
SUPPLEMENTARY METHODS 

Genotyping 

Genotyping of OCAC and CIMBA samples were performed on one of two custom 

single nucleotide polymorphism (SNP) genotyping arrays, the iCOGS1,2 array or 

OncoArray3-5. The iCOGS array included approximately 210,000 SNPs that were 

selected for previous evidence of association with breast, ovarian and prostate 

cancer. The OncoArray is a custom genotyping chip consisting of approximately 

533,000 SNPs, approximately half of which is a GWAS backbone that tags common 

SNPs. A standard quality control (QC) process was applied, including assessment of 

SNP call rate, allele frequency, genotyping intensity clustering, Hardy-Weinberg 

equilibrium, and SNP concordance from duplicated samples4. 

 

Principal components analysis 

Principal components (PCs) for OncoArray data were calculated using 33,661 

uncorrelated (r2<0.10) common (MAF>0.05) SNPs. Calculations were performed 

using a custom program, available at 

http://ccge.medschl.cam.ac.uk/software/pccalc/. Details of PC calculations for the 

other genotype data has been previously described elsewhere1,6. 

 

Ancestry analysis 

Ancestry for OCAC data was calculated using the FastPop software7. Women with 

>80% European ancestry were retained for statistical analyses. For CIMBA data, 

33,661 common uncorrelated SNPs (the same set used to calculate the PCs, 



described above) were used to calculate kinship coefficients between all CIMBA 

participants and 267 HapMap samples (CHD, JPT, YRI and CEU ancestries). These 

kinship coefficients were converted to distances and then underwent 

multidimensional scaling. Using the top two PCs, the proportion of European 

ancestry for each participant. Women with >27% non-European ancestry were 

excluded to ensure women with Ashkenazi Jewish ancestry were retained for 

statistical analyses. 

 

Imputation to the TOPMed reference panel 

Genotyped samples were imputed using the Michigan Imputation Server8,9 to the 

TOPMed imputation panel10 with 97,256 samples (Version R2 on GRC38). Phasing 

was performed with Eagle211 and imputation with Minimac12,13. Prior to imputation, 

variants were excluded from the genotype files using the following criteria: common 

variants with a call rate below 95%; rare variants (MAF<1%) with a call rate below 

98%; variants not in Hardy–Weinberg equilibrium (P<1x10-7 in controls, or P<1x10-12 

in cases); variants with poor cluster plots. We then used a script (HRC-1000G-

check-bim-v4.3.0.pl available at https://www.well.ox.ac.uk/~wrayner/tools/) to remove 

variants not on the TOPMed reference panel or align them to the correct strand. This 

tool excluded variants where the genotyped frequency differed from the panel by 

more than 0.20. 

 

Samples were randomised into batches of less than 25,000 to meet the maximum 

sample requirement of the imputation server8-10 and the same list of variants was 

included for each batch of genotypes. 



 

Sensitivity analyses for genome-wide statistically significant associations 

Variants exhibiting genome-wide statistically significant associations were re-

evaluated to minimise spurious associations. The associations in OCAC and UKBB 

were reanalysed by pooling all individual participant level data. These models 

accounted for specific genotyping project or study, and incorporated 29 principal 

components derived from all genotyping projects (set to 0 if not present for a specific 

study/project). The UKBB data were adjusted for age, which was set to 0 for the 

OCAC data. Any variant with imputation accuracy r2<0.30 within a panel were 

considered missing for that particular panel. 

 

Polygenic models 

We tested a total of 1,102 PGMs, each of which was a combination of the S4 model 

hyperparameters. There were 562 models taking variants with P-value/r2<0.02 

(resulting in ~64k variants), and 540 models taking variants with P-value/r2<0.15 

(resulting in ~394k variants). Models with P-value/r2<0.15 did not substantially 

improve PGS performance to compensate for the far larger number of selected 

variants. 

 

Candidate clinical PGS development 

We first selected the single nucleotide variants that were genotyped on the 

OncoArray, since they are reliably genotyped, and many had been chosen for their 

relevance to ovarian cancer. We then selected a subset of genotyped variants, 



based on “relative importance”, where the relative importance of each variant is 

approximately proportional to p*(1-p)*β2, where β is the log-RR and p is the minor 

allele frequency for that variant. We ranked each variant based on relative 

importance and selected the top N desired variants. 

  



SUPPLEMENTARY RESULTS 

S4 PGM hyperparameters 

The best performing PGS contained 64,518 variants, that had S4 hyperparameters: 

α = 0.1, β = 0.8 and φ = 8x10-8. α controls the degree of shrinkage towards zero for 

the model coefficients. A smaller α means more shrinkage, which implies more 

sparsity and less variance. β controls the amount of shrinkage for extreme values of 

the model coefficients. A larger β means more shrinkage for extreme values. φ 

controls the overall scale of the shrinkage in the model. A larger φ means a larger 

scale, which implies more variability and less shrinkage for all coefficients. 
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