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Supplementary Methods 
 
Signal-to-noise inference on the Illumina EPIC array  
 
Illumina EPIC array probe design  
The Illumina EPIC array consists of two probe types. Type I probes come in pairs with 
one designed to bind to methylated DNA (after bisulfite modification) and the second 
designed for unmethylated DNA. Type I pairs measure signal using either the red or 
green intensity channels. If a type I probe uses the red channel, for instance, then 
green intensities from that pair will be due to background fluorescence and can be 
used as an out-of-band estimate of background green intensity. We used 184,454 out-
of-band green intensities from type I probes to estimate the distribution of background 
green intensity, and similarly 99,908 out-of-band red intensities.  
 
In contrast, type II probes consist of single probes. Green intensity corresponds to the 
methylated signal and red to the unmethylated signal. It is generally not possible to 
use type II probes to estimate background intensity. Type II probes tend to have a 
lower CG content and a considerably lower signal intensity in comparison to type I 
probes. In Supplementary Figure 6A we compared intensities from the Swedish 
cytology biobank dataset and discovery dataset. The biobanked samples suffered 
from a lower overall signal intensity leading to lower signal-to-noise ratios in these 
samples.  
 
Background definitions  
Let !! 	and !" denote background red and green background intensities and let ## and 
$# denote the true methylated and unmethylated intensities. For type II probes assume 
the observed methylated intensity is # = ## + !" (methylated signal in green channel) 
and $ = $# + !!(unmethylated signal in red channel). Define the true beta value as 
'# = ##/(## + $#) the background beta value as '$ = !"/(!" + !!), and the signal-to-
noise ratio as	+ = (## + $#)/(!" + !!). The observed beta value is given by  

 
If + à 0 then ' à '$and if + à ∞ then ' à '# as expected. 
 
Lower signal-to-noise reduces the dynamic range of beta values  
Lower values of + will distort beta values away from 0 and 1. Supplementary Figure 
6b shows a simulated CpG site with parameters fixed to !! = 500 and !" = 200 (hence 
'$  = 0.29) and true intensities ranging from 0 to 20,000. The lines correspond to 
different beta values which become ‘squashed’ towards the background beta values 
at low values of +. We expect that in samples with lower signal-to-noise ratios the 
distribution of type II beta values will have a smaller range. Supplementary Figure 6c 
shows an example of a high signal-to-noise sample in blue and a low-quality sample 
in red.  
 



   

 
 

Rationale  
Reduced red and green signal intensities will lead to a distortion in the distribution of 
beta values. The distribution of beta values will have a smaller range with modes 
‘squashed’ further away from zero and one. This effect will be most pronounced in 
type II probes as these probes have a considerably lower signal intensity in 
comparison to type I probes (Supplementary Figure 6a). Our analysis will therefore 
focus on type II probes only.  
 
At each probe the measured intensities are a combination of the true signal plus the 
background intensity. The background intensities are not directly measurable. We 
reasoned that in samples with a lower signal-to-noise ratio the overall distribution of 
raw type II beta values will have a diminished range, and this can be used as the basis 
for inferring the signal-to-noise ratio for each sample.  
 
Inference of signal-to-noise ratios  
Beta values typically follow a bimodal distribution with one mode close to zero (the 
‘unmethylated’ mode, denoted by 	'%(+) ) and a second mode close to one (the 
‘methylated’ mode, denoted by '&(+)). See Supplementary Figure 6c for an example. 
We assume that in each sample the location of these modes follows the same 
parametric form as equation (1). Predicted modes are  

 
For a given sample with observed modes '%obs and '&obs we estimate + via 

 
The parameter '$ 	is fixed to a value of 0.33 based on the median out-of-bag type I red 
and green background intensities in the discovery set. The parameters '#%	and '#&are 
set to 0.02 and 0.97 respectively based on the median unmethylated and methylated 
modes of type I probes in the discovery set (type I probes have considerably higher 
red and green values and hence serve as the ‘true’ locations of the modes).  
 
Application to the discovery set and the biobank sample set  
The parameters '$,	'#%, and '#&were fixed prior to analysis of both the discovery and 
biobanked samples. We observed an excellent model fit after inferring optimal + 
values for each sample (Supplementary Figure 6d and Supplementary Figure 6e).  
 
 
  



   

 
 

Supplementary Note 1 
 
Assessment of performance 
The pseudo--'  for the glmnet model fitted to the training dataset is 0.99 (this is 
analogous to the -'	 goodness-of-fit measure, the proportion of total variance 
explained by the model, in linear regression). The Brier score corresponding to the 
WID-BC-index in the internal validation set was 0.16 (the Brier score is the mean 
square difference between predicted probabilities and actual outcomes, it takes a 
value between 0 and 1 with smaller values corresponding to better predictors).  
 
In addition, a calibration curve of the WID-BC-index applied to the external validation 
dataset was plotted (Supplementary Figure 7). The index was first rescaled in order to 
optimise calibration using the internal validation dataset. The calibration curve shows 
that the WID-BC-index is well calibrated, with the predicted probabilities only slightly 
higher than the actual probabilities (i.e. the index tends to slightly overestimate the 
probability of being a case).  
 
Association with epidemiological and clinical factors 
A separate classifier was trained on samples from the internal validation set using the 
WID-BC-index, PRS, age, age at menarche, parity, age at first pregnancy, menopause 
age, BMI, oral contraceptive pill use, hormone replacement therapy use, smoking, and 
first degree relatives with breast cancer as input variables. A logistic regression model 
was trained on 192 controls and 78 breast cancers and subsequently evaluated in 88 
controls and 29 breast cancers. We found that adding these additional variables 
resulted in an AUC of 0.84 and therefore did not sufficiently improve performance over 
the index alone. A model based on PRS and epidemiological factors only resulted in 
an AUC of 0.74. 
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Supplementary Figure 1. Cell type composition. a Distribution of different cell types as estimated using
the HEpiDISH algorithm in cervical samples of the the external validation dataset (n=225 controls, 113 breast
cancer cases), b cervical samples from BRCA1 (n=114 controls, 57 BRCA1 mutation carriers; ** p=0.003 in
Wilcoxon signed-rank test) or c BRCA2 mutation carriers (n=114 controls, 53 BRCA2 mutation carriers), d
buccal samples from BRCA1 (n=115 controls, 57 BRCA1 mutation carriers) or e BRCA2 mutation carriers
(n=115 controls, 50 BRCA2 mutation carriers), f matched buccal samples from the breast cancer internal
validation dataset (n=69 controls, 66 breast cancer cases), g ovarian cancer samples (n=297 controls, 242
ovarian cancer cases; * p<0.05, ** p<0.01, *** p<0.001 in Wilcoxon signed-rank test; exact p-values:
epithelial cells, p=0.012; neutrophils, p=0.012; monocytes, p=0.001; NK cells, p=0.017; CD4+ T cells,
p=0.014; B cells, p=0.004; fibroblasts, p=0.00007, eosinophils, p=0.009), h endometrial cancer samples
(n=297 controls, 217 endometrial cancers; * p<0.05, ** p<0.01, *** p<0.001 in Wilcoxon signed-rank test;
exact p-values: epithelial cells, p=0.029; monocytes, p=0.0000006; NK cells, p=0.0000007; CD4+ T cells,
p=0.000001; B cells, p=0.001), and i fresh breast tissue samples (n=14 per group). Box plots correspond
to standard Tukey representation, with boxes indicating mean and interquartile range, and lines indicating
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smallest and largest values within 1.5 times of the 25th and 75th percentile, respectively. Dots indicate
outlier values. Source data are provided as a Source Data file.
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Supplementary Figure 2. Decomposition of WID-BC-index. a The proportion of variance, weighted by
the absolute coefficient values from the WID-BC-index, corresponding to each component of the index. b
epithelial, c immune, and d shared subcomponents of the WID-BC-index in the internal validation dataset.
e Performance of the WID-BC-index in the internal validation set after omitting each subcomponent. Error
bars indicate 95% confidence interval. f Odds ratios computed corresponding to the genomic annotation
of the 29,000 CpGs comprising the WID-BC-index (when compared to the 776,725 CpGs in the dataset;
***, p<2.2e-16 in Chi-Squared test). Error bars indicate 95% confidence interval. g The WID-BC-index
versus inferred signal-to-noise ratio in poor prognostic breast cancer cases and controls; h the WID-BC-index
versus inferred signal-to-noise ratio in non-poor prognostic breast cancer cases and controls. Source data are
provided as a Source Data file.
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Supplementary Figure 3. Performance of the WID-BC-index in BRCA mutation carriers. a
ROC curves corresponding to the WID-BC-index discriminating between BRCA1 carriers and controls in
cervical (n=114 controls, n=57 BRCA1 mutation carriers), b buccal (n=115 controls, n=57 BRCA1 mutation
carriers), and c blood samples (n=116 controls, n=58 BRCA1 mutation carriers), and between BRCA2
carriers and controls in d cervical (n=114 controls, n=53 BRCA2 mutation carriers), e buccal (n=115
controls, n=50 BRCA2 mutation carriers), and f blood samples (n=116 controls, n=53 BRCA1 mutation
carriers). Source data are provided as a Source Data file.

6



−1.5

−1.0

−0.5

0.0

0.5

0.00 0.25 0.50 0.75 1.00
Immune cell proportion

W
ID
−B

C
−i

nd
ex

 (e
pi

th
el

ia
l)

Control Breast cancer

a

−2.2

−2.0

−1.8

−1.6

0.00 0.25 0.50 0.75 1.00
Immune cell proportion

W
ID
−B

C
−i

nd
ex

 (i
m

m
un

e)

Control Breast cancer

b

−2.0

−1.8

−1.6

−1.4

0.00 0.25 0.50 0.75 1.00
Immune cell proportion

W
ID
−B

C
−i

nd
ex

 (s
ha

re
d)

Control Breast cancer

c

−1

0

1

0.00 0.25 0.50 0.75 1.00
Immune cell proportion

W
ID
−B

C
−i

nd
ex

 (e
pi

th
el

ia
l)

Control Ovarian cancer

d

−2.5

−2.0

−1.5

0.00 0.25 0.50 0.75 1.00
Immune cell proportion

W
ID
−B

C
−i

nd
ex

 (i
m

m
un

e)

Control Ovarian cancer

e

−2.5

−2.0

−1.5

−1.0

0.00 0.25 0.50 0.75 1.00
Immune cell proportion

W
ID
−B

C
−i

nd
ex

 (s
ha

re
d)

Control Ovarian cancer

f

Supplementary Figure 4. Analysis of epithelial, immune, and shared subcomponents. a Epithelial,
b immune, and c shared subcomponents of the WID-BC-index in matched buccal samples from the breast
cancer internal validation dataset. d Epithelial, e immune, and f shared subcomponents of the WID-BC-
index in ovarian cancer cases and healthy controls. Source data are provided as a Source Data file.
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Supplementary Figure 5. Distribution of WID-BC-index in respect to storage and in healthy
volunteers versus patients with benign gynaecological diseases a The WID-BC-index is independent
of the time between sample collection and processing (discovery set). b Distribution of the WID-BC-
index in controls that volunteered from the general population and women that presented at hospitals for
benign women-specific conditions (discovery set). Numbers in brackets indicate sample size (n=593 healthy
volunteers, n=53 patients with uterine fibroids, n=33 individuals with unspecified gynaecological problems,
n=47 patients with pelvic floor dysfunction, n=6 and n=26 patients with ovarian teratoma and fibroma,
respectively, n=24 endometriosis patients, n=25 benign endometrial changes, n=9 individuals with benign
breast changes, and n=53 patients with benign adnexal cysts). Box plots correspond to standard Tukey
representation, with boxes indicating mean and interquartile range, and lines indicating smallest and largest
values within 1.5 times of the 25th and 75th percentile, respectively. Dots indicate outlier values. Source
data are provided as a Source Data file.
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Supplementary Figure 6. Signal-to-noise inference. a Raw red and green intensities in the biobanked
and discovery datasets. n=493 biobanked samples, 882 discovery samples. Box plots correspond to standard
Tukey representation, with boxes indicating mean and interquartile range, and lines indicating smallest and
largest values within 1.5 times of the 25th and 75th percentile, respectively. Dots indicate outlier values.
b Numerical simulation example. A range of example beta values (represented using grey lines) become
distorted at lower signal-to-noise levels. c Example of a high signal-to-noise ratio sample in blue (with
modes close to zero and one) and a low signal-tonoise ratio sample in red (modes ‘squashed’ away from zero
and one). The empirical densities correspond to the global type II raw beta distributions. d Discovery set
samples. Each sample is represented by a pair of points corresponding to the methylated and unmethylated
modes (based on the type II raw beta value distribution). The values along the x-axis are inferred signal-
tonoise estimates for each sample. The grey lines correspond to the theoretical location of the modes as
a function of signal-to-noise using equations (2) and (3) from the Supplementary Methods. e Biobanked
samples. Each sample is represented by a pair of points corresponding to the methylated and unmethylated
modes (based on the type II raw beta value distribution). The values along the x-axis are inferred signal-
to-noise estimates for each sample. The grey lines correspond to the theoretical location of the modes as a
function of signal-to-noise using equations (2) and (3) from the Supplementary Methods. Source data are
provided as a Source Data file.
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Supplementary Table 1. Epidemiological characteristics of the discovery set. Odds ratios and p-values
were calculated using median-unbiased estimation. Source data are provided as a Source Data file.
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Supplementary Table 2. Epidemiological characteristics of the external validation set. Odds ratios
and p-values were calculated using median-unbiased estimation. Source data are provided as a Source Data
file.

&RQWURO��Q ���� &DQFHU��Q ���� 25������&,� S�YDOXH

$JH��\HDUV�
��� �������� �������� ������UHIHUHQFH� �
����� �������� �������� ����������������� �����
!�� �������� �������� ����������������� ����

$JH�DW�PHQDUFKH��\HDUV�
��� �������� �������� ����������������� ����
����� ��������� �������� ����������������� ����
!�� �������� �������� ������UHIHUHQFH� �

3DURXV
<HV ��������� �������� ������UHIHUHQFH� �
1R �������� �������� ����������������� ����

$JH�DW�ILUVW�OLYH�FKLOG�ELUWK
��� ������� ������ ������UHIHUHQFH� �
����� �������� �������� ������������������� ����
!�� �������� �������� ������������������� �����
0LVVLQJ�RU�8QNQRZQ �������� �������� � �

0HQRSDXVDO�VWDWXV
3UH �������� �������� ������UHIHUHQFH� �
3RVW ��������� �������� ����������������� �����

$JH�DW�PHQRSDXVH��\HDUV�
��� �������� �������� ����������������� ����
����� �������� �������� ����������������� ����
!�� �������� �������� ������UHIHUHQFH� �
0LVVLQJ�RU�8QNQRZQ ������ ������ � �

%0,��NJ�P��
��� ��������� �������� ������UHIHUHQFH� �
����� �������� �������� ����������������� ����
!�� �������� �������� ����������������� ����

2UDO�FRQWUDFHSWLYH�XVH��SUHPHQRSDXVDO�
1R �������� �������� ������UHIHUHQFH� �
<HV �������� �������� ����������������� ����
0LVVLQJ�RU�8QNQRZQ ������ ������ � �

+RUPRQH�UHSODFHPHQW�WKHUDS\��SRVWPHQRSDXVDO�
1R ��������� �������� ������UHIHUHQFH� �
<HV �������� �������� ����������������� ����

6PRNLQJ
1R ��������� ��������� ������UHIHUHQFH� �
<HV �������� �������� ����������������� ����
0LVVLQJ�RU�8QNQRZQ ������ ������ � �

)LUVW�GHJUHH�UHODWLYHV�ZLWK�EUHDVW�FDQFHU
� ��������� �������� ������UHIHUHQFH� �
� �������� �������� ���������������� ����
� ������ ������ ������������������ ����
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Supplementary Table 3. Clinical characteristics of cancer cases in the discovery and external
validation set.

'LVFRYHU\�VHW�
Q ���

([WHUQDO�YDOLGDWLRQ�VHW�
Q ���

$JH��\HDUV�
��� ��������� ��������
����� �������� ��������
!�� �������� ��������

0HQRSDXVDO�VWDWXV
3UH ��������� ��������
3RVW ��������� ��������

7�VWDJH
7� ��������� ��������
7� ��������� ��������
7��7� ������� ��������
0LVVLQJ�RU�XQNQRZQ ������ ������

1�VWDJH
1� ��������� ��������
!1� ��������� ��������
0LVVLQJ�RU�XQNQRZQ ������ ������

(VWURJHQ�UHFHSWRU�VWDWXV
3RVLWLYH ��������� ��������
1HJDWLYH �������� ��������
0LVVLQJ�RU�XQNQRZQ ������ ������

3URJHVWHURQH�UHFHSWRU�VWDWXV
3RVLWLYH ��������� ��������
1HJDWLYH �������� ��������
0LVVLQJ�RU�XQNQRZQ ������ ������

+(5��VWDWXV
3RVLWLYH ��������� ��������
1HJDWLYH ��������� ��������
0LVVLQJ�RU�XQNQRZQ ������ ������

*UDGH
, ������� ������
,, ��������� ��������
,,, ��������� ��������
0LVVLQJ�RU�8QNQRZQ ������ ������

+LVWRORJ\
'XFWDO ��������� ��������
/REXODU �������� ��������
2WKHU �������� ������
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Supplementary Table 4. Overview of epidemiological characteristics in the ovarian cancer set.
Odds ratios and p-values were calculated using median-unbiased estimation.

&RQWURO��Q ���� &DQFHU��Q ���� 25������&,� S�YDOXH

$JH��\HDUV�
��� ��������� �������� ������UHIHUHQFH� �
����� �������� �������� ��������������� ���ԹԷ
!�� �������� �������� ����������������� ���ԹïԴ

$JH�DW�PHQDUFKH��\HDUV�
��� �������� �������� ��������������� ����
����� ��������� ��������� ��������������� ���
!�� �������� �������� ������UHIHUHQFH� �
0LVVLQJ�RU�8QNQRZQ ������ ������ � �

3DURXV
<HV ��������� ��������� ������UHIHUHQFH� �
1R �������� �������� ���������������� ����
0LVVLQJ�RU�8QNQRZQ ������ ������ � �

$JH�DW�ILUVW�OLYH�FKLOG�ELUWK
��� ������ ������� ������UHIHUHQFH� �
����� �������� ��������� ���������������� ����
!�� ��������� �������� ���������������� �����
0LVVLQJ�RU�8QNQRZQ �������� �������� � �

0HQRSDXVDO�VWDWXV
3UH ��������� �������� ������UHIHUHQFH� �
3RVW ��������� ��������� ���������������� ���ԹïԴ

$JH�DW�PHQRSDXVH��\HDUV�
��� ��������� �������� ���������������� ���Թñ
����� �������� ��������� ���������������� ����
!�� �������� �������� ������UHIHUHQFH� �
0LVVLQJ�RU�8QNQRZQ �������� �������� � �

%0,��NJ�P��
��� ��������� ��������� ������UHIHUHQFH� �
����� �������� �������� ���������������� ����
!�� �������� �������� ���������������� ����

2UDO�FRQWUDFHSWLYH�XVH��SUHPHQRSDXVDO�
1R ��������� �������� ������UHIHUHQFH� �
<HV �������� ������� ���������������� ����
0LVVLQJ�RU�8QNQRZQ ������ ������ � �

+RUPRQH�UHSODFHPHQW�WKHUDS\��SRVWPHQRSDXVDO�
1R ��������� ��������� ������UHIHUHQFH� �
<HV �������� ������ ���������������� �����
0LVVLQJ�RU�8QNQRZQ ������ ������ � �

6PRNLQJ
1R ��������� ��������� ������UHIHUHQFH� �
<HV �������� �������� ������������� ����
0LVVLQJ�RU�8QNQRZQ ������ ������ � �

)LUVW�GHJUHH�UHODWLYHV�ZLWK�RYDULDQ�FDQFHU
� ��������� ��������� ������UHIHUHQFH� �
� ������ ������� ��������������� ����
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Supplementary Table 5. Overview of clinical characteristics in the ovarian cancer set.

9DOXH 2YDULDQ�FDQFHU��Q ����

$JH��\HDUV�
��� ��������
����� ��������
!�� ��������

0HQRSDXVDO�VWDWXV
3UH ��������
3RVW ���������

7�VWDJH
7� ��������
7� ��������
7� ���������
7� ��������
0LVVLQJ�RU�8QNQRZQ ������

*UDGH
, ��������
,, �������
,,, ���������
0LVVLQJ�RU�8QNQRZQ ������

+LVWRORJ\
+LJK�JUDGH�VHURXV ���������
0XFLQRXV �������
&OHDU�FHOO �������
(QGRPHWULRLG �������
2WKHU ��������
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Supplementary Table 6. Overview of epidemiological characteristics in the endometrial cancer
set. Odds ratios and p-values were calculated using median-unbiased estimation.

&RQWURO��Q ���� &DQFHU��Q ���� 25������&,� S�YDOXH

$JH��\HDUV�
��� ��������� ������� ������UHIHUHQFH� �
����� �������� �������� ����������������� ���ԹïԳ
!�� �������� ��������� ������������������� ���ԹߏĶತ
0LVVLQJ�RU�XQNQRZQ ������ ������ � �

$JH�DW�PHQDUFKH��\HDUV�
��� �������� �������� ��������������� ���
����� ��������� ��������� ���������������� ����
!�� �������� �������� ������UHIHUHQFH� �
0LVVLQJ�RU�XQNQRZQ ������ ������ � �

3DURXV
<HV ��������� ��������� ������UHIHUHQFH� �
1R �������� �������� ������������� ����
0LVVLQJ�RU�XQNQRZQ ������ ������ � �

$JH�DW�ELUWK�RI�ILUVW�OLYH�FKLOG��\HDUV�
��� ������ ������� ������UHIHUHQFH� �
����� �������� �������� ���������������� ����
!�� ��������� �������� ���������������� ���Թñ
0LVVLQJ�RU�XQNQRZQ �������� �������� � �

0HQRSDXVDO�VWDWXV
3UH ��������� ������� ������UHIHUHQFH� �
3RVW ��������� ��������� ������������������� ���ԹߏĶತ
0LVVLQJ�RU�XQNQRZQ ������ ������ � �

$JH�DW�PHQRSDXVH��\HDUV�
��� ��������� �������� ��������������� ���ԹߏĶತ
����� �������� �������� ���������������� �����
!�� �������� �������� ������UHIHUHQFH� �
0LVVLQJ�RU�XQNQRZQ �������� �������� � �

%0,��NJ�P��
��� ��������� �������� ������UHIHUHQFH� �
����� �������� �������� ��������������� ����
!�� �������� �������� ���������������� ���Թïð
0LVVLQJ�RU�XQNQRZQ ������ ������ � �

2UDO�FRQWUDFHSWLYH�XVH��SUH�PHQRSDXVDO�RQO\�
1R ��������� ��������� ������UHIHUHQFH� �
<HV �������� ������ 1$ 1$
0LVVLQJ�RU�XQNQRZQ ������ ������ � �

+RUPRQH�UHSODFHPHQW�WKHUDS\��SRVW�PHQRSDXVDO�RQO\�
1R ��������� ��������� ������UHIHUHQFH� �
<HV �������� ������ ������������� ���ԹԲ
0LVVLQJ�RU�XQNQRZQ ������ ������ � �

6PRNLQJ
1R ��������� ��������� ������UHIHUHQFH� �
<HV �������� ������� ���������������� ����
0LVVLQJ�RU�XQNQRZQ ������ ������ � �

)LUVW�GHJUHH�UHODWLYHV�ZLWK�HQGRPHWULDO�FDQFHU
� ��������� ��������� ������UHIHUHQFH� �
�� ������ ������ ���������������� ����
0LVVLQJ�RU�XQNQRZQ ������ ������ � �
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Supplementary Table 7. Overview of clinical characteristics in the endometrial cancer set.

9DOXH (QGRPHWULDO�FDQFHU��Q ����

$JH��\HDUV�
��� �������
����� ��������
!�� ���������
0LVVLQJ�RU�XQNQRZQ ������

0HQRSDXVDO�VWDWXV
3UH �������
3RVW ���������
0LVVLQJ�RU�XQNQRZQ ������

6WDJH
,$ ��������
,% ��������
,, �������
,,,$ �������
,,,% �������
,,,& ��������
,9$ ������
,9% �������
0LVVLQJ�RU�XQNQRZQ ������

*UDGH
, ��������
,, ��������
,,, ��������
0LVVLQJ�RU�XQNQRZQ �������

+LVWRORJ\
(QGRPHWULRLG ���������
6HURXV ��������
2WKHU ��������
0LVVLQJ�RU�XQNQRZQ ������
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Supplementary Table 8. Overview of ENCODE samples used.

([SHULPHQW�$FFHVVLRQ %LRVDPSOH�W\SH 7\SH

WK\URLG�JODQG
(1&65���1&1 WLVVXH HSLWKHOLDO
(1&65���17= WLVVXH HSLWKHOLDO
(1&65���:$. WLVVXH HSLWKHOLDO
(1&65���4() WLVVXH HSLWKHOLDO

VLJPRLG�FRORQ
(1&65���(,5 WLVVXH HSLWKHOLDO
(1&65���)3; WLVVXH HSLWKHOLDO
(1&65���(30 WLVVXH HSLWKHOLDO
(1&65���:66 WLVVXH HSLWKHOLDO

WUDQVYHUVH�FRORQ
(1&65���/(' WLVVXH HSLWKHOLDO
(1&65���&5= WLVVXH HSLWKHOLDO
(1&65���$&) WLVVXH HSLWKHOLDO
(1&65���/+2 WLVVXH HSLWKHOLDO

WLELDO�QHUYH
(1&65���&*: WLVVXH QRQ�HSLWKHOLDO
(1&65���15; WLVVXH QRQ�HSLWKHOLDO
(1&65���'.< WLVVXH QRQ�HSLWKHOLDO
(1&65���9%/ WLVVXH QRQ�HSLWKHOLDO

WLELDO�DUWHU\
(1&65���;*( WLVVXH QRQ�HSLWKHOLDO
(1&65���7.7 WLVVXH QRQ�HSLWKHOLDO
(1&65���;.1 WLVVXH QRQ�HSLWKHOLDO
(1&65���6,, WLVVXH QRQ�HSLWKHOLDO

JDVWURFQHPLXV�PHGLDOLV
(1&65���8,1 WLVVXH QRQ�HSLWKHOLDO
(1&65���%,5 WLVVXH QRQ�HSLWKHOLDO
(1&65���(,9 WLVVXH QRQ�HSLWKHOLDO

ELSRODU�QHXURQ
(1&65���2;' LQ�YLWUR�GLIIHUHQWLDWHG�FHOOV QRQ�HSLWKHOLDO

SURVWDWH�JODQG
(1&65���+<; WLVVXH HSLWKHOLDO
(1&65���3<3 WLVVXH HSLWKHOLDO

VWRPDFK
(1&65���'%: WLVVXH HSLWKHOLDO
(1&65���*32 WLVVXH HSLWKHOLDO
(1&65���8)* WLVVXH HSLWKHOLDO

HVRSKDJXV�VTXDPRXV�HSLWKHOLXP
(1&65���642 WLVVXH HSLWKHOLDO
(1&65���(/' WLVVXH HSLWKHOLDO
(1&65���/$+ WLVVXH HSLWKHOLDO
(1&65���;9- WLVVXH HSLWKHOLDO

XSSHU�OREH�RI�OHIW�OXQJ
(1&65���75/ WLVVXH HSLWKHOLDO
(1&65���&'( WLVVXH HSLWKHOLDO
(1&65���<35 WLVVXH HSLWKHOLDO
(1&65���(*9 WLVVXH HSLWKHOLDO

PDPPDU\�HSLWKHOLDO�FHOO
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([SHULPHQW�$FFHVVLRQ %LRVDPSOH�W\SH 7\SH

(1&65���..< SULPDU\�FHOO HSLWKHOLDO
(1&65���,/( SULPDU\�FHOO HSLWKHOLDO

KHDUW�OHIW�YHQWULFOH
(1&65���34* WLVVXH QRQ�HSLWKHOLDO
(1&65���=&8 WLVVXH QRQ�HSLWKHOLDO

YDJLQD
(1&65���:<) WLVVXH HSLWKHOLDO
(1&65���385 WLVVXH HSLWKHOLDO

3H\HU
V�SDWFK
(1&65���11$ WLVVXH QRQ�HSLWKHOLDO
(1&65���$94 WLVVXH QRQ�HSLWKHOLDO
(1&65���*)- WLVVXH QRQ�HSLWKHOLDO

ORZHU�OHJ�VNLQ
(1&65���+$. WLVVXH HSLWKHOLDO
(1&65���6/2 WLVVXH HSLWKHOLDO
(1&65���1)2 WLVVXH HSLWKHOLDO
(1&65���376 WLVVXH HSLWKHOLDO

DGUHQDO�JODQG
(1&65���;*= WLVVXH QRQ�HSLWKHOLDO
(1&65���5($ WLVVXH QRQ�HSLWKHOLDO
(1&65���.;2 WLVVXH QRQ�HSLWKHOLDO

JDVWURHVRSKDJHDO�VSKLQFWHU
(1&65���6%' WLVVXH QRQ�HSLWKHOLDO
(1&65���,8% WLVVXH QRQ�HSLWKHOLDO
(1&65���%8; WLVVXH QRQ�HSLWKHOLDO
(1&65���5=8 WLVVXH QRQ�HSLWKHOLDO

NLGQH\�HSLWKHOLDO�FHOO
(1&65���+8( SULPDU\�FHOO HSLWKHOLDO

QHXUDO�SURJHQLWRU�FHOO
(1&65���9+, LQ�YLWUR�GLIIHUHQWLDWHG�FHOOV QRQ�HSLWKHOLDO

VSOHHQ
(1&65���<)3 WLVVXH QRQ�HSLWKHOLDO
(1&65���+-/ WLVVXH QRQ�HSLWKHOLDO
(1&65���%7, WLVVXH QRQ�HSLWKHOLDO

ULJKW�DWULXP�DXULFXODU�UHJLRQ
(1&65���/0< WLVVXH QRQ�HSLWKHOLDO
(1&65���-4$ WLVVXH QRQ�HSLWKHOLDO

WHVWLV
(1&65���$,/ WLVVXH HSLWKHOLDO
(1&65���2/, WLVVXH HSLWKHOLDO

RPHQWDO�IDW�SDG
(1&65���-&6 WLVVXH QRQ�HSLWKHOLDO
(1&65���1%$ WLVVXH QRQ�HSLWKHOLDO
(1&65���:;) WLVVXH QRQ�HSLWKHOLDO
(1&65���3*: WLVVXH QRQ�HSLWKHOLDO

VXEFXWDQHRXV�DGLSRVH�WLVVXH
(1&65���&9* LQ�YLWUR�GLIIHUHQWLDWHG�FHOOV QRQ�HSLWKHOLDO
(1&65���<)0 WLVVXH QRQ�HSLWKHOLDO
(1&65���++- WLVVXH QRQ�HSLWKHOLDO
(1&65���-0. WLVVXH QRQ�HSLWKHOLDO
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([SHULPHQW�$FFHVVLRQ %LRVDPSOH�W\SH 7\SH

VNHOHWDO�PXVFOH�P\REODVW
(1&65���6$8 SULPDU\�FHOO QRQ�HSLWKHOLDO
(1&65���;48 SULPDU\�FHOO QRQ�HSLWKHOLDO

VXSUDSXELF�VNLQ
(1&65���,89 WLVVXH HSLWKHOLDO
(1&65���)&9 WLVVXH HSLWKHOLDO
(1&65���:2+ WLVVXH HSLWKHOLDO
(1&65���$7* WLVVXH HSLWKHOLDO

EUHDVW�HSLWKHOLXP
(1&65���/<1 WLVVXH HSLWKHOLDO
(1&65���&&. LQ�YLWUR�GLIIHUHQWLDWHG�FHOOV HSLWKHOLDO
(1&65���''& WLVVXH HSLWKHOLDO

VPRRWK�PXVFOH�FHOO
(1&65���:81 LQ�YLWUR�GLIIHUHQWLDWHG�FHOOV QRQ�HSLWKHOLDO

HSLWKHOLDO�FHOO�RI�DOYHROXV�RI�OXQJ
(1&65���(3% SULPDU\�FHOO HSLWKHOLDO

FDUGLDF�PXVFOH�FHOO
(1&65���906 WLVVXH QRQ�HSLWKHOLDO

P\RWXEH
(1&65���,)) LQ�YLWUR�GLIIHUHQWLDWHG�FHOOV QRQ�HSLWKHOLDO
(1&65���23< SULPDU\�FHOO QRQ�HSLWKHOLDO

HVRSKDJXV�PXVFXODULV�PXFRVD
(1&65���3.5 WLVVXH HSLWKHOLDO
(1&65���694 WLVVXH HSLWKHOLDO
(1&65���978 WLVVXH HSLWKHOLDO
(1&65���6)2 WLVVXH HSLWKHOLDO

DVFHQGLQJ�DRUWD
(1&65���60% WLVVXH QRQ�HSLWKHOLDO
(1&65���637 WLVVXH QRQ�HSLWKHOLDO

RYDU\
(1&65���61% WLVVXH HSLWKHOLDO
(1&65���$-9 WLVVXH HSLWKHOLDO

QRQ�SLJPHQWHG�FLOLDU\�HSLWKHOLDO�FHOO
(1&65���1), SULPDU\�FHOO HSLWKHOLDO

FRURQDU\�DUWHU\
(1&65���%05 WLVVXH QRQ�HSLWKHOLDO
(1&65���2+: WLVVXH QRQ�HSLWKHOLDO

ERG\�RI�SDQFUHDV
(1&65���%8' WLVVXH HSLWKHOLDO
(1&65���3'' WLVVXH HSLWKHOLDO
(1&65���(%. WLVVXH HSLWKHOLDO
(1&65���=+6 WLVVXH HSLWKHOLDO

HSLWKHOLDO�FHOO�RI�SUR[LPDO�WXEXOH
(1&65���,9+ SULPDU\�FHOO HSLWKHOLDO

LULV�SLJPHQW�HSLWKHOLDO�FHOO
(1&65���$1= SULPDU\�FHOO HSLWKHOLDO

XWHUXV
(1&65���''6 WLVVXH HSLWKHOLDO
(1&65���7=$ WLVVXH HSLWKHOLDO

DVWURF\WH
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([SHULPHQW�$FFHVVLRQ %LRVDPSOH�W\SH 7\SH

(1&65���%$; SULPDU\�FHOO QRQ�HSLWKHOLDO
UHWLQDO�SLJPHQW�HSLWKHOLDO�FHOO

(1&65���/+4 SULPDU\�FHOO HSLWKHOLDO
ULJKW�OREH�RI�OLYHU

(1&65���/<= WLVVXH HSLWKHOLDO
KHSDWRF\WH

(1&65���/.) SULPDU\�FHOO HSLWKHOLDO
UHQDO�FRUWLFDO�HSLWKHOLDO�FHOO

(1&65���11* SULPDU\�FHOO HSLWKHOLDO
FKRURLG�SOH[XV�HSLWKHOLDO�FHOO

(1&65���+<0 WLVVXH QRQ�HSLWKHOLDO
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Supplementary Table 9. Overview of breast cancer cases and control cases collected in different
countries (discovery set).

&RXQWU\ %UHDVW�FDQFHU��Q ���� &RQWURO��Q ���� 7RWDO��Q �����

&]HFK�5HSXEOLF �� ��� ���
*HUPDQ\ �� � ��
,WDO\ ��� �� ���
1RUZD\ � ��� ���
8. �� ��� ���
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Supplementary Table 10. Overview of normal, BRCA carrier, and normal adjacent (from women
with triple negative breast cancer) tissue samples.

7\SH 0HDQ�DJH��\HDUV� 7RWDO��Q ���

1RUPDO��FRVPHWLF�VXUJHU\� �� ��
%5&$���ULVN�UHGXFLQJ�VXUJHU\� �� �
%5&$���ULVN�UHGXFLQJ�VXUJHU\� �� �
1RUPDO�DGMDFHQW �� ��
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