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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
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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

DDR Non-DDR
? Compensated
reduced BrCa Increased hormone ? Augmented
risk effect from exposure through later risk through
increased DDR menopause residual
efficiency hormone/other
effects

OR 1.05
Increased OR1.12
[1.03-1.08] [1.06-1.21]

P=1.1x107 BrCa risk SraE Ny

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