107%° 2236 2199 A A 198(172-2.27) 3.32(193-569) 0096 0.168
RA 6 MHC rs6457617° 344 x1077® S518x1077° 7484 7318 T T 236(197-2.84) 521(4.31-630) 0489 0.685
T1D 1p13 113.54-114.16 rs6679677 117 x107°°® 543 x 107%° 23.07 2283 A A 182(159-2.09) 5.19(3.15-8.55) 0.096 0.169
T1D 6 MHC rs9272346° 242 x 10713 547 x 10713 1419 1422 A G 549 (4.83-6.24) 1852 (27.03-12.69) 0387 0.150
T1D 12913 54.64-55.09 rs11171739 114x107*' 971 x107* 889 824 C C 134(1L17-1.54) 1.75(1.48-2.06) 0423 0.493
T1D 12924 109.82-111.49 rs17696736 217 x107*° 151x 107 1253 1188 G G 134(116-1.53) 194(165-229) 0424 0.506
T1D 16p13 1093-11.37 rs12708716 924 x107°® 492x107% 515 470 A G 1.19(0.97-1.45) 1.55(1.27-1.89) 0350 0.297
T2D 6p22 20.63-20.84 rs9465871 1.02x 1079 334x10°% 415 398 C C 118(L04-1.34) 2.17(16-295) 0.178 0.218
T2D 10925 114.71-114.81 rs4506565 568 X 10713 505x 1072 1014 943 T T 136(1.2-154) 188(156-227) 0324 0.395
T2D 16g12 52.36-52.41 rs9939609 524 x 107 191x107% 535 505 A A 134(117-1.52) 155(13-1.84) 0398 0.453
Multi-locus analysis
T1D 4q27 123.26-123.92 rs6534347 448 x107%7 183 x107% 515 469 A A 130(L10-1.55) 149(1.25-1.78) 0351 0.402
T1D 12p13 9.71-9.86 1s3764021 7.19x107% 508 x107% 212 455 C T 157(138-1.79) 148(125-1.75) 0467 0.426
Sex differentiated analysis
RA 7q32 130.80-130.84 rs11761231 391x107%7 137x107% . . G A 144(119-1.75) 164(1.35-199) 0375 0.327
Combined cases
RA+T1D 10p15 6.07-6.17 12104286 592 x107°% 252x107% 526 445 T C 135(1L11-1.65) 162(1.34-197) 0286 0.245

Regions with at Jeast one SNP with a Pvalue of lessthan 5 x 107 for our primary analyses. The logyo value of the Bayes factor (BF) for the bayesian analysis corresponding to the trend and genotypic
testsis also given. Region marks the boundaries of signal defined by recombination and return of test statistics to background levels. The minor allele is defined in the controls and its frequency in that
group as well as the case sample is reported. MAF, minor allele frequency. Cluster plots for each SNP have been inspected visually, and are shown in Supplementary Fig 10. Positions are in NCBI build-
35 coordinates *Multiple SNPs in the MHC region are significant, we report the most extreme.

Genome-wide association study of 14,000 cases of seven common diseases and 3,000 shared controls. Nature 2007
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From GWAS Discoveries to Drugs

GWAS hits

Gene

Trait

Gene with GWAS hits

Known or candidate drug

Type 2 Diabetes
Rheumatoid Arthritis

Ankylosing
Spondylitis(AS)

Psoriasis(Ps)
Osteoporosis
Schizophrenia
LDL cholesterol
AS, Ps, Psoriatic Arthritis

SLC30A8/KCNJ11
PADI4/IL6R

TNFR1/PTGER4/TYK2

IL23A
RANKL/ESR1
DRD2
HMGCR
IL12B

ZnT-8 antagonists/Glyburide
BB-Cl-amidine/Tocilizumab

TNF-
inhibitors/NSAIDs/fostamatinib

Risankizumab
Denosumab/Raloxifene and HRT
Anti-psychotics
Pravastatin

Ustekinumab

10 Years of GWAS Discovery: Biology, Function, and Translation. AJHG 2017
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GWAS In crops

Published: 24 October 2010 e Grain width

Genome-wide association studies of 14 =

agronomic traits in rice landraces ;9 e .
Xuehui Huang, Xinghua Wei, [...] Bin Han K | ,13,
Nature Genetics 42, 961-967(2010) | Cite this article o4.9 9.0:-5:1 53 54 5. 57 58 5.9

Chromosome 5 (Mb)
5300k 5310k 5320k 5330k 5340k 5350k 5360k 5370k 5380k 5390k 5400k

~3.6 million SNPs by sequencing 517 rice landraces L 1'} .

] qSW5  LD:72kb
Grain length

3637 Accesses | 1024 Citations | 15 Altmetric | Metrics

Table 1 Genome-wide significant association signals of agronomic traits using the
compressed MLM

Minor f 10 %
) Position Major Minor allele Pvalue ) Ef
Trait Chromosome  (IRGSP 4) allele allele freq. (compressed MLM)2  Known loci? ~
Tiller number 4 3,760,194 A T 0.20 3.2x 10”7 2
ﬁj\g‘%ﬁ 9 23332559 A G 034  15x107 io” (
10 15,239,407 T A 0.10 41x107 I 0 - — —T - - T
Grain width 5 4907158 € G 021  27x10° 16.9 17.0 17. 2173 174 17% 617.7 17.8 17.9
5 5,341,575 G A 017  7.2x10°18  gSW5 (ref. 29) :
Grain length 3 17371398 G C 0.06 13x1071°  GS3(ref. 30) Chromosome 3 (Mb)
3 17,637,475 C A 0.08 27x101! g " " N 4 - . ’ ‘ )
3 23,349,781 A c 013 3.3x 107 17320k 17330k 17340k 17350k 17360k 17370k 17380k 17390k 17400k 17410k 17420k
5 5343949 A G 020 17x107 = | ‘
11 3,072,370 ¢ T 0.11 3.8x 10”7
Spikelet number 7 18,005,615 C T 044 7.1x10°8 2
0 5976,140 C T 006 1.3 x 1077 GS3 LD: 120 kb
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GWASIEKS
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FH. HXERE. ZKX

EJZ*D Ea*ZHﬁlﬂylu\1_Ln\\o 5969
50,957 results
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ernative inheritance
models in GWAS analysis
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Confounding variables

« Population stratification: geographic and ethnic background
¢ Sex, Age

~—t
—
©)
—

AP ERSEUFS KIEARH
L H IR SR FB I AR AY
— NN EERA.,

Population

40: CampbellE (2015) RFE
MEEEARARSEEREZ
VEmsEEIBIAYRER, HERE

00000
00000
000 00

O
O
O
O
O

Populzation i: \ﬂ.EA EJXEL)\EEEEDZEXEHZ
FIIREAR 71112&???‘ MKE
Nature Reviews Genetics 2006 E’g |E—EIJA D J@%Z l]r]
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GWASRFRTE

GWASE—MAIMFTES "ENER-ENTREL” (common disease-common
variant hypothesis) HEXMEH5E.

<
() CFTR AF508  (Cystic Fibrosis)
N

Highly Penetrant

—_I- \ — = = —
L)\E ZE E _L/\\\ : i Mendelian ~ ommon Variants
Large N with Large Effects

8 Mutations i
?RE%E k 2|;%’ Ea 1£1j¢j- % (O) APOEA4 (Alzheimers) i
o W ‘
CFH (AMD) () }
TEANBTGWASEREES @l & . ;
RBRNAONSEAERI S S e s
) \ Moderate Effects ;
E (©) NOD2 (Crohn’s Disease) ‘
n | i
Disease associations are often conceptualized in g r | (O TNFRSF1A (il o
. . . . | TCF7L2 (Type 2 Diabetes; :
two dimensions: allele frequency and effect size. = Sl | e 'Common Variants
Highly penetrant alleles for Mendelian disorders are L, | farevariantswith llivsms | B ects
. ) . } Small Effects Identified by
extremely rare with large effect sizes (upper left), | GWAS )
while most GWAS findings are associations of o L \ e
common SNPs with small effect sizes (lower right). 0.001 0.005 0.05 0.5

The bulk of discovered genetic associations lie “Mutations”  Rare Low Frequency Common

on the diagonal denoted by the dashed lines. Allele Frequency

QI FRRT HEHZ - Genomics
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The bright side

Identification of novel

The dark side

SNV-trait associations

Discovery of novel biological
mechanisms

Diverse clinical applications
Insight into ethnic variation
of complex traits

T

Identification of novel monogenic /

and oligogenic disease genes

Relevant to low-frequency,
rare variants

beyond gene identification

Straightforward GWAS generation,
management and analysis

Easy-to-share and

Relevant to the study of /
structural variation
Multiple applications

Disease prediction

True signals

Population stratification

Ultra-rare mutations

B EREE
SR EHRNNTE

Epistasis

Causal variants or genes

Missing heritability

publicly available data
Benefits and Limitations of Genome-Wide Association Studies. Nature Review Genetics 2019
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EWAS, TWAS, PWAS, PheWAS
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FRMEREHXEX

- EWAS (Epigenome-wide association study, ZFTIMEREZHKEL
1)

+ SGWASHIRLEA), FRMEZFMERERBNMEAIEITRER, £
SR R A SRR R R E S R B TR,
HE SHRIRREBEXREE RN ERNI RN R EZETRAR.

- BN ERBRT LS fF#Ei'%XM@’Eﬂ?E# (LLSIDNAZTE
R ERED) | EEé?JJLJ%ﬁSE AR T 5SS MHEIR
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N

FWZH (DNARE(Y) XBAiA

1200 -

Chart Area 1043 1079

1000 -

800 -

Number of publications
S

0 B T T T T T T T T T 1
9o oo o Cog o iRt g

https://ngdc.cncb.ac.cn/ewas/statistics
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EWAS on coffee and tea consumption

15,789 participants of European and African-American ancestries from 15 cohorts

A.

@ Ca05575921

o B. - Tea: —
Jo— sesn 2 CpGs, annotated to

i Coffee: . . CACNAI1A and PRDM16
- 11 CpGS; ¢gl4476101 is . - . :

10 associated with risk of

fatty liver disease (BSBGEF)

....... 90915926106

—log,¢(p)
&
8

=10g10(P)

1 2 3 4 5 6 7 8 9 11 13 15 17 20 1 2 3 4 5 6 7 8 9 11 13 15 17 20

Chromosome Chromosome

Coffee-associated changes in DNA methylation levels may explain the mechanism of action of coffee
consumption in conferring risk of diseases.

Epigenome-wide association meta-analysis of DNA methylation with coffee and tea consumption. Nature Communications 2021
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» Dynamic Nature (EIZ4)
= BRSEENEHI T AR FEEPEERIMDNARE(L

- Quantitative Accuracy (EE/HEH)
* DNARE(YHIEERRIARI1% D =R
- Reversibility (B]54)
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FRMEREHXEX
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 Case-control
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DNAFRZEAGHE N
| O\ATERER | SERAREAER

vtz ipagiat PR
kAN 30007T 200007T/30X
R, ~850,000/ M SEFAE
= 250 ng DNA 100 ng DNA
MR E HZF500XEhG 18 HEANE1d 100X
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AEFBASYI (cohort)

o ) KELNBEAFITITTRES

2
11,989 A \ e
BR324 ZEREE, BREalT
WERAINERE 7 I8
TwinsUK

1Y insUK 14,274 XYY EERE * FIARRYEE, TEBIR
EiBER21F HREIEIBAS!

EPIC study
IC study | 521 000 A
E1BER155 /




A FIZEEIRIRATY

Key advantage Key disadvantage

Case versus control (singletons)

Cannot easily control
Many cohorts exist for environmental and CaS e-con t o I
versus genetic confounders

Families

Can study | — |
= Few large cohorts r I
potential : : I}Ag J
% % %;? heltanca of this type exist ﬁ *

Disease-discordant monozygotic twins

Can control for Few large cohorts yzﬂ@ﬂAlz A;U
genetics of this type exist H

Prospectively sampled, longitudinal

: 5 iy
Can establish Slow and difficult .teaﬂ : ﬂ_ I} Ay]
@ e > g causality to establish E N I
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EWASBIBIZERI: F=AERS

Genes Indication Hypermethylated Correlation with Promoter CpG Clinical FDA
in tumour? gene expression? region?  island? guideline? approved?
ConfirmMDx
. — GSTP1 Diagnosis and prognosis of Yes Yes Yes Yes Yes? No
Buyuu,i& APC prostate cancer Yes No No No
RASSF1 Yes No Yes Yes
Cologuard
NDRG4 Early detection of CRC Yes Yes Yes Yes Yes'™ Yes
BMP3 Yes Yes Yes Yes
Epi proColon/ColoVantage (Licensed to Quest Diagnostics and ARUP Laboratories)®
S E P T9 SEPT9? Early detection of CRC Yes No No Yes Yes" Yes
FE%E Epi proColon®
SEPTQ? Early detection of CRC Yes No No Yes Yes*/ Yes
Epi proLung
ﬂfﬁ’;él; SHOX2 Early detection of lung cancer  Yes Yes® No Yes No No
= AssureMDx
s TWIST1 Risk' of bladder cancer i|j1 Yes Yes Yes Yes No No
H%ME oTX1 patients with haematuria Yes Yes® No Yes
ONECUT? Yes Yes® No Yes
M G M T PredictMDx
e MCMT Prediction of response to NAC Yes Yes Yes Yes® No
ﬂm&,ﬁ@ temozolomide in glioblastoma
Colvera
BCAT1 Early detection of CRC Yes Yes Yes Yes No No
IKZF1 recurrence Yes Yes Yes Yes
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Transcriptome-wide association study

A - Schizophrenia
RP11:272 134 POGFS osE
NAGA
AC|1DT8 13 M182 DNAJA3 INCO0634
e 5% g e SWS D% o SNKI9 RPIT3BOLI oMM T
s0ccAG8 |ALMSIP Zneaon & ”23” GIGYF] Rmssom&s \ m.msg CLECISB __SNORD3B2 »
RERE DARS2 ) -CACNAID M&M KMYZEn PAC‘SINS / cC " N . 4
5 a 2\ g RPI24TART | MPPED2 oo oo \ - Transcriptome-wide Association
193 agen o g W "o d el s PR B | o onimaan
ge es are Veitat s 02 % » @ Conditionally non-significant
. .. Z>0: predicted lated
o Z<0: '.S:Sdi‘é{Za gg‘l;ir?r%;:ﬁated
prioritized a g
(2]
H : Differential Gene Ex i
Bonferroni- B G
< A Upregulated
® No Change
corrected P < 0.05. = e M

A A .s7.> "Q‘L;ﬁ?g';o;:c o

o v
.

5 ol /’PB)G;:. 19 } N2 08 < D o 7\" - el - B A
§ Wo RP5-1112 D67 1 1 H
M0l s T ran e e [ Ry aoricst i PO P Transcriptome-wide isoform-level
HNRNPA P46 \\" 1  HisTitGA - O / v\seme MCHR1
vps45 C2orf16 PCCB VPS20 /\ g . N . .
L vox Zowo ngwoN et dysregulation in ASD, schizophrenia,
EeeR | e and bipolar disorder. Science 2018
10 1 2 3 4 5 6 7 8 9 10 Lh! 12 13 14 15 16 17 18 19 202122
Position
B Bipolar Disorder C Autism
PELI3
| CKMTIA g8 LRRCITA
TIC39A . . . ¥ .
o
Q
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Proteome-wide association study

Letter | Published: 28 January 2021

Integrating human brain proteomes with genome- a
wide association dataimplicates new proteinsin )

[ y [ [ % ¢ s oCTEH
Alzheimer’s disease pathogenesis g
Aliza P. Wingo &2, Yue Liu, Ekaterina S. Gerasimov, Jake Gockley, Benjamin A. Logsdon, Duc M. Duong, e . "‘g“””; .
Eric B. Dammer, Chloe Robins, Thomas G. Beach, Eric M. Reiman, Michael P. Epstein, Philip L. De Jager, , e % . * °. ',' * . e . S '-:‘ .: .

) ) . = 3epe 30 e PR A T L Y R

James J. Lah, David A. Bennett, Nicholas T. Seyfried, Allan I. Levey & Thomas S. Wingo xi%ﬁ: o 30 LRl '-.4" x 48 TRIA ";} i
. h kmf &m&m‘ d

Nature Genetics 53, 143-146 (2021) ‘ Cite this article 5 L T T I R I R LI Tt 2

Chromosome

Table 1| The discovery AD PWAS identified 13 significant genes, of which 10 were found in the confirmation PWAS, and all 10

replicated _ - ,  In the discovery phase, we performed
Discovery PWAS Confirmation PWAS Evidence for . .
Gene Chromosome PWAS z-score  PWAS P PWASFDRP  PWASz-score PWASP =plication a PWAS by mtegratlng AD GWAS
Ci —5. 5x10-% 2x10-* —5. .3x10°7 Yes —_ H
e e O results (n = 455,258) with 376 human
3 SNX32 1 —4.69 2.8x10° 8.4 %10 -4.27 2.0x10° Yes bram proteomes prof"ed from the
4 DOC2A 1 —4.5] 6.4%107 1610~ —4.23 23x10° Yes s
5 LACTS 15 376 17x104 21x107 408 45x10°  Yes dorsolateral prefrontal cortex (KIS
6 ICAIL 2 _388 11%10- 1.6x10-2 ~396 75%10°5 Yes e
7 CARHSPI 16 3.66 2.6x10- 29107 3.48 51%10-4 Yes 9 H)n\“ Bl %)ﬁ[H'EZ}%) .
8  RTFDCT 20 425 2110 3.9x10-* 310 2.0x10-2 Yes ° A Conﬂ rmation PWAS was performed
9 STX6 1 383 13x%10~ 1.7%10-2 2.96 31%10- Yes .
10 CTSH 15 468 2910 8.4x10- 236 18%10°2 Yes using the same AD GWAS and an
e - ﬁ i independent set of 152 human brain
13 STX4b 16 4.00 6.2%x10- 1.0x10°* - - - proteo m es .

This table gives the z-scores for the AD PWAS associations with their corresponding P values and FDR-adjusted P values for all significant genes in the AD discovery PWAS. Confirmation AD PWAS
z-scores and their corresponding unadjusted P values are provided for the significant genes in the discovery AD PWAS. *Protein not profiled in the confirmation proteomic dataset. *Proteins profiled but
without significant SNP-based heritability estimates in the confirmation prateomic dataset.

Integrating human brain proteomes with genome-wide association data implicates new proteins in Alzheimer’s disease pathogenesis. Nature Genetics 2021
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Phenome-wide association study

Phenome-wide association studies (PheWAS) invert the idea of a GWAS by searching for phenotypes
associated with specific SNVs across the range of thousands of human phenotypes, or the “phenome”.
Analogous to GWAS, PheWAS have shown that specific genetic variations may be associated with
multiple phenotypes.

Genome-wide association study (GWAS)

Phenotype selected .V Genome set Genotype association
Disease status or other trait of an individual ‘ ' Comprehensive DNA data Single-nucleotide variants (SNVs)
such as a disease complication or adverse drug event from a large number of individuals associated with phenotype are identified
Phenome-wide association study (PheWAS)
R —
Genetic variant selected Phenome set ST sm— Phenotype association @ /@)X

[: Single SNV or other independent variable

Broad range of phenotypes Disease status or other traits that
such as a disease symptom or laboratory test value

from electronic medical records may be multiple in number and unrelated

« A GWAS starts with families or populations in which individuals have been assigned affected or
unaffected status for a disease or other trait, and searches for associated genetic variants.
« A PheWAS starts with a genetic variant and searches across a set of curated phenotypes (the

“phenome”) to identify associated phenotypes.
Phenome-Wide Association Studies. JAMA 2022 https://dx.doi.org/10.1001/jama.2021.20356

(Qﬂff“ﬁ&? HEHZ - Genomics


https://dx.doi.org/10.1001/jama.2021.20356

PheWAS of COVID-19 risk alleles

Variants associated with severe COVID-19 were tested for association across 1,559 phenotypes. Among 67 respiratory conditions
tested, 11 had significant associations including MUCS5B locus (rs35705950) with increased risk of idiopathic fibrosing alveolitis.

[Other venous embolism and thrombosis |

HErrikteEM Mz

TR EAChhiE R

Pulmonary heart disease
Arterial embolism and thrombosis

Arterial embolism and thrombosis of lower extremity artery

Phigbitis and trombophiebitis
ol lower

Other venous embolism and thrombosis

Chronic vencus hypertension

Vitiligo

Lupus (localized and systemic)

‘Cutanoous lupus erythematosus

Psoriasts and related disorders

Psoriasis

Psoriasis vulgaris

Psoriatic arthropathy

Sarcolcosis

Peptic ulcer (excl. esophageal)

Duodenal ulcer

Paplic ulcer, site unspecilied

Acute appendicitis

Microscopic hematuria

Coagulation defects

Other and unspecified coagulation delects

Hypercoagukable state

Primary hypercoagulable state

Phiebil

Rneurnatoid arthritis and other inflammatory polyarthropathies

200- [idiopathic fibrosing alveolitis
) K¢ ) K¢
E§ B ix*“ mﬁ B w | Psoriasis vulgaris | -
[Phiebitis and s of lower extremil
1
= Phiebitis and th h
§ 0 and Teomophistits Psaoriatic arthropathy
g [Pulmonary heart disease [Rneumataid arthritis and other inflammatory polyarihropathies |
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100- Disorders of optic nerve and visual ] Fiataah
¥
- . Chronic venous -
m,m . (Lupus (iocalized and systemi id arthrits
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Lipoma of skin and tissue - Py 1 i
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| Arterial embolism and thrombasis | [Peptic uicer, site [Psoriasis and related d
Primary hypercoagulable state | T
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Rheumaloid arthritis.

Ankylosing spondylitis

Lipoma of skin and subculanecus lissue
Parkinson's disease -

Fostinflammatory pulmonary fibrosis

Other alveclar and pareloalvectar peumanopathy

Idiopathic fibroging alveolitis

Disarders of optic nerve and visual pathways

Opic: neuritisneuropathy

Asphyia and hypoxemia A=

FDR = 0.01
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A Phenome-Wide Association Study of genes associated with COVID-19 severity reveals shared genetics with
complex diseases in the Million Veteran Program. PLoS Genetics 2022
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Database & URL Publications Associations Traits Species
gtk?[g;sa?;www.ncbi.nlm.nih.qov/qap 136,527 1 2007
E]B'[Y[\)/ﬁ/mflt?i.gac.uk/qwas/ 3378 68,000 1 2014
ﬁygﬁlﬁvt?lgnqlab.orq/qwasdb 2479 252,530 1610 1 2012
Ett':s:?/(\)/vs\;/\(/:\/?/.npr;]irnoscanner.medschl.cam.ac.uk/phenoscanner >350000000 1 2016
IhF;tr::)(_?/rlr]v:‘;lvl?/w.i;:)hema|o.orq 2017
ﬁtrt?)(s?:\//yg:q(\fvzﬁlfgo1qenomes.orq 222000 167 1 2018
EWASdb ‘ Jo18
http://www.bioapp.org/ewasdb/

Eﬁvzﬁigg?;q.ac.cn/ewas/ 401 329,172 305 1 2018
ﬁ:/gé?tfi\gda.sbiq.ac.cn/qwas/ 254 15467 614 9 2019
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https://www.ncbi.nlm.nih.gov/gap
http://www.ebi.ac.uk/gwas/
http://jjwanglab.org/gwasdb
http://www.phenoscanner.medschl.cam.ac.uk/phenoscanner
http://www.iphemap.org/
https://aragwas.1001genomes.org/
http://www.bioapp.org/ewasdb/
http://bigd.big.ac.cn/ewas/index
https://bigd.big.ac.cn/gwas/

GWAS Catalog

@gVV rl:hWE e Aok I - b Dasg Catalng of Human Canatigfarlibicn
SEUVADIS f

LRG

Direct Submissions

Europe PubMed
Central

eumpean
ename- phE nome
g rchive

ANELERBXEAIREIERI LA, HZMNEAESANEEIEES, EdEEnNElE
TP (4#0: ENSEMBL, UCSC. PheGenlfliFZIH) 3#E

B E4HZ - Genomics



GWAS Catalog

2006 Jan

@ www.ebi.ac.uk/gwas

53820 studies, 6367 Publications, 257947 Associations
GWAS KIS AR E 2R s KEASNPR296.8 5
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GWAS Catalog

GLOBAL
CORE

2006 Jan
= RESOURCE

GWAS Catalog

The NHGRI-EBI Catalog of human genome-wide association studies

; catalog Q
Examples: Parkinson disease, rs3093017, Yao, 2q37.2, HBS1L, 6:167120000-167130000, GCST90132222, PMID:35241825
. . * .

. Download L Summary statistics = Submit
Download a full copy of the GWAS Catalog in Documentation and access to full summary statistics for Submit summary statistics to GWAS Catalog.
spreadsheet format as well as current and older GWAS Catalog studies where available.
versions of the GWAS diagram in SVG format.

” . . ese

i Documentation & Diagram it Ancestry
Including FAQs, our curation process, training materials, Explore an interactive visualisation of all SNP-trait An introduction to our ancestry curation process. .
related resources, a list of abbreviations and API| associations with genome-wide significance (p<5 x108). www.ebi.ac. uk/gwas
documentation.

53820 studies, 6367 Publications, 257947 Associations
GWASKIAIS AR IR E ZYRFREASNPIFRZ6.8 /5
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https://www.ebi.ac.uk/gwas/docs/diagram-downloads
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https://www.ebi.ac.uk/gwas/docs/diagram-downloads

@ §$@fj§.§¢m‘» Data Resources Computing Analysis Data Network Standards

GWAS Atlas

A curated resource of genome-wide variant-trait associations

LT T

A Home @ Browse ~ 4 Ontology & Tools ~ X Submit & Downloads L Statistics © Help

All Species v n
Submit new GWAS studies
e.g. flower; plant height; Zm00001d021954; chr1:14702150-37601000 f
[ ]
ﬂ News & Updates

302295 486 163979 + 16 plant species G2Ps were added (2023-12-29)
- * Wheat G2Ps were added (2022-06-20)
ogf V >;< * Rye G2Ps were added (2022-06-16)
Species Associations Causal Variants Variants * Online analysis tools were implemented (2022-06-01)
» more

57223 3828 922 5 19
XX & B t= @

Genes Studies Publications Ontologies Submissions

[E2 ContactUs

If have any questions or suggestions, please feel free to
contact us.

Email: gwas@big.ac.cn

QQ Group: 468638108

& Related Links

* GWAS Catalog

o GWASdb

* GWASCentral

¢ AraGWAS Catalog

Sorghum bicolor Glycine max Manihot esculenta Triticum aestivum o EWAS Atlas
Sorghum Soybean Cassava Rye Bread wheat o GVM
8829 Associations 8950 Associations 260 Associations 2084 Associations 20452 Associations
ann ”
151 Traits 145 Traits 46 Traits 2 Traits 186 Traits a== Global Visitors
39 Papers 73 Papers 7 Papers 2 Papers 94 Papers

GWAS Atlas: a curated resource of genome-wide variant-trait associations in plants and animals. Nucleic Acids Res 2020, 2023 https://ngdc.cncb.ac.cn/gwas/
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https://ngdc.cncb.ac.cn/gwas/

GWAS Atlas - HminiE

Literature Keywords Search Filter by Year Screen by_Sl_gnlflcant
Search Associations
1850 papers 1767 papers 922 papers

Information = frm—— Literature Information  Study Information G2P Information
Retrieval g 922 publications 3828 studies 302295 associations

_ | Variation Effect Annotation Trait Term Annotation
Integration | |
& | | | | |
Annotation | (e Gene Type | Semantic Mapping  Definition
3 Annotation Annotation | (PTO, CO, APTL) (PPTO, APTO)

Database : @ Q AT lil

Construction
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GWAS Atlas - ZiEFRITER

Species # Publication # Study # Trait # Association # Variant # Gene
Cotton (Gossypium hirsutum) 4 23 24 21955 6115 991
Japanese apricot (Prunus mume) 2 3 10 1865 1556 625
Maize (Zea mays) 153 485 314 38127 30245 9280
Rapeseed (Brassica napus) 26 88 67 2395 1708 1791
Rice (Oryza sativa) 219 1184 461 163479 74455 22412
Sorghum (Sorghum bicolor) 39 176 151 8829 6805 5490
Soybean (Glycine max) 73 324 145 8950 6148 5123
Goat (Capra hircus) 15 19 51 971 857 59
Pig (Sus scrofa) 67 87 146 1767 1494 509
Sheep (Ovis aries) 35 62 70 800 706 314
Chicken (Gallus gallus) 64 103 130 3782 2701 1096
Cattle (Bos taurus) 19 36 50 1651 1481 256

https://ngdc.cncb.ac.cn/gwas/browse/species
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https://ngdc.cncb.ac.cn/gwas/browse/species
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=1&param1=22
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=1&param1=22
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=1&param1=22
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=1&param1=22
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=1&param1=22
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=1&param1=22
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=29&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=29&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=29&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=29&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=29
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=29
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=5&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=5&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=5&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=5&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=5
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=5
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=4&param1=30
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=4&param1=30
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=4&param1=30
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=4&param1=30
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=4&param1=30
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=4&param1=30
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=2&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=2&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=2&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=2&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=2
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=2
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=32&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=32&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=32&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=32&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=32
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=32
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=10&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=10&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=10&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=10&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=10
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=10
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=17&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=17&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=17&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=17&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=17
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=17
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=18&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=18&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=18&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=18&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=18
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=18
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=14&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=14&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=14&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=14&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=14
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=14
https://ngdc.cncb.ac.cn/gwas/browse/publications?orgId=11&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/studies?orgId=11&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/traits?orgId=11&traitId=0&geneId=0&varId=0
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=11&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?orgId=11
https://ngdc.cncb.ac.cn/gwas/browse/genes?orgId=11
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=12&param1=19
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=12&param1=19
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=12&param1=19
https://ngdc.cncb.ac.cn/gwas/browse/associations?orgId=19&traitId=&isCore=0&minP=0.0&maxP=1.0
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=12&param1=19
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=12&param1=19

GWAS Atlas — KEXMER

I:n: Home Associationsl

Show filters
Cotton (21955) Japanese apricot (1865) Maize (38127) Oilseed rape (3137) Sorghum (8829) Soybean (8950) Cassava (260) Rye (2084)
Bread wheat (20452) Field mustard (197) Cowpea (2195) Poplor (2315) Sweet potato (56) Mung bean (4667) Common bean (2065) Tartary Buckwheat (117)
Foxtail millet (699) Chickpea (1989) Tomato (623) Cucumber (775) Potato (650) Barley (227) Grape (1587) Apple (4898) Muskmelon (1126)
Cattle (1651) Chicken (3782) Goat (971) Pig (1767) Sheep (800)

Show 10 - entries Search: X
Variant ID “  Genomic Location Traits P-values R2(%) Genes (Consequence Types) Lead SNPs PMID
0sa10000416 chr6:27887714 percentage of head rice recovery 1.94E-4 - - - 30512035
0sa10001374 chr6:27906467 straighthead disorder severity rate 5.13E-8 - 0s06g0672400 (upstream_gene_variant) - 35371188
0sa10001374 chr6:27906467 straighthead disorder severity rate 1.45E-6 - 0s06g0672400 (upstream_gene_variant) - 35371188
0sa10001652 chr6:27910816 tiller number 3.38E-6 - - - 34804103
0sa10001700 chr6:27911777 tiller number 5.34E-6 - 0s06g0672550 (downstream_gene_variant) - 34804103
0sa10001888 chr6:27914235 tiller number 4 95E-6 - 0s06g0672550 (downstream_gene_variant) - 34804103
0sa10002046 chr6:27916496 the xylem area of large vascular bundle 41E-13 5.07 0s06g0672550 (upstream_gene_variant) 33288021
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GWAS Atlas — TR

All associations and traits were annotated and organized based on a suite of reference ontologies (PTO, Plant Trait Ontology; ATOL, Animal Trait Ontology for Livestock), and more comprehensive customized ontologies
(PPTO, Plant Phenotype and Trait Ontology; APTO, Animal Phenotype and Trait Ontology).

# Home > Ontologies

|‘ PTO | PPTO ATOL APTO Ontology Term: plant height

[plant height || Search

Ontology Term | Associations (7576) Studies (246) Publications (96)

4.. | plant trait (170226)
sterility or fertility trait (321)

| ] plant vigor trait (434) L FON000RDE
| ¥ ;
stress trait (44922)
' plant quality trait (1090) Synonyms Ht (related) | PTHT (related) | shoot height (related)

.| biochemical trait (6437) : it & :
| ) _ ) Definitions A whole plant morphology trait (TO:0000398) which is the height of a whole plant (PO:0000003).
.| biological process trait (1130)

S plant morphology trait (96928) Comment Comment: Refers to: height (PATO_0000119): A 1-D extent quality inhering in a bearer by virtue of the bearer’s vertical dimension of extension.

4.. | plant structure morphology trait (9€

) .| whole plant morphology trait (7 SubClassOf  whole plant morphology trait

.| plant height (7576)

multi-tissue plant structure mor
portion of plant tissue morpholc
vascular bundle number (128)
cardinal part of a multi-tissue p
collective plant structure morpt

plant growth and development trait (12

s (ORI S ¥y EE4H%: - Genomics
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GWAS Atlas — EHF

A Home Genes

Show filters
Cotton (991) Japanese apricot (625) Maize (9280) Oilseed rape (2135) Rice (22412) Sorghum (5490) Soybean (5123) Cassava (259) Rye (23)
Bread wheat (6464) Field mustard (210) Cowpea (6) Poplor (462) Sweet potato (55) Common bean (1) Tartary Buckwheat (36) Foxtail millet (672)
Tomato (484) Grape (261) Cattle (256) Chicken (1096) Goat (59) Pig (509) Sheep (314)
Show 10 ~ entries Search: 4
Gene Genomic i : # : # # #
f=ene 0 Symbols Location RescHipion Variants Traits Lol Associations Studies Publications
0s01g0100100 - chr1:2983-10815  RabGAP/TBC domain containing protein. 0sa398 1 ey aciace 2 2 1
dary i d
0s01g0100200 - chr1:11218-12435  Conserved hypothetical protein. 0sa398 1 e 2 2 1
0Os01g0100300 - chr1:11372-12284  Cytochrome P450 domain containing protein. 0sa398 1 feenc&rr‘,dary internode 2 2 1

RIEERAMRNERFRER, [LRERSFREFIKEEE, HERBFPEENNE
tanemrs B EYHZ - Genomics
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GWAS Atlas — [$iX

A Home Traits

Cotton (24) Japanese apricot (10) Maize (314) Qilseed rape (74) Rice (461) Sorghum (151) Soybean (145) Cassava (46) Rye (2) Bread wheat (186) Field mustard (6) Cowpea (15)
Poplor (74) Sweet potato (6) Mung bean (59) Common bean (67) Tartary Buckwheat (10) Foxtail millet (60) Chickpea (37) Tomato (47) Cucumber (13) Potato (39) Barley (8) Grape (8)
Apple (20) Muskmelon (3) Cattle (50) Chicken (130) Goat (51) Pig (146) Sheep (70)
@) Sub-trait [ Association B
0 20,000 40,000 60,000 80,000 100,000 120,000

stress trait

sterility or fertility trait

plant vigor trait

yield trait

plant morphology trait

biological process trait

plant growth and development trait
plant quality trait

biochemical trait

Show 10 ~ entries Search: X
Trait *  TraitID Mapped Terms Description # Associations # Studies # Publications
100-dehulled grain weight PPTO:0000234 TO:0000591 A dehulled grain weight (TO:0000590) which is the weight of a sample of 100 dehulled grains (caryopsis fruit; PO:0030104). 8 1 1
100-grain weight PPTO:0000117  TO:0000269 A grain weight (TO:0000919) which is the weight of a sample of 100 grains (caryopsis fruit; PO:0030104), with the caryopsis hull (PO:0006000). 44 10 4

TO:0000592
1000-grain weight PPTO:0000305 $ggggggg§ Weight of the 1000-dehulled grains having pericarp (seed coat). 1615 48 18
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EWAS Atlas

EWA@S Atlas Browse ®@ EWAS Toolkit X Downloads .l Statistics A pp| & Help i EWAS Data Hub

EWAS Open Platform

EWAS AtIaS@ EWAS Open Platform Number of Publications

A knowledgebase of epigenome-wide association
studies

Examples: smoking, AHRR, cg05575921

Associations Traits Cohorts
00 675,261 A-| 708 ,(8 3,614

Tissues/Cells Studies Publications

218 g_ 1,706 !] 1079

Last update: new EWAS on metabolic syndrome (MetS) has been added online on January 5, 2024
New Database: EVWWAS Data Hub (A data hub of DNA methylation array data and metadata) Follow us: @EWAS_Open_Platform
New Toolkit: EWAS Toolkit (A web toolkit for epigenome-wide association study) Cite: EWAS Open Platform: integrated data, knowledge and toolkit for epigenome-wide association
study. Nucleic Acids Res. 2021 [PMID=34718752]
EWAS Atlas: a curated knowledgebase of epigenome-wide association studies. Nucleic Acids
Res. 2019 [PMID=30364969]

2016
Year

EWAS Atlas: a curated knowledgebase of epigenome-wide association studies. Nucleic Acids Res 2019. https://ngdc.cncb.ac.cn/ewas
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https://bigd.big.ac.cn/ewas

EWAS Atlas HRRE

a Literature Search )
- Search Access
S
PubMed Europe PMC Basic information
J
Study Curation )
Extractio Trait ° /..
i Cohort ‘ ef'e
Case 22;059% A
Study Control !
J
Association Curation )
Extractioi P value Reannotatiin trgr?.l.?:tr?[gts
Cogzlr::llilon Pos to TSS
Association CpG island
J
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EWAS Atlas HRRE

( Lite ratu re Searc h \ Traits (798) ~ Probes (313676)  Genes (36573)  Studies (1708) Publications (1079)

Correlation: [[TTTEETIT
CpG Istanc: [E2) (00 XX )
S e arC h Europe Access =+ Show detail information or genome browser
PMC Click on a hyperlink will use it as a search condition
»
Trait Type #Publications #Studies #Associations Correlations@ CpG Island
Pu bMed Eu ro pe PMC Ba.SIC |nf0rmat|0nj 1,6-hexamethylene diisocyanate exposure  environmen tal 1 2 32 l ___
factor
17912 deletion phenotype 1 1 21 - _ _
S d C . \ abdominal obesity phenotype 1 1 14 . _
tu y u ratl O n absolute fat free mass (FFM, kg) phenotype 1 1 250 BN Eaaas
absolute fat mass (FM, kg) phenotype 1 1 250 - _
EXtraCtio Tralt a acute coronary syndrome non-cancer disease 1 1 9 - -
acute mania non-cancer disease 1 1 1
ﬂ Cohort ‘ me—
Ontology acute myelocytic leukemia (AML) ~ cancer 1 2 28 -—_
C ase . acute respiratory distress syndrome non-cancer disease 1 1 4 ——-
mapping 0s)
Study Control |
adipcsy — 1 3 6 B—

J
\ ~
Related 798/|\'|‘$)lk: 3136764\E3 ﬂﬂ: I'E-I_

Extractio P value Reannotation transcripts
A Cogzﬁ'on A Pos to TSS 36573 1M E[E

Association CpG island
-/ https://ngdc.cncb.ac.cn/ewas/browse/

Association Curation
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https://ngdc.cncb.ac.cn/ewas/browse/

EWAS Data Hub

National Human Genome Research Institute

(
|
! %o TCGAE& @ ArrayExpress 5 ?,,,, ;
Gene Expression Omnibus /
\-. ________________________________________________ -
l l Example: cg16867657; DNMT1; 850K; age (year); brain - cerebellum;

>
. DataSources __ _ _ _ ___ >.<E EWAS Data HUb@EWASOpen AL
. )
B

%

A data hub of DNA methylation array data and metadata

———— -

—eeee—— ArrayData  ______ - Metadata
- - .
’d 'h~\ I, \\ Resource Overview
7
(e R —— ————————————— | \‘ " \ 146,678 Samples 1,210 Tissues/Cells
: : : i i 1 Browse
! : Data Integration Signal Extraction : 1] Information Retrieval 1 658 Diseases 265 Fields
1 0 Probes 9 Genes Samples
R R o : ®
S I |
1 / Normalization =~ —\——————————————_ =~ I e B e . 1 Recent Updates
1 ame nti ecognition .
1 ' Before After ] : : ty 9 : Reference DNA Methylation Profiles (cg16867657) 2023-06-16 New 13006 samples were added
I — I 1 1 Basic [formation @ Tissiio @ o= 2022-06-15 New 17820 samples were added
: | —— Balch 2 | 1 1 1 2021-06-15 New 218 cell lines were added
| = g ] 1 : 2021-06-10 New 40508 samples were added
: ¥ I I Ontology Mapping ! B one e (o L SO A
: | ‘j I 1 1 1 @ Gancers @ Offor Disaasas @ Public EWAS 2019-06-08 EWAS Data Hub version 1 was released
1 | Signal Intensity Signal Intensity | : 1 1
1 ‘\ Batch effect and probe type normalization _,’ 1 : : Please Cite
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https://bigd.big.ac.cn/ewas/datahub

TWAS Atlas

.'Y TWAS Atl as 4 Home | @ Browse | Q Search | = Knowledge Graph | X Downloads | ® Documentation | &4 Help

Data release 1.0

Transcriptome-Wide Association Studies (TWAS) Atlas is a curated knowledgebase of transcriptome-wide
association studies, integrating trait-associated transcriptome signals from TWAS publications and constructing

TWAS knowledge graph to provide reliable and practical resource for researchers.

Please enter 1 or more characters Q

e.g. Lung Cancer; EFO:0004339; RBM6; ENSG00000004534.14

Tissues Publications
135 200

Traits Associations
257 401,266

TWAS Atlas: a curated knowledgebase of transcriptome-wide association studies. Nucleic Acids Res 2023. https://ngdc.cncb.ac.cn/twas
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NIH Roadmap Epigenomics: ZaiiRAEENFRMEEBZE
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PheWeb for PheWAS
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Exploring and visualizing large-scale genetic associations by using PheWeb. Nature Genetics 2020
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PheWeb: exploring and visualizing genetic and
phenotypic associations

278.1: Obesity

10799 cases, 397993 controls
Category: endocrine/metabolic

Variant Nearest Gene(s) MAF P-value Effect Size (se)
16:53,802,494 C/ T (rs11642015) FTO 0.40 1.7e-26  0.15(0.014)
18:57,852,587 T / C (rs476828) MC4R 0.24 5.6e-12  0.12(0.017)
8:11,830,150 C / T (rs11998678) DEFB136 0.46 1.8e-10  0.091 (0.014)
2:600,575 G/ T (rs2683992) TMEM18 0.18 3.8e-9 0.11 (0.019)
16:28,340,945 A/ G (rs12598357) SBK1 0.42 4.9e-9 0.084 (0.014)
1:102,731,430 G / A (rs547940655)  OLFM3 0.0018 1.0e-8 1.3 (0.22)
7:30,554,781 T/ C (rs190685589) AC005154.5 0.0079 2.4e-8 0.50 (0.089)
16:30,878,863 C / T (rs4889634) BCL7C 0.38 2.9e-8 -0.081 (0.015)
1:191,536,872 T/ C (rs143404628) RGS18 0.0048 3.1e-8 0.61(0.11)
3:50,207,075 T/ C (rs2518796) SEMA3F 0.43 4.7e-8 0.078 (0.014)

https://pheweb.org/UKB-SAIGE/pheno/278.1
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Correlated phenotypes for 278.1: Obesity

Genetically correlated traits are calculated using genome-wide association summary statistics via LD Score regression (LDSC).

Trait fg SE z

278: Overweight, obesity and other hyperalimentation 0.9992 0.0004 2645.1766
716.9: Arthropathy NOS . 0.6846 0.0347 19.7451
716: Other arthropathies *ﬂ ’ﬁ 0.6808 0.0347 19.6134
401: Hypertension 0.5786 0.0315 18.3876
401.1: Essential hypertension 0.5791 0.0316 18.3207
318: Tobacco use disorder 0.6564 0.0396 16.5596
250.2: Type 2 diabetes 0.668 0.0418 15.9972
250: Diabetes mellitus 0.6647 0.0423 15.6979
411.3: Angina pectoris 'l‘)‘&,ﬁ 0.6222 0.0408 15.2309
411: Ischemic Heart Disease 0.5759 0.0379 15.1909
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P-value =

0

8.8371e-87

1.188e-85

1.6526e-75

5.661e-75

1.3647e-61

1.3358e-57

1.5623e-55

2.2041e-52

4.063e-52
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Summary

e E kﬂu'ﬁil%ﬂu
- GWASEARIE: OF vs IR, ZBE{LRR
GWASSHIT o1

= Odds Ratio

= Chi-square test, p-value

» ZEMFRIE: FDR. Bonferroni, BH
GWAS: Manhattan Plot, LD
EWAS, TWAS, PWAS, PheWAS

FEREIREE: GWAS Catalog. GWAS Atlas, TWAS Atlas.
EWAS Atlas. PheWeb




Further Reading

Genome-wide association study of 14,000 cases of seven common diseases and 3,000 shared
controls. Nature 2007

How to Interpret a Genome-wide Association Study. JAMA 2008
Genome-wide association studies of 14 agronomic traits in rice landraces. Nature Genetics 2010
Chapter 11: Genome-Wide Association Studies. PLoS Comput Biology 2012

Natural Variations and Genome-Wide Association Studies in Crop Plants. Annual Review of Plant
Biology 2014

Benefits and Limitations of Genome-Wide Association Studies. Nature Review Genetics 2019
Genome-Wide Association Studies. JAMA 2019

Identification of type 2 diabetes loci in 433,540 East Asian individuals. Nature 2020

Exploring and visualizing large-scale genetic associations by using PheWeb. Nature Genetics 2020

Integrating human brain proteomes with genome-wide association data implicates new proteins in
Alzheimer’s disease pathogenesis. Nature Genetics 2021

Maturation and application of phenome-wide association studies. Trends in Genetics 2022
Phenome-Wide Association Studies. JAMA 2022
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