Pan-cancer and cross-population genome-wide association studies dissect shared genetic backgrounds underlying carcinogenesis.
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自動的に生成された説明]Supplementary Fig. 1. Manhattan plots of the single cancer GWAS in BBJ1.

Manhattan plots of the single cancer GWAS in BBJ1. The genome-wide significant loci are colored in red. The upper limit was set to 25. The horizontal dashed green line represents the genome-wide significance threshold (P = 5.0 × 10-8). All statistical tests are two-sided and not adjusted for multiple comparisons.
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中程度の精度で自動的に生成された説明]Supplementary Fig. 2. Manhattan plots of the single cancer GWAS in UKB.

Manhattan plots of the single cancer GWAS in UKB. Loci in red are genome-wide significant and loci indicated in blue are the novel ones identified in our study. The upper limit was set to 25. The horizontal dashed green line represents the genome-wide significance threshold (P = 5.0 × 10-8). All statistical tests are two-sided and not adjusted for multiple comparisons.  

[image: ]Supplementary Fig. 3. Manhattan plots of the single cancer meta-analysis (BBJ1+UKB).

Manhattan plots of the cross-population GWAS meta-analysis for each cancer (single cancer meta-analysis). The genome-wide significant loci are colored in red. The upper limit was set to 25. Loci newly satisfying the genome-wide significance are colored in blue. The horizontal dashed green line represents the genome-wide significance threshold (P = 5.0 × 10-8). All statistical tests are two-sided and not adjusted for multiple comparisons.


[image: ]Supplementary Fig. 4. Manhattan plots and QQ plots of the all-cancer meta-analysis.

a Manhattan plots of the pan-cancer GWAS meta-analysis (all-cancer meta-analysis). Loci in red are genome-wide significant and loci indicated in blue are the novel ones identified in our study. The upper limit was set to 25. The horizontal dashed green line represents the genome-wide significance threshold (P = 5.0 × 10-8). All statistical tests are two-sided and not adjusted for multiple comparisons. b Quantile–quantile (QQ) plots of the all-cancer meta-analysis. Genomic inflation factors (λGC) of the individual meta-analysis are shown above the figures. 

[image: ]Supplementary Fig. 5. The eQTL effects of the novel variants in the GTEx database.

a Box plot of DSP expression levels in lung for rs2076295. b Box plots of PRMT6 expression levels in eight cancer-related tissues for rs56111229. c Box plots of TRIM4 expression levels in 11 cancer-related tissues for rs2525548. The numbers of the samples are shown below each genotype. White lines and box bounds indicate the median and the interquartile range, respectively. 

[image: グラフィカル ユーザー インターフェイス

中程度の精度で自動的に生成された説明]Supplementary Fig. 6. Colocalization analysis in the novel loci.

a Regional plot for the colocalization analysis in DSP locus. The dots indicate the -log10(P-value) in the GWAS meta-analysis and the solid line represents the -log10(P-value) in the eQTL data of DSP in lung. b The colocalization analysis in the novel locus identified in the all-cancer meta-analysis within UKB. In the regional plot, the dots indicate the -log10(P-value) in the GWAS meta-analysis and the solid lines represent the -log10(P-value) in the eQTL data of PRMT6 in 11 cancer-related tissues. c The colocalization analysis in the novel locus identified in the all-cancer meta-analysis across BBJ1 and UKB. Heatmap describing the associations between 11 cancer-related tissues and 14 genes in the locus (upper). Regional plot in the locus (lower). The dots indicate the -log10(P-value) in the GWAS meta-analysis and the solid lines represent the -log10(P-value) in the eQTL data of TRIM4 in the 11 tissues. P-values are uncorrected and reflect two-sided tests.

[image: タイムライン

自動的に生成された説明]Supplementary Fig. 7. Comparison between the fixed-effects meta-analysis and joint analysis.

Manhattan plots of the fixed-effects meta-analysis (all-cancer meta-analysis) and joint analysis. Loci in red are genome-wide significant and loci indicated in blue are the novel ones identified in our study. The upper limit was set to 25. The horizontal dashed green line represents the genome-wide significance threshold (P = 5.0 × 10-8). All statistical tests are two-sided and not adjusted for multiple comparisons.
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自動的に生成された説明]Supplementary Fig. 8. The eQTL effects of the novel variants in the ImmuNexUT database.

a Box plots of PRMT6 expression levels in 28 immune cell types for rs56111229. b Box plots of TRIM4 expression levels in 28 immune cell types for rs2525548. The numbers of the samples are shown below each box. Center lines and box bounds indicate the median and the interquartile range, respectively. P-values are uncorrected and reflect two-sided tests.
[image: ]Supplementary Fig. 9. Pan-cancer genetic correlations.

Heatmaps describing genetic correlations of the 78 cancer pairs in the BBJ1 and UKB datasets. In the UKB datasets, some pairs including the cancers with low sample sizes or low heritability showed extremely high or low values and the estimates of these pairs were masked with white. NHL; non-Hodgkin’s lymphoma.
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自動的に生成された説明]Supplementary Fig. 10. Breast and prostate cancer large-scale meta-analysis.

a Overview of the breast and prostate cancer large-scale meta-analysis integrating 8 GWAS datasets. b Manhattan plots of the breast and prostate cancer large-scale meta-analysis. The dashed green line indicates the genome-wide significance threshold (P = 5.0 × 10-8). All statistical tests are two-sided and not adjusted for multiple comparisons.

[image: ]Supplementary Fig. 11. Downstream analysis of the breast and prostate cancer large-scale meta-analysis.

a Overview of the functional gene mapping and gene set enrichment analysis of the shared risk variants associated with both breast and prostate cancer and the cancer type-specific variants. P-values are uncorrected and reflect two-sided tests. FDR was calculated via the Benjamini-Hochberg method across all gene sets. b Functional characteristics of the cancer type-specific variants and the shared risk variants. The x-axis indicates the threshold of the associations between the lead variants and both breast and prostate cancer (1.3: the nominal threshold of P = 0.05; 7.3: the genome-wide threshold of P = 5.0 × 10-8). 

Supplementary Fig. 12. Breast cancer related gene expression levels in the breast cancer [image: タイムライン が含まれている画像

自動的に生成された説明]single-cell RNA sequence dataset.

UMAP visualizations of the breast cancer single-cell RNA sequence dataset colored according to expression levels of the breast cancer related genes.
image2.png
—log10(P) —log10(P) —log10(P) —log10(P)

—log10(P)

Biliary tract

10

Single cancer GWAS in UKB

Breast

Colorectal
25
20 TULP4 ;
15 | H I

Cervical

Endometrial

Esophageal

Gastric

Hepatocellular

Lung

Non-Hodgkin’s lymphoma
MEF2B

Ovarian

Pancreatic

Prostate

4 5 6 789
Chromosome

1

5 6 7 89 11
Chromosome

1315171921 1 2 3

1315 17 1921

4 5 6 789 11
Chromosome

1315 17 1921




image3.png
Single cancer meta-analysis (BBJ1+UKB)

Biliary tract Breast Cervical
2 PADI6

207
157
101 i

Colorectal Endometrial Esophageal

—log1o(P)

—log1o(P)

—log10(P)

Non-Hodgkin's lymphoma Ovarian Pancreatic

—log10(P)

1 2 3 4 5 6 7 89 11 13 15 17 1921 1 2 3 4 5 6 7 89 11 13 15 17 1921
Chromosome Chromosome

Prostate

—log1o(P)

1 2 3 4 5 6 7 89 11 13 15 17 1921
Chromosome




image4.png
All-cancer meta-analysis

25

BBJ1

20

IGF2BP2

~logio(P)

5

25

20

PRMT6

~logio(P)

25

BBJ1+UKB

20

AzGp1 | !

—~logo(P)

Chromosome

BBJ1 UKB BBJ1+UKB

A=1.064 A=1.041 A=1.093
o] = .o
1 .
23
12 20 H
H $1s H
T I Llis
H H s
H H 3
g H H
g g0 2
) ) S
4
5 5
p
T2 3 4 s & 7 Tz 3 a4 s s 71 1z 3 a4 s

Expected(~og:(P)) Expected(~logo(P)) Expected(~/og1(P))




image5.png
4 DsP

chr6_7562999_T_G_b38
Lung

b PRMT6
chr1 107024067 T A b38
ESOP'IHQUS - Mucosa Liver ‘Whole Blood Colon - Transverse
20 J 20 20
A VY S
= o [ .
Lung Stomach Breast - Mammary Tissue Pancreas
= | -
i szl
(o
TRIM4
chr7_99955544_C_G_b38
Esophagus - Mucosa Colon - Transverse Breast - Mammary Tissue Lung
- - 10 n
m N - o — u u
E - E .. [} . H u £
o 0 2 o
:c P P @ o
o ¥ e =
Pancreas Stomach Whole Blood Liver
2 ) s
o - - n
= ] = B =
- = N L
§ = ]
2
Ovary Prostate Uterus
20 20 2
510 . 5
]





image6.png
GWAS -log 10(p-value)

b’ Lo

7 rs56111229 oon

12076295 i ‘ «
g B 3
5 £ § — whoesioos
i N o
o & 1 10 :
s 65M ’ 106.55M 107M 107.05M 107.1M o
‘Chromosome 6 (hg38) Chromosome 1 (hg38)

] -log10(Simple
Uterus Sum P-value)
Breast_Mammary_Tissue-|
5
prostate-|
Stomach-| °
Whole_Blood -
4
Colon_Transverse-|
3
Pancreas-|
2
Esophagus_Mucosa-|
1
o
o 2on Sy Fan Aos Shy. R,
9 ey N, Rap, Top, %
o Can, Mo “Cup, Rag,
® NolDInfo
e <02
8
I ® 02
® 04
® 06
T ®o08
6 2 @ LeadSNP
60 £ — ung
? 2 —ovary
S =
= S — Esophagus_Mucosa
g 2 — uver
a 4 °
= 40 T — Ppancreas
E 8 — colon_transverse
2 § — Whole_Blood
0 § — stomach
< 20 > —Prostate
[ § —— Breast_Mammary_Tissue
; — Uterus
o o
3A43  OR2AEL )C3 SNORA40  AZGPIP1 ZKSCAN1
TRIM4 | .
-2 Y RNA
99.85M 99.9M 99.95M 100M 100.05M

Chromosome 7 (hg38)




image7.png
Fixed-effects meta-analysis Joint analysis

*1 BBJ1 ¥ BBJ1
° IGF2BP2 “

15
10 B

1 2 3 4 s 6 7 8 9 1n 13 1517 19 21 1 2 3 4 s 6 7 8 9 1 13 15017 19 21
Chromosome

~loga(P)

~loguo(P)
e

Chromosome

C
P
w
Cc
Py
@

~logo(P)

~log1o(P)

1 2 3 4 s 6 7 8 9 1 13 1517 19 21 1 2 3 a s 6 7 8 9 1 13 15 17 19 21

o]
v}
[
+
Cc
P
vs)

~logo(P)

~l0g10(P)
=
o ———

Chromosome




image8.png
PRMT6

TRIM4

noo=N

n=o=N

Naive_CD4_| i | e | ™7 |
P=4.76e-13 2 P=2.09e-09 1 l P=8.62e-15 2 P=€ 58e-18
1 1
b s fe
-1 1 -1 lf‘
do 2o e ow plee e & 2 m w
Tth Fr_ll_eTreg | FrinTreg | Frll_T Mem_CD8
P=1 1|8>1| 2 P=3.93e-07 2 P=1.38e-06 2 P=7.01e-17 378—10
T | * %
0
Sod ot Hono H L 4T
124 2 —24 132 103 25 24 21
Naive_CD8 | TEMRA_CDs | EM_CD8 | cm_cos |
P-00s36 2 Piese07 4 Peze P0.00176 2 = us-w
P, T :
L0 0 R F 0 é
= ol T " -1 -1
ds e b 72 s 2 s s 2 2 P
Naive_B USM_B SM_B DN_B Plasmablast |
= 255.;43 2 = 000134 f = |57e-08 P 2 me-os 2 P =7 860-19
1 1
e T R
5 71 5 %
72 -2 -2
CL_Mono CD16p_Mono | Int_Moro | NC_Mono Neu
‘#I = 2028-5& 2 EETEI Poi7eds 2 = 145s-45 ; = 000645
; : o=
0 = 0 0
= & T O 4 $ 4

21 Bles w0 o 2] w w2 olew i as
LDG moc | pC | PN @“ PN\
PrO.GBSS 2 P_2 17e-21 2 P=0.57
e P 1
TT % =

P Alde o

PONPA PORPA\ EORPA\
rs56111229

Mem CD4 | Naive CD4_| Thi e | Thi7 |
P=2.87e-16 2 =6e-1 2 P=1 162 15 2 P=4.82e-15 2 P=8.34e-+18

8 1 1 1 1 L_Ll

L 0 o]t T

PR °$ 3 . .

85 181 2] s o s 1 24 1 e e 27 w2 wo
Tih Fr_ll_eTreg | Fr_I_nTreg | Frll_T Mem_CD8 |
Pjs79118 2 P=1.33e+414 2 P=7.27e-16 2 P=3.84e-16 2 P=3.34e-16

B 1 B S =S
=5 oo 0 0 0
- -1 4 1 |

oo @ _pl oo Sl s e oo s 72 ks ow w

Naive_CD8 | TEMRA_CD8 ] EM_CD8 | CM _CD8 NC |
P=3.03e20 PT 53e-15 1 P=3.35e-16 2 29€- 15 :23 P=3.68e-15

[e— | 1
0 = 1
- -1
126 108 s 17 12 104 s 1 2] 1 w0 e
Naive_B USM_B SM_B | DN_B Plasmablast |
P=1.56e- ‘2 2 P«ZC@%ZO 2 P=8.51e-22 61e- 12 2 P=9.49e-13
5 : : é
I 9 -1
W oe 24 1 7 as
CL_Mono Int_Mono NC Mono Neu |
736 24 P= 4353-21 3 76 |7 2 P=0.0486
= % $ s 3 % :
-1 -1
R o s -2 2 e s
G| mDC | o\° 0\0 o\c" F P
P=0.0173 2 P=3. 779 28 2 P=3.54e-27
5 1 1 =
0 =
-1 -1
Sl w 24 w4
© © P & P O\o € £ L

52525548




image9.png
BioBank Japan1 (BBJ1)

. 018 02 -o.ossH 035 oz ﬂ 2 Bmary.rm
~00 -0.19.0.05 0094 016 0098 0.13 -0.0016
-0 02 -0.06 . 0.029 0.063 029 0063 0.088 . 031 -0.16 025 -0.0044- Cervical
-1.0

-0.059 0.094 -0.029 016 00073/ 03 016 011 -0.18 0.36  0.095 - Colorectal
' 016 0063 0.16 .ovooll 02 -04068-0,0055.. ©0.18 0.17 -Endometrial

035 0098 029 0.0073 u.oou. 023 0.0009 017 013 034 -0.25 0.046 - Esophageal

. 0063 03 02 023 . 03 029 027 024 032 0.0072-Gastric
—00016 0088 0.16 -0.068-0.0009 0.3 .
071 [y . 0.11 -0.0058 0.17 0.29

0.21 0.068 031 -0.18 013 027 -0.054 014

. - .. o

0.2 0012 025 036 -0.18 -0.25

037 -0.068 028 0012 021 -Breast

0.27  0.019 - Hepatocellular

0.062 - Lung

029 0093 0.097 - NHL

. oreren
. 0.058 - Pancreatic

- 021 -0.0044 0.095 0.17 0.046 0.0072 0.019 0.062 0.097 0.058 -Prostate
\(.

o N Y Y ~
G e,ea* &’ o ‘\\c«\“\@“ \\o\»““ @ o “‘_@P‘\ o

g
o o wva‘

UK BioBank (UKB)

.0.0017 012 032 021 . . -0.24  0.084 - iliary tract
0,0017. 0.076 0.075
0.076 .

012 0075 027 . 0.24
032 -

0.21 —04037. 013 03

-0.037 0.057 0.069 -0.036 025 0.094 - Breast

. . 03  -0.13 - Cervical
©0.022 032 0.095 0.1 -0.028 - Colorectal
03 012 0059 . 0.086 - Endometrial
H 023 0.049 0.085 -0.13 - Esophageal
. - Gastric
-0.0078 0.041 0.032 - Hepatocellular
032 012 023 0.0073. 0.074 0.27 -0.065 - Lung
0.095 0.059 0.049 0.041 0.074 . -0.04 - NHL
. —
.F‘ —

°
oN 2
H .N v

0.022 0.3
0.069

0.036

. -

024 025 03 01 .—o.oss 0.27 .

0.084 0.094 -0.13 -0.028 0.086 -0.13 0.032 -0.065 -0.04 \137 Prostate
2 @ @ D @© C) » @™ e
a4 'a“"" ol\" \o(ed “@\“ R I e W o 0«9“‘”&
e ERRC 55 =




image10.png
Breast and prostate cancer large-scale meta-analysis

|
|

BCAC
=133,384

Case

PRACTICAL
=79,148

Case

FinnGen Breast

FinnGen Prostate

UKB Breast
Case = 13,778

UKB Prostate
Case = 10,739

BBJ1 Breast

BBJ1 Prostate

(@ Breast cancer meta-analysis

(d)9tb0/—

Chromosome

-analysis

(2 Prostate cancer meta

(d)°tboj—

Chromosome

@ Breast and prostate cancer meta-analysis

(d)9tb0/—

Chromosome




image11.png
Breast and prostate cancer meta-analysis Functional characteristics of

218 lead variants 218 lead variants

100 cancer type-specific variants _
_ Breast cancer P-value < 0.05

or and
Prostate cancer P-value > 0.05 Prostate cancer P-value < 0.05

Breast cancer specific
s Prostate cancer specific
e shared risk

II--
2 4 6 73

~logs0(P) threshold

Number of variants

10

Functional annotation
= intergenic

E‘D.A

l l 00 II_ III II- I| I| l|

1 gene set 10 gene sets T gt threshold '
(FDR <0.05) (FDR <0.05) 10

Regulatory elements
= eQTL
0. ™= active chromatin

Androgen response  1.99x10*  Apoptosis 7.83x107
Estrogen response early 9.90 x 107
Mitotic spindle eaaxt0e
G2M checkpoint 6.44 x 106 ’ I
: 3 2 4 6 73

o
E2F targets 2.05x 104 00 e "

°
B

Proportion

2
0

—logio(P) threshold
Interferon alpha response 4.49%x 104

IL2-STATS5 signaling 9.60 x 104
Estrogen response late 9.91x 104
mTORC1 signaling 4.25%x10°

Cholesterol homeostasis 6.60 x 10





image12.png
2





image1.png
—log10(P) —logi10(P) —log10(P) —log1o(P)

—log10(P)

Biliary tract

Single cancer GWAS in BBJ1

Breast

Cervical

Colorectal

Endometrial

Gastric

Hepatocellular

Lung

20

Ovarian

Pancreatic

12 3 4567809 1
Chromosome

13

1

5 17 1921

1 2 3 4 5 6 7 89 11 13 15 17 1921
Chromosome

1

H

6 7 8 9 11 13 15 17 1921
Chromosome




