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A summary of the studies included in the GWAS and both additional genotyping phases is shown in Supplementary Table 1, with additional details provided below. Supplementary Figure 1 provides a flow diagram of the overall study design. All studies were of women of European ancestry. All studies have the relevant IRB approval in each country in accordance with the principles embodied in the Declaration of Helsinki, and informed consent was obtained from all participants. A total of 7,737 cases and 37,144 controls were included in this analysis. Cases and controls were matched based on geographical location and case-control clustering in principal components analysis (PCA) (Supplementary Figure 1). 

Endometrial cancer case and control GWAS Sample Sets:

Quality control (QC) was applied to all GWAS sets, following standard QC approaches detailed in Spurdle et al1. Also see online methods. 

NSECG
National Study of the Genetics of Endometrial Cancer (NSECG) cases were identified from collaborating clinicians throughout the UK from 2008 to 2013, taking care not to recruit from centres involved in SEARCH. Inclusion criteria were adenocarcinomas of the uterus presenting at 70 years of age or younger. Almost all cases were incident and sampled within 6 months of diagnosis. Peripheral blood was collected from each participant and DNA extracted using standard methods and the participants completed the associated questionnaire. Tumour histology was confirmed from routine hospital reports and further details of histopathology and other tumor pathology characteristic was abstracted from these clinical pathology reports. 925 samples were genotyped using the Ilumina 660W Quads in the GWAS scan, 965 samples were genotyped in the phase 1 additional genotyping using iCOGS arrays, and a further 1195 were genotyped using KASPar and Fluidigm genotyping for the second phase. There was no overlap in samples used and all cases were of European ancestry. 

ANECS
The Australian National Endometrial Cancer Study (ANECS) is an Australian population-based case-control family study of cancer of the uterine corpus2. Women aged 18-79, newly diagnosed with histologically confirmed primary cancer of the endometrium between July 2005 and December 2007 were identified through major hospitals nationally, and also from state-based cancer registries. Excluding women who could not be contacted (mostly due to death, illness or failure to contact), case participation rate was 63%. Participants completed a detailed questionnaire providing clinical and epidemiological information, including ethnicity of all four grandparents. Information on tumor pathology characteristics was abstracted in standardized format from clinical pathology reports for all patients. 606 ANECS samples all of endometrioid-only histology were used for the original endometrial cancer case-control GWAS and a further 538 were genotyped using iCOGS for the first additional genotyping phase. 

SEARCH
The Studies of Epidemiology and Risk factors in Cancer Heredity (SEARCH) is an ongoing population-based study with cases ascertained through the Eastern Cancer Registration and Information Centre (http://www.ecric.org.uk). All women diagnosed with endometrial cancer between the ages of 18-69 years (average age of diagnosis 58 years) from August 2001 to September 2007 were eligible for inclusion. Approximately 54% of eligible patients have enrolled in the study. Women taking part in the study were asked to provide a 20ml blood sample for DNA analysis, and to complete a comprehensive epidemiological questionnaire. Controls were also drawn from SEARCH (http://ccge.medschl.cam.ac.uk/search/), but had no prior history of cancer at the time of recruitment. They were female, also between the ages of 18-69 at the time of recruitment and matched to cases in geographical profile. Approximately 35% of eligible controls enrolled in the study. All participants reported Caucasian ethnicity. Information on tumor pathology characteristics was provided by the Eastern Cancer Registration and Information Centre and was derived from clinical pathology reports for all patients. 681 SEARCH samples with endometroid-only histology were used in the original GWAS and a further 773 non-overlapping cases were used in the iCOGS analysis. 

UK1/CORGI
The UK1 Colorectal Tumour Gene Identification (CoRGI) is a GWAS for colorectal neoplasia3. The 894 controls matched with the NSECG cases were spouses or partners unaffected by cancer and without a personal family history (to second degree relative level) of colorectal neoplasia. Known dominant polyposis syndromes, HNPCC/Lynch syndrome or bi-allelic MUTYH mutation carriers were excluded. All cases and controls were of white UK ethnic origin. Genotyping was done on the Illumina Hap550 arrays. 

Scotland Phase 1
Scotland Phase1 is a colorectal cancer GWAS4 with 1012 cancer-free population controls Known dominant polyposis syndromes, HNPCC/Lynch syndrome or bi-allelic MUTYH mutation carriers were excluded. Control subjects were sampled from the Scottish population NHS registers, matched by age (±5 years), gender and area of residence within Scotland. A subset of 392 controls from this dataset were matched with the NSECG GWAS cases and these were chosen based on case-control clustering on PCA. Genotyping was done on the Illumina Hap300 and Hap 240S arrays.

QIMR
The Queensland Institute of Medical Research (QIMR) control sample is a subsection of subjects recruited as part of the Brisbane Adolescent Twin Study5,6. Twins were recruited from schools in Brisbane, Australia and surrounding areas of southeast Queensland and were examined close to their 12th birthday. Blood was obtained from all twins and most parents. Parents were asked the ancestry of all eight great-grandparents of the twins. More than 95% of great-grandparents were identified as being of northern European ancestry, mainly from Britain and Ireland. This analysis used genotype data from parents and siblings only, extracted from an existing Illumina 610K BeadChip genome-wide association scan7 and recalled using the Illuminus algorithm. After QC, 1846 QIMR controls were available for inclusion in the analysis.

HCS
The Hunter Community Study (HCS) is a population-based cohort study consisting of men and women aged 55-85 years of age in Newcastle, New South Wales, Australia8. Participants were randomly selected from the NSW State electoral roll (listing on the electoral roll is compulsory in Australia) and contacted between December 2004 and December 2007. Non-English speaking persons and those living in a residential aged-care facility were ineligible for participation in the study. Participants were asked to complete five self-report questionnaires as well as attend the HCS data collection centre so clinical measures could be obtained. In total, 44.5% of eligible controls agreed to participate in this study. Genotype data for this study were extracted from an existing Illumina 610K BeadChip genome-wide association study scan and recalled using the Illuminus algorithm. After QC, 1237 HCS controls were available for inclusion in the analysis. 

WTCCC
Controls utilized were genotyped as part of the Wellcome Trust Case Control Consortium (WTCCC2)9.  These controls are drawn from two sources: 2,674 controls from the 1958 Birth Cohort (1958BC), a population-based study in the United Kingdom of individuals born in 1 week in 195810; and 2,501 controls identified through the UK National Blood Service (NBS)9. 1958BC controls were matched with NSECG cases and the NBS controls were matched with SEARCH cases. 

Phase 1 additional genotyping - iCOGS Case Sample Sets:

All samples in this phase were genotyped as part of the Collaborative Oncological Gene-environment Study (iCOGS) initiative on a custom Ilumina Infinium iSelect array. Cases from ANECS and SEARCH and NSECG were recruited as detailed above, and are non-overlapping. 

BECS
The Bavarian Endometrial Cancer Cases and Controls Study (BECS) is a single-center case-control study, conducted between 2002 and 2008, with the aim of investigating genetic and epidemiological risk factors for endometrial cancer. Cases were either incident cases referred to the University Hospital Erlangen by surrounding practitioners (66% of the case sample set), or prevalent cases that were outpatients in follow-up care approached within 6.2 (±4.6 SD) years after treatment for primary endometrial cancer in the same hospital (34% of the case sample set). Epidemiological information was collected by a structured questionnaire completed during an interview and clinical data for the cases was obtained from clinical health records.

CAHRES
Details of the population selection process have been published previously for the Cancer Hormone Replacement Epidemiology Study (CAHRES)11. Formerly known as the Singapore and Sweden Breast/Endometrial Cancer Study (SASBAC), this population based case-control study was conducted among Swedish women aged 50-74 years, who were residing in Sweden between January 1st 1994 and December 31st 1995. Endometrial cancer cases were identified through the nation-wide cancer registries in Sweden. All participants provided detailed questionnaire information. For endometrial cancer, histological specimens were reviewed and re-classified by the study pathologist. All participants reported Caucasian ethnicity. 

HJECS
The Hannover-Jena Endometrial Cancer Study (HJECS), a hospital-based case-control study, included 250 German women, aged 31-89 years, who were recruited either at the Friedrich Schiller University of Jena or at Hannover Medical School after having been diagnosed with histologically confirmed primary incident endometrial carcinoma between 2004 and 2010. Epidemiological data were obtained from questionnaires, and information on tumor stage and histology was obtained from pathology and clinical reports. Over 98% were of German descent. Interviews were conducted at either the Friedrich Schiller University of Jena or at Hannover Medical School, and peripheral blood was collected for the extraction of DNA from white blood cells.

LES
The Leuven Endometrial Study (LES) is a hospital based case-control study. Eligible cases, identified by active surveillance of electronic patient files at the Leuven University Hospital, were white women aged 27-80 years diagnosed with endometrial cancer. Clinical data for endometrial cancer patients were recorded during interview at the time of diagnosis, and from pathology reports. All medical records were reviewed by trained abstractors and pathology reports compatible with primary, invasive, epithelial endometrial adenocarcinoma of all stages (I –IV) and all grades were consulted. Participation rates exceeded 95% for cases.

MECS 
The Mayo Endometrial Cancer Study (MECS) includes a clinic-based prospective collection of primary endometrial cases diagnosed from 2008 to 2011 and seen at Mayo Clinic Rochester with primary endometrial cancer diagnosed at age 18 and older. DNA was isolated from white blood cells using a Qiagen isolation kit. DNA concentration was measured with picogreen. Clinical data were abstracted from electronic medical records and supplemented with a risk factor questionaire. Control data were obtained from Mayo Clinic OCAC controls (MAY) and BCAC controls (MCBCS).

MoMaTEC
Molecular Markers in Treatment of Endometrial Cancer (MoMaTEC) cases were recruited from an unselected patient population primarily treated for endometrial carcinoma at Haukeland University Hospital, Bergen during 2001-2009. This is the referral hospital for Hordaland county; the area is demographically well defined, with about 450,000 inhabitants, representing approximately 10% of the Norwegian population and with a similar incidence rate and prognosis as the total Norwegian population of endometrial cancers12–14. Clinical Information for cases regarding age, FIGO stage, histologic subtype, grade and prognosis was extracted from medical records. DNA was extracted from peripheral blood samples.

NECS
The Newcastle Endometrial Cancer Study (NECS) includes histologically confirmed endometrial cancer cases consecutively recruited from 1992 up to 2005 at the Hunter Centre for Gynaecological Cancer, John Hunter Hospital, Newcastle, New South Wales, Australia15. The final analysis included 194 endometrial cancer patients. Data on reproductive and environmental risk factors including ethnicity was collected using self reported questionnaires. Information regarding recurrence, stage, grade and histology of endometrial cancer was collected from medical records. Patients presenting at this hospital-based site were captured by ANECS recruitment from 2005 onwards. 

RENDOCAS
The Registry of Endometrial Cancer in Sweden (RENDOCAS) is a hospital based case-control study. Patients (n=520) who underwent surgery for endometrial cancer at Karolinska University hospital Solna, Sweden between 2008 and 2011 were included in the study. For each patient, the following was collected: blood and tumor samples; detailed family history and formulation of a pedigree where all suspected cancer cases were verified in medical records/pathology report if possible; questionnaire covering relevant environmental factors underlying endometrial cancer. 

Phase 1 additional genotyping - iCOGS Control Sample Sets:

As indicated in Supplementary Table 1, iCOGS endometrial cancer case sample sets were matched with controls from the same countries and also clustered with cases in PCA (Supplementary Figure 2). Controls were genotyped using the same iCOGS array and data were largely drawn from healthy controls participating in the Breast Cancer Association Consortium (BCAC)16 part of the iCOGS initiative. Additional controls were from the Mayo Clinic via the Ovarian Cancer Association Consortium (OCAC)17,  and Norwegian female controls recruited in Bergen for use in the MoMaTEC case-control genotyping studies.



[bookmark: _Toc446602225]Endometrioid and non-endometrioid histology analysis

Cases were defined as having endometrioid subtype based on pathology report of endometrioid histology only. Non-endometrioid subtypes included carcinosarcoma, clear cell, serous, mucinous, and tumours of mixed histology (any combination). 6,635 (86%) of the 7,737 endometrial cancer cases displayed endometrioid-only histology and association testing and meta-analysis was also conducted using endometrioid-only histology cases. The results of this analysis for the novel risk loci are shown in Table 1. Endometrioid-only phase 1 meta-analysis (n=5,590) found only novel risk loci that were identified in the all histologies analysis (Table 1, Supplementary Table 2). Analysis of endometrial cancer cases that displayed non-endometrioid histology (in Phase 1, or the final meta-analysis) found no SNPs near genome-wide significance, as expected given the limited statistical power. 

[bookmark: _Toc446602226]Ishikawa and ECC-1 cells

Results from Ishikawa and ECC-1 cells are listed separately in publicly available ENCODE18 tier 3 data but STR-profiling has shown that these two cell lines are very similar19. Based on the results presented by Korch et al., the International Cell Line Authentication Committee (ICLAC) recommended in the 2013 Database of Cross-Contaminated or Misidentified Cell Lines that ECC-1 be re-identified as Ishikawa cells. Our in vitro functional analysis for the 13q22 locus made use of our supply of Ishikawa cells for FAIRE and ChIP experiments and ECC-1 cells for luciferase reporter assays. Both cell lines displayed identical genotypes for rs9600103 and rs11841589, similar KLF5 expression levels, and 20x sequencing using the Ion AmpliSeq™ Comprehensive Cancer Panel confirmed that variants in Ishikawa and ECC-1 are 90% concordant (based on 3,004 exonic SNVs in 409 cancer-related genes). In line with these findings and ICLAC recommendations, we have presented functional work on these cells as Ishikawa cells. 
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[bookmark: _Toc446602228]BCAC and OCAC Study Collaborators (for control samples):
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[bookmark: _Toc446602231]Supplementary Figure 1: Endometrial cancer meta-analysis flow diagram. 
This schematic figure illustrates the endometrial cancer case-control meta-analysis study design. The new NSECG GWAS was meta-analysed with a re-analysis of the original endometrial cancer GWAS (ANECS and SEARCH) and the iCOGS phase 1 genotypes (eight groups). This meta-analysis of 6,542 cases and 36,393 controls yielded 14 regions with SNPs P<10-5, of which five regions had SNPs P<10-7. These five SNPs were brought forward to the additional genotyping in a second phase, involving non-overlapping NSECG cases and controls, and were confirmed as novel genome-wide significant risk loci (P<5×10−8) in the overall meta-analysis of 7,737 cases and 37,144 controls. 
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[bookmark: _Toc446602232]Supplementary Figure 2: Quantile-quantile plots of the ranked trend test statistics for three GWAS and eight iCOGS groups. 
The –log10 transformed observed P-values (y-axis) were plotted against the expected P-values under the null hypothesis (x-axis). The red line denotes the expectation under no deviation from the null hypothesis. The QQ-plots show little evidence of genomic inflation and the λGC for each study are: NSECG GWAS 1.020, ANECS GWAS 1.021, SEARCH GWAS 1.002, ANECS iCOGS 1.036, SEARCH iCOGS 1.016, NESCG iCOGS 1.038, MECS iCOGS 1.007, LES iCOGS 1.034, BECS iCOGS 1.030, MoMaTEC iCOGS 1.034, CAHRES RENDOCAS iCOGS 1.037. For the three GWAS, all genotyped SNPs passing QC are displayed. For iCOGS, 105,000 SNPs after LD-pruning (r2<0.2) and >500kb from the 1,483 endometrial cancer prioritized SNPs on the iCOGS are displayed. 
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[bookmark: _Toc446602233]Supplementary Figure 3: Genetic landscape of novel endometrial cancer associated regions. 
Plots for novel risk loci at a) 13q22.1, b) 6q22.31, c) 8q24.21, d) 15q15 and e) 14q32. SNPs in strong LD (r2 > 0.7) with the lead endometrial cancer risk SNP have been plotted for each region and the lead SNP denoted in green. The second, independently associated SNP found at 8q24.21 after conditioning on the lead SNP is denoted in red (c). Previously reported cancer risk SNPs identified by GWAS at 8q24 are shown in blue (c), none of which are in LD (r2≤0.02) with endometrial cancer risk SNPs. Likely enhancers identified by Hnisz et al.20 and PresTIGE21 that overlap endometrial cancer risk associated SNPs are depicted as colored bars, where the color of the likely enhancer matches the schematic of its predicted target gene, as determined by correlations with gene expression. As described in Online Methods Hnisz et al. predicted enhancer-gene interactions by identifying 'super-enhancers' (regions containing neighboring H3K27Ac modifications) from 86 cell and tissue types and then the expressed transcript with transcription start site closest to the centre of the super-enhancer was assigned as the target gene. PresTIGE pairs cell-type specific H3K4Me1 and gene expression data from 13 cell types to identify likely enhancer-gene interactions. Additional tracks include: Histone modifications associated with promoters (H3K4Me3) and enhancers (H3K4Me1 and H3K27Ac) from seven ENCODE Project cell types; DNaseI hypersensitivity sites (DHS) and transcription factor (TF) binding identified in 125 and 91 ENCODE Project cell types, respectively; DHS identified in Ishikawa endometrial cancer cells using DMSO vehicle and under estrogen (E2) stimulation are shown; transcription factor binding regions in Ishikawa cells that encompass endometrial cancer risk SNP loci are also displayed. For all risk loci, endometrial cancer risk associated SNPs co-locate with at least one enhancer predicted by cell-type specific analysis, implicating the following genes/transcripts as worthy of investigation: a) KLF5; b) HEY2, NCOA7; c) MYC, MIR1204, MIR1205, MIR1207, MIR1208; d) BMF, GPR176, SRP14, LOC100131089; e) AKT, ADSSL1, INF2, ZBTB42, SIVA1. For four loci (a, c, d and e), likely enhancers overlap with at least one region displaying evidence of regulatory activity (DHS and/or TF binding) in the single endometrial cancer cell line (Ishikawa) assayed by ENCODE.  
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[bookmark: _Toc446602234]Supplementary Figure 4: Hi-C chromatin capture of 13q22 locus in Hela S3 cells. a) 5Kb KR normalized contact matrix in Hi-C experiment for HeLa S3 cells was used to represent the interaction pattern between KLF5 and risk locus rs11841589/rs960010322. A loop was anchored at the KLF5 promoter and the risk locus (see b) for the small topologically associated domain and the red arrow for loop anchor), which indicated distal cis-regulatory element within the risk locus. The interaction between the rs11841589/rs9600103 risk locus with the KLF5 promoter was the strongest interaction observed out of the 262 protein-coding genes on chromosome 13 (P=0.004). The color scheme in the contact matrix is KR normalized score, with the black indicating a strong interaction. 
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[bookmark: _Toc446602235]Supplementary Figure 5: Quantification of KLF5 expression in endometrial cancer cell lines.  Expression of KLF5 in 11 endometrial cancer cell lines as described in Online methods using qRT-PCR, expression levels on the x-axis are relative to KLF5 expression in Ishikawa cells using the ddCT method. 
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[bookmark: _Toc446602236]Supplementary Figure 6: Regional association plots for the five novel loci associated with endometrial cancer.
The -log10 P values from the meta-analysis and regional imputation for NSECG, ANECS, SEARCH, and eight iCOGS groups are shown for SNPs at: a) 13q22.1, b) 6q22, c) & d) 8q24, e) 15q15 and f) 14q32.33. The SNP with the lowest P value at each locus is labelled and marked as a purple diamond, and the dot color represents the LD with the top SNP. The blue line shows recombination rates in cM/Mb. Compared with Figure 2, more SNPs are displayed in these plots. SNPs with info scores of more than 0.6 in iCOGS and more than 0.9 in NSECG, ANECS, and SEARCH are included. 
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[bookmark: _Toc446602237]Supplementary Figure 7: Principal Components Analysis (PCA) of three GWAS and eight iCOGS studies. 
Plots of the first two principal components (PCs) in each study. Endometrial cancer cases are represented by blue dots, whereas controls are in black. Samples were excluded if they clustered away from the centroid in the first four PCs and these are plots of the samples used in the analysis. 
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