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[bookmark: _Toc126933754][bookmark: _Toc126934405]Fig. S1. 3D Plots for genetic matching of three principal components. 
A. derived from the PCA of 1490 cases with early-onset CRC under 50 years old and 19951 controls, B. 17,789 CRC cases, and C. 241 early-onset CRC cases under 40 years old and 3,374 controls
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[bookmark: _Toc126933755][bookmark: _Toc126934406]Fig. S2. Determination of the POLA2 transfection efficiency. 
Relative expression levels of POLA2 in SW480 and HCT116 cell lines were determined by qRT-PCR assays. Data were presented from three experiments, each with three replicates and all ****P < 0.0001 were calculated by a two-sided Student's t-test.
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[bookmark: _Toc126933756][bookmark: _Toc126934407]Fig. S3. Quantile-quantile plot and genomic inflation factor lambda for associations with early-onset CRC risk. 
A. The results were based on in 1,490 early-onset CRC cases under 50 years old and 19,951 controls in the first analysis of this study. B. The results were based on in 17,789 CRC cases in the second analysis of this study. C. The results were based on in 241 early-onset CRC cases under 40 years old and 3,374 controls in the first analysis of this study. The blue circles represent the distribution of P values for the association. The observed versus expected χ2 test statistics shows no evidence for inflation of χ2 tests (inflation factor λ = 1.103, 1.168 and 1.017).

[image: ]
[bookmark: _Toc126933757][bookmark: _Toc126934408]Fig. S4. Regional plots of association results and recombination rates within the four significant susceptibility loci.
A. rs12137323 B. rs401763 C. rs10139477 D. rs1620412. The association results were based on imputation results of 1,490 early-onset CRC cases and 19,951 controls in the first analysis of this study. P values are two sided and were calculated by an additive model in logistic regression analysis adjusted for sex, recruitment center and 10 principal components. For each plot, the −log10 P values (y-axis) of the SNPs are presented according to their chromosomal positions (x-axis). The genetic recombination rates (cM/Mb) estimated based on the 1000 Genomes Nov 2014 EUR population are shown with a blue line. We annotated the genes within the region of interest, and these genes are shown as arrows. The LD r2 values were calculated using pairwise linkage disequilibrium analyses. The top genotyped SNP is labeled by rs ID, and the r2 values of the rest of the SNPs with the top genotyped SNP are indicated by different colors.
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[bookmark: _Toc126933758][bookmark: _Toc126934409]Fig. S5. Manhattan plots for associations between genetic variants and EOCRC risk under 40 years old.
The logistic regression analysis of 241 EOCRC cases and 3,374 controls. P values are two-sided, calculated by an additive model and adjusted for sex, recruitment center and the 10 principal components. The red line indicates the genome-wide significance threshold. The associations (–log10(P) values, y-axis) are plotted against genomic position (x-axis by chromosome and chromosomal position of NCBI build 37).
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[bookmark: _Toc126933759][bookmark: _Toc126934410]Fig. S6. Risk estimates for EOCRC (under 40 years old) associated with the PRS deriving from distinct SNPs.
[bookmark: _Hlk120657577]A. The PRS was generated by calculating the effect sizes of EOCRC specific risk loci in 241 EOCRC cases (< 40 years) and 3,374 healthy controls in the GECCO cohort and B. Two PRS models were deriving from 86 previously GWAS-identified CRC risk SNPs and those 86 SNPs combined with 16 EOCRC (< 40 years) specific SNPs in 241 EOCRC cases (< 40 years) and 3,374 healthy controls in the GECCO cohort, respectively. Models were adjusted for sex and PRS quartiles. The PRS scores were modeled as a continuous variable per 1 standard deviation (SD), transformed to the standard normal distribution. ORs and 95% confidence intervals were estimated comparing quartiles of PRS. The dashed line indicated the odds ratio = 1 as reference.
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[bookmark: _Toc126933760][bookmark: _Toc126934411][bookmark: _Hlk120740069][bookmark: _Hlk120728741]Fig. S7. Risk estimates for EOCRC associated with the PRSs under the adjustment of sociodemographic factors in the UKB cohort
[bookmark: _Hlk122723933]A. The PRS was generated by calculating the effect sizes of EOCRC specific risk loci in the UKB cohort. B. Two PRS models were deriving from 86 previously GWAS-identified CRC risk SNPs and the 86 SNPs combined with 49 SNPs in the UKB cohort, respectively. Models were adjusted for sex, race, drinking frequency, smoking status, and family history of bowel cancer and PRS quartiles. The PRS scores were modeled as a continuous variable per 1 standard deviation (SD), transformed to the standard normal distribution. ORs and 95% confidence intervals were estimated comparing quartiles of PRS. C. In the UK Biobank cohort, ROC curves for the distinct predicted models with PRS and several risk factors, respectively. PRSsociodemographic factors: Models were adjusted for sociodemographic factors (sex, race, drinking frequency, smoking status, and family history of bowel cancer); PRSEOCRC+sociodemographic: Models were adjusted for sociodemographic factors and PRSEOCRC quartiles; PRSCRC+sociodemographic: Models were adjusted for sociodemographic factors and PRSCRC quartiles; PRSEOCRC+CRC+sociodemographic: Models were adjusted for sociodemographic factors and PRSEOCRC+CRC quartiles. AUC and the point in the ROC curve identifying the best probability cutoff value (according to the Youden index) were presented
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[bookmark: _Toc126933761][bookmark: _Toc126934412][bookmark: _Hlk122725437]Fig. S8. Higher tumor mutational burden was associated with the higher expression of POLA2 in TCGA CRC tissues
The data of tumor mutational burden (TMB) and gene expression data were obtained from COAD and READ tissues in the TCGA database (https://portal.gdc.cancer.gov). The samples included 261 CRC tissue samples. TMB per megabase is calculated by dividing the total number of mutations by the size of the coding region of the target. Based on the median TMB value (2.02), the TMB group was divided into a high-TMB group and a low-TMB group. P = 0.0003 were calculated by a two-sided Student's t-test.
image5.tmp
-log1o(P)

Early-onset CRC risk association (under 40 years old)

regseser rg148313105 rs4779690 1511660858
*
- rs7.597912 rs34372319 52?7525 . . 556; 40938
s rs7015737 ©rs4625554

$rs6766381 **% 9349145 ¢ o 1ST21417
* e

1 2 3 4 5 6 7 8 10 12 15 18

Chromosome




image6.tmp
PRS quartiles

the GECCO cohort
49 —
24 —o—
14 ® I ® PRSEocre |
. L e = Fi
0.0 1.0 2.0 3.0 4.0
QOdds ratio & 95% CI

PRS quartiles

the GECCO cohort

: —_—
7

P ——
31 :

—— .
] r .

2 : : ® PRSgocrescre!

: | ® PRS 1
14 : I.____CEC___J
0.0 1.0 2.0 3.0 4.0

Odds ratio & 95% ClI




image7.tmp
Sensitivity

PRS quartiles

1.0

08

06

04

02

0.0

the UKB cohort

———

é ® PRSeocre

05

10 15 20 25
Odds ratio & 95% CI

the UKB cohort

T T T T
06 04 02 00
Specificity

B the UKB cohort

. : ——
: —
8 3 °
= : -
s :
B :
22 e e oo :
o H | @ PRSgocrescre |
b 1 1
® | @ PRScre 1
1 . [ a
00 10 20 30 40
Odds ratio & 95% CI

PRSsocodemographic faciors AUC = 0.566 (0.544, 0.587)
PRSeocRcssociodemographic AUC = 0.581 (0.560, 0.602)
PRScressociodemogaphic AUC = 0.612 (0.590, 0.632)

PRSEocRC+CRCHsociodemographic AUC = 0.626 (0.606, 0.646)




image8.tmp
The expression of POLA2

P =0.0003

Low-TMB
(N=133)

High-TMB
(N=128)




image1.tmp
PCA3

PCA3

40.040030,020.010.000.010.020.03

4.040,030,020.010,000.010.020.03

PCA analysis

003

015 -0.010 -0.005 0.000 0.005 0.010 0015

PCA1

0030
0025
0.020
0015
0.010
0.005
0.000
0,005

PCA analysis

003

015 -0.010 -0.005 0.000 0.005 0.010 0015

PCA1

0030
0025
0.020
0015
0.010
0.005
0.000
0,005

g
4

g
4

PCA3

40.040,030,020.010,000.010.02003

PCA analysis

003

<,

015 -0.010 -0.005 0.000 0.005 0.010 0.015

PCA1

0.030
0025
0020
0015
0.010
0.005
0.000
0,005

g
4




image2.tmp
Fkkk

Hekkk

POLA2

D Control

] ~ -~

uolssaidxa auab anije|ay

SW480

HCT116




image3.tmp
Observed~10g10(p)

Observed~-Iog;o(p)

Qaplot

B QQplot

T T T T T T
0 1 2 3 4 5 6

Expected~-og10(p)

QQ plot

A=1.017

Expected~-og(p)




image4.tmp
chrt chré
Ploted P won P sxPe nwm o .
w0 F F 100 e pof
3 oq|m Feoo g
os 2o |Re 401763 [wE
o < e Retwn @o® L3
- £ | [o
o
i e wizigrazs e o o o
; ’ LOC100131289+  +-HISTIHSI ZsGAN1ZP1-
3. : T e T
< wsTreAs 2= | G genes
[E—. ergzproe| cmited
Lo < raspinac
2218 2 2222 2224 274 276 278 S
Positon onchrl (M) Posion onchré (ME)
chri4 chris
Ploned SNPs || [N |TRNINNT LI IWIELHWE | 1} LI LT I Plotied SNPs. [ ERRRTUT T RRTTE QU T n n
104 b
wllw, o
ol 3
R | 2%
3 10130477 res 3
& e 8 T
4 £
g
&
2 %4 %6 %8 w2 22 w24 26

Positon on chri4 (Mb) Position on chri5 (Mb)




