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Genotyping, quality control and calling of the lllumina HumanExome BeadChip in the
Framingham Heart Study was supported by funding from the National Heart, Lung and Blood
Institute Division of Intramural Research (Daniel Levy and Christopher J. O’Donnell, Principal
Investigators).
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We thank the inhabitants of the VB that made this study possible, the local administrations,
the Tortona and Genova archdiocese and the ASL-22, Novi Ligure (Al) for support. We also
thank Clara Camaschella for data collection supervision and organization of the clinical data
collection, Fiammetta Vigano for technical help, Massimiliano Cocca for building the analysis
platform. The research was supported by funds from Compagnia di San Paolo, Torino, ltaly;
Fondazione Cariplo, Italy and Ministry of Health, Ricerca Finalizzata 2008 and CCM 2010, PRIN
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We thank all EPIC participants and staff for their contribution to the study. We thank staff
from the Technical, Field Epidemiology and Data Functional Group Teams of the MRC
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quality control, genotyping and data-handling work. The EPIC-InterAct study received
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We thank all the study participants, all members of staff of the Institutes of Epidemiology and
the field staff in Augsburg who planned and conducted the study. The KORA study group
consists of A. Peters (speaker), R. Holle, K. Strauch, J. Heinrich, R. Leidl, C. Meisinger, and
their co-workers, who are responsible for the design and conduct of the KORA studies.

The KORA research platform (KORA, Cooperative Health Research in the Region of Augsburg)
was initiated and financed by the Helmholtz Zentrum Miinchen - German Research Center for
Environmental Health, which is funded by the German Federal Ministry of Education and
Research and by the State of Bavaria. Furthermore, KORA research was supported within the
Munich Center of Health Sciences (MC Health), Ludwig-Maximilians-Universitat, as part of
LMUinnovativ. The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.
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MESA is provided by contracts NO1-HC-95159, NO1-HC-95160, NO1-HC-95161, NO1-HC-95162,
NO1-HC-95163, NO1-HC-95164, NO1-HC-95165, NO1-HC-95166, NO1-HC-95167, NO1-HC-
95168, NO1-HC-95169, UL1-TR-001079, and UL1-TR-000040. MESA Family is conducted and
supported by the National Heart, Lung, and Blood Institute (NHLBI) in collaboration with
MESA investigators. Support is provided by grants and contracts RO1HL071051,
RO1HL0O71205, RO1HL071250, RO1HL071251, RO1HLO71258, RO1HLO71259, by the National
Center for Research Resources, Grant ULIRR033176, and the National Center for Advancing
Translational Sciences, Grant ULITR000124. Funding for SHARe genotyping was provided by
NHLBI Contract NO2-HL-64278. Genotyping was performed at Affymetrix (Santa Clara,
California, USA) and the Broad Institute of Harvard and MIT (Boston, Massachusetts, USA)
using the Affymetrix Genome-Wide Human SNP Array 6. 0.
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West of Scotland Regional Genetics Service, Glasgow: Rosemarie Davidson, Victoria Murday,
Nicola Bradshaw, Lesley Snadden, Mark Longmuir, Catherine Watt, Sarah Gibson, Eshika
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Northern Clinical Genetics Service, Newcastle: Alex Henderson, Oonagh Claber, Irene Jobson.
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GS:SFHS was funded by the Medical Research Council UK
Korcula CROATIA Korcul | We would like to acknowledge the contributions of the recruitment team in Korcula, the

administrative teams in Croatia and Edinburgh and the people of Korcula. The SNP
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Neuherberg, Germany. xome array genotyping was performed at the Wellcome Trust Clinical
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Rotterdam

Rotterdam Study
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The generation and management of the lllumina exome chip v1.0 array data for the
Rotterdam Study (RS-1) was executed by the Human Genotyping Facility of the Genetic
Laboratory of the Department of Internal Medicine, Erasmus MC, Rotterdam, The
Netherlands. The Exome chip array data set was funded by the Genetic Laboratory of the
Department of Internal Medicine, Erasmus MC, from the Netherlands Genomics Initiative
(NGI)/Netherlands Organisation for Scientific Research (NWO)-sponsored Netherlands
Consortium for Healthy Aging (NCHA; project nr. 050-060-810); the Netherlands Organization
for Scientific Research (NWO; project number 184021007) and by the Rainbow Project (RP10;
Neterlands Exome Chip Project) of the Biobanking and Biomolecular Research Infrastructure
Netherlands (BBMRI-NL; www.bbmri.nl). We thank Ms. Mila Jhamai, Ms. Sarah Higgins, and
Mr. Marijn Verkerk for their help in creating the exome chip database, and Carolina Medina-
Gomez, BSc, Lennard Karsten, BSc, and Dr. Linda Broer for QC and variant calling. Variants
were called using the best practice protocol developed by Grove et al. as part of the CHARGE
consortium exome chip central calling effort (Grove et al., PLoS One, 2014).

The Rotterdam Study is funded by Erasmus Medical Center and Erasmus University,
Rotterdam, Netherlands Organization for the Health Research and Development (ZonMw),
the Research Institute for Diseases in the Elderly (RIDE), the Ministry of Education, Culture
and Science, the Ministry for Health, Welfare and Sports, the European Commission (DG Xll),
and the Municipality of Rotterdam. The authors are grateful to the study participants, the
staff from the Rotterdam Study and the participating general practitioners and pharmacists.
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SardiNIA

We thank all the volunteers and all the staff for their contribution to the study. This study
was funded in part by the National Institutes of Health (National Institute on Aging, National
Heart Lung and Blood Institute, and National Human Genome Research Institute). This
research was supported by National Human Genome Research Institute grants HG005581,
HG005552, HG006513, HG007089, HG007022, and HGO07089; by National Heart Lung and
Blood Institute grant HL117626; by the Intramural Research Program of the NIH, National
Institute on Aging, with contracts NO1-AG-1-2109 and HHSN271201100005C; by Sardinian
Autonomous Region (L.R. no. 7/2009) grant cRP3-154; by grant FaReBio2011 “Farmaci e Reti
Biotecnologiche di Qualita”.
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Study of Health
in Pomerania /
Study of Health
in Pomerania -
TREND

SHIP is part of the Community Medicine Research net of the University of Greifswald,
Germany, which is funded by the Federal Ministry of Education and Research (grants no.
01779603, 01220103, and 01ZZ0403), the Ministry of Cultural Affairs as well as the Social
Ministry of the Federal State of Mecklenburg-West Pomerania, and the network ‘Greifswald
Approach to Individualized Medicine (GANI_MED)’ funded by the Federal Ministry of
Education and Research (grant 031S2061A). Genome-wide and ExomeChip data have been
supported by the Federal Ministry of Education and Research (grants no. 03ZIK012 and
03Z1CN22) and a joint grant from Siemens Healthcare, Erlangen, Germany and the Federal
State of Mecklenburg- West Pomerania. The University of Greifswald is a member of the
'Center of Knowledge Interchange' program of the Siemens AG and the Caché Campus
program of the InterSystems GmbH. grants no. 01ZZ9603, 012Z0103, 01220403, 03ZIK012,
03Z1CN22 and 031S2061A

WGHS

Women's
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The WGHS is supported by HL043851 and HLO80467 from the National Heart, Lung, and
Blood Institute and CA047988 from the National Cancer Institute, and the Donald W.
Reynolds Foundation, with collaborative scientific support and funding for genotyping
provided by Amgen.
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The WHI program is funded by the National Heart, Lung, and Blood Institute, National
Institutes of Health, U.S. Department of Health and Human Services through contracts
HHSN268201100046C, HHSN268201100001C, HHSN268201100002C, HHSN268201100003C,
HHSN268201100004C, and HHSN271201100004C.” The authors thank the WHI investigators
and staff for their dedication, and the study participants for making the program possible. A
full listing of WHI investigators can be found at:
http://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Investiga
tor%20Short%20List.pdf
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Additional Methods

Expression quantitative trait loci (eQTL) analysis

Blood cell related eQTL studies included fresh lymphocytes (17873875), fresh leukocytes (19966804), leukocyte
samples in individuals with Celiac disease (19128478), whole blood samples (18344981, 21829388, 22692066,
23818875, 23359819, 23880221, 24013639, 23157493, 23715323, 24092820, 24314549, 24956270, 24592274,
24728292, 24740359), lymphoblastoid cell lines (LCL) derived from asthmatic children (17873877, 23345460),
HapMap LCL from 3 populations (17873874), a separate study on HapMap CEU LCL (18193047), additional LCL
population samples (19644074, 22286170, 22941192, 23755361, 23995691, 25010687), CD19+ B cells (22446964),
primary PHA-stimulated T cells (19644074, 23755361), CD4+ T cells (20833654), peripheral blood monocytes
(19222302,20502693,22446964) and CD14+ monocytes before and after stimulation with LPS or interferon-gamma
(24604202), CD11+ dendritic cells before and after Mycobacterium tuberculosis infection (22233810) and a separate
study of dendritic cells before or after stimulation with LPS, influenza or interferon-beta (24604203). Micro-RNA
QTLs (21691150) and DNase-l QTLs (22307276) were also queried for LCL.

Non-blood cell tissue eQTLs searched included omental and subcutaneous adipose (18344981, 21602305,
22941192, 23715323), stomach (21602305), endometrial carcinomas (21226949), ER+ and ER- breast cancer tumor
cells (23374354), liver (18462017,21602305,21637794, 22006096, 24665059), osteoblasts (19654370), intestine
(23474282) and normal and cancerous colon (25079323), skeletal muscle (24306210), breast tissue (normal and
cancer)(24388359, 22522925), lung (23209423, 23715323, 24307700), skin (21129726, 22941192, 23715323),
primary fibroblasts (19644074, 23755361, 24555846), sputum (21949713), pancreatic islet cells (25201977) and
heart tissue from left ventricles (23715323, 24846176) and left and right atria (24177373). Micro-RNA QTLs were
also queried for gluteal and abdominal adipose (22102887) and liver (23758991). Further mRNA and micro-RNA QTLs
were queried from ER+ invasive breast cancer samples, colon-, kidney renal clear-, lung- and prostate-
adenocarcinoma samples (24907074).

Brain eQTL studies included brain cortex (19222302, 19361613, 22685416), cerebellar cortex (25174004),
cerebellum (20485568, 22685416, 22212596, 22832957, 23622250), frontal cortex (20485568, 22832957,
25174004), gliomas (24607568), hippocampus (22832957, 25174004), inferior olivary nucleus (from medulla)
(25174004), intralobular white matter (25174004), occiptal cortex (25174004), parietal lobe (22212596), pons
(20485568), pre-frontal cortex (22031444, 20351726, 22832957, 23622250), putamen (at the level of anterior
commussure) (25174004), substantia nigra (25174004), temporal cortex (20485568, 22685416, 22832957,
25174004), thalamus (22832957) and visual cortex (23622250).

Additional eQTL data was integrated from online sources including ScanDB, the Broad Institute GTex
browser, and the Pritchard Lab (eqtl.uchicago.edu). Cerebellum, parietal lobe and liver eQTL data was downloaded
from ScanDB and cis-eQTLs were limited to those with P < 1.0E-6 and trans-eQTLs with P < 5.0E-8. The top 1000 eQTL
results were downloaded from the GTex Browser at the Broad Institute for 9 tissues on 11/26/2013: thyroid, leg skin
(sun exposed), tibial nerve, tibial artery, skeletal muscle, lung, heart (left ventricle), whole blood, and subcutaneous
adipose (23715323). All GTex results had associations with P < 8.4E-07.
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Supplementary Figure 1 Study-specific test statistics and allele frequencies for the exome-chip variants in
HELB.
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Supplementary Figure 2 STRING analysis of genes highlighted from GWAS. (a) Connections for 34 genes
highlighted as being involved in DDR at loci associated with age at menopause. (b) Genes that are directly

linked to BRCA1 from the list of highlighted genes in Table 1. Weight of connecting line indicates the
strength of the evidence for the connection.
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Supplementary Figure 3 Breast cancer ORs by quintile of ANM polygenic risk score (PRS) (quintiles defined
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Menopause increasing alleles
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Supplementary Figure 4 Proposed mechanism of effect of SNPs on breast cancer risk.
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PRIM1
Structure with reference allele Structure with alternate allele

NBR1
Structure with reference allele Structure with alternate allele

Supplementary Figure 5 SWISS-MODEL predictions for two of the variants, in PRIM1 and NBR1, which may
affect protein function.



Table Title

S1
S2
S3
sS4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
515
S16
517
S18
519
S20
S21
S22
S23
S24
S25
S26
S27

Study info GWAS

GWAS clumped

GWAS Conditional results
GCTA variance explained
Partitioning heritability
Study info Exome

Exome SV dis+rep

WGHS conditional analysis
GRAIL results

MAGENTA (overall)

eQTLs - full results

STRING results

MAGENTA (custom)
MAGENTA cust. POF
MAGENTA cust. Ovarian.
GWAS catalogue look ups
Genetic correlations

Score BMI > Meno.
Binomial Meno > BMI
Score AAM > Meno.

Score Meno. > AAM

S24 MAGENTA cust. Puberty
Score BC > Meno.
BCAC_stratified

Score Meno. > PC
Non-syn. vars. at r-sq>0.8
Functional_sift_poly_model



Description

Study level information for the contributing GWAS studies

The univariate results for the GWAS analysis, showing the nearest genes and genes within 500kb

The results from GCTA showing secondary signals, and also the highlighted genes from the pathway analysis
Variance explained estimates from GCTA using the InterAct cohort data

Results of 10 tissue categories from Broad analysis

Study level information for the contributing Exome studies

The Exome variants taken forward for replication with the results in both the discovery and replication cohorts
Conditional analysis of the GWAS and Exome chip signals in the WGHS cohort

Results from GRAIL analysis

The results from the default MAGENTA analysis

All eQTLs across all tissues with a significant association for the top SNPs

Details of the protein—protein connections identified from STRING

MAGENTA results from the three custom pathways (POI, ovarian function, monogenic puberty)
Details of the genes inputted for the custom POF MAGENTA pathway

Details of the genes inputted for the custom early menopause MAGENTA pathway

GRASP and NHGRI look up of GWAS associated traits

Genetic correlations across a range of phenotypes using the Broad Group Method

Details of the BMI to age at menopause score analysis

Details of the binomial analysis of directional consistency of age at menopause SNPs on BMI

Details of the age at menarche to age at menopause score analysis

Details of the age at menopause to age at menarche score analysis

MAGENTA analysis of enrichment for puberty timing genes

Details of the breast cancer to age at menopause score analysis

Results from age stratified breast cancer analysis

Details of the menopause score to prostate cancer analysis

Non-synonymous variants in linkage disequilibrium (r2>0.8) with the GWAS signals (from HaploReg v2)
Functional significance of non-synonymous variants, using SIFT, Polyphen and SWISS-MODEL
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