IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

F[Z2H= - Genomics

B11T BEBRSHRBKIKS
S5k 1§t

:" ‘f'(ﬂ Nz RK/F

8
University of Chinese Academy of Sciences

= @
HCippyy * %

EIREEBARFEERL

National Genomics Data Center



RAEREN

- 2EFAEXKELDTT (GWAS)
= EAHES
: Eﬂﬁfi‘t

 FotHAA
= GWASSLAI

« WASZ%

= RMEEWAS
E%%,ETWAS
EHFREPWAS
» LHIZAPheWAS

o« KECKIREE

HEH - Genomics



EEEBXEXDTGWAS

Courtesy of Xiang-feng Wang@CAU
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N EE BB R ?

W . AR A RIERRES, T

— A=
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MC1R rs86insA A 012NA EEEH 7
MC1R rs11547464 A 0 12NA . o
MOiR  messs T ol o ANAA—EIEIERIDTE S TN E ?
MC1R rs1805008 T 012NA
MC1R rs1805005 il 012NA . = A B 2
MC1R rs1805006 A 012NA « FERFEREZFERETEINER
MC1R rs1805007 T 012NA N A
MC1R rs1805009 € 012NA ° ﬂ%,@fy ﬂ'/AH\_‘LZI?
MC1R Y1520CH A 0 12NA e .
MC1R 152228479 A 01 2NA — 1B ZEHE A TIREIDNAE
MC1R rs1110400  C 01 2NA NEREEIE T IRE IH o
SLC45A2 1528777 C 012NA
SLC45A2 1516891982 C 012NA
'E(;(%gZ :21323386 2 g i ;::2 | I | | I TR - Human chromosomes |
IRF4 rs12203592 T 012NA by
IR R
OCA2 rs1800407 A 012NA 1 ) ) ’ ) '
SLC24A4 rs2402130 G 0 12NA | 4 5 6 7 8 9 1011 12131516 17 1819 2002122 X Y M
HERC2 rs12913832 T 012NA
ASIP I'52378249 ' 012NA 1A 1B | | I | | (hlmpdn.ﬂ(lhrumusumtb |
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TYRP1 rs683 G 012NA ¥
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R, RIREEYIRAYIE 1451"])32 EFHEMREFERIERR, F
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- B! (Phenotype) : ,\E%EEE*’*”E’JAVK e —xEH\ﬁ,T
BT, PRI rSEWF%?E (&, &5, 418, &£, 1
HE) ERFERINS.

 RE-EERIME, REC _%x_i._%%k ae NI

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

Q @ A genotype is the
genetic makeup M\

of a person 2 "[f\)

bt

\ﬂ‘l “ | o)

i ” "\ f
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n‘.\.\ l n/

\,,n L

N Il

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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SEEHXIR D

Genome'Wlde ASSOClatlon Indlwduals with disease  Individuals without disease

Study, EFRGWAS ﬁl ﬁl P oo

IR EREMEINKER 183 900 B

to disease

BERTRIGE, B
SR HTERIESAER T, IAZAL
EEERBEERKE Y : - Eiiiin
FERNRFFIZR, M TN P
TRt 58 2R 2 IR
HEANERETR

https://www.genome.gov/about-genomics/fact-
sheets/Genome-Wide-Association-Studies-Fact-Sheet
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« 20014, HansenZHBRNFGWASEEYIFITSea beet (EEHH)
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BEGHEA:

Affymetrix Genome-Wide
Human SNP Arrays
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GWAS jargon

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

SNP - a locus (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)

HEH - Genomics



GWASHHREH

. FIEIRRIREL: R‘J%‘EUH:_J ERIRRET

IE"IS

*EF_E/JTE*T\ A

BIRYFFIE. BRI AR

FHWTBR

Nl Ao :
. BRESFELITS: SIESNP,

indel., CNVZ:

— BRMtERE ——
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BRIMBS 7 ERONEL{T
IR - MR TAERRS - W I P Y A T W R 712 AR 42
IEEERMTEE L  FmEs o ST AT RS B0 MW S pAR AR
P MATHEERES - SBAfEE - =
i A
- - o G 8 5
s — —— \‘\__

QR [0 % B 25 AT BE 3 K2 [ A%
RN G =2 A

A} B — 2P >
DNA £ &4/ (SNPs) , HAARY, HIBRZAT S
A SNPs SNP SNP SNP SNP SNP
¥ v + v ¥
i ....ATGAC....ACACGCCA....TCGE8GEG6TC....6TCGACCE....TCGTY....
2R ... 0TGAC....ACACOCCA.... TCOAGOTC.... GTCAACCO....TCOC....
RNl cess0TGAC.... ACATGCCA.... TCO0OGGOGTC.... CTCAACCO.... TCOT....
etk ....6TGAC.... ACACGCCA....TCGGGGTC....GTCGACCG....TCGT....
~ ’/f,/
" 7 N
L7 R RikW1 CTCAAAGTACGGTTCAGGCA $1|=|§=.= ﬁfnﬂg
V. ax
mas cicenirorenraciecrs  BEZIER,
o HEIREH B4
C sxps ¢ j . HEE EEAE
ES[:phEg

ETHEEERE, RFEEE—E%E (50w-100w)
HWEERBT RS FHEITCWAS
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&5 \41: %f';;zéﬂ*ﬁli TEU{x%

SR, ENGAT

REtE N ESRIBAUE,

Fa1E

=L 7|=Jr

T_ B—INENEEETE, EASFZRIEESHD
=] Q*AQ:.E%_MHXBLUP (best linear unbiased prediction)
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SEEHEXIX2 - HRAI

GWAS? S‘Z7I<1_11‘tlﬁix9:9€/\17k (1) BEMMEEAEE;, (2)

BEHLABERASIRIE SR, HHEFERERISEERS,
Mﬁ'ﬁﬁ%hﬁﬂlrﬁr _JZEE’*”EI'JEF_ HUBIEER IR, Hig L,
MRS SA RS, IRBIXEA R BEERI A,
IR
LI W

Ny

HM1 R 12 SNP E®RABSNP

BEMIER FEHLABENS

BHEHZ - Genomics



GWASHEHR A,

ER BT ERFNZ PN ER

- EAMER . IREWBHESR, —IXETEREY
XIS P IFIEFHAISNPIHIT k’\’* , Aot

B SNPFIE] ag/'féHkEl’J?&Hﬂé EHARIGWASH

RPMNARE.

- ZER: L)\/\1Z|§7JE91_L, e LA FIDNA
poolingB75A, fibiseit S/DEHIFAMESNP; 55
—MERx EJCEI’J EAREXT B —H T ER Rt AY
BEIESNPH T,

é‘)}

DNA Pooling: a tool for large-scale association studies. Nature Review Genetics (2002)
https://doi.org/10.1038/nrg930
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GWASHIT R GE

« 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
| 0 |
C T x2(1df) P Value OR CC CT T x?(2dfy P Value OR OR
Cases 875(56.5) 675 (43.5) 248 6.3x107 1.35° 250(32.3) 375(48.4) 150 (19.4) 245 47 x10° 1.33° 1.81¢
Controls 1860 (48.9) 1940 (51.1) 460 (24.2) 940 (49.4) 500 (26.3)

Abbreviation: OR, odds ratio.

4Data are hypothetical; adapted from Tomlinson et al.®®
Denactes allelic odds ratio.

CDenotes heterozygote odds ratio.

dDenotes homozygote odds ratio.

How to Interpret a Genome-wide Association Study. JAMA 2008
?@M/ﬂ?ﬁﬁ.{? EHEHZ - Genomics
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Odds ratio (OR)
A measure of effect size, or strength of association
e odds=P/(1-P)
* If probability of winning is 50%, odds iIs 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% ClI of In(OR) =
« OR>1, allele T increases risk IN(OR) +=1.96(Y p+/ g+ -+ 5)0>

e OR<], allele G increases risk

@ Tanvmxy EE4H% - Genomics




Odds ratio (OR)

- Cancer NO cancer

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

TR ETEE

+FnH 500 500
TR ZH 250 750
OR = (500/500) / (250/750) = 3

@ tenraxy EEA - Genomics




Chi-square test for significance level

-———

Cases
Controls sO s1 52 S
Total n, n, n, N
Observed allele counts Expected allele counts

--- |

Cases 21+, r+2r, 2R(2ny+n,)/(2N)  2R(n,+2n,)/(2N)

2S(2ny+tn)/(2N)  2S(n;+2n,)/(2N)
Controls  2s,+s;  s;+2s, 2S ot Lo

Chi-square test y (Obs—Exp) -2
Total 2n,+n;  ny+2n, 2N P-value Exp

@ TafTRREy ELFE4A% - Genomics



rs1333049: Association with Coronary

Artery Disease (F@IATIRKIEIS)
| CO) | G®%) |x(1d) | P-value

Cases 2,132(55.4) 1,716 (44.6)
Controls 2,783 (47.4) 3,089 (52.6)
Allelic Odds Ratio = 1.38

« OR =1, nodisease m

Organism Homo sa piens Clinical Significance

aSSO C i a.ti O n Position chr9:22125504 (GRCh38.p13) @ Gene : Consequence
« OR>1,allele C . N

Variation Type SNV single Nucleotide Variation

i n C re aS e r| S k Frequency C=0.412282 (109127/264690, TOPMED) Genomic View

C=0.409329 (57297/139978, GhomAD)
C=0.47226 (39792/84258, ALFA) (+ 18 more)
e ORK<1, allele C
. Frequency i
decrease risk

55.1

Genomewide association T s plse

1.2 x 1013

Current Build 155
Released April 9, 2021

Reported in ClinVar
None
213 citations

AMitVarEx

Seerson genome

analysis of coronary artery

Varian t HGVS Subm History Publications Flanks
Allele: C (allele ID: 800888 ) L2/
ase Names Clinical Significance
RCV001003460.1 Three Vessel Coronary Disease Risk-Factor

disease. 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
iIncreases, 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.

@ YaTRXT HEHY - Genomics
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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

L Holm or Assume:
Rank p-value . . iec)nég[)nelpé- Holm— n_— number of tests
Bonferroni I = rank of p-value
1 0.001 0.01 0.0100 0.010 Significance level at 0.05
2 0.003 0.03 0.0150 0.027 Bonferroni: p * n
3 0.006 0.06 0.0200 0.048
4  0.009 0.09 0.0225 0.063 Benjamini—Hochberg:
) 0.016 0.16 0.0320 0.096 » rank p-values in ascending order
6 0023 0.23 0.0383 0.115 » calculate 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 0051 0.51 0.0567 0.102  calculate each adjusted p-value
usingp*(n—-r+1)
10 0.080 0.80 0.0800 0.080

PRMNTRRT EEHY - Genomics
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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

|:P =5X 108
iw N P=1X10%

mcor\co
- - - -

chromosome

* In GWAS Manhattan plots, genomic coordinates are dlsplayed 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 (1071°, its negative logarithm is 15).

HEH - Genomics



ZESHA LS (Linkage disequilibrium)

Y NI E e 3 1 TG R
‘ s Disequilibrium Equilibrium
ERNMESIIRER, BN . 5

(A, B) EREFRNFERIH

FR—&remnE ERE O g
— =

LR

R, AFEEFERNSHN |
FIRTHIRAOMESRAT, BRI Locus 1 | Locus 1

TRETLDIRE. @ | ® o | o
a|o| 6 Slel 3| 8
:
-d
» ° ID]=1 = 3 D’=0
AFIBEDIEE AFNB EiRE

IEERIE, EREEREE  EERE, BEESHIKHR
1P SNPIRER2NER RE2ISNPAR2NEE
MRAMIBFEEZANENA T, BBABRILUEANARIIRC
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Regional Manhattan Plot & Haploview

rE
- rs6658216
EEN s

ay

~logyo(p-value)

(QW/W2) 818 UonBUIqUWOD

Linkage Disequilibrium seirogzg0mT-~

(LD) is the non-random g ( Physical
association of alleles at ~ «- 104 e 108 "\ position
different 10Ci in @ GIVeN u——— _._....._..._.

population.

LD pattern using
Haploview

Ai‘\HBﬁﬁ/M_L,mJ:EI’]—fFLLﬁIT
BN KEER, XFMIERZ
A 1y
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Disease Trait

GWAS study design ™ %MM

Controls Cases Unselected sample
2,500
© BMI
© Height
2,000 — © WHRadjBMI Genotyping method

o
b}
*qc-)' T Wa_lst-to-hlp ratio Meta-analysis Sli\lrr[;’paurtr:z/ig:d
& adjusted for BMI
Ks!
]
8 1,000 T
£ =
> B
Z Statistical o

association D§

L2
500 '
0— Q@0 T
10,000 100,000 1,000,000
Sample size
- ‘e . Linkage
Number of loci identified as a function disequilibrium

of GWAS sample size

BHEHZ - Genomics
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First GWAS: myocardial infarction

Table 3 » Association between myocardial infarction and SNPs in LTA, NFKBILT and BAT1 / \ \ H J-L
Myocardial Control Control L’
infarction 1 2 %2 Odds ratio *E;._‘EE
625+ 11.3* 385+20.3* 64.3+11.3* (P value) (95% c.i.) 4=
Genotype {n=1,133) (n=1,0086) {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 37N 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

PRMNTRRT ELFER% - Genomics

University of Chinese Academy of Sciences



Genome-wide scan for seven diseases
spasrssoter  PRAPE

A Bk o _ _ Genome-wide association study 0f14,000
o | kil o i o o S  ldlodikm  caes of seven common diseases and 3,000

- Coronary arter;i disease f'_‘lg \'lﬁ Ej] Hi](ﬁ\ ﬁ SharEd contrOIS

The Wellcome Trust Case Control Consortium

Nature 447, 661-678 (2007) ‘ Cite this article
102k Accesses | 7185 Citations | 182 Altmetric | Metrics

GWAS represents a powerful

ggz 3:.4%(0“*#% approach to identify genes
. e %&L;EEO *__%“Z” involved in human diseases.
o ﬂiﬂ%ﬂwﬁ*gym 2,000 cases for each disease
o ; Ny 152“ 7{(\35 and 3,000 shared controls
0. qmwﬂf?m GeneChip 500K Mapping Array
s Trezdmess OB EER o Set, comprising 500,568 SNPs
T R I I I L F T ot

shared controls. Nature 2007

ersity of Chinese Academy of Sciences



Strong GWAS regions

BRARIE

BD hit region, chromosome 16

T AR BBk T

CAD hit region, chromosome 9

5 % BE

CD hit region, chromosome 1

COG7
GGAS . g%ﬁgﬁ . IL23R
- EARS2 - ' . )
s UsPHiUBFD1 18 e 15 :
NDUFAB1 LR e
i 2 | . J .
g " DCTNS 10 s 10 T
=i PLK1 F ~ g
g 5 ERN2 5 J 5 PR
T . - . " . oo w
. Y T + . 8y ’ . az o ey e Yy
02 % es ¥ - 0- ol BT me Al etarnh 04 el flase o™ o L]
B o804 ' ' 4 80+ ' 4 804 ' 4
<3401 § 2a0{ T [2a] — . — [?
o o 0 0- Tl L Laal s o 0- 0
Genes . : .
CU‘HS ] i ni i ‘IRl N [T (I T | [ ] n i n b I 1 Lok L1 mn mir [} N .1 ] [ ] i [ 1] [l
225 23.0 235 24.0 24.5 21.0 215 22.0 22.5 23.0 6.5 B7.0 67.5 68.0 B8.5
Chromosomal position (Mb) Chromasomal position (Mb) Chromosomal position (M)
CD hit region, chromosome 2 CD hit region, chromosome 3 CD hit region, chromosome 5
. ATG1BL1 USP4  RNF123
. GPX1  AMIGO3
15 7 - 154 RHOA GMPFPB 157
v TCTA IHPK1 .
A »
T 107 101 pAGr Useil 9] Sy
2 . . EEEH RAIP . Ul
§ o , G- SRR S a N,
. s . o L] 4 I Wl rp— - k] O . - '. L .
0 M"M&‘“&- TRt A 0l e T T e e s POV Amgaes o) EaetALPRRWE Y | S At
§ 801 4 80 ' 4 80+ Z .
= =40 2 4n~ 2 40 L 2
] 0 s lj T o o- ‘L: 4 | ek —J—;—l el I
Genes N . . .
Cons (T T RITEE EETE 1 [l ] [ " 1 b [T T NN | (BTN TR IO N ] [N [ 1] ] : [N B o i
233.0 2335 234.0 2345 235.0 48.5 48.0 495 50.0 50.5 51.0 39.5 40.0 405 41.0 415

Chromosomal position (Mb)

Chromosomal position (Mb)

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

< Region (Mb) SNP 3 - o 8 8 ] &
§ 5 i3 £y &% 83 % 3% &0 B2 : 3
3 £ =% §2 $2 ®: 2 $ g & g g g &
5 g 8< g ¥ = ¢ 23 53 € S
o I§ = o
Standard analysis
8D 16p12 23.3-23.62 rs420259 219x107%% 629x107° 196 479 A G 208(L60-2.71) 207(16-269) 0282 0.248
CAD 9p21 2193-22.12 rs1333049 179x 107 116x 107 1166 1119 C C 147(127-1.70) 19(161-224) 0.474 0.554
cD 1p31  67.3-67.48 rs11805303 645x107'3 585%x107* 1007 941 T T 139(1.22-1.58) 1.86(1.54-224) 0317 0.391
CcD 2q37 23392-234 510210302 7.10x107** 526x107* 1111 1128 T C 1.19(1.01-1.41) 1.85(1.56-221) 0.481 0.402
CcD 3p21  49.3-49.87  rs9858542 771X 107°%7 358 x107% 424 522 A A 109(096-1.24) 1.84(149-226) 0282 0.331
cD Spl3  40.32-40.66 rs17234657 213 x107'% 199x107* 1041 989 G G 154(1.34-1.76) 232(1.59-3.39) 0.125 0.181
cD 5033 150.15-150.31 rs1000113 510x107% 315x107% 536 501 T T 154(1.31-1.82) 192(0.92-400) 0067 0.098
CcD 10g21 64.06-64.31 510761659 268 x10797 175x107% 469 413 G A 123(1.05-1.45) 155(1.3-1.84) 0.461 0.406
cD 1024 101.26-101.32 rs10883365 141 x107°® 582x 107 591 548 G G 12(1.03-139) 162(137-192) 0477 0.537
cD 1612 49.02-49.4 rs17221417 936 x107'? 3908 x107* 893 847 G G 129(1.13-1.46) 192(158-234) 0287 0.356
cD 18p11 12.76-12.91 rs2542151 456 x107°® 203x 107 542 500 G G 13(1.14-148) 201(146-276) 0.163 0.208
RA 1p13 11354-114.16 rs6679677 490 X 1072° 555x107%° 2236 2199 A A 198(1.72-2.27) 3.32(1.93-569) 0.096 0.168
RA 6 MHC rs6457617° 344 x1077°% 518x1077° 7484 7318 T T 236(1.97-2.84) 521(4.31-630) 0489 0.685
T1D 1p13 113.54-114.16 (6679677 117 X107%°® 543 x 1072 23.07 2283 A A 182(1.59-2.09) 5.19(3.15-855) 0096 0.169
T1D o MHC rs9272346° 242 x 10713 547 x 10713 1419 1422 A G 5.49(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(117-1.54) 1.75(1.48-206) 0.423 0.493
T1D 12924 109.82-111.49 rs17696736 217 X107 151x107* 1253 1188 G G 134(1.16-1.53) 194(165-229) 0424 0.506
T1D 16p13 1093-11.37 rs12708716 924 x107°® 492x107% 515 470 A G 119(097-1.45) 1.55(1.27-1.89) 0350 0.297
T2D 6p22 20.63-20.84 rs9465871 102x 1079 334x10°% 415 398 C C 1.18(104-1.34) 217(16-295) 0.178 0.218
T2D 10925 114.71-114.81 rs4506565 568 x 107! 505x107* 1014 943 T T 136(1.2-154) 188(156-227) 0.324 0.395
T2D 16g12 52.36-52.41 9939609 524 X107 191x107% 535 505 A A 134(117-1.52) 155(1.3-1.84) 0398 0.453
Multi-locus analysis
T1D 4Q27 123.26-123.92 rs6534347 448 x107%7 183x107% 515 469 A A 130(110-1.55) 1.49(1.25-1.78) 0.351 0.402
TiD 12p13  9.71-9.86 rs3764021 7.19x107%°° 508x107° 212 455 C T 157(1.38-1.79) 1.48(1.25-1.75) 0.467 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 rs2104286 592x107° 252x107% 526 445 T C 135(111-1.65) 1.62(1.34-197) 0286 0.245

Regions with at least one SNP with a Pvalue of lessthan5x 10 7 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

. 0
e .....o...‘...*"- o0 o0 E” |
° o

8§J cg%

Trait Gene with GWAS hits Known or candidate drug
Type 2 Diabetes SLC30A8/KCNJ11 ZnT-8 antagonists/Glyburide
Rheumatoid Arthritis PADI4/IL6R BB-Cl-amidine/Tocilizumab
Sp?)rr‘llc(i‘cri,t?sr(‘;iS) TRFA /PR GERY/TFE inhibitors/ NS;I'\IDFS-/fostamatinib
Psoriasis(Ps) IL23A Risankizumab
Osteoporosis RANKL/ESR1 Denosumab/Raloxifene and HRT
Schizophrenia DRD2 Anti-psychotics
LDL cholesterol HMGCR Pravastatin
AS, Ps, Psoriatic Arthritis IL12B Ustekinumab

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

Grain width |

Published: 24 October 2010

Genome-wide association studies of 14 e
agronomic traits in rice landraces <
o 10
Xuehui Huang, Xinghua Wei, [...] Bin Han _8_’ ..................................................................
|
Nature Genetics 42, 961-967(2010) | Cite this article 0
3637 Accesses | 1024 Citations | 15 Altmetric | Metrics 49 50 5.1 57 58 59
Chromésome 5 (Mb)
~3.6 mi I I lon SNPs by Seq uencin g 5300k 5310k 5320k 5330k 5340k 5350k 5360k 5370k 5360K 5390K 5400k
517 rice landraces 1on | % m-e |
Table 1 Genome-wide significant association signals of agronomic traits using the . :
compressed MLM Gral n len gth qSW5 LD: 72 kb
Minor f
Position Major Minor allele Pvalue 10
Trait Chromosome  (IRGSP 4)  allele allele freq. (compressed MLM)2  Known loci® &"
Tiller number 4 3,760,194 A T 0.20 3.2 x 107 e
ﬁ%;& 9 23,332,559 A G 034 1.5 x 107 S ‘
10 15,239,407 T A 0.10 4.1x 1077 o) ) 1 4 ; _
Grain width 5 4,907,158 ¢ G 021 2.7x10° I 0 = R BT
5 5341575 G A 017 7.2x10°18  gSWS5 (ref. 29) 16.9 17.0 17. 2173 17.4 1735476 17.7 17.8 17.9
Grain length 3 17,371,398 G C 0.06 13x1010  GS3(ref. 30) :
3 17,637,475 C A 008 27x101 Chromogome 3 (Mb)
3 23349781 A C 013 33x107 17320k 17330k 17340k 17350k 17360k 17370k 17380k 17390k 17400k 17410k 17420k
5 5343949 A G 020 1.7 x 10”7 :
11 3072370 C T o011 3.8 x 1077
Spikelet number 7 18,005,615 C T 0.44 7.1x 10-8
0 5976,140 C T 006  13x107 GS3 LD: 120 kb
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GWASIEIKiEH

- B2007FEES, FBEREATR TEXTAEEE. K
B, MEFFEMEIK, UKOMIREEE. ZLiRE. 805
HEJ %, E0vm. IBREE. ¥ERE. BED3E
=EIL-I-$EPI9EI“ GWASZEER,

. ?ﬁ?ﬁ%ﬁ%ﬁlkﬁ%ﬁ e & —FRI R RIS RE
. BXRER., ZRXEFPEHERSSMR.

S

5969

50,957 results
https://pubmed.ncbi.nim.nih.gov IIIIIIII
277
2000 GWASY =i Kk #53 F] 2022
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GWASHI i 3R & I3 A
T ol =XU—/&. E25H1E,
ERREIE AL Eooyiomeasure FEHGWAST UL AR
/“\ (KEWL ERED) £
ZEAMRAZFUNERNZE

Diverse exhnic goups B KERD 2R AEE.

and populations g}bﬂ’ﬁiﬁfgdﬁﬂo

KW EIRE DR
BT HEIAIGWASSE
NV BEGEREE iz
=8 BEXERE.
BN AR IRRE
K, URAEBRARIZ
0T,

Additive model in
GWAS analysis

R

Different study designs

Alternative inheritance
models in GWAS analysis

1/ \

AA  AG GG

Larger, more ethnically
diverse reference panels

GxG and GxE
interactions

S

Deep phenotypes and
composite traits

Gene-based or region-
based association tests

Extremely large
sample sizes (>1 million)

Iniversity of Chinese Academy of Sciences



Confounding variables

* Population stratification: geographic and
ethnic background

* Sex, Age

o NP ERSHUFZ KIE
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@ - & 4l: CampbellZ (2015)
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GWASRFRTE

GWASE—MAEIFE "BElEFE-ENZFMHE" (common
disease-common variant hypothe3|s) SRSV a)y

HAJLAERR L
FUBABEEIEE

ERAE, BREE &
TEEARE  § -
GWASERARBESE ¢
TR A= DRV XS @
=E1_‘_ "*1—L"“° % Small "

Disease associations are often conceptualized in 1.2
two dimensions: allele frequency and effect size.
Highly penetrant alleles for Mendelian disorders
are extremely rare with large effect sizes (upper
left), while most GWAS findings are associations of
common SNPs with small effect sizes (lower right).
The bulk of discovered genetic associations lie
on the diagonal denoted by the dashed lines.

1.0

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i,
0.

\) CFTR AF508 (Cys( c Fibrosis)

Highly Penetrant \
Mendelian ) Common Variants
Mutations with Large Effects

() APOEA4 (Alzheimers)
CFH (AMD)()
~
N

Less Common
Variants with .
Moderate Effects N

(C)NOD2 (Crohn’s Disease)

(O TNFRSF1A (Multiple Sclerosis)

(O TCF7L2 (Type 2 Diabetes) =
Common Variants

Rare Variants with with Small Effects

Small Effects Identified by
= GWAS

001

“Mutations”

LMTK2 (Prostate Cancer) ()
0.005 0.05
Rare Low Frequency Common

Allele Frequency
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SEEHEXIRDT- LR =

Identification of novel
SNV-trait associations

Discovery of novel biological
mechanisms

Diverse clinical applications

Insight into ethnic variation

of complex traits

Relevant to low-frequency, \

rare variants \
Identification of novel monogenic /

and oligogenic disease genes
Relevant to the study of /
structural variation
Multiple applications

The bright side The dark side

Disease prediction

True signals

Population stratification

Ultra-rare mutations

(R
cpistass BB AE SRR
ek

beyond gene identification :
Causal variants or genes

Straightforward GWAS generation,

management and analysis P aritabili
Essyts-sharesnd issing 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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EWAS (Epigenome-wide association study, &
B[ 20 KB 3 #7)

- SGWASEREHX, FERMEEEFTEME SR
RiREMEIRFEITREE, ERWERFZFERAXNE
Ze R BUR IR E g M R B TR I, R E
5% RIEREHEXSHE MR RINTINEEE

ﬂ‘RE1—LI WO
. l_l_ o I EEZ *QH}ﬂZ:FJ:HfF%#iERM ThE
(tl:!zuDNAikf EQJ:E ES%) , KL

ﬁﬁc B AR 2 %ﬁﬁmﬁﬁ”ﬂm%
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EWAS on coffee and tea consumption

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

@ 0557521

14 — =
1o - Coffee: —
- 11 CpGS; €gl4476101 is
10 - associated with risk of
fatty liver disease (BERHAT)
8 I J— a
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Chromosome

Tea: o e
2 CpGs, annotated to
CACNA1A and PRDM16
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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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DNA BREA{Y 2R N CEATHT AR =

- Dynamic Nature (EI7514)
= R SHIMEIT AR FEREF WDNAREAL
. Quantitative Accuracy (EE &)
* DNAREALHIE EREIAZI 1% 57 #ER
. Reversibility (AJiEM4)
= FIMESITHAE WA ERDNARE M T EFG A
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DNAFREALGHE N
| DVAREWER | SERAREUF

43 HfT T [8] R 7§ PN
MR AR 30007t 200007t/30X
FRak X 15 ~850,000/ M = E =g JPaEAz|
=3 250 ng DNA 100 ng DNA
MEFRE L T500XAEH BE N iE13100X
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ABEBASY (cohort)
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EPIC study

521,000 A
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University of Chinese Academy of Sciences
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AFIZEEIRIRATY

Key advantage Key disadvantage

Case versus control (singletons)

Cannot easily control
@ @ @ @ — ﬁ ﬁ g ﬁ Many cohorts exist for enyironmental and Case_co ntrOI
genetic confounders

Families

Can study —_—
; Few large cohorts B B Aﬁ]
%ﬁ m % poteqtlal of this type exist % 9& I
inheritance

Disease-discordant monozygotic twins
Can control for Few large cohorts yyH@HA B Aﬁu
genetics of this type exist H

Prospectively sampled, longitudinal
: : ey
Can establish Slow and difficult -t/t H \EE— BA&J
causality to establish H L_ I I

versus
>
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EWASELBIZEHI: FERES N

Genes Indication Hypermethylated Correlation with Promoter CpG Clinical FDA
in tumour? gene expression? region? island? guideline? approved?
ConfirmMDx
e I ?‘ = GSTP1 Diagnosis and prognosis of Yes Yes Yes Yes Yes? No
HU&JH7 JEE} 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 PT9 SEPT9? Early detection of CRC Yes No No Yes Yes*’ Yes
é:llngﬂi]"% Epi proColon®
SEPT9? Early detection of CRC Yes No No Yes Yes*’ Yes
Epi proLung
HI'-E\ = SHOX2 Early detection of lung cancer  Yes Yes® No Yes No No
- AssureMDx
=5[]/ TWIST1 Risk of bladder cancerin Yes Yes Yes Yes No No
V= . . q
HTD_H)]B ae OTX1 patients with haematuria Yes Yesb No Yes
ONECUT2 Yes YesP No Yes
M G MT PredictMDx
S . MGMT Prediction of response to NA® Yes Yes Yes Yes® No
Hmﬂﬁt ’B'_I\JEJ.S temozolomide in glioblastoma
Colvera
BCAT1 Early detection of CRC Yes Yes Yes Yes No No
IKZF1 recurrence Yes Yes Yes Yes

- Genomics
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Transcriptome-wide asso

A W Schizophrenia
RP11-272 L134
2 POGFS oste

clation study

NAGA

AC110781.3 RP11-73M182 DNAJA3 LINC00834

SF3B1 FXR1 TSNARE1 ASIMT
™EM2Y a E“‘\. - { 0% « SNX19  RPH1380L113 - POMM NPM
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RERE \; mrz
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Transcriptome-wide Association
T 8 (Bonferroni<0.05)

5
N, S sTAgt o % | 8¢ % 8.
%, Q& Sﬁfgg sty Q 4 o RT3 2tz @ Conditionally independent
°§ @ Conditionally non-significant
o) 5 Z>0: predicted upregulated
5 Z<0: predicted downregulated
53
3]
N 0 Differential Gene Expression
4] (FDR<0.05)
<< A Upregulated
E ® No Change
V Downregulated
193 genes are 37 Al e O :
- .. _5 f - . - - -
ONAJCTT 1 0oL wo wunaz / RS 112 067 o LRRC37 A2
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H VPSe5  C2oift6 S-HISTIHAH = VP&29 SET6 (i e . .
Bonferroni- g T ™ o i hnon level dysregulation in ASD,
MPHOSP H9 RP11-231 C144 - . -
corrected P < 0.05. o schizophrenia, and bipolar
-10 . .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 202122
= disorder. Science 2018
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p
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SNAPO1 CKMTIA ; + TSSK6 ol LRRCITA
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Proteome-wide association study

Letter | Published: 28 January 2021

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

. ” . . 2 f" R
Alzheimer’s disease pathogenesis - .
Aliza P. Wingo & Yue Liu, Ekaterina S. Gerasimov, Jake Gockley, Benjamin A. Logsdon, Duc M. Duong, . ..

Eric B. Dammer, Chloe Robins, Thomas G. Beach, Eric M. Reiman, Michael P. Epstein, Philip L. De Jager,
2
James J. Lah, David A. Bennett, Nicholas T. Seyfried, Allan |. Levey & Thomas S. Wingo
Nature Genetics 53, 143-146 (2021) ‘ Cite this article 0
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
Discovery PWAS Confirmation PWAS Evitil_enc.e for performed a PWAS by
Gene Chromosome PWAS z-score PWAS P PWASFDRP  PWAS z-score PWASP LD . .
1 ACE 17 -5.36 85x10- 42x10~ 528 13107 Yes Integrating AD GWAS results
2 EPHX2 8 546 4.7x107° 3.4x10-° 4.68 2.8x10°¢ Yes ( — ) H
3 SNX32 n —4.69 2.8x10°° 8.4x10* —4.27 2.0x10°° Yes n 455’258 Wlth 376 human
4 DOC2A 16 —4.51 6.4x10 16x10° —4.23 2310+ Yes brain proteomes proﬂled from
5 LACTB 15 3.76 1.7%104 21x%10-2 4,08 45x%10-° Yes
6 ICAL 2 _388 11%10-4 163102 _396 75x10-5 Yes the dorsolateral prefrontal
7 CARHSP1 16 3.66 26x10* 29x10 3.48 51x10-* Yes Ev=14 I~
SUETE s g =)
8 RTFDC1 20 4.25 21x10-° 39x%x10* 3.0 2.0x10° Yes Cortex (kﬂp—(I ﬁ 9' 1)‘1 H J gj‘n-l_ }zzlx -
9 STX6 1 3.83 13x70- 17%10-2 296 31x10° Yes A confirmation PWAS was
10 CTSH 15 468 2.9%10-° 8.4x104 2.36 18102 Yes .
T PLEKHAT: 10 4.40 11%10-5 23%107 . B - performed using the same AD
12 PVR 19 -10.94 71%107% 1.0%102 - - - :
o e . oo S - - GWAS and an independent set

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

of 152 human brain proteomes.

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 proteomic 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 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)
N c——

Genetic variant selected Phenome set e Phenotype association i

~
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
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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

MUCSB locus (rs35705950) with increased risk of idiopathic fibrosing alveolitis.  Asesdo s
|

FEEEe

Pulmonary heart disease

Artarial embolism and theombosis

[Other venous embolism and thrombosis Arterial embolism and Brombasis of lower extremity ariery
i ~ A == A Phiabitis and thrombophlebitis

H+ Sifiiik; - i
7N b ﬁ% HJ]( *i % f i Other venous embolism and theombosis.

P& M B AT 4E LR —

Cutaneous lupus erythematosus

200- [ diopathic fibrosing alveolitis Psoriasis and related disorders
; Psoriasis.

TRER KR MR IERRAAR  RRLABIRE = FRE _—

Pepitic ulcer (excl. esophageal)
[Phiebitis and thr s of lower Cutaneous lupus erythematosus — ——
1 e uhcar, il unspecili
3 Phlebitis and thrombophlebitis Paorialic arhropathy Acute appendicitis
= Microgeopic hematuria
—? [Pulmonary hear disease | [Rn id arthritis and other i y poly jes) Coagutation defects 1
T Oither and unspecified coagulation delects
- - ' 459 Omerandunspecifiedconqulationdelects Sy | | | | | | -
Other alveolar and /] Hypercoaguisblesiate N | | | | | - |
- . . Psoriasis Primary hypercoagukable state NN .
100- Disorders of optic nerve and \nsu\al “‘ Rtveumatakd arthritis and othar inflammatory polyarthropathios E
& l\ A
Chranic venous ion | ; S I ) N N S -
Parkinson's disease . | Lupus ized and i id arthritis Ankylasing spondylitis | - | | | .
; \ Postinflammatory pulmonary fibrosis | h i Lipoma of skin and subculaneous tissue
(Liporna of skin and Sowue) [Optic neuritisineuropathy | Acus sopendiclis - Parkinson's disease [ | | | | ]
mgﬁtﬁble slate J\ ?"M ?3{@"’0‘?‘5 Postinflammatory pulmonary fibrosis.
| Arterial embolism and thrambesis | [Peptic uicer, site unspecified [Psariasis and related di ) Other alveoler and parietoaveclar prevmorcpaty I | | || 1|
Primary hypercoagulable state [ T Idigpathic fibrosing alveslitis ] | I
p [ - - - - Desorders of oplic nerve and visual pathways.
u_m”“’“" defems] [Arlanal and of lower m:lrer:liy arlery | Oplic neurtisineuropathy . T
Other and unspecified coagulation defects | Asphyia and hypoxemiah> ! ! _| ! <
N T - m -8
i o [ @
IR EEEE
o FOR <0.01 ESa 2<E29
[5] (5]
,%‘})- 4@% 4‘%’ 4'%’ 4;%{ 4@@ (a% .%% 0.50<0R>1.10 T
“ T
% /%« Q%;, %, ‘7/,% %, K “r, | Disease Category Odds Ratio
%@ “/4, %’p% '9/‘.6 oy % 3 Circulatory system [JJ] Musculoskeletal i 25
% o, e D B Dermatologic Neoplasms 2
c 6%_\ . Digestive B neurolagical 15
. N . . | Genitourinary | Respi ¥ 1
‘ Direction of effect A Risk ¥ Protectwel M Hematopoietic [l Senseargans S 05

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

dbGaP

https://www.ncbi.nlm.nih.gov/gap 136,527 1 2007
GWAS Catalog

http://www.ebi.ac.uk/gwas/ 3378 68,000 1 2014
GWASdb

http://jjwanglab.org/gwasdb 2479 252,530 1610 1 2012
PhenoScanner

http://www.phenoscanner.medschl.ca >350000000 1 2016
m.ac.uk/phenoscanner

IPhemap

http://www.iphemap.org 2017
AraGWAS Catalog

https://aragwas.1001genomes.org 222000 167 1 2018
EWASdb ol
http://www.bioapp.org/ewasdb/

EWAS Atlas

http://bigd.big.ac.cn/ewas/ 401 329,172 305 1 2018
GWAS Atlas

https://bigd.big.ac.cn/gwas/ 254 75467 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.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

SEUVADIS LOVD
l . LRG  ppin
w rran% \ l%

Direct Submissions

@g‘fVarcnwe / 'ﬁ

Europe PubMed %
Central

Uropedn

EnﬂmE-phEnDn‘|E (O ling Meudelian Inkeritanes in Man :I.I."'I @
g rchive

AL EEFAXREIMERIEA £ TEIGILO], HIZNBEZ N RBERIEES, 7]
BidE BRI T~ (40: ENSEMBL, UCSC. PheGenlfliF%Z T H) %15
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GWAS Catalog

2006 Jan

@ www.ebi.ac.uk/gwas
53820 studies, 6367 Publications, 257947 Associations

GWASEIAI S ASRIERERE RIRREASNPALAZ6.8 5
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https://www.ebi.ac.uk/gwas/docs/diagram-downloads
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GWAS Atlas

@ CNCB NGDC Databases Tools Standards Publications About Sign in

GWAS Atlas

A curated resource of genome-wide variant-trait associations

#A Home @ Browse ~ 4 Ontology # Tools ~ X Submit

-?ﬂ Association Submission

All Species v

Submit new GWAS studies

z

e.g. flower; plant height; Zm00001d021954; chr1:14702150-37601000

15 278109 462 1444 145534 + Wheat G2Ps were added (2022-06-20)
0 = * Rye G2Ps were added (2022-06-16)
oﬁ V i-ll‘i' >-_< ¢ Online analysis tools were implemented
Species Associations Causal Variants Traits Variants (2022-06-01)
¢ 955 Maize G2Ps were added
55036 3432 830 5 3 fenzedi=at)
» more
8] |
XX E = NV

Genes Studies Publications Ontologies Submissions E ContactUs

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

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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GWAS Atlas — BHBRiFTE

Literature Keywords Published Year Significant Associations
Search 1850 publications 1767 publications 254 publications
Information Literature Information Study Information G2P Information
Retrieval g 254 publications 992 studies 75467 assoqations
r . , . , A
Varation Effect Annotation Trait Term Annotation
Integration & [ : ) [ ! |
Annotation Gene Type Semantic Mapping Definition
\ Annotation Annotation (PTO, CO, APTL) (PPTO,APTO) |)
Database @ Q : I L &l
Construction

Browse Search Statistics Download

BHEHZ - Genomics
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GWAS Atlas - 8iEFIHER

Species # Publication  # Study  # Trait # Association # Variant # Gene
Cotton_ (Gossypium 4 23 24 21955 6115 991
hirsutum) = D
Japanese apricot 1 2 9 1740 1432 541
(Prunus mume) I I
Maize (Zea mays) 133 448 279 40042 31668 8381
Rapeseed (Brassica 26 88 67 2395 1708 1791
napus) = — —
Rice (Oryza sativa) 93 442 275 19386 14424 9576
Sorghum (Sorghum 28 79 128 3291 2714 1375
bicolor)
Soybean (Glycine max) 17 48 44 446 357 378
Goat (Capra hircus) 4 6 12 40 40 9
Pig (Sus scrofa) 9 10 35 326 284 122
Sheep (Ovis aries) 21 48 56 539 455 218
Chicken (Gallus gallus) 10 12 26 1233 958 257
Cattle (Bos taurus) 19 36 50 1711 1481 256

https://ngdc.cncb.ac.cn/gwas/browse/species
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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?btnIndex=2&param1=29
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=2&param1=29
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=2&param1=29
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=2&param1=29
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=2&param1=29
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=2&param1=29
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=3&param1=5
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=3&param1=5
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=3&param1=5
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=3&param1=5
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=3&param1=5
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=3&param1=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?btnIndex=5&param1=2
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=5&param1=2
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=5&param1=2
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=5&param1=2
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=5&param1=2
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=5&param1=2
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=6&param1=32
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=6&param1=32
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=6&param1=32
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=6&param1=32
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=6&param1=32
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=6&param1=32
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=7&param1=10
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=7&param1=10
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=7&param1=10
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=7&param1=10
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=7&param1=10
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=7&param1=10
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=8&param1=17
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=8&param1=17
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=8&param1=17
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=8&param1=17
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=8&param1=17
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=8&param1=17
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=9&param1=18
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=9&param1=18
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=9&param1=18
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=9&param1=18
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=9&param1=18
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=9&param1=18
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=10&param1=14
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=10&param1=14
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=10&param1=14
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=10&param1=14
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=10&param1=14
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=10&param1=14
https://ngdc.cncb.ac.cn/gwas/browse/publications?btnIndex=11&param1=11
https://ngdc.cncb.ac.cn/gwas/study/getAllStudy?btnIndex=11&param1=11
https://ngdc.cncb.ac.cn/gwas/browse/traits?btnIndex=11&param1=11
https://ngdc.cncb.ac.cn/gwas/browse/associations?btnIndex=11&param1=11
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=11&param1=11
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=11&param1=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?btnIndex=12&param1=19
https://ngdc.cncb.ac.cn/gwas/browse/variants?btnIndex=12&param1=19
https://ngdc.cncb.ac.cn/gwas/browse/genes?btnIndex=12&param1=19
https://ngdc.cncb.ac.cn/gwas/browse/species

GWAS Atlas - (EMER

GWAS Atlas | Associations

—
p.

) Show filters

All (75467) Cotton (21955) Japanese apricot (1740) Maize (28310} Rapeseed (2396) Rice (19524) Sorghum (754) Soybean (422) Goat (40) Pig (326)
Association List
Showing 1 fo 20 of 75467 rows = 20~  rows per page ¢ 2 3 4 5 774 Hw. | 2.
VarlD Traits Species Position P-values R%(%) Mapped Gene(s) Consequence Type(s) PMID e
pmum334093 bud aperture Japanese apricot  NC_024126.1:5932762 1.85E-10 - 103324623 upstream_gene_variant 29703940
103324634 downstream_gene_variant
103324598 upstream_gene_variant
zma43154949  plant height Maize chr1:68412475 1.85E-10 - 24514905
zma43151581  days to flowering trait Maize chr1:195807867 1.86E-10 - Zm00001d031594  downstream_gene_variant 23840585
pmum334821 bud aperture Japanese apricot | NC_024126.1:5962121 1.87E-10 - 29703940
zma43154356  plant height Maize chr1:69107505 1.87E-10 - 24514905
0sa19117424 days to flowering trait Rice chr3-959122 1 88E-10 2055072  0s03g0116900 downstream_gene_variant 25785447
0s03g0117050 downstream_gene_variant
0s03g0117100 intron_variant
0s03g0117200 upstream_gene_variant
zmad3157225  days to tassel Maize chr2:239548378 1.88E-10 - Zm00001d007784  upsiream_gene_variant 29150689
zmal0235872  cadmium accumulation Maize chr2:1527582499 1.89E-10 2087 29370753
0sa11766106 flag leaf angle Rice chrg:5324631 1.90E-10 21 0s08g0190800 upstream_gene_variant 29617374
0s08g0191100 downstream_gene_variant
0s08g0191000 synonymous_variant

 (CRLEE
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GWAS Atlas — TEIRAB

GWAS Aflas ' Ontology

All associations and traits were annotated and organized based on a suite of reference ontologies (PTO, Plant Trait Ontolegy; ATOL, Animal Trait Ontology for Livestock), species specific ontologies (CO, Crop Oniology), and a more comp
Phenotype and Trait Ontology; APTO, Animal Phenotype and Trait Ontology).

PTO co PPTO ATOL APTO

Jumpto: 100 grain weight

ke [[] plant trait (29188)
- []] biochemical trait (562)

U, biological process trait (126)
- |l plant growth and development trait (9081)
- (1] plant morphology trait (17905)

i L plant structure morphology trait (17905)

\.| cardinal part of a multi-tissue plant structure mo

i |1 collective plant structure morphology trait (7751

- L] multi-tissue plant structure morphology trait (54£
- Ll Truit morphology trait (235)

- [ plant organ morphology trait (4989)
4-- || | seed morphology trait (247)

[ hilum morphology trait (3)

llJ seed length {(15)

ll] seed weight (213)

.| 100-seed weight (175)
-~ 1] 1000-seed weight (15)
i seed width (16)

- {.| portion of plant tissue morphology trait (65)
= (1] whole plant morphology trait (4201)

>~ | plant quality trait (184)

[l plant vigor trait (58)

------ W sterility or fertility trait (38)

Trait: 100-seed weight

Trait information Association (173)

Studies (16) Publications (7)

D TC:0000269
Name 100-seed weight
Synonyms

hundred seed weight | hundred grain weight | HSDWT | HGRWT | 100-grain weight

Definitions  Measurements in grams of 100 well-developed whole grains (seeds with the hull), dried to 13% moisture content, weight on a precision balance.

SubClassOf seed weight

RIE . EYMERF PSR TERE-RENXEKER, ETRENER

University of Chinese Academy of Sciences
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GWAS Atlas — EF

GWAS Atlas /| Genes

() Show filters

All (30953) Cotton (991) Japanese apricot (541) Maize (13654) Rapeseed (1791) Rice (12803) Sorghum (688) Soybean (354) Goat (9) Pig (122)

Showing 1to 20 of 12803 rows = 20~ | rows per page ¢ n 2 3 4 5 84 o #me 2~
Gene ID Gene Symbol Description Reported Traits # Association  # Study # Publication
0s07g0580700 - Integrin alpha chain%2C C-terminal cytoplasmic region%2C conserved grain length to width ratio; 160 2 2

site domain containing protein. grain length;

grain width,
leaf angle

0s079g0580733 - Protein of unknown function DUF2921 domain containing protein. grain length to width ratio; 150 2 2
grain length;
grain width;
leaf angle

0s07g0580766 - Protein of unknown function DUF2921 domain containing protein. grain length; 135 4 3
grain length to width ratio;
grain width;
leaf angle;

secondary branch length

0s07g0580800 @ - Hypothetical protein. grain length to width ratio; 76 3 2
grain length;
grain width;
secondary branch length

BEEEEMNSHEERERER, [LEEFSRENXEKER, FERBPEANN
 (CRLG 7 # Ve HEZH% - Genomics
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GWAS Atlas — ¥k

GWAS Atlas / Traits

All (614) Cotton (24) Japanese apricot (9) Maize (205) Rapeseed (67) Rice (284) Sorghum (41) Soybean (40) Goat (12) Pig (35)

B Sub-trait [ Association B

[

,000

[=]
[41]

5,000 10,000 15,000 20,000 25,000 30,000 3
1 1 1

nutrition trait

LA

animal health trait |

mammary gland and milk production frait |
animal welfare trait |

growth and meat production trait_

stress trait
sterlity or fertility trait
plant vigor trait

yield trait |

plant morphology trait

biological process trait
plant growth and development trait

plant quality trait

biochemical trait

[
]

Showing 1t0 20 of 614 rows =~ 20~ rows per page ¢ - 2 3 4 5 31 >

Trait Label Trait ID Mapped Terms Description # Association # Study # Publication

. i ) TO:0002667 . i :
abscisic acid content = PPTO:0000101 CO_322:0001108 Measures the abscisic acid content in a plant or plant part. 9

-l
e

abscisic acid glucose
ester content

=]
-

PPTO:0000102 - The amount of abscisic acid glucose ester present in the plant or the plant part. 8

P 7smXy HEHY - Genomics
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EWAS Atlas

8 EWAS Toolkit X Downloads il Statistics B )\p| W Help ot EWAS Data Hub

@CNCB NGDC Databases Tools Standards Publications About

EWAS Atlas Browse

@EVAS Open Platform

EWAS AtIaS@ EWAS Open Platform Number of Publications

A knowledgebase of epigenome-wide
association studies

Examples: smoking, AHRR, cg05575921

Associations Traits Cohorts
00 643,805 A| 728 }8 3,510

Tissues/Cells Studies Publications

199 §_ 1,599 g 1002
I T I o

Last update: new EWAS on prostate cancer has been added online on 02 July 2022
New Database: EVWAS Data Hub (A data hub of DNA methylation array data and

Follow us: @EWAS_Open_Platform
Cite: EWAS Open Platform: integrated data, knowledge and toolkit for epigenome-wide

metadata)
New Toolkit: EWAS Toolkit (A web toolkit for epigenome-wide association study) association study. Nucleic Acids Res. 2021 [PMID=34718752]

Nucleic Acids Res 2019 https://ngdc.cncb.ac.cn/ewas
s (ORI g HEHY - Genomics 67

University of Chinese Academy of Sciences



https://bigd.big.ac.cn/ewas

EWAS Atlas R RIE

a Literature Search )
‘ Search @ Access
- ) —>
N—
PubMed Europe PMC Basic information
J
Study Curation )
Extractio Trait (..
ﬂ Cohort ‘ e'c
Case 222’;993'
Study Control Ik
J
Association Curation )
Extractio P value Reannotation Relatgd
ﬂ Correlation i ranscripts
- Pos to TSS
Association CpG island
J
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EWAS Data Hub

Data Sources

Hatienal Human Genome Research institute

(™ 1
L. Teead) LINENER D7, |
° 7 5 y 3 44 /I\ 1;$ Zl: Arravyllv)ata Metiata -

—————— - -

]
!
AN
’

- ~
/ p Preprocess  _— _______ ______ _ _ > \\\ 1' \\
' - .
° 470%41 QH- én ! : Data Integration Signal Extraction : 1 Information Retrieval I
1
ZHZA R I 4 :
1
| . Normalization = ——— ——— ——— 1 : . L :
1/ \ g Named Entity Recognition [
N \‘I_l_ 1 I Before After | 1 1
. 306Fh TS | . m— .
I : . —— Batch 2 . —atch 2 : 1 : :
: I z £ | : : Ontology Mapping :
b S J N I
1 | Signal Intensity Signal Intensity I : 1 1
1 \\ Batch effect and probe type normalization _,I 1 : :
e T 1] Controlled Vocabularies I
! 1 I
I . Quality Control -~ —————— 1 1
1 ‘. 11 |
: Sample Filtering b I
\ {20% of probe filter) | '| I‘ Metadata Standardization 'l
|
4

https://ngdc.cncbh.ac.cn/ewas/datahub

P 7smXy HEHY - Genomics
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https://bigd.big.ac.cn/ewas/datahub

TWAS Atlas

@CNCB NGDC Databases Tools Standards Publications About

ff TWAS Atlas A Home ‘ @ Browse | Q Search ‘ & Knowledge Graph ‘ & Downloads | ® Documentation | & 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; EF0:0004339; 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

BHEHZ - Genomics
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https://bigd.big.ac.cn/ewas

HUEXaEREF

EWASdb: 183 ##E 9@ R E
MRC-IEU EWAS Catalog: 1 RBHIEAZFH L
Y2 B ZNH 2
ENCODE: ZEHIFRMBIEE, BEZHEFH

NIH Roadmap Epigenomics

L -
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PheWeb for PheWAS

—_
E
!

MYC
12 JRK £SCA
_ CLPTM L
g10] osme ’ .' o Bladder cancer:
% ). 2,427 cases and
ET Iﬁiillﬁﬁllilﬂlli M 204796 contois
& 15 17 18 19 20 2122
b 100 g
LD Ref Var o o] “ .
g'0]|eror o Duoders o SR vac tecon mcuncy © ¢ Regional view for
] ©0.8>r 06 ) ) B
< oflser o8 g e "% 12976384
o 4]|®04>r 02 2 .
e G e Sl Sk i e S gy~ ¢ (PUTPIE diamond)
o S
Chromosome 8 (Mb) -
BAI1> <«MROH4P <«ARC <«JRK LY6K> <«<SLURP1 «LY6D <«RP11-706C16.5 P h e n O m e -WI d e
- — H | - H ] H 1 . .
AP006547.3> PSCA-> THEM6> <LYNXT1 GML~> view for Varlant
1 —t s | —+ =
:: Can'cer of bladder Duodenits. '+:$E%:JA\: rszg 76384
“Malignant neoplasm of bladder g ek, ¥ Duodenal ulcer — e -
':;8 ﬁ I#e;)ﬁcer (excl. esophageal) ¥ —I__HE%;JH\% :
L | - ' triangles:
° «- Cancer of urinary organs (incl. kidney and bladder) .
84 upward-facing
2 -n
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PheWeb: exploring and visualizing genetic
and phenotypic associations
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Correlated phenotypes for 278.1: Obesity
([8:52818024 9% CHAINS164 2015 (e uch 0o | 0By Genetically correlated traits are calculated using genome-wide association summary statistics via LD Score regression (LDSC).
18:57,852,587 T/ C (rs476828) MC4R 0.24 5.6e-12 0.12(0.017) Trait re SE 7 Pvalue 4
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) 278: Overweight, obesity and other hyperalimentation 0.9992 0.0004 2645.1766 0

716.9: Arth thy NOS 4 y 19. 4 -
16:28,340,945 A/ G (rs12598357)  SBKT 042  49e-9  0.084(0.014) S 9&4—1—% 0.8646 0.0347 97451 8.8371e-87
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1:102,731,430 G/ A (rs547940655) OLFM3 0.0018 1.0e-8 1.3(0.22)

401: Hypertension 0.5786 0.0315 18.3876 1.6526e-75
7:30,554,781 T/ C (rs190685589) AC005154.5 0.0079 2.4e-8 0.50 (0.089)

401.1: Essential hypertension 0.5791 0.0316 18.3207 5.661e-75
16:30.878,863 C/ T (rs4889634) BeLre 0-38 29e-8 -0.081(0.013) 318: Tobacco use disorder 0.6564 0.0396 16.5596 1.3647e-61
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411: Ischemic Heart Disease 0.5759 0.0379 15.1909 4.063e-52
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