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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 EOC risk. After imputation to the 1000 Genomes Project data, we
assessed associations of 11 million genetic variants with EOC risk from 15,397 cases unselected for
family history and 30,816 controls, 15,252 BRCA1 mutation carriers and 8,211 BRCA2 mutation
carriers (3,096 with ovarian cancer), and 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), 4926 (SYNPO2), 9q34.2 (ABO) and 17q11.2 (ATADS5) were
associated with EOC risk, and at 1p34.3 (RSPO1) and 6p22.1 (GPX6) specifically with the serous EOC
subtype, at p<5x10®. Incorporating these variants into risk assessment tools will improve clinical risk
predictions for BRCA1/2 mutation carriers.

The risk of developing invasive EOC is higher than the population average for relatives of women
diagnosed with the disease™?, indicating the importance of genetic factors in disease susceptibility.
Approximately 25% of the familial aggregation of EOC is explained by rare, high-penetrance alleles of
BRCA1 and BRCA2 3. Furthermore, population-based GWAS have identified common variants
associated with invasive EOC at 11 loci *® but only six have also been evaluated in BRCA1 and/or
BRCA2 mutation carriers. All loci displayed associations in mutation carriers that were consistent
1022 1 addition, the 4932.3 locus is
associated with EOC risk for BRCA1 mutation carriers only*®. However, the common genetic variants

with the associations observed in the general population

explain less than 3.1% of the excess familial risk of EOC so additional susceptibility loci are likely to
exist.

Women diagnosed with EOC and unaffected women from the general population ascertained
through the Ovarian Cancer Association Consortium (OCAC)™ and BRCA1 and BRCA2 mutation
carriers from the Consortium of Investigators of Modifiers of BRCA1/2 (CIMBA)*® were genotyped as
part of the Collaborative Oncological Gene-environment Study (COGS) using the iCOGS custom array.
In addition, data were available for cases and controls from three EOC GWAS. We first evaluated
whether the EOC susceptibility loci at 8921.13, 10p12.31, 17912, 5p15.33, and 17g21.31 recently
identified by OCAC 7 also show evidence of association in BRCA1 and BRCA2 mutation carriers.
Using data from >200,000 genotyped SNPs "**'® we performed imputation of common variants
from the 1000 Genomes Project data’’ and evaluated the associations of these SNPs with invasive
EOC risk in OCAC and in BRCA1 and BRCA2 mutation carriers from CIMBA. Given the strong evidence
for a significant overlap in loci predisposing to EOC in the general population and those associated
with risk in BRCA1 and BRCA2 mutation carriers, we carried out a meta-analysis of the EOC risk
associations in order to identify novel EOC susceptibility loci.

Genotype data were available for imputation on 15,252 BRCA1 mutation carriers and 8,211 BRCA2
mutation carriers, of whom 2,462 and 631, respectively, were affected with EOC™**®. From OCAC,
genotyping data were available from 15,437 women with invasive EOC (including 9,627 with serous
EOC) and 30,845 controls from the general population’. Imputation was performed separately for
BRCA1 carriers, BRCA2 carriers, OCAC-COGS samples and the three OCAC GWAS (Supplementary
Tables 1-2; Supplementary Fig. 1; Supplementary Fig. 2). The meta-analysis was based on
11,403,952 SNPs (Supplementary Fig. 3).



Of five EOC susceptibility loci that have not yet been evaluated in mutation carriers, two were
associated with EOC risk for both BRCA1 and BRCA2 mutation carriers at p<0.05 (10p12.31 and
17921.31) (Supplementary Table 3). Overall, seven of the twelve known EOC susceptibility loci
provided evidence of association in BRCAI mutation carriers and six were associated in BRCA2
mutation carriers. However, with the exception of 5p15.33 (TERT), all loci had hazard ratio (HR)
estimates in BRCA1 and BRCA2 carriers that were in the same direction as the odds ratio (OR)
estimates for serous subtype EOC from OCAC (Fig. 1). Analysing the associations jointly in BRCA1 and
BRCA2 carriers and serous EOC in OCAC provided stronger evidence of association, with smaller p-
values for eight of the susceptibility variants compared to the analysis in OCAC alone.

Using the imputed genotypes, we observed no novel associations at p<5x10® in the analysis of
associations in BRCA1 or BRCA2 mutation carriers separately. However, we identified seven
previously unreported associations (p-values<5x10®) in either OCAC alone, the meta-analysis of EOC
associations in BRCA1, BRCA2 carriers and OCAC, or in the meta-analysis in BRCA1 and BRCA2
carriers and serous EOC in OCAC (Supplementary Fig. 4; Supplementary Tables 4-5). SNPs in six of
these loci remained genome-wide statistically significant after re-imputing genotypes with
imputation parameters set to maximise accuracy (Table 1; Fig. 1). SNPs at 17q11.2 (near ATADS5)
were found to be associated with invasive EOC in OCAC (p<5x10®) (Table 1). For the lead SNP,
chrl7:29181220:1, the estimated HR estimate for BRCA1 mutation carriers was significantly different
from the estimate in OCAC (p=0.005); the association for BRCA2 carriers was consistent with the
OCAC OR estimate (BRCA2-OCAC meta-analysis p=2.6x10°). SNPs at four loci were associated at
p<5x10°® with risk of all invasive EOC in the meta-analysis (Supplementary Fig. 5): 1p36, 1p34.3,
4926, and 9g34.2. At 1p34.3, the most strongly associated SNP, rs58722170, displayed stronger
associations in the meta-analysis of serous EOC for OCAC (p=2.7x10"?). In addition, SNPs at 6p22.1
were associated at genome-wide significance level in the meta-analysis of associations with serous
EOC (p=3.0x10®), but not in the meta-analysis of all invasive EOC associations (p=6.8x10"®).

The most significantly associated SNP at each of the six novel loci had high imputation accuracy
(r’20.83). At the 1p34.3, 1p36, and 6p22.1 loci, there was at least one genome-wide significant
genotyped SNP correlated with the lead SNP (pairwise r’20.73) (Supplementary Table 6;
Supplementary Fig. 5; Supplementary Note). We genotyped the leading (imputed) SNPs of the three
other loci in a subset of the samples using iPLEX (Supplementary Note). The correlations between
the expected allele dosages from the imputation and the observed genotypes for the variants at
426 and 9934.2, (r’=0.90 and r’=0.84, respectively) were consistent with the estimated imputation
accuracy (0.93 and 0.83 for CIMBA samples). The lead SNP at 17g11.2 failed iPLEX design. However,
the risk allele is highly correlated with the AA haplotype of two genotyped variants on the iCOGS
array (rs9910051 and rs3764419). This haplotype is strongly associated with ovarian cancer risk in
the subset of samples genotyped using iCOGS (BRCA2-OCAC meta-analysis p=8.6x10" for haplotype,
and p=1.8x10"® for chr17:29181220:1) (Supplementary Table 7).

None of the regions contained additional SNPs that displayed EOC associations at p<10™ in OCAC,
BRCA1 carriers or BRCAZ2 carriers in multi-variable analyses adjusted for the lead SNP in each region,
indicating that they each contain only one independent set of correlated highly associated variants
(iCHAV). Relative to the 1000 Genomes Project data, we had genotyped or imputed data covering
91% of the genetic variation at 1p36, 84% at 1p34.3 and 83% at 4q26. The other three novel loci had
coverage of less than 80% (Supplementary Note). There was evidence for heterogeneity at p<0.05 in



the associations with histological subtype in OCAC for the lead SNPs at 1p34.4 and 6p22.1, but not
for at 1p36, 4926, 9934.2 and 17q11.2 (Table 2).

We carried out a competing risks association analysis in BRCA1 and BRCA2 mutation carriers in order
to investigate whether these loci are also associated with breast cancer risk for mutation carriers
(Supplementary Note). We used the most strongly associated genotyped SNPs for this purpose
because the statistical method requires actual genotypes®®. The EOC HR estimates were consistent
with the estimates from the main analysis for all SNPs (Supplementary Table 8). None of the SNPs
displayed associations with breast cancer risk at p<0.05.

At each of the six loci, we identified a set of SNPs with odds of less than 100 to 1 against being the
causal variant; most are in non-coding DNA regions (Supplementary Table 9). None were predicted
to have likely deleterious functional effects although some lie in or near chromatin biofeatures in
fallopian tube and ovarian epithelial cells which may represent the functional regulatory targets of
the risk SNPs (Table 3; Supplementary Table 10). We also evaluated the protein coding genes in
each region for their role in EOC development, and as candidate susceptibility gene targets.
Molecular profiling data from 496 HGSOCs performed by The Cancer Genome Atlas (TCGA) indicated
frequent loss/deletion at four risk loci (1p36, 4926, 9934.2 and 17q11.2) (Supplementary Table 11).
Consistent with this, WNT4 and ABO were significantly down-regulated in ovarian tumours while
ATADS5 was up-regulated. Somatic coding sequence mutations in the six genes nearest the index
SNPs were rare. We performed expression quantitative trait locus (eQTL) analysis in a series of 59
normal ovarian tissues (Supplementary Table 12) to evaluate the gene nearest the top ranked SNP
at each locus. For the five genes expressed in normal cells, we found no statistically significant eQTL
associations for any of the putative causal SNPs at each locus; neither did we find any significant
tumour-eQTL associations for these genes based on data from TCGA (Supplementary Table 12). At
the 1p36 locus, the most strongly associated variant, rs56318008, is located in the promoter region
of WNT4 which encodes a ligand in the WNT signal transduction pathway, critical for cell
proliferation and differentiation. Using a luciferase reporter assay we found no effect of these
putatively causal SNPs on WNT4 transcription in iOSE4 normal ovarian cells (Fig. 2). Some of the
putative causal SNPs at 1p36 are located in CDC42 and LINC00339, and several are in putative
regulatory domains in ovarian tissues (Supplementary Table 10; Fig. 2). CDC42 is known to play a
role in migration and signalling in ovarian and breast cancer'®?°. SNPs at 1p36 are also associated
with increased risk of endometriosis and WNT4, CDC42 and LINCO0339 have all been implicated in
endometriosis?, a known risk factor for endometrioid and clear cell EOC*.

The strongest associated variant at 1q34, rs58722170, is located in RSPO1, which encodes R-spondin
1, a protein involved in cell proliferation (Supplementary Fig. 6). RSPO1 is important in

224 and regulates WNT4 expression in the ovaries 2.

tumorigenesis and early ovarian development
SYNPO?2 at 4q26 encodes myopodin which is involved in cell motility and growth?® and has a
reported tumour suppressor role?’ >, rs635634 is located upstream of the ABO gene
(Supplementary Fig. 7). A moderately correlated variant (rs505922, r’=0.52) determines ABO blood

3132 previous studies in OCAC also

group and is associated with increased risk of pancreatic cancer
showed a modestly increased risk of EOC for individuals with the A blood group®®. The moderate
correlation between rs635634 and rs505922 and considerably weaker EOC association of rs505922
(p=1.2x10") suggests that the association with blood group is probably not driving the association

with risk. The indel, 17:29181220:1, at 179q11.2 is located in ATAD5 which acts as a tumour



suppressor gene>*>® (Supplementary Fig. 8). ATAD5 modulates the interaction between RAD9A and

BCL2 in order to induce DNA damage related apoptosis. Finally, rs116133110, at 6p22.1, lies in GPX6
which has no known role in cancer.

The six novel loci reported in this study increase the number of genome-wide significant common
variant loci so far identified for EOC to 18. Taken together, these explain approximately 3.9% of the
excess familial relative risk of EOC in the general population, and account for approximately 5.2% of
the EOC polygenic modifying variance in BRCA1 mutation carriers and 9.3% in BRCA2 mutation
carriers. The similarity in the magnitude of associations between BRCA1 and BRCAZ2 carriers and
population-based studies suggests a general model of susceptibility whereby BRCA1 and BRCA2
mutations and common alleles interact multiplicatively on the relative risk scale for EOC *’. This
model predicts large differences in absolute EOC risk between individuals carrying many alleles and
individuals carrying few risk alleles of EOC susceptibility loci for BRCA1 and BRCA2 mutation carriers
1318 Incorporating EOC susceptibility variants into risk assessment tools will improve risk prediction
and may be particularly useful for BRCA1 and BRCA2 mutation carriers.

Acknowledgments

We thank all the individuals who took part in this study, and all the researchers, clinicians and
technical and administrative staff who made possible the many studies contributing to this work (a
full list is provided in the Supplementary Note), including Xiao Qing Chen for iPLEX genotyping. The
COGS project is funded through a European Commission's Seventh Framework Programme grant
(agreement number 223175 - HEALTH-F2-2009-223175). The CIMBA data management and data
analysis were supported by Cancer Research—UK grants C12292/A11174 and C1287/A10118. The
Ovarian Cancer Association Consortium is supported by a grant from the Ovarian Cancer Research
Fund thanks to donations by the family and friends of Kathryn Sladek Smith (PPD/RPCI.07). The
scientific development and funding for this project were in part supported by the US National Cancer
Institute GAME-ON Post-GWAS Initiative (U19-CA148112). This study made use of data generated
by the Wellcome Trust Case Control consortium. Funding for the project was provided by the
Wellcome Trust under award 076113. The results published here are in part based upon data
generated by The Cancer Genome Atlas Pilot Project established by the National Cancer Institute
and National Human Genome Research Institute (dbGap accession number phs000178.v8.p7). The
cBio portal is developed and maintained by the Computational Biology Center at Memorial Sloan-
Kettering Cancer Center. SH is supported by an NHMRC Program Grant to GCT. Details of the funding
of individual investigators and studies are provided in the Supplementary Note. This study made use
of data generated by the Wellcome Trust Case Control consortium, funding for which was provided
by the Wellcome Trust under award 076113. The results published here are, in part, based upon

data generated by The Cancer Genome Atlas Pilot Project established by the National Cancer



Institute and National Human Genome Research Institute (dbGap accession number
phs000178.v8.p7). A full list of the investigators who contributed to the generation of the data is
available on the website (see URL). The cBio portal was developed and is maintained by the

Computational Biology Center at Memorial Sloan-Kettering Cancer Center.



Figure legends

Figure 1. Hazard ratios for the association with EOC of 12 previously reported epithelial ovarian
cancer susceptibility variants and the six novel susceptibility variants for OCAC, BRCA1 mutation
carriers and BRCA2 mutation carriers

Figure 2. The 1p36 epithelial ovarian cancer susceptibility locus

A) The Manhattan plot depicts the strength of association between all imputed and genotyped

B)

Q)

SNPs across the region bound by hg19 co-ordinates chr1:21922893-22991643. The dotted
line represents the genome-wide significance level 5x10°®. Additional tracks show genes and
enhancers in ovary as described in Hnisz et al*®. Positions of SNPs for which imputation
r’<0.3 and/or minor allele frequency <0.005 are shown in the bottom track as ‘untyped’
SNPs.

The shaded iCHAV from (A) is shown depicting the genes and the location of the WNT4
promoter construct as a red box. Red ticks show the positions of the putative causal variants
following likelihood ratio testing. Signals from FAIRE-seq data derived from ovarian cells are
represented by black marks, and the locations of predicted CDC42 enhancers® as blue
boxes. The positions of genotyped SNPs, and those that were neither genotyped nor well
imputed (‘untyped’), are shown.

Normalised luciferase reporter activity following triplicate transfections of wildtype and risk
haplotype WNT4 promoter constructs in iOSE4 cells. Error bars represent standard error
from three independent experiments.
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Table 1. Association test results for loci associated at p<5x10°® in the second imputation stage. Results reported for ovarian cancer in BRCA1 and BRCA2 mutation carriers,
ovarian cancer as well as serous subtype in OCAC, the meta-analysis for ovarian cancer, and for the meta-analysis for all tumour histologies in BRCA1 and BRCA2 and serous
ovarian cancer in OCAC. SNP with smallest p-value reported for each locus

OCAC all histologies OCAC serous BRCA1 carriers BRCA2 carriers MA all histo MA serous’
Iogies1
Llochn  Nearest rs# Ref° Eff* EAF’ r**  OR(95%Cl) P OR (95%Cl) P r’*  HR(95%CI) P r**  HR(95%CI) P P P
gene

1p36 WNT4  rs56318008 c T 015 098 1.11 3.9x10”7 1.12 3.1x10° 0.98 1.15 3.1x10° 0.98 1.03 0.74 7.6x10° 5.7x10°
(1.07-1.16) (1.07-1.18) (1.05-1.26) (0.86-1.23)

1p34.3 RSPO1 rs58722170 G C 023 08 1.08 9.7x10° 1.12 1.1x107 0.83 1.14 1.5x10% 0.83 1.35 5.2x10° 1.6x10°® 2.7 x10™"
(1.04-1.12) (1.08-1.18) (1.05-1.23) (1.17-1.57)

4926  SYNPO2 rs17329882 A C 024 095 1.09 5.9x107 1.11 6.4x107 0.93 1.08 0.042 093 1.15 0.06 1.4 x10°® 1.6x10°
(1.06-1.13) (1.07-1.16) (1.00-1.17) (1.00-1.33)

6p22.1 GPX6  rs116133110° T C 031 099 0.93 9.0x10° 0.91 2.6x100 0.99 0.92 0.023 0.99 0.97 0.64 6.8x10° 3.0x10®
(0.91-0.97) (0.87-0.94) 7 (0.86-0.99) (0.85-1.10)

9g34.2 ABO rs635634 C T 019 085 1.11 1.1x107 1.12 1.0x10° 0.83 1.11 0.012 0.83 1.05 0.55 4.4x10° 4.2x10°®
(1.07-1.16) (1.08-1.18) (1.02-1.21) (0.89-1.23)

17q11. ATAD5 chr17:2918122 A AT 028 0.95 0.91 5.4x10° 0.91 8.1x107 0.94 1.01 0.88 093 0.92 0.23 2.6x10°%*  3.9x107*

2 o:° (0.88-0.94) (0.87-0.94) (0.94-1.08) (0.80-1.05)

* Imputation accuracy r* estimate

! p-value from the meta-analysis association test for ovarian cancer in OCAC and BRCA1 and BRCA2 carriers

? p-value from the meta-analysis association test for ovarian cancer in BRCA1 and BRCA2 carriers and serous ovarian cancer in OCAC

** meta-analysis of ovarian cancer associations in BRCA2 carriers and OCAC only

*rs116133110 listed as rs6456822 on dbSNP
*>chr17:29181220:! listed as rs199661266 on dbSNP
® Reference and effect allele

’ Effect allele frequency



Table 2. Associations with ovarian cancer subtypes in OCAC samples for loci associated with ovarian cancer at p<5x107 in the meta-analysis

All histologies Serous Endometrioid Clear cell Mucinous

Locus  rs# OR (95%Cl) P OR (95%CI) P OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P p-het*

1p36 rs56318008  1.11 8x107 1.12 6x10° 1.09 0.05 1.24 5x10* 1.03 0.65 0.22
(1.06-1.15) (1.06-1.17) (1.00-1.19) (1.10-1.39 (0.91-1.17)

1p34.3  rs58722170  1.07 2x10%  1.12 4x107 0.94 0.16 1.00 0.98 1.08 0.17  0.001
(1.03-1.11) (1.07-1.17) (0.87-1.02) (0.89-1.12) (0.97-1.21)

4926 rs17329882  1.09 3x107 1.11 3x107 1.09 0.020 1.06 026 1.11 0.06 0.88
(1.06-1.13) (1.07-1.16) (1.01-1.18) (0.96-1.18) (0.99-1.23)

6p22.1 rs116133110 0.94 9x10° 0.91 3x107 0.95 0.16  1.05 0.34 1.03 0.53  0.008
(0.91-0.97) (0.87-0.94) (0.89-1.02) (0.95-1.15) (0.94-1.14)

9g34.2  rs635634 1.12 9x10° 1.13 2x107  1.12 0.007 1.03 0.58 1.23 3x10* 0.23
(1.08-1.16) (1.08-1.18) (1.03-1.21) (0.92-1.16) (1.10-1.38)

17911.2 chr17:29181 0.90 1x10° 0.90 2x107 0.88 5x10* 0.88 0.020 1.01 0.84 0.18
220:1 (0.87-0.93) (0.87-0.94) (0.82-0.95) (0.80-0.98) (0.91-1.12)

* p-value for the heterogeneity in associations with different tumour subtypes



Table 3: Summary of data on SNPs, closest gene and all genes in 1 MB region for each locus

Loci Position of # Genes in window of # SNPs Normal Tumour Significant Known # Other known
top SNP putatively Pputatively causal SNPs  aligned w/ eQTL DNA  expression roleof Genes cancergenesin
causal biofeatures® closest copy difference  gene in 1MB region
SNPs gene number in tumour in 1MB
vs normal cancer region
promoter
region of WNT4, CDC42,
1p36 WNT4 39 LINC00339 11 NS loss Yes 11 RAP1GAP, CDC42
intron 3 of
1p34.3 RSPO1 15 RSPO1 0 NS gain Yes 22 Clorf109, FHL3
intron 3 of
4q26 SYNPO2 4 SYNPO2 2 NS** loss down Yes 12 none
intron 1 of
6p22.1 GPX6 22 GPX6, GPX5 1 N/A gain 23 ZKSCAN3, TRIM27
4.3kb
upstream of TSC1, RALGDS,
9q34.2 ABO 18 ABO, SLC2A6* 1 NS loss down Yes 32 RPL7A, VAV2
intron 6 of ATADS5, TEFM, ADAP2,
17911.2 ATAD5 16 CRLF3, SUZ12P1 0 NS loss up Yes 17 NF1

Proximal promoter regions were defined as 1kb upstream of the transcription start site
N/A indicated no expression of GPX6 in normal tissues. NS, not significant.
bBiofeatures defined as open chromatin, H3K4me3 or H3K27ac marks detected in normal ovarian and/or fallopian cells
* There are 16 genes in this region; ABO, SURF6, MED22, RPL7A, SNORD24, SNORD36B, SNORD36A, SNORD36C, SURF1, SURF2, SURF4, C90rf96, REXO4,

ADAMTS13, CACFD1, SLC2A6, however all SNPs are within or upstream of ABO or upstream of SLC2A6.

** Trend p=0.067



METHODS
Study populations

We obtained data on BRCA1 and BRCA2 mutation carriers through CIMBA. Eligibility in CIMBA is
restricted to females 18 years or older with pathogenic mutations in BRCA1 or BRCA2. The majority
of the participants were sampled through cancer genetics clinics®, including some related
participants. Fifty-four studies from 27 countries contributed data. After quality control, data were
available on 15,252 BRCA1 mutation carriers and 8,211 BRCA2 mutation carriers, of whom 2,462 and
631, respectively, were affected with EOC (Supplementary Table 1).

Data were available for the stage 1 of three population-based EOC GWAS. These included 2,165
cases and 2,564 controls from a GWAS from North America (“US GWAS”)*°, 1,762 cases and 6,118
controls from a UK-based GWAS (“UK GWAS”)®, and 441 cases and 441 controls from the Mayo
GWAS. Furthermore, 11,069 cases and 21,722 controls were genotyped using the iCOGS array
(“OCAC-iCOGS” stage data). Overall, 43 studies from 11 countries provided data on 15,347 women
diagnosed with invasive epithelial EOC, 9,627 of whom were diagnosed with serous EOC, and 30,845
controls from the general population.

All subjects included in this analysis were of European descent and provided written informed
consent as well as data and blood samples under ethically approved protocols. Further details of the
OCAC and CIMBA study populations as well as the genotyping, quality control and statistical analyses

have been described elsewhere”**°,

Genotype data
Genotyping and imputation details for each study are shown in Supplementary Table 1.
Confirmatory genotyping of imputed SNPs

To evaluate the accuracy of the imputation of the SNPs we found to be associated with EOC risk, we
genotyped rs17329882 (4g26) and rs635634 (9q34.2) in a subset of 3,541 subjects from CIMBA using
Sequenon’s iPLEX technology. The lead SNP at 17q11.2, chr17:29181220:I failed iPLEX design. We
performed quality control of the iPLEX data according to the CIMBA guidelines. After quality control,
we used the imputation results to generate the expected allele dosage for each genotyped sample
and computed the Pearson product-moment correlation coefficient between the expected allele
dosage and the observed genotype. The squared correlation coefficient was compared to the
imputation accuracy as estimated from the imputation.

Quality control of GWAS and iCOGS genotyping data

We carried out quality control separately for BRCA1 carriers, BRCAZ2 carriers, the three OCAC GWAS,
and OCAC-iCOGS samples, but quality criteria were mostly consistent across studies. We excluded
samples if they were not of European ancestry, if they had a genotyping call rate < 95%, low or high
heterozygosity, if they were not female or had ambiguous sex, or were duplicates (cryptic or
intended). In OCAC studies, one individual was excluded from each pair of samples found to be first-
degree relatives and duplicate samples between the iCOGS stage and any of the GWAS were
excluded from the iCOGS data. SNPs were excluded if they were monomorphic, had call rate<95%,



showed evidence of deviation from Hardy-Weinberg equilibrium or had low concordance between
duplicate pairs. For the Mayo GWAS and the UK GWAS, we also excluded rare SNPs (MAF<1% or
allele count <5, respectively). We visually inspected genotype cluster plots for all SNPs with P<10”
from each of the newly identified loci. We used the R GenABEL library version 1.6.7 for quality
control *°.

Genotype data were available for analysis from iCOGS for 199,526 SNPs in OCAC-iCOGS, 200,720
SNPs in BRCA1 mutation carriers, and 200,908 SNPs in BRCA2 mutation carriers. After QC, for the
GWAS, data were available on 492,956 SNPs for the US GWAS, 543,529 SNPs for the UK GWAS and
1,587,051 SNPs for the Mayo GWAS (Supplementary Table 2).

Imputation

We performed imputation separately for BRCA1 carriers, BRCAZ2 carriers, OCAC-iCOGS samples and
each of the OCAC GWAS. We imputed variants from the 1000 Genomes Project data using the v3
April 2012 release’ as the reference panel. For OCAC-iCOGS, the UK GWAS and the Mayo GWAS,
imputation was based on the 1000 Genomes Project data with singleton sites removed. To improve
computation efficiency we initially used a two-step procedure, which involved pre-phasing in the
first step and imputation of the phased data in the second. We carried out pre-phasing using the
SHAPEIT software*’. We used the IMPUTE version 2 software for the subsequent imputation®* for all
studies with the exception of the US GWAS for which the MACH algorithm implemented in the
minimac software version 2012.8.15, mach version 1.0.18 was used. To perform the imputation we
divided the data into segments of approximately 5Mb each. We excluded SNPs from the association
analysis if their imputation accuracy was r’<0.3 or their minor allele frequency (MAF) was <0.005 in
BRCA1 or BRCAZ2 carriers or if their accuracy was r’<0.25 in OCAC-iCOGS, the UK GWAS, UK GWAS or
Mayo GWAS.

We performed more accurate imputation for the regions around the novel EOC loci from the joint
analysis of the data from BRCA1 and BRCA2 carriers and the general population (any SNP with
P<5x10®). The boundaries of these regions were set +/-500kb from any significantly associated SNP
in the region. As in the first run, the 1000 Genomes Project data v3 were used as the reference
panel and the software IMPUTE2 was applied. However, for the second round of imputation, we
imputed genotypes without pre-phasing in order to improve accuracy. To further increase the
imputation accuracy we changed some of the default parameters in the imputation procedure.
These included an increase of the MCMC iterations to 90 (out of which the first 15 were used as
burn-in), an increase of the buffer region to 500kb and an increase of the number of haplotypes
used as templates when phasing observed genotypes to 100. These changes were applied
consistently for all data sets.

Statistical analyses
Association analyses in the unselected ovarian cancer cases and controls from OCAC

We evaluated the association between genotype and disease using logistic regression by estimating
the associations with each additional copy of the minor allele (log-additive models). The analysis was
adjusted for study and for population substructure by including the eigenvectors of the first five
ancestry specific principal components as covariates in the model. We used the same approach to



evaluate the SNP associations with serous ovarian cancer after excluding all cases with any other or
with unknown tumour subtype. For imputed SNPs we used expected dosages in the logistic
regression model to estimate SNP effect sizes and p-values. We carried out analyses separately for
OCAC-iCOGS and the three GWAS and pooled thereafter using a fixed effects meta-analysis. We
carried out the analysis of re-imputed genotypes of putative novel susceptibility loci jointly for the
OCAC-iCOGS and GWAS samples. All results are based on the combined data from iCOGS and the
three GWAS. We used custom written software for the analysis.

Associations in BRCA1 and BRCA2 mutation carriers from CIMBA

We carried out the ovarian cancer association analyses separately for BRCA1 and BRCA2 mutation
carriers. The primary analysis was carried out within a survival analysis framework with time to
ovarian cancer diagnosis as the endpoint. Mutation carriers were followed until the age of ovarian
cancer diagnosis, or risk-reducing salpingo-oophorectomy (RRSO) or age at last observation. Breast
cancer diagnosis was not considered as a censoring event. In order to account for the non-random
sampling of BRCA1 and BRCA2 mutation carriers with respect to their disease status we conducted
the analyses by modelling the retrospective likelihood of the observed genotypes conditional on the
disease phenotype 8. We assessed the associations between genotype and risk of ovarian cancer
using the 1 degree of freedom score test statistic based on the retrospective likelihood ***3. To
account for the non-independence among related individuals in the sample, we used an adjusted
version of the score test statistic, which uses a kinship adjusted variance of the score **. We
evaluated associations between imputed genotypes and ovarian cancer risk using a version of the
score test as described above but with the posterior genotype probabilities replacing the genotypes.
All analyses were stratified by the country of origin of the samples.

We carried out the retrospective likelihood analyses in CIMBA using custom written functions in
Fortran and Python. The score test statistic was implemented in R version 3.0.1 .

We evaluated whether there is evidence for multiple independent association signals in the region
around each newly identified locus by evaluating the associations of genetic variants in the region
while adjusting for the SNP with the smallest meta-analysis p-value in the respective region. This was
done separately for BRCA1 carriers, BRCA2 carriers and OCAC.

For one of the novel associations, it was not possible to confirm the imputation accuracy of the lead
SNP chr17:29181220:1 at 17q11.2 through genotyping. Therefore, we inferred two-allele haplotypes
for rs9910051 and rs3764419, highly correlated with the lead SNP (r’=0.95), using an in-house
program. These variants were genotyped on the iCOGS array and therefore this analysis was
restricted to 14,733 ovarian cancer cases and 9,165 controls from OCAC-COGS, and 8,185 BRCA2
mutation carriers that had available genotypes for both variants based on iCOGS. The association
between the AA haplotype and risk was tested using logistic regression in OCAC and using Cox
regression in BRCA2 mutation carriers.

Meta-analysis

We conducted a meta-analysis of the EOC associations in BRCA1, BRCAZ2 carriers and the general
population for genotyped and imputed SNPs using an inverse variance approach assuming fixed
effects. We combined the logarithm of the per-allele hazard ratio estimate for the association with



EOC risk in BRCA1 and BRCA2 mutation carriers and the logarithm of the per-allele odds ratio
estimate for the association with disease status in OCAC. For the associations in BRCA1 and BRCA2
carriers, we used the kinship adjusted variance estimator* which allows for inclusion of related
individuals in the analysis. We only used SNPs with results in OCAC and in at least one of the BRCA1
or the BRCA2 analyses. We carried out two separate meta-analyses, one for the associations with
EOC in BRCA1 carriers, BRCA2 carriers and EOC in OCAC, irrespective of tumour histological subtype,
and a second using only the associations with serous EOC in OCAC. The number of BRCA1 and BRCA2
samples with tumour histology information was too small to allow for subgroup analyses. However,
previous studies have demonstrated that the majority of EOCs in BRCA1 and BRCA2 mutation
carriers are high-grade serous*
2011-03-25 release™.

. Meta-analyses were carried out using the software “metal”,

Candidate causal SNPs in each susceptibility region

In order to identify a set of potentially causal variants we excluded SNPs with a likelihood of being
causal of less than 1:100, by comparing the likelihood of each SNP from the association analysis with
the one of the most strongly associated SNP “°. The remaining variants were then analysed using
pupasuite 3.1 to identify potentially functional variants (Supplementary Table 9).

Functional analysis
Expression quantitative trait locus (eQTL) analysis in normal OSE and FTSE cells

Early-passage primary normal ovarian surface epithelial cells (OSECs) and fallopian tube epithelial
cells were harvested from disease-free ovaries and fallopian tubes. Normal ovarian epithelial cells
were collected by brushing the surface of the ovary with a sterile cytobrush, and were cultured in
NOSE-CM *°. Fallopian tube epithelial cells were harvested by Pronase digestion as previously
described *°, plated onto collagen-coated plastics (Sigma) and cultured in DMEM/F12 (Sigma-Aldrich)
supplemented with 2% Ultroser G (BioSepra) and 1X penicillin/streptomycin (Lonza). By the time of
RNA harvesting, fallopian tube cultures tested consisted of PAX8 positive fallopian tube secretory
epithelial cells (FTSECs), consistent with previous observations that ciliated epithelial cells from the
fallopian tube do not proliferate in vitro.

For gene expression analysis, RNA was harvested from 59 early passage samples: 54 OSECs and 5
FTSECs from cell cultures harvested at ~80% confluency using the QlIAgen miRNAeasy kit with on-
column DNase 1 digestion. 500ng RNA was reverse transcribed using the Superscript Il kit (Life
Technologies). We preamplified 10ng cDNA using the TagMan® Preamp Mastermix; the resulting
product was diluted 1:60 and used to quantify gene expression using the following TagMan® gene
expression probes: WNT4, Hs01573504_m1; RSPO1, Hs00543475_m1; SYNPO2, Hs00326493_m1,;
ATAD5, Hs00227495_m1 and GPX6, Hs00699698 m1. Four control genes were also included: ACTB,
Hs00357333_g1; GAPDH, Hs02758991_g1; HMBS, Hs00609293_g1 and HPRT1 Hs02800695_m1 (all
Life Technologies). Assays were run on an ABI 7900HT Fast Real-Time PCR system (Life
Technologies).

Data Analysis: Expression levels for each gene were normalized to the average of all four control
genes. Relative expression levels were calculated using the 66Ct method. Genotyping was
performed on the iCOGs chips, as described above. Where genotyping data were not available for



the most risk-associated SNP, the next most significant SNP was used: rs3820282 at 1p36,
rs12023270 at 1p34.3, rs752097 at 4926, rs445870 at 6p22.1, rs505922 at 9g34.2 and rs3764419 at
17q11.2. Correlations between genotype and gene expression were calculated in ‘R’. Genotype
specific gene expression in the normal tissue cell lines (eQTL analysis) was compared using the
Jonckheere-Terpstra test. IData were normalized to the four control genes and we tested for eQTL
associations, grouping OSECs and FTSECs together. Secondly, OSECs were analysed alone. eQTL
analyses were performed using 3 genotype groups, or two groups (with the rare homozygote
samples grouped together with the heterozygote samples).

eQTL analysis in primary ovarian tumours:

eQTL analysis in primary tumours was based on the publicly available data available from The Cancer
Genome Atlas (TCGA) project, which includes 489 primary high grade serous ovarian cancers. The
methods have been described elsewhere®. Briefly, we determined the ancestry for each case based
on the germ line genotype data using EIGENSTRAT software with 415 HapMap genotype profiles as a
control set. Only populations of Northern and Western European ancestries were included. We first
performed a cis-eQTL analyses using a method we described previously, in which the association
between 906,600 germline genotypes and the expression levels of MRNA or miRNA (located within
500Kb on either side of the variant) were evaluated using linear regression model with the effects of
somatic copy number and CpG methylation being deducted (For miRNA expression, the effect of
CpG methylation is not adjusted for since the data are not available). To adjust for multiple tests, we
adjusted the test P values using Benjamini-Hochberg method. A significant association was defined
by a false discovery rate (FDR) of less than 0.1.

Having established a genome-wide cis-eQTL associaitions in this series of tumours, we then
evaluated cis-eQTL associations for the top risk associations between each of the six new loci and
the gene in closest proximity to the risk SNP. For each risk locus, we retrieved the genotype of all
SNPs in ovarian cancer cases based on the Affymetrix 6.0 array. Using these genotypes and the
impute2 March 2012 1000 Genomes Phase | integrated variant cosmopolitan reference panel of
1,092 individuals (Haplotypes were phased via SHAPEIT), we imputed the genotypes of SNPs in the
1000 Genomes Project in the target regions for TCGA samples®®. For each risk locus where data for
the most risk-associated variant were not available, we retrieved the imputed variants tightly
correlated with the most risk-associated variant. We then tested for association between imputed
SNPs and gene expression using the linear regression algorithm described above, where each
imputed SNP was coded as an expected allele count. Again, significant associations are defined by a
false discovery rate (FDR) of less than 0.1.

Regulatory profiling of normal ovarian cancer precursor tissues

We performed genome-wide formaldehyde assisted regulatory element (FAIRE) and ChIP seq with
histone 3 lysine 27 acetylation (H3K27ac) and histone 3 lysine 4 monomethylation (H3K4me) for two
normal OSECs, two normal FTSECs and two HGSOC cell lines (UWB1.289 and CAOV3) [Shen et al. in
preparation]. These datasets annotate epigenetic signatures of open chromatin, and collectively
indicate transcriptional enhancer regions. We analysed the FAIRE-seq and ChlIP-seq datasets and
publically available genomic data on promoter and UTR domains, intron/exon boundaries, and



positions of non-coding RNA transcripts to identify SNPs from the 100:1 likely causal set that align
with biofeatures that may provide evidence of SNP functionality.

Candidate Gene Analysis Using Genome Wide Profiling of Primary Ovarian Cancers:
Data Sets: The Cancer Genome Atlas (TCGA) Project and COSMIC Datasets

TCGA has performed extensive genomic analysis of tumours from a large number of tissue types
including almost 500 high-grade serous ovarian tumours. These data include somatic mutations,
DNA copy number, mRNA and miRNA expression and DNA methylation. COSMIC is the catalogue of
somatic mutations in cancer that collates information on mutations in tumours from the published
literature®®. They have also identified The Cancer Gene Census, which is a list of genes known to be
involved in cancer. Data are available on a large number of tissue types, including 2,809 epithelial
ovarian tumours.

Somatic coding sequence mutations: We analysed all genes for coding somatic sequence mutations

generated from either whole exome or whole genome sequencing. In TCGA, whole exome
sequencing data were available for 316 high-grade serous EOC cases. In addition, we determined
whether mutations had been reported in COSMIC* and whether the gene was a known cancer gene
in the Sanger Cancer Gene Census.

mMRNA expression in tumour and normal tissue: Normalized and gene expression values (Level 3)

gene expression profiling data were obtain from the TCGA data portal for three different platforms
(Agilent, Affymetrix HUEx and Affymetrix U133A). We analysed only the 489 primary serous ovarian
tumour samples included in the final clustering analysis *® and eight normal fallopian tube samples.
The boxplot function in R was used to compare ovarian tumour samples to the fallopian tube for 91
coding genes with expression data on any platform within a 1MB region around the most significant
SNP at the six loci. A difference in relative expression between EOC and normal tissue was carried
out using the Wilcoxon rank-sum test.

DNA copy number analysis: Serous EOC samples for 481 tumours with log2 copy number data were
60,61

analysed using the cBio portal for analysis of TCGA data . For each gene in a region the classes of
copy number; homozygous deletion, heterozygous loss, diploid, gain, and amplification were queried
individually using the advanced onco query language (OQL) option. The frequency of gain and
amplification were combined as “gain”, and homozygous deletion and heterozygous loss were

combined as “loss”.

Analysis of copy number vs mRNA expression: Serous EOC samples for 316 complete tumours (those

with CNA, mRNA and sequencing data) were analysed. Graphs were generated using the cBio portal
for analysis of TCGA data and the setting were mRNA expression data Z-score (all genes) with the Z-
score threshold of 2 (default setting) and putative copy number alterations (GISTIC). The Z-score is
the number of standard deviations away from the mean of expression in the reference population.
GISTIC is an algorithm that attempts to identify significantly altered regions of amplification or
deletion across sets of patients.



Luciferase Reporter Assay

The putative causal SNPs at the 1p36 locus lie in the WNT4 promoter and so we tested their effect
on transcription in a luciferase reporter assay (Fig. 2D). Wild-type and risk haplotype (comprising five
correlated variants) sequences corresponding to the region bound by hgl9 co-ordinates
chrl:22469416-22470869 were generated by Custom Gene Synthesis (GenScript Corporation), and
then sub-cloned into pGL3-basic (Promega). Equimolar amounts of luciferase constructs (800 ng) and
PRL-TK Renilla (50 ng) were co-transfected into ~8 x 10" iOSE4** normal ovarian cells in triplicate
wells of 24 well plates using LipoFectamine 2000 (Life Technologies). Independent transfections
were repeated three times. The Dual-Glo Luciferase Assay kit (Promega) was used to assay luciferase
activity 24 hours post transfection using a BioTek Synergy H4 plate reader. The iOSE-4 cell line
(derived by K. Lawrenson) was maintained under standard conditions and routinely tested for
Mycoplasma and short tandem repeat profiled.
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Identification of six new susceptibility loci for invasive epithelial
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Supplementary Figure 1

Imputation accuracy distribution.

Histogram showing the distribution of imputation accuracy estimates r* in the first genotype imputation on the 1000 Genomes Project
data v3 for SNPs with MAF >0.05 (a, c, €) 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).
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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
U19 GWAS (e, f).



All genetic variants After excluding known ovarian All genetic variants After excluding known ovarian

cancer susceptibilityloci cancer susceptibilityloci
A, BRCA1 mutation carriers E.U19
& o] a a
8 8 8
a8 g -
o t4
§ = g ] g
8 iy ™ =
8
o Lot “
o = o
T T T T T T T
o 5 10 15 20 25 30
Expacted
B. BRCAZ mutation carriers E USGWAS

o
g & g
s - s ]
81 8 &
® E
g § % ¥ g 2
o
é d <] i .
w w -
=
' ' ¥ K ¥ { L “ T T T T T T T = T T T T
0 5 10 B 0 HFH X 0 5 1 15 20 25 30 0 5 10 15 20 25 30
Expacied Expecied Expacied
C. OCAC COGS G. Combined analysis
o g 5o =0
g . | [
=
8 & 1 g- i
3 b 2 "
5 B § 7 8 g R
3 8 | 8
=
& L B
L
=1 = A o 4 =
T T T T T T - = I . T ; . T T T T — T
o 5 W 15 20 25 W 0 5 19 15 20 25 30 [] 5 1w 15 20 25 30
Expected Expected Expected 3

D. UKGWAS

Supplementary Figure 3
Quantile-quantile plot for genetic variants from the genotype imputation.

The left 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.
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Supplementary Figure 4
Meta-analysis risk associations.

Manhattan plots showing the meta-analysis associations of genetic variants with risk of all subtypes 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).
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28800000 26000000 29200000 29400000 29600000

b37 position

Regional association plots for each novel locus based on the meta-analysis.

For 17g11.2 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 in black.
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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 5x10-8. FAIRE-seq data revealing potential
regulatory regions in ovarian and fallopian tubes cells are depicted as black bars Additional tracks show genes and enhancers in ovary
as described in Hnisz et al38. 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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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 5x10-8. FAIRE-seq data revealing potential
regulatory regions in ovarian and fallopian tubes cells are depicted as black bars Additional tracks show genes and enhancers in ovary
as described in Hnisz et al38. 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.



. chr17:29181220:1
8+ - . .
I .
= L. S g
Q. 6- '
E R ‘B : s Y ., :
8] . -0 -
- 4 . ! N .
- . ' .
27 ‘o . q‘. ° o ’ : . . .
. .-n&-;ww < va“-w. gw-wdp-"- H .
.' .l..' o &
. . . — . . ..... ".'h"
Chr17 position (Mb}) ?_9 10 29.15 29.20 29.25 29.30
ICHAY
Genes =t H—H— 1 HHAH HH——tH——H #H = e t
SUZ12pP1 > < CRLF3 ATADS > < TEFM ADAP2 > RNF135>
Putative causal SNPs | | | | nt | | (|
FAIRE  -iOSE4 [ | | |
- iOSE11 [ [ |
-iFTSEC33 | | |
- IFTSEC246 | [N |
Hak27Ac (ovary) e s e i
H3K4Me1 (ovary)
PRSP SN PP NUS N— e e it - BUND'Y Y NPT W — ¥ |
Untyped SNPs LR BRI O R O vt W e ner e wnen wwrr nrwwener o m uene e v wwe vome v owon

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 5x10-8. FAIRE-seq data revealing potential regulatory regions in
ovarian and fallopian tubes cells are depicted as black bars Additional tracks show genes and enhancers in ovary as described in Hnisz
et al38. 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 Table 1. Genotyping and imputation details for each study

Sample N Genotyping Genotyping centre Imputation Imputation Imputation QC
array reference panel software filters
BRCAI1 carriers 15,252 iCOGS Mayo Clinic Medical Genome 1000G v3 April IMP2 v2, SHAPEIT MAF>0.005, r*>0.3
Facility 2012 CEU
BRCAZ2 carriers 8,211 iCOGS McGill University and Génome  1000G v3 April IMP2 v2, SHAPEIT MAF>0.005, r*>0.3
Québec Innovation Centre 2012 CEU
OCAC-iCOGS 11,069 cases, iCOGS McGill University and Génome  1000G v3 April IMP2 v2, SHAPEIT r’>0.25
21,722 Québec Innovation Centre and 2012 CEU
controls Mayo Clinic Medical Genome
Facility
UK GWAS 1,762 cases, [llumina 550K llumina 1000G v3 April IMP2 v2, SHAPEIT r’>0.25
6,118 controls 2012 CEU
Mayo GWAS 441 cases, 441 HumanOmni2.5- Mayo Clinic Medical Genome 1000G v3 April IMP2 v2, SHAPEIT r’>0.25
controls 8 BeadChip Facility 2012 CEU
US GWAS 2,165 cases, lllumina 610- POC and BWH at NCl and US 1000G v3 April minimac version r’>0.25
2,564 controls quad, 317K and at Mayo Clinic Medical 2012 CEU 2012.8.15, mach

370K

Genome Facility

version 1.0.18
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Supplementary Table 2. Number of genetic variants that were genotyped and imputed on the 1000 Genomes Project data

BRCA1 carriers BRCA2 carriers OCAC-iCOGS UK GWAS USGWAS  U19
Genotyped SNPs after QC 200,720 200,908 199,526 492,956 543,529* 1,587,051
Imputed, not monomorphic 16,436,671 16,254,607 15,533,199F 15,521,891% 15,524,649% 15,134,200*
Imputed, MAF’>0.05 6,717,256 6,747,730 6,947,385 6,928,746 6,936,998 6,954,339
Imputed, MAF’>0.005 & r**>0.3 10,969,794 10,880,932 10,913,327 10,910,639 10,926,729 10,962,898

* With genotype data in any of the included studies

# In OCAC imputation was based on the 1000 Genomes Project data with singleton sites removed
? minor allele frequency

¥ imputation accuracy r’
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Supplementary Table 3. ORs/HRs and tests of association for previously reported ovarian cancer susceptibility loci for ovarian cancer in BRCA1
and BRCA2 mutation carriers and for serous ovarian cancer in OCAC. Also shown are the tests of association from a meta-analysis between
BRCA1 and BRCA2 mutation carriers and the general population samples

OCAC serous BRCAI1 carriers BRCA2 carriers MA
Location Nearest rs# Ref® Eff° Nctrl' Ncase® EAF’ OR(95%Cl) P N N aff.> HR(95%CI) P N N aff.>2  HR(95%CI) P p3
gene (EAF)  (EAF) unaff.’  (MAF) unaff.’  (MAF)
(MAF) (MAF)

9p22.2  BNC2 rs3814113 A G 30845 9627 0.32 0.79 2.7x10°* 12788 2461  0.78 59x10° 7579 631 0.74 6.5x10° 5.6x10°°
(0.32) (0.28) (0.76-0.82) (0.34) (0.29) (0.73-0.83) (0.33)  (0.27) (0.65-0.84)

8q24.21 CMYC rs10088218 G A 30845 9627 0.13 0.77 1.6x10%° 12790 2462  0.89 0.013 7580 631 0.87 0.13 1.1 x10%°
(0.13)  (0.11) (0.73-0.82) (0.13) (0.13) (0.81-0.97) (0.13)  (0.12) (0.72-1.04)

2g31.1  HOXD1  rs2072590 C A 30845 9627 0.68 1.14 3.7x10" 12788 2461  1.03 0.36 7577 631 1.25 6.6x10% 9.4x10™
(0.68)  (0.65) (1.10-1.19) (0.32) (0.32) (0.96-1.10) (0.31) (0.35) (1.11-1.42)

3925.31 TIPARP  rs7651446 C A 30845 9627  0.05 1.59 1.5x10% 12789 2462  1.50 41x10% 7579 631 1.94 7.9x10° 6.0x10™*
(0.05)  (0.08) (1.48-1.70) (0.04) (0.06) (1.31-1.72) (0.05) (0.08) (1.53-2.47)

19p13.11 BABAMI rs8170 G A 30845 9627 0.19 1.18 29x10™ 12781 2461  1.04*° 0.47 7573 630 1.22%* 0.041 4.6 x101*
(0.19)  (0.21) (1.13-1.23) (0.19) (0.18)  (0.94-1.15) (0.18) (0.21) (1.01-1.47)

17q21.32 SKAPI1 rs9303542 A G 30845 9627 0.27 1.14 40x10" 12778 2460  1.13 9.4x10% 7579 631 1.11 0.11 49x10"
(0.27)  (0.30) (1.10-1.19) (0.27) (0.28)  (1.05-1.22) (0.27) (0.30) (0.97-1.26)

8q21.13 CHMP4C rs11782652 A G 30845 9627  0.07 1.24 5.6x10" 12790 2462  1.08 0.17 7578 631 1.05 0.75 2.5x10™°
(0.07)  (0.08) (1.16-1.32) (0.07) (0.07) (0.96-1.22) (0.07) (0.08) (0.84-1.30)

10p12.31 MLLTIO rs1243180 T A 30845 9627 03  1.10 3.3x107 12770 2459  1.08 0.024 7576 631 1.19 46x10° 1.2x107
(0.31) (0.33) (1.06-1.14) (0.33) (0.34) (1.01-1.16) (0.32) (0.35)  (1.05-1.36)

17q12 HNF1B  rs757210 G A 30845 9627 063 1.11 8.2x10° 12781 2459  1.02 0.48 7574 631 1.12 0.10 1.8 x10®
(0.63) (0.61) (1.07-1.15) (0.37) (0.37) (0.96-1.09) (0.38) (0.40) (1.00-1.26)

5p15.33  TERT rs10069690 G A 30845 9627 0.27 1.14 7.6x10" 12778 2456  0.97** 0.47 7568 630 1.11%* 0.21 8.5 x107**
(0.26)  (0.28) (1.10-1.19) (0.28) (0.26)  (0.89-1.06) (0.27)  (0.29)  (0.95-1.29)

1792131 PLEKHMI rs183211 G A 30845 9627 023 1.11 1.6x107 12789 2462  1.19 7.5x10° 7580 631 1.26 9.5x10% 1.9x10™
(0.24)  (0.26) (1.07-1.16) (0.23) (0.26) (1.10-1.29) (0.25) (0.30) (1.10-1.43)

4932.3*° TRIM61 rs4691139 A G 30845 9627  0.46 1.00 0.99 12790 2462  1.19 7.2x10% 7577 630 1.08 0.22 0.028
(0.47)  (0.48) (0.97-1.03) (0.48) (0.52) (1.12-1.26) (0.51) (0.52)  (0.96-1.22)

! Number of women considered unaffected in the analysis of ovarian cancer associations

> Number of women considered affected in the analysis of ovarian cancer associations

3 p-value from the meta-analysis of the association between the SNP and ovarian cancer in BRCA1 and BRCA2 carriers and serous ovarian cancer in OCAC

** Ovarian cancer association in CIMBA estimated using a competing risks analysis which simultaneously models the association between ovarian and breast
cancer.
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** Previous reports found no evidence of association in OCAC or BRCA2 mutation carriers
® Reference and effect allele
’ Effect allele frequency
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Supplementary Table 4. Number of variants associated with ovarian cancer at different levels of p-values (proportion) after quality control

Sample P<0.5 P<0.05 P<0.001 P<10® P<10°® P<10” P<5x10°
BRCA1 carriers

Genotyped 102882 (0.513) 11792 (0.059) 667 (0.003) 202 (0.001) 116 (6x10™®) 66 (3x10™) 50 (3x10™)
Imputed 5526028 (0.504) 568732 (0.052) 118984 (0.001) 848 (7x10°) 304 (3x10°) 172 (2x10°) 136 (1x107)
Novel* 5483584 (0.503) 558979 (0.051) 11702 (0.001) 153 (2x10°) 26 (3x10°) 0 0

Novel*, R2>.7 2972747 (0.506) 307166 (0.052) 7005 (0.001) 90 (2x107) 17 (3x10°®) 0 0

Novel* regions - - - - 7 0 0

BRCA2 carriers

Genotyped 101647 (0.506) 10668 (0.053) 520 (0.003) 161 (8x10™") 122 (7x107) 118 (6x10™) 115 (6x10™)
Imputed 5501184 (0.504) 555821 (0.051) 17081 (0.002) 588 (5x10°) 304 (3x10°) 292 (3x10°) 283 (3x107)
Novel* 5439848 (0.503) 545393 (0.051) 12945 (0.001) 192 (2x10°) 2 (2x10°) 0 0

Novel*, R2>.7 2964514 (0.504) 300836 (0.051) 7093 (0.001) 64 (1x10®) 2 (7x107) 0 0

Novel* regions - - - - 2 0 0

OCAC COGS

Genotyped 102523 (0.515) 12576 (0.063) 1164 (0.006) 484 (0.002) 376 (0.002)  244(0.001) 215 (0.001)
Imputed 5528914 (0.507) 596736 (0.055) 20842 (0.002) 4302 (4x10™® 3528 (3x10™) 730 (7x10°) 651 (6x107)
Novel* 5485438 (0.506) 584249 (0.054) 15373 (0.001) 240 (1x10°) 16 (2x10°) 0 0

Novel*, R2>.7 3036532 (0.508) 332686 (0.056) 10352 (0.002) 196 (3x10°) 13 (2x10°®) 0 0

Novel* regions - - - - 6 0 0

UKGWAS

Genotyped 249051 (0.505) 26608 (0.054) 633 (0.001) 14 (4x10) 6 (1x107®) 2 (4x107) 0

Imputed 5503536 (0.504) 565227 (0.052) 12713 (0.001) 325(3x10°) 194 (2x10°) 100 (1x10°) 30 (3x10°)
Novel* 5464447 (0.504) 559827 (0.052) 12079 (0.001) 92(9x10°) 16 (2x10°) 4 (4x107) 4 (4x107)
Novel*, R2>.7 4696553 (0.505) 486266 (0.052) 10738 (0.001) 83 (9x10°) 16 (2x10°°) 4 (4x107) 4 (4x107)
Novel* regions - - - - 4 1 1
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uU19

Genotyped 803446 (0.505) 78352 (0.049) 1475 (0.001)  1(6x107) 0 0 0
Imputed 5514468 (0.503) 504874 (0.046) 9755 (0.001) 13 (1x10°) 1(9x10%®) 0 0

Novel* 5473821 (0.503) 496847 (0.046) 8542 (0.001) 13 (1x10°) 1(9x10%) 0 0
Novel*, R2>.7 5005215 (0.502) 464721 (0.047) 8335(0.001) 12 (1x10°) 0 0 0

Novel* regions - - - - 1 0 0
USGWAS

Genotyped 273122 (0.502) 27486 (0.051) 544 (0.001) 7 (1x107) 1(2x10°) 0 0
Imputed 5495458 (0.503) 553573 (0.051) 9902 (0.001) 409 (4x10°) 132 (1x10°) O 0

Novel* 5454727 (0.503) 545502 (0.050) 9246 (0.001) 56 (5x10°) 1(9x10%®) 0 0
Novel*, R2>.7 4557208 (0.503) 458029 (0.051) 7832 (0.001) 47 (7x10°) 0 0 0

Novel* regions - - - - 1 0 0
Meta-analysis OCAC, BRCA1 and BRCA2 carriers

Imputed 5824308 (0.511) 650171 (0.057) 26121 (0.002) 6228 (6x10") 5478 (5x10) 5054 (4x10™) 4959 (4x10™)
Novel* 5752382 (0.510) 632753 (0.056) 18831 (0.002) 550 (5x10°) 176 (2x10°) 35 (3x10°) 24 (2x10°®)
Novel* regions - - - - 12 5 4

* After removing SNPs located within 1 Mb of previously reported ovarian cancer susceptibility variants. For the locus at 17g21.31 we extended the region to
about 1.8 Mb because of the strong LD structure in that region.
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Supplementary Table 5. Association test results, HR/OR estimates and meta- analysis results for novel loci. Results reported for
invasive ovarian cancer in BRCA1 and BRCA2 mutation carriers and ovarian cancer as well as serous subtype in OCAC. Results based on
first imputation. SNP with smallest p-value reported for each locus

OCAC all histologies OCAC serous BRCAI1 carriers BRCA2 carriers MA MA
invasive’  serous’
Location Nearest rs# r’*  OR(95%Cl) P OR (95%Cl) P r’*  HR(95%Cl) P r’*  HR(95%CI) P P P
gene
1p36 WNT4  rs3820282 1 1.11 8.5x107 1.12 3.3x10° 1 1.14 4.4x10° 1 1.03 0.70 2.0x10®  7.7x10°
(1.06-1.15) (1.07-1.17) (1.04-1.25) (0.87-1.23)
1p34.3  RSPO1  rs12039431 0.92 1.07 4.4x10" 1.11 5.1x107 0.92 1.14 6.1x10* 0.92 1.29 3.8x10* 1.1x10%  1.4x10™
(1.03-1.11) (1.07-1.16) (1.06-1.23) (1.12-1.49)
4426 SYNPO2 517329882 0.95 1.09 3.9x107 1.11 2.7x107 0.95 1.07 0.08 0.95 1.14 0.08 2.2x10%  2.0x10°
(1.06-1.13) (1.07-1.16) (0.99-1.15) (0.99-1.31)
6p22.1  GPX6  rs115344852 1 0.94 7.5x10° 0.91 2.7x107 1 0.92 0.024 1 097 0.65 5.8x10°  3.2x10°
(0.91-0.97) (0.87-0.94) (0.86-0.99) (0.86-1.10)
9g34.2 ABO chr9:136138 0.74 1.15 6.0x10° 1.17 2.4x10% 0.75 1.12 0.032 0.75 0.94 0.56 3.3x10°  2.0x10°
765:D (1.10-1.21) (1.11-1.24) (1.01-1.24) (0.78-1.15)
16921 rs8044477  0.73 1.10 1.3x107 1.10 2.2x10° 0.75 1.08 0.047 0.75 1.08 0.27 1.0x10%  1.7x10”
(1.06-1.13) (1.06-1.15) (1.00-1.16) (0.94-1.24)
17q11.2 ATAD5 chrl7:29181 0.97 0.90 1.2x10° 0.90 1.3x107 0.97 1.02 0.62 0.97 0.92 0.24 6.4x107°*%3 6.8x10
220: (0.87-0.93) (0.86-0.94) (0.95-1.09) (0.81-1.06) 843

* Imputation accuracy r* estimate

! p-value from the meta-analysis association test for ovarian cancer in OCAC and BRCA1 and BRCA2 carriers

2 p-value from the meta-analysis association test for ovarian cancer in BRCA1 and BRCAZ2 carriers and serous ovarian cancer in OCAC
** meta-analysis of ovarian cancer associations in BRCA2 carriers and OCAC only
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Supplementary Table 6. Ovarian cancer association tests in OCAC, BRCA1 and BRCAZ2 carriers and combined analysis for the most strongly associated
genotyped SNP within a 500Mb region around the lead SNP of each novel locus

OCAC BRCAI1 carriers BRCA2 carriers Meta-
analysis**

Locus SNP Position  Ref”® Eff° R*** Lead SNP HR (95%Cl) EAF P HR (95%Cl) EAF P HR (95%Cl) EAF P P

1p36  rs3820282 22468215 T C  0.94 rs56318008 1.11 0.15 6.8x107  1.14 0.14 4.4 x10° 1.03 0.14 0.70 1.6 x10°®
(1.06-1.15) (1.04-1.25) (0.87-1.22)

1934.3 rs1202327038086578 T C  0.73 rs58722170 1.10 0.26 2.7 x10°** 1.13 0.27 5.3x10* 1.27 0.28 1.2x10" 5.3 x10''*?
(1.06-1.14) (1.05-1.21) (1.12-1.44)

4926  rs752097 119956089 A G  0.86rs17329882 1.08 0.23 1.6x10°  1.08 0.24 0.051  1.12 0.23 0.08 5.7 x10”
(1.04-1.12) (1.00-1.16) (0.98-1.28)

6p22.1 rs445870 28494327 A G 0.97rs116133110 0.91 0.30 2.5x107** 0.93 0.29 0.040  0.96 0.30 0.44 3.2 x10%*3
(0.87-0.94) (0.86-1.00) (0.84-1.09)

9934.2 rs505922 136149229 T C  0.39rs635634 1.05 0.34 6.5x10*  1.08 0.36 0.011  1.09 0.35 0.16 1.2 x10°
(1.02-1.09) (1.02-1.16) (0.97-1.23)

17q11.2 rs3764419 29164023 A C  0.57 chr17:29181220:1 0.94 0.39 3.6x10°  1.02 0.39 0.68 0.94 0.38 0.39 2.5 x10°**
(0.91-0.97) (0.95-1.08) (0.83-1.07)

*1 p-value for the meta-analysis of invasive ovarian cancer for OCAC, BRCA1 and BRCA2 carriers unless stated otherwise

*2 R? for the correlation with the most strongly associated SNP for each region (SNPs shown adjacent column) based on data from the 1000 Genomes
Project v3

*3 results for association with serous ovarian cancer in OCAC

** meta-analysis for results from OCAC and from BRCA2 mutation carriers

"> Reference and effect allele
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Supplementary Table 7. Ovarian cancer association of the imputed lead SNP at the 17q11.2 locus
and of a correlated (r?=0.95) haplotype based on two genotyped SNPs using data from the samples
genotyped on the iCOGS array (14,733 ovarian cancer cases and 23,480 controls from OCAC-COGS
and from 7,562 unaffected and 623 affected BRCA2 mutation carriers).

Variant OCAC-COGS BRCA2 carriers Meta-analysis
OR (95%CI) p HR (95%Cl) p p

chrl7:29181220:1 0.91 1.9x10® 0.92 0.23 1.8x10°®
(0.88-0.94) (0.80-1.05)

AA haplotype* 0.91 1.1x107  0.92 0.19 8.6x10°
(0.88-0.95) (0.81-1.04)

* AA haplotype based on genotyped SNPs rs9910051 (AT) and rs3764419 (CA)
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Supplementary Table 8. CIMBA competing risks association test results and HR estimates for ovarian and breast cancer for the

most significantly associated genotyped SNP from each novel locus. Genotyped SNP with smallest p-value reported for each

locus
BRCA1 carriers OC* BRCA1 carriers BC*  BRCA2 carriers OC*  BRCA2 carriers BC*
Location rs# r* HR (95%Cl) P HR (95%) P HR (95%Cl) P HR (95%Cl) P
1p36 rs3820282 094 1.12 0.052 1.01 0.87 1.03 0.77 1.02 0.66
(1.00-1.25) (0.94-1.07) (0.83-1.28) (0.93-1.12)
1p34.3 rs12023270 0.73 1.10 0.037 0.98 0.49 1.29 1.1x10° 0.98 0.59
(1.01-1.20) (0.94-1.03) (1.11-1.51) (0.92-1.05)
4926 rs752097 0.86 1.07 0.15 0.98 0.54 1.17 0.054 0.99 0.87
(0.98-1.17) (0.94-1.04) (0.99-1.38) (0.93-1.07)
6p22.1 rs445870 0.97 0.88 6.6x10° 0.99 0.82 0.99 0.98 0.99 0.75
(0.81-0.97) (0.95-1.05) (0.85-1.17) (0.93-1.06)
9q34.2 rs505922 0.39 1.10 0.027 1.02 0.53 1.10 0.20 0.98 0.45
(1.01-1.19) (0.97-1.06) (0.95-1.27) (0.92-1.04)
17911.2 rs3764419 0.57 1.04 0.36 1.00 0.99 0.93 0.36 0.95 0.09
(0.96-1.12) (0.96-1.05) (0.81-1.08) (0.89-1.01)

* BC = breast cancer, OC = ovarian cancer
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Supplementary Table 9. Pupasuite data for all putative causal SNPs

pupasuite pupasuite
loci SNP chromosome  position MinFreq MaxFreq position * pupasuite results  results
1p36 rs12407439 1 22347396 0.84 0.86 UPSTREAM
1p36 rs111992780 1 22361229 0.15 0.17
1p36 rs12405695 1 22365689 0.15 0.16 INTERGENIC
1p36 rs10799731 1 22365829 0.84 0.85 INTERGENIC
1p36 rs10917128 1 22366102 0.84 0.85 INTERGENIC
1p36 rs72665317 1 22367073 0.83 0.85 INTERGENIC
1p36 rs10917130 1 22371065 0.84 0.85 INTERGENIC
1p36 rs725158 1 22378280 0.15 0.17 UPSTREAM
1p36 rs3754496 1 22378880 0.16 0.17 UPSTREAM
1p36 chr1:22381399:D 1 22381399 0.20 0.21
1p36 rs17837951 1 22388872 0.15 0.17 INTRONIC
1p36 chr1:22396288:D 1 22396288 0.16 0.17
1p36 rs12038474 1 22403357 0.16 0.17 INTRONIC
1p36 chr1:22407102:D 1 22407102 0.83 0.85
1p36 rs2268179 1 22414785 0.16 0.17 INTRONIC conserved region
1p36 rs2268177 1 22415410 0.83 0.85 INTRONIC conserved region
1p36 chr1:22418260:l 1 22418260 0.15 0.17
1p36 rs10917151 1 22422721 0.14 0.16 DOWNSTREAM
1p36 rs7412010 1 22436446 0.14 0.16 INTERGENIC
1p36 rs10737462 1 22444975 0.20 0.22 DOWNSTREAM conserved region
1p36 rs3765350 1 22447316 0.78 0.80 INTRONIC conserved region
1p36 rs2235529 1 22450487 0.14 0.15 INTRONIC conserved region
1p36 rs12404660 1 22458794 0.81 0.83 INTRONIC conserved region
1p36 rs12037376 1 22462111 0.14 0.15 INTRONIC conserved region
1p36 rs61768001 1 22465820 0.85 0.86 INTRONIC conserved region  triplex
1p36 rs3820282 1 22468215 0.14 0.15 INTRONIC conserved region
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0.30
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0.68
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0.30
0.68
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0.69
0.70
0.71
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0.22
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0.14
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0.19
0.23
0.26
0.19
0.18
0.19
0.78
0.21

0.72
0.29
0.26
0.75
0.32
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0.32
0.31
0.71
0.71
0.69
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0.69
0.71
0.71
0.71
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0.77
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0.23
0.14
0.27
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0.23
0.27
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0.19
0.20
0.79
0.22
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INTERGENIC

INTERGENIC
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INTERGENIC

INTERGENIC conserved region
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UPSTREAM
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9q34.2
9q34.2
9q34.2
9q34.2
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9q34.2
17g11.2
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17g11.2
179g11.2
17g11.2
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17g11.2
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17g11.2
17qg11.2
17g11.2
17g11.2
17g11.2

rs579459
rs649129
rs495828
rs635634
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rs74815160
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rs62070644
rs62070645

chr17:29181220:1

rs62070648
rs7223535
rs111305917
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rs62070651
rs62070652
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rs11867227
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136154168
136154304
136154867
136155000
136348194
136348753
136353663
136357925
29099077
29157158
29166302
29173948
29180996
29181220
29210595
29211667
29214795
29214880
29214896
29221277
29236745
29245375
29250911
29251641

0.78
0.21
0.21
0.19
0.10
0.10
0.10
0.10
0.82
0.80
0.73
0.26
0.25
0.72
0.26
0.26
0.73
0.26
0.73
0.26
0.26
0.73
0.26
0.25

0.79
0.22
0.22
0.20
0.12
0.11
0.11
0.11
0.83
0.82
0.74
0.27
0.27
0.74
0.27
0.27
0.74
0.27
0.74
0.27
0.27
0.74
0.27
0.27

UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
UPSTREAM
INTERGENIC
INTERGENIC
INTERGENIC

INTRONIC
INTRONIC
INTRONIC

INTRONIC
INTRONIC

INTRONIC
INTRONIC
UPSTREAM
UPSTREAM
INTRONIC
INTRONIC

conserved region

conserved region

* Only SNPs with rs numbers could be analyzed but, even for those, position output was not available for all. http://pupasuite.bioinfo.cipf.es
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Supplementary Table 10. Index SNPs at each of the novel loci, and biofeatures of putatively causal SNPs at each locus

No.
putatively
causal
No. SNPs putatively
Position putativel aligned causal SNP
Closest of index y causal kb All genes in with with Chromati
Chr. Gene SNPs SNPs window window biofeatures biofeatures Location n mark Cell type
promoter
region of WNT4, CDC42, Mainly in
1p36 WNT4 WNT4 39 145 LINC00339 11 rs72665317  Intergenic H3K4mel OSECs/ FTSECs

Mainly OSECs/
FTSECs, some
rs10917130 Intergenic H3K4mel CaOVv3

CcDC42
rs725158 promoter H3K4mel Onlyin ENCODE
FAIRE, FAIRE/H3K4me
CDC42 H3K27ac, 1 mainlyin
rs3754496 promoter H3K4mel OSECs/ FTSECs
CDC42 H3K27ac, Onlyin OSECs/
rs2268177 intron H3K4mel FTSECs
H3K27ac,

rs10917151 Intergenic H3K4mel Onlyin OSECs
rs2092322 Intergenic H3K4mel Only OSE11l

WNT4
rs10737462 3'UTR H3K4mel Onlyin FTE33
WNT4 H3K27ac, Mainlyin
rs12404660 intron H3K4mel OSECs/ FTSECs
WNT4 H3K27ac, Very strongin
rs56318008 promoter H3K4mel CaOVv3
rs55938609 WNT4 H3K27ac, Very strongin

24



intron 3
1p34.3 RSPO1 of RSPO1 15
intron 3
of
4926 SYNPO2 SYNPOZ2 4

intron 1

6p22.1  GPX6 of GPX6 22

4.3kb
upstream
of ABO

9q34.2 ABO TSS 18

intron 6

17q11.2 ATAD5 of ATAD5 16

31

35

130

329*

229

promoter H3K4mel
RSPO1 0
FAIRE,
SYNPO2 H3K27ac,
SYNPOZ2 2 rs7671665 intron H3K4mel
SYNPO2 FAIRE,
rs17329882 intron H3K27ac
GPX6, GPX5 1 rs115878751 GPX53'UTR none

ABO, SURF6,

MED22, RPL7A,

SNORD24,

SNORD368,

SNORD36A,

SNORD36C, SURFI,

SURF2, SURF4,

C90rf96, REXO4, H3H3K27
ADAMTS13, ac,
CACFD1, SLC2A6 1 rs532436 ABOintron  H3K4mel

ATADS, TEFM,
ADAP2, CRLF3,
SUZ12P1 0

CaOVv3

H3K4mel only
in OSECs/
FTSECs

Only in OSECs

N/A

Only in CaOV3

* SNPs in this large window are either within or upstream of ABO or upstream of SLC2A6. Bold indicates these genes in gene list. None indicates
no SNPs overlapped with biofeatures. N/A is not applicable. TSS = transcription start site

25



Supplementary Table 11. Summary of TCGA tumor data for all the genes in 1MB region around the top SNP at each locus

chr region 1p36 1p34.3 4926 6p22.1 9q34.2 17q11.2
1MB region chr1:2197040  chr1:37596421- chr4:119449960- chr6:27980635- chr9:135655000- chr17:28681220-
around top SNP 7-22970407 38596421 120449960 28980635 136655000 29681220
# genes in 1IMB
region 11 22 12 23 32 17
Closest gene WNT4 RSPO1 SYNPO2 GPX6 ABO ATAD5
Genes with
potentially TSC1, RALGDS,
deleterious ABO, SURF1,
mutations in TCGA C9orf96,
ovary tumors EPHA10 GPX6, TRIM27 ADAMTSL2 NF1
Genes with only
missense RAP1GAP, ZC3H12A, ZKSCAN4, NKAPL, MED22, REX0O4, GOSR1, ATADS,
mutations in TCGA  USP48, HSPG2, DNALI1, GNL2,  SYNPO2, USP53, ZSCAN26, PGBD1, ADAMTS13, DBH, TEFM, ADAP2, OMG,
ovary tumors WNT4, ZBTB40 MTF1, INPP5B FABP2 ZSCAN31, SCAND3 VAV2 EVIZ2B, EVI2A
Known genes
catologued by
Sanger Cancer
Gene Census TRIM27 TSC1, RALGDS NF1
WNT4,
Cancer genes from  RAPIGAP, RSPO1, ZKSCANS3, TSC1, ABO, RPL7A,
literature CDC42 Clorf109, FHL3  SYNPO2 TRIM27 VAV2 ATADS, NF1
RSPO1:
WNT4: inhibits  essential ZKSCANS3: novel ATADS:
cell growth in malignancy + SYNPO2:TSG 'driver' colon, cell ABO: SNP predisposition,
Role/tissue type tumor cell early ovary prostate, bladder + migration association risk genetic and
gene 1 lines development colon prostate pancreas, ovary functional defects
CDC42:.
migration +
signaling TRIM27: cancer
ovary, Clorf109: development, NF1: mutations
Role/tissue type migration cancer cell outcome TSC1: SNP neurofibromatosis
gene 2 breast proliferation endometrial association breast type 1
Role/tissue type RAP1IGAP: TSG  FHL3: RALGDS: Ras-
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gene 3

Role/tissue type
gene4

Role/tissue type
gene 5
Potentially cancer
related genes
based on function
% GAIN DNA copy
number

% LOSS DNA copy
number

Genes with
expression
increased in
tumors

Genes with
expression
decreased in
tumors

Thyroid +
Pancreas

WNT4, EPHA8
21

42

LDLRAD2
CELA3A,
WNT4, EPHAS8

downregulation
+
antiproliferative
breast

MEAF6, SNIP1,
CDCAS, EPHA10

related GTPases,
translocations
lymphoma

RPL7A: prostate +

breast
VAV2:Vav2-
dependent
activation RhoA
GTPase breast

44 11.2 43 11.2 4.2
14 68 20 59.4 83.6
MEAF6, SNIP1, ZNF165, ZSCAN16,
GNL2, ZKSCAN4, PGBD],
Clorf109, ZKSCAN3,
CDCAS8, YRDC, ZSCAN9
INPP5B, ZSCAN31 SURF4, REXO4,
UTP11L, SF3A3  CEP170P1, SEC24D  ZSCAN12, ZNF311 VAV2 ATADS
C90rf9, RALGDS,
GBGT1, ABO,
DNALI1, RSPO1 RPL7A, TSC1,
EPHA10 SYNPO2, PDE5A, GFI1B, CEL, CELP, ~ CPD, NF1, GOSRI,
POU3F1 MYOZ2, USP53 NKAPL MED22, SURF1 RNF135

Genes indicated in bold are the closest gene to the top risk SNP.
Genes underlined did not have consistent expression results on all platforms on which they were included.
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Supplementary Table 12. TCGA tumor data and eQTL analysis in normal and tumor samples for the

closest gene to each SNP

chr region 1p36 1p34.3 4926 6p22.1 9q34.2 17911.2
chr1:21970 chrl:37596 chr4:11944 chr6:2798 chr9:1356  chr17:28681
1MB region 407- 421- 9960- 0635- 55000- 220-
around top SNP 22970407 38596421 120449960 28980635 136655000 29681220
# genesin 1MB
region 11 22 12 23 32 17
closest gene WNT4 RSPO1 SYNPO2 GPX6 ABO ATADS
1
nonsense,
# and type 2
mutations 1 missense O 1 missense  missense 1 splice 3 missense
% GAIN DNA
copy number 21 44 11.2 43 11.2 4.2
% LOSS DNA
copy number 42 14 68 20 59.4 83.6
% diploid DNA
copy number 37.0 42.0 20.8 37.0 29.4 12.2
exp increase
with copy # NO YES amp NO NO NO YES
TCGA_HT
Expression
tumor vs
normal and down down up
p-value 0.032 ND ND ND 2E-05 3E-06
TCGA_agilent
Expression
tumor vs no
normal and down down difference down up
p-value 0.193 0.341 ND 0.43 0.025 3E-06
TCGA_HuEx
Expression
tumor vs no
normal and down down down difference down up
p-value 6E-05 0.048 2E-06 0.13 2E-05 3E-06
no
summary downin 2 downin1 difference down 3 of
expression of 3 of 2 downlofl 2of2 3 up3of3
result platforms platforms platforms platforms platforms platforms
p-value no
significance average low high difference high high
RSPO1:
essential ATADS:
malignancy SYNPO2: ABO: SNP predispositio
+ early TSG association n, genetic
Known role in in WNT ovary prostate, risk and
cancer / tissue signaling developme bladder + pancreas, functional
type pathway nt colon none ovary defects
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eQTL SNP TCGA
tumors

p-value TCGA

3 groups
(n=339)

eQTL SNP in
OSECs and
FTSECs

p-value OSECs
3 groups (n=54)
p-value OSECs
2 groups (n=54)
p-value All

3 groups (n=59)
p-value All

2 groups (n=59)

rs2268177

0.833

rs3820282
0.854

0.734

0.568

0.666

N/A

N/A

rs12023270
0.373

0.661
N/A

N/A

N/A

N/A

rs752097
0.128

0.232
0.0896*

0.148

N/A

N/A

N/A
N/A
N/A

N/A

rs651007

0.0653

rs505922
0.495

0.457
N/A

N/A

N/A

N/A

rs3764419
0.697

0.873
N/A

N/A

N/A indicates no expression of GPX6 in OSECs and FTSECs or that there was a difference in

expression between OSECs and FTSECs so the data was not combined.

ND indicates that there is no expression data because the gene failed quality control on that

platform

* After exclusion of outliers, p-value was 0.067.
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Supplementary Note

Imputation results

Imputation was carried out separately for BRCA1 carriers, BRCAZ2 carriers, OCAC-iCOGS samples and
the three OCAC GWAS (Supplementary Table 1). For the studies using the iCOGS array, 99.1-99.5%
of the 6.7M common variants (MAF>0.05) from the 1000 Genomes Project were imputed with
imputation accuracy of >0.30 whereas 89.3-90.4% of rare SNPs (MAF <0.05) had imputation accuracy
of >0.30 (Supplementary Fig. 1, Supplementary Table 2). 67.2-67.3% of the common variants were
imputed with accuracy >0.7 for the samples genotyped on iCOGS but only 18.5-21.9% of the rare
variants. The GWAS studies captured 99.7-99.9% of the common variants with imputation r2>0.3
and 84.2-90.8% of the rare variants while 94.8-97.8% of the common and 44.5-58.5% of the rare
SNPs had imputation accuracy >0.7 (Supplementary Fig. 2, Supplementary Table 2).

The genomic inflation factor A for the combined meta-analysis analysis was 1.18 (adjusted value to
1000 cases and controls A1g0p=1.01, Supplementary Fig. 3G). After excluding known susceptibility
regions, there was little evidence of significant associations with ovarian cancer beyond that
expected by chance in any of the individual studies (Supplementary Fig. 3A-F). However, in the
CIMBA-OCAC meta-analysis we saw strong evidence of significant associations. After excluding
known ovarian cancer susceptibility loci, 24 SNPs from four different regions were associated at
genome-wide significance (p<5x10®) (Supplementary Fig. 4, Supplementary Table 4). Moreover,
176 SNPs from 12 different loci had p-values less than 10°°.

Associations after excluding sample overlaps between OCAC and CIMBA

The primary analyses of the OCAC and CIMBA data were carried out independently. After
completing the meta-analysis we identified 143 duplicates by comparing genotypes of BRCA1 and
BRCA2 carriers with samples in OCAC. We then excluded these samples from OCAC and repeated the
association analysis for the most strongly associated variant from each novel locus associated at
genome-wide significance (p<5x10%). We then repeated the combined analysis of associations in
OCAC, BRCA1 and BRCA2 mutation carriers as described above in order to assess whether sample
overlap influenced the association results. The associations were consistent with the analysis before
excluding overlaps. All SNPs remained associated with ovarian cancer risk in the combined analysis
for OCAC, BRCA1 and BRCA2 carriers with p<5x10?.

Genotyping coverage

We also evaluated the level of coverage of common variation at each putative novel locus from our
genotyping and imputation in relation to all the variants contained in the 1000 Genomes Project v3
data. Using the 1000 Genomes Project v3 we determined LD decay around the most strongly
associated SNP (the lead SNP) in each region. For each region, the boundaries were set such that
they contain all SNPs with r’0.1 with the lead SNP. Using pairwise tagging in Haploview ' and data
from the 1000 Genomes Project v3 we identified a set of LD blocks such that each SNP in the region
was captured with r?>0.8. For each LD block we evaluated whether any of the SNPs were genotyped
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or imputed with moderate imputation accuracy (0.5< imputation r? <0.7) and high imputation
accuracy (imputation r® >0.7) in the final meta-analysis results. Indels were not included.

We found that we had genotyped or imputed data covering 91% of the genetic variation in the
region around the most strongly associated SNP at 1p36. For the locus at 1p34.3 the coverage was
84%, and for the locus at 4926 the coverage was 83%. For each of these three signals we covered all
common SNPs with MAF<5% based on the 1000 Genomes Project data. The other three novel loci
had coverage of less than 80%. However, for each of the regions, all linkage disequilibrium blocks
containing at least five SNPs were captured, apart from two exceptions.

Imputation accuracy of lead SNPs for novel loci

The most significantly associated SNP at each of the six novel loci had high imputation accuracy
(r’20.83). At the 1p34.3, 1p36, and 6p22.1 loci, there was at least one genotyped SNP, correlated
with the lead SNP (pairwise r220.73), which was also associated at genome-wide significance level in
the meta-analysis (Supplementary Table 6). At the other loci the most strongly associated
genotyped SNPs displayed p-values between 3x10” and 6x107, and their correlation to the
respective lead SNP was between 0.39 and 0.86. To evaluate imputation accuracy for each of these
three loci, we genotyped each lead SNP in a subset of samples using iPLEX and compared the
imputed genotypes with the observed genotypes. Genotype data were available for 1,949 BRCA1
and 1,350 BRCA2 mutation carriers after quality control for the lead SNP, rs17329882, at 4qg26.
When we compared the genotypes with the dosages from the imputation, we found a coefficient of
determination of r?=0.90. These values were consistent with the estimated imputation accuracy of r?
=0.93 from the imputation. SNP rs635634 at 6p22.1 was genotyped in 1,420 BRCA1 and 1,004 BRCA2
carriers and the genotypes were compared with the dosages from the imputation. The coefficient of
determination was r® =0.84 which is consistent with the estimated imputation accuracy of r?
=0.83.The lead SNP at 17q11.2, chr17:29181220:1 failed iPLEX design.

Competing risks analyses in BRCA1 and BRCA2 mutation carriers

We also assessed whether any of the novel ovarian cancer susceptibility loci were associated with
breast cancer risk for BRCA1 and BRCA2 mutation carriers. The analysis was carried out within a
competing risks framework by estimating the associations with breast and ovarian cancer risk
simultaneously »*. A different censoring process was used for this analysis. Individuals were followed
up to the age of breast or ovarian cancer diagnosis, whichever occurred first, and were considered
affected for the respective disease. Mutation carriers were censored at bilateral prophylactic
mastectomy for breast and RRSO for ovarian cancer and were assumed to be unaffected for the
corresponding disease. The most strongly associated genotyped SNPs at each locus were used for
this purpose because the analysis software requires genotyped data.

The HR estimates for the association with ovarian cancer in the competing risks analysis were
consistent with the estimates from the main analysis for all SNPs (Supplementary Table 8). None of
the SNPs displayed associations with breast cancer risk at p<0.05.
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Group and Consortia Membership

Membership lists of participating study groups

Australian Cancer Study (ACS Investigators):

Adele C. Green,Peter G. Parsons, Nicholas K. Hayward, David M. Purdie, Penelope M. Webb, David C.

Whiteman

Australian Ovarian Cancer Study (AOCS Management Group):

D Bowtell (Peter MacCallum Cancer Centre), G Chenevix-Trench, A Green, P Webb (QIMRBerghofer),
A deFazio (Westmead Institute for Cancer Research, WMI), D Gertig (Victorian Cervical Cytology

Registry)

Consortium of Investigators of Modifiers of BRCA1 and BRCA2 (CIMBA):

Alex Miron, Esther M. John, John L Hopper, Melissa Southey, Alice S.Whittemore, Mary Beth Terry,
Wendy K. Chung, Mary B. Daly, David E. Goldgar, Saundra S. Buys, Ramunas Janavicius, Vilius
Rudaitis, Janis Eglitis, Laima Tihomirova, Liene Nikitina-Zake , Nadine Tung, Cecilia M. Dorfling,
Elizabeth J. van Rensburg, Linda Steele, Susan L. Neuhausen, Yuan Chun Ding, Anne-Marie Gerdes,
Bent Ejlertsen, Finn C. Nielsen, Lars Jgnson, Mette K. Andersen, Thomas V. O. Hansen, Andrew Lee,
Antonis C. Antoniou, Daniel Barrowdale, Joe Dennis, Karoline B. Kuchenbaecker, Lesley McGuffog,
Sue Healey, Douglas F. Easton, Georgia Chenevix-Trench, Adam Lee, Chen Wang, Julie Cunningham,
Steven Hart, Susan Slager, Adriana Lasa, Ana Osorio, Javier Benitez, Javier Godino, Maria- Isabel
Tejada, Maria Jose Garcia, Mercedes Duran, Per Hall, Ed Dicks, Annette Fontaine, lan Komenaka,
Jeffrey N. Weitzel, Josef Herzog, Pamela Ganschow, Paolo Peterlongo, Brunella Pilato , Rosanna
Lambo, Stefania Tommasi, Domenico Sardella, Fabio Capra, Filomena Ficarazzi, Frederique Mariette,
Laura Tizzoni, Loris Bernard, Paolo Mariani, Sara Volorio, Stefano Fortuzzi, Valentina Dall'Olio,
Valeria Pensotti, Alessandra Viel, Riccardo Dolcetti, Bernardo Bonanni, Irene Feroce, Monica Barile,
Bernard Peissel, Daniela Zaffaroni, Elisa Cattaneo, Gaia Roversi, Giulia Melloni, Giulietta Scuvera,
Paolo Radice, Siranoush Manoukian, Aline Martayan, Antonella Savarese, Liliana Varesco, Viviana
Gismondi, Anna Laura Putignano, Laura Papi, Maurizio Genuardi, Maria Grazia Tibiletti, Laura Ottini,
Anna Allavena, Barbara Pasini, Francesca Vignolo-Lutati , Athanassios Vratimos , Florentia Fostira,
George Fountzilas, Irene Konstantopoulou, Paraskevi Apostolou, Judy Garber, Diana Torres,
Muhammad Usman Rashid, Ute Hamann, Alan Donaldson, Alex Murray, Alison M. Dunning, Carol

Chu, Carole Brewer, Catherine Houghton, Chris Jacobs, Clare Oliver, D. Gareth Evans, Debra Frost,
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Diana Eccles, Elena Fineberg, EMBRACE (Epidemiological study of BRCA1 & BRCA2 mutation carriers
:Douglas F. Easton is the Pl of the study. EMBRACE Collaborating Centres are: Coordinating Centre,
Cambridge:Debra Frost, Steve Ellis, Radka Platte, Jo Perkins. North of Scotland Regional Genetics
Service, Aberdeen: Zosia Miedzybrodzka, Helen Gregory. Northern Ireland Regional Genetics Service,
Belfast: Patrick Morrison, Lisa Jeffers. West Midlands Regional Clinical Genetics Service, Birmingham:
Kai-ren Ong, Jonathan Hoffman. South West Regional Genetics Service, Bristol: Alan Donaldson,
Margaret James. East Anglian Regional Genetics Service, Cambridge: Joan Paterson, Marc
Tischkowitz, Sarah Downing, Amy Taylor. Medical Genetics Services for Wales, Cardiff: Alexandra
Murray, Mark T. Rogers, Emma McCann. St James’s Hospital, Dublin & National Centre for Medical
Genetics, Dublin: M. John Kennedy, David Barton. South East of Scotland Regional Genetics Service,
Edinburgh: Mary Porteous, Sarah Drummond. Peninsula Clinical Genetics Service, Exeter: Carole
Brewer, Emma Kivuva, Anne Searle, Selina Goodman, Kathryn Hill. West of Scotland Regional
Genetics Service, Glasgow: Rosemarie Davidson, Victoria Murday, Nicola Bradshaw, Lesley Snadden,
Mark Longmuir, Catherine Watt, Sarah Gibson, Eshika Haque, Ed Tobias, Alexis Duncan. South East
Thames Regional Genetics Service, Guy’s Hospital London: Louise lzatt, Chris Jacobs, Caroline
Langman. North West Thames Regional Genetics Service, Harrow: Huw Dorkins. Leicestershire
Clinical Genetics Service, Leicester: Julian Barwell. Yorkshire Regional Genetics Service, Leeds: Julian
Adlard, Gemma Serra-Feliu. Cheshire & Merseyside Clinical Genetics Service, Liverpool: lan Ellis,
Claire Foo. Manchester Regional Genetics Service, Manchester: D Gareth Evans, Fiona Lalloo, Jane
Taylor. North East Thames Regional Genetics Service, NE Thames, London: Lucy Side, Alison Male,
Cheryl Berlin. Nottingham Centre for Medical Genetics, Nottingham: Jacqueline Eason, Rebecca
Collier. Northern Clinical Genetics Service, Newcastle: Alex Henderson, Oonagh Claber, Irene Jobson.
Oxford Regional Genetics Service, Oxford: Lisa Walker, Diane MclLeod, Dorothy Halliday, Sarah
Durell, Barbara Stayner. The Institute of Cancer Research and Royal Marsden NHS Foundation Trust:
Ros Eeles, Nazneen Rahman, Elizabeth Bancroft, Elizabeth Page, Audrey Ardern-Jones, Kelly Kohut,
Jennifer Wiggins, Jenny Pope, Sibel Saya, Natalie Taylor, Zoe Kemp and Angela George North Trent
Clinical Genetics Service, Sheffield: Jackie Cook, Oliver Quarrell, Cathryn Bardsley. South West
Thames Regional Genetics Service, London: Shirley Hodgson, Sheila Goff, Glen Brice, Lizzie
Winchester, Charlotte Eddy, Vishakha Tripathi, Virginia Attard. Wessex Clinical Genetics Service,
Princess Anne Hospital, Southampton: Diana Eccles, Anneke Lucassen, Gillian Crawford, Donna
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Gregory, Huw Dorkins, Jackie Cook, Jacqueline Eason, Jo Perkins, Joan Paterson, Julian Adlard, Julian
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T. Rogers, Mary E. Porteous, Patricia Harrington , Patrick J. Morrison, Radka Platte, Ros Eeles,
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Rosemarie Davidson, Shirley Hodgson, Steve Ellis, Susan Peock, Trevor Cole, Andrew K. Godwin,
Betsy Bove, JoEllen Weaver, Priyanka Sharma, Annette Lee, luliana Shapira, Ana Vega, Alexandra
Becker, Alfons Meindl, Andrea Gehrig, Anne Baumgartner, Barbara Wappenschmidt, Bernhard H. F.
Weber, Christian Sutter, Christoph Engel, Dieter Niederacher, Dieter Schéafer, Doris Steinemann,
Dorothea Gadzicki, Erick Hahnen, Hansjoerg Plendl, Helmut Deissler, Ina Ruehl, Karin Kast, Kerstin
Rhiem, Nina Ditsch, Norbert Arnold, Raymonda Varon-Mateeva, Rita Katharina Schmutzler, Sabine
Preisler-Adams, Simone Heidemann, Stefanie Engert, Wolfram Heinritz, Agnés Hardouin, Alain
Calender, Antoine de Pauw, Brigitte Bressac- de Paillerets, Bruno Buecher, Capucine Delnatte, Carole
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Lyonnet, Marion Gauthier-Villars, Bruno Buecher, Claude Houdayer, Etienne Rouleau, Lisa Golmard,
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Bouvet. CHU Nantes: Capucine Delnatte. CHU Bretonneau, Tours: Isabelle Mortemousque. Groupe

34



Hospitalier Pitié-Salpétriere, Paris: Florence Coulet, Chrystelle Colas, Florent Soubrier, Mathilde
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Berthet, Sandra Fert Ferrer, Sophie Giraud, Sylvie Mazoyer, Valérie Bonadona, Virginie Caux-
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Netherlands Foundation for the detection of hereditary tumors, Leiden, NL: H.F. Vasen; The
Netherlands Comprehensive Cancer Organization (IKNL): S. Siesling, J.Verloop; The Dutch Pathology
Registry (PALGA): L.I.H. Overbeek.), Irma Kluijt, J. Margriet Collée, J.J.P. Gille, Jacoba P. Knol-Bout,
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Darder, Eva Tornero, Gabriel Capella, Ignacio Blanco, Jesus Del Valle, Joan Brunet, Lidia Feliubadalo,
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Epidemiological study of BRCA1 & BRCA2 mutation carriers (EMBRACE):
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Kai-ren Ong, Jonathan Hoffman. South West Regional Genetics Service, Bristol: Alan Donaldson,
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