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            Abstract
Genome-wide association studies (GWAS) have identified 12 epithelial ovarian cancer (EOC) susceptibility alleles. The pattern of association at these loci is consistent in BRCA1 and BRCA2 mutation carriers who are at high risk of EOC. After imputation to 1000 Genomes Project data, we assessed associations of 11 million genetic variants with EOC risk from 15,437 cases unselected for family history and 30,845 controls and from 15,252 BRCA1 mutation carriers and 8,211 BRCA2 mutation carriers (3,096 with ovarian cancer), and we combined the results in a meta-analysis. This new study design yielded increased statistical power, leading to the discovery of six new EOC susceptibility loci. Variants at 1p36 (nearest gene, WNT4), 4q26 (SYNPO2), 9q34.2 (ABO) and 17q11.2 (ATAD5) were associated with EOC risk, and at 1p34.3 (RSPO1) and 6p22.1 (GPX6) variants were specifically associated with the serous EOC subtype, all with P < 5 × 10−8. Incorporating these variants into risk assessment tools will improve clinical risk predictions for BRCA1 and BRCA2 mutation carriers.
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                    Figure 1: HR estimates for association with EOC of 12 previously reported EOC susceptibility variants and the 6 new susceptibility variants for OCAC samples, BRCA1 mutation carriers and BRCA2 mutation carriers.[image: ]


Figure 2: The 1p36 EOC susceptibility locus.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Imputation accuracy distribution.
Histogram showing the distribution of imputation accuracy estimates r2 in the first genotype imputation on the 1000 Genomes Project data v3 for SNPs with MAF > 0.05 (a,c,e) and for SNPs with MAF ≤ 0.05 (b,d,f) in OCAC-iCOGS (a,b), BRCA1 mutation carriers (c,d) and BRCA2 mutation carriers (e,f).


Supplementary Figure 2 Imputation accuracy distribution.
Histogram showing the distribution of imputation accuracy estimates r2 in the first genotype imputation on the 1000 Genomes Project data v3 for SNPs with MAF > 0.05 (a,c,e) and for SNPs with MAF ≤ 0.05 (b,d,f) in the UK GWAS (a,b), the US GWAS (c,d) and the Mayo GWAS (e,f).


Supplementary Figure 3 Quantile-quantile plot for genetic variants from the genotype imputation.
The column on the left shows all variants, and the right column shows variants not located in regions previously known to be associated with invasive ovarian cancer.


Supplementary Figure 4 Meta-analysis risk associations.
Manhattan plots showing the meta-analysis associations of genetic variants with risk of any subtype of ovarian cancer (a,b) and serous subtype ovarian cancer (c,d) for all genetic variants available after the first imputation (a,c) and after excluding SNPs located within known ovarian cancer susceptibility loci (b,d).


Supplementary Figure 5 Regional association plots for each novel locus based on the meta-analysis.
For 17q11.2, the meta-analysis was based on OCAC and BRCA2 mutation carriers only. For 1p34.3 and 6p22.1, the OCAC analysis was based on serous ovarian cancer. SNPs genotyped by the iCOGS array are shown in magenta, and imputed SNPs are shown in black.


Supplementary Figure 6 Ovarian cancer susceptibility loci at chromosome 1 and chromosome 4.
The Manhattan plot depicts the strength of association between all imputed and genotyped SNPs across the regions at chromosome 1 (a) and chromosome 4 (b). The dotted line represents the genome-wide significance level 5 × 10−8. FAIRE-seq data revealing potential regulatory regions in ovarian and fallopian tube cells are depicted as black bars. Additional tracks show genes and enhancers in ovary as described in Hnisz et al.38. Positions of SNPs for which imputation r2 < 0.3 and/or minor allele frequency < 0.005 are shown in the bottom track as ‘untyped’ SNPs.


Supplementary Figure 7 Ovarian cancer susceptibility loci at chromosome 6 and chromosome 9.
The Manhattan plot depicts the strength of association between all imputed and genotyped SNPs across the regions at chromosome 6 (a) and chromosome 9 (b). The dotted line represents the genome-wide significance level 5 × 10−8. FAIRE-seq data revealing potential regulatory regions in ovarian and fallopian tube cells are depicted as black bars. Additional tracks show genes and enhancers in ovary as described in Hnisz et al.38. Positions of SNPs for which imputation r2 < 0.3 and/or minor allele frequency < 0.005 are shown in the bottom track as ‘untyped’ SNPs.


Supplementary Figure 8 Ovarian cancer susceptibility locus at chromosome 17.
The Manhattan plot depicts the strength of association between all imputed and genotyped SNPs across the regions at chromosome 17. The dotted line represents the genome-wide significance level 5 × 10−8. FAIRE-seq data revealing potential regulatory regions in ovarian and fallopian tube cells are depicted as black bars. Additional tracks show genes and enhancers in ovary as described in Hnisz et al.38. Positions of SNPs for which imputation r2 < 0.3 and/or minor allele frequency < 0.005 are shown in the bottom track as ‘untyped’ SNPs.
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