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Supplementary Methods  

Exome sequencing read alignment and variant calling 
Analysis of the sequence data was performed within the in-house pipeline framework Biopet  
(version 0.1.3)[1]. First, raw reads were trimmed based on quality using Sickle (version 
1.200)[2] and adapter sequences were removed with the help of Cutadapt (version 1.1)[3]. 
Afterwards, the quality of the reads was assessed using Fastqc (version 0.10.1)[4]. The reads 
were then aligned to the human reference genome (hg19) with the help of BWA (version 
0.7.8-r455)[5]. After alignment Picard (version 1.109.1722)[6] was used to sort the bam files 
and to mark duplicate reads. Using GATK (version 3.1-1-gcfc45fd)[7] we applied base 
quality score recalibration, indel realignment, called variants using HaplotypeCaller and 
recalibrated variant quality scores using Hapmap, Omni, 1000G and dbSNP for single 
nucleotide variants and Mills and dbSNP for indels (datasets as provided in 
gatk_bundle_2.5). Next, variants in the regions described in the family-specific BED files 
were selected using vcftools (v1.12b)[8]. 
 

Imputation of SNP array data for PRS calculation 
Imputation was performed (without pre-phasing) with IMPUTE2 (version 2.3.2)[9] using 
both 1000G (phase 3 b37 haplotypes)[10] and GoNL (release5.3, imputation ready 
haplotypes)[11] as a reference. We imputed a region of 1Mb around every SNP of interest 
with a buffer of 500 kb. We set “k” to 200 and “k_hap” to 2000  and 998, for 1000G and 
GoNL respectively. Before imputation the reference panels were merged” using the 
“merge_ref_panels” option. The “effective size" of the population (Ne) was set to 20000. To 
replicate this analysis use “seed” 8256245. 
 
 
Supplementary Figure 1. Pedigrees of the families included in this study 
H indicates that an individual’s germline DNA was haplotyped, HE indicates that an 
individual’s germline DNA was both haplotyped and exome sequenced. Under each affected 
individual for whom germline DNA was available the normalized PRS and OR (in italics) are 
indicated. The * -symbol indicates individuals carrying the CHEK2*1100delC variant. 
B= breast cancer, Bl= bladder cancer, Br= brain cancer, C= colon cancer, Ca= cancer not 
otherwise specified, Cx= cervical cancer, E= esophagus cancer, Hy= hypophysis cancer, L= 
lung cancer, Leu= leukemia, Li= liver cancer, Ly= lymphoma (not specified), M= melanoma, 
NHL= non-Hodgkin lymphoma, P= Prostate cancer, Pa= pancreas cancer, Re= renal cancer, 
S= stomach cancer, Sk = skin cancer (not specified), T= testicular cancer, Th= thyroid 
cancer. 
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Supplementary Table 1 
Classification of genes according to level of evidence that protein-truncating variants in 
these genes are associated with breast cancer 
 
Evidence level* Genes 

1. Strong ATM, BRCA1, BRCA2, CHEK2, PALB2 
2. Syndromic CDH1, PTEN, TP53 
3. Likely BARD1, BRIP1, FANCC, FANCM, NF1, RAD51C, 

RAD51D 
4. Suggestive AKT1, MEN1, MSH6, NBN, PIK3CA, RECQL, STK11 
5. Unlikely ATR, EPCAM, FAM175A, GEN1, MLH1, MRE11A, 

MSH2, MUTYH, PMS2, PPM1D, RAD50, RINT1, 
XRCC2 

 
* 1: association has been demonstrated in multiple publications; 2: familial cancer syndromes 
in which breast cancer is a linked feature; 3: some controversy among studies, but meta-
analyses positive; 4: a few positive studies, but no firm replication yet; 5: anecdotal evidence, 
or studies controversial 
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Supplementary Table 2 
Overview of the SNPs included in the polygenic risk score 

SNP Ref  Alt OR* Beta** 
rs616488 A G 0.94 -0.06 
rs2992756 T C 0.94 -0.06 
rs4233486 C T 1.03 0.03 
rs79724016 T G 0.93 -0.07 
rs1707302 A G 1.04 0.04 
rs140850326 Del Ins 0.97 -0.03 
rs17426269 G A 1.05 0.05 
rs12022378 C T 1.04 0.04 
rs7529522 T C 1.06 0.06 
rs11249433 A G 1.11 0.10 
rs12405132 C T 0.97 -0.03 
rs12048493 A C 1.04 0.04 
rs4971059 G A 1.05 0.05 
rs35383942 C T 1.12 0.11 
rs11117758 G A 0.95 -0.05 
rs72755295 A G 1.15 0.14 
rs113577745 C G 1.08 0.08 
rs12710696 T C 0.97 -0.03 
rs6725517 A G 0.96 -0.04 
rs3833441 Del Ins 1.09 0.09 
rs4849887 T C 1.10 0.09 
rs2016394 G A 0.95 -0.05 
rs1550623 G A 1.05 0.05 
rs1830298 C T 0.94 -0.06 
rs34005590 C A 0.82 -0.20 
rs4442975 G T 0.89 -0.12 
rs16857609 C T 1.06 0.06 
rs12479355 A G 0.96 -0.04 
rs6762644 A G 1.05 0.05 
rs4973768 C T 1.11 0.10 
rs12493607 G C 1.05 0.05 
rs6796502 G A 0.92 -0.08 
rs1053338 A G 1.05 0.05 
rs6805189 T C 0.97 -0.03 
rs13066793 A G 0.94 -0.06 
rs9833888 G T 1.06 0.06 
rs34207738 Del Ins 1.06 0.06 
rs58058861 G A 1.06 0.06 
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rs6815814 A C 1.06 0.06 
rs10718573 Ins Del 0.96 -0.04 
rs10022462 C T 1.04 0.04 
rs9790517 C T 1.04 0.04 
rs77528541 G T 0.95 -0.05 
rs6828523 C A 0.91 -0.09 
rs116095464 T C 1.06 0.06 
rs3215401 Del Ins 0.93 -0.07 
rs10069690 C T 1.06 0.06 
rs2012709 C T 1.02 0.02 
rs10941679 A G 1.15 0.14 
rs62355902 A T 1.18 0.17 
rs10472076 T C 1.03 0.03 
rs1353747 T G 0.96 -0.04 
rs72749841 T C 0.93 -0.07 
rs35951924 Del Ins 0.95 -0.05 
rs7707921 T A 1.06 0.06 
rs10474352 C T 0.94 -0.06 
rs6882649 G T 1.03 0.03 
rs6596100 C T 0.94 -0.06 
rs1432679 C T 0.93 -0.08 
rs4562056 G T 1.05 0.05 
rs204247 G A 0.96 -0.04 
rs3819405 C T 0.96 -0.04 
rs2223621 T C 0.96 -0.04 
rs71557345 G A 0.92 -0.08 
rs17529111 T C 1.02 0.02 
rs12207986 G A 1.03 0.03 
rs3757322 T G 1.08 0.08 
rs9397437 G A 1.17 0.16 
rs2747652 T C 1.06 0.06 
rs6569648 C T 1.06 0.06 
rs7971 A G 0.96 -0.04 
rs17156577 T C 1.05 0.05 
rs6964587 G T 1.03 0.03 
rs17268829 T C 1.05 0.05 
rs71559437 G A 0.93 -0.07 
rs4593472 C T 0.97 -0.03 
rs11977670 G A 1.06 0.06 
rs720475 G A 0.96 -0.04 
rs9693444 A C 0.94 -0.06 
rs13365225 A G 0.91 -0.09 
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rs6472903 G T 1.06 0.06 
rs2943559 A G 1.10 0.10 
rs514192 A T 0.95 -0.05 
rs12546444 A T 0.93 -0.07 
rs13267382 A G 0.97 -0.03 
rs58847541 G A 1.08 0.08 
rs13281615 A G 1.11 0.10 
rs11780156 C T 1.05 0.05 
rs1011970 G T 1.07 0.07 
rs10759243 C A 1.06 0.06 
rs676256 C T 1.10 0.09 
rs10816625 A G 1.11 0.10 
rs13294895 C T 1.06 0.06 
rs1895062 A G 0.94 -0.06 
rs10760444 G A 0.97 -0.03 
chr9:136151579 Ins  Del 1.03 0.03 
rs67958007 Ins Del 1.09 0.09 
rs7072776 A G 0.95 -0.05 
rs11814448 A C 1.12 0.11 
rs10995201 A G 0.90 -0.11 
rs704010 T C 0.93 -0.07 
rs140936696 Ins Del 0.96 -0.04 
rs7904519 A G 1.03 0.03 
rs11199914 C T 0.96 -0.04 
rs35054928 Ins Del 0.79 -0.24 
rs45631563 A T 1.23 0.21 
rs2981578 C T 0.81 -0.21 
rs3817198 T C 1.05 0.05 
rs6597981 A G 1.04 0.04 
rs3903072 G T 0.97 -0.03 
rs554219 C G 1.21 0.19 
chr11:69088342 C A 1.28 0.25 
rs11820646 T C 1.04 0.04 
rs12422552 G C 1.06 0.06 
rs7297051 C T 0.89 -0.12 
rs202049448 T C 0.95 -0.05 
rs17356907 A G 0.91 -0.09 
rs1292011 A G 0.92 -0.08 
rs206966 C T 1.05 0.05 
rs11571833 A T 1.35 0.30 
rs6562760 A G 1.05 0.05 
rs2236007 G A 0.93 -0.07 
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rs2588809 T C 0.94 -0.06 
rs999737 C T 0.91 -0.09 
rs941764 A G 1.03 0.03 
rs11627032 T C 0.96 -0.04 
rs10623258 Del Ins 1.04 0.04 
rs2290203 G A 0.94 -0.06 
rs4784227 C T 1.23 0.21 
rs17817449 T G 0.95 -0.05 
rs11075995 A T 0.97 -0.03 
rs28539243 G A 1.05 0.05 
rs2432539 A G 0.97 -0.03 
rs13329835 A G 1.07 0.07 
rs4496150 C A 0.96 -0.04 
rs146699004 Ins Del 0.97 -0.03 
rs72826962 C T 1.20 0.18 
chr17:44252468 G A 0.95 -0.05 
rs2787486 A C 0.93 -0.07 
rs745570 A G 1.05 0.05 
rs527616 C G 1.03 0.03 
rs1436904 T G 0.95 -0.05 
rs117618124 T C 0.89 -0.12 
rs6507583 A G 0.92 -0.08 
rs78269692 T C 1.09 0.09 
rs2594714 G A 0.97 -0.03 
rs2965183 G A 1.04 0.04 
chr19:17262404 C G 1.03 0.03 
rs4808801 A G 0.93 -0.07 
rs71338792 Del Ins 1.05 0.05 
rs3760982 A G 0.95 -0.05 
rs16991615 G A 1.10 0.10 
rs6122906 A G 1.05 0.05 
rs2823093 G A 0.94 -0.06 
rs17879961 A G 1.26 0.23 
rs132390 C T 0.96 -0.04 
rs6001930 T C 1.12 0.11 
rs738321 C G 0.95 -0.05 
rs73161324 C T 1.06 0.06 
rs28512361 G A 1.05 0.05 

*odds ratios (OR) for the alternative (Alt) allele derived from Michailidou et al. 2017[12], ** 
beta for the Alt allele calculated based on the ORs  from Michailidou et al. 2017[12] 
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Supplementary Table 3 
Rare missense variants found in the regions where the sibships share two haplotypes 

Gene Family Variant 
(coding DNA) 

Variant 
(protein)  Rs-number Frequency* CADD 

SERINC2 RF4 c. 364C>T p.R126W rs183001614 0.0053  19.010 
ZNF717 RF7 c.188T>A p.H63L rs201105907 0.0001  0.015 

* Frequency in GnomAD[13] Accession numbers for the transcripts and protein sequences used to 
describe the variants can be found in Supplementary table 1  
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Supplementary Figure 1. Pedigrees of the families included in this studyH indicates that an 
individual’s germline DNA was haplotyped, EH indicates that an individual’s germline DNA was both 
haplotyped and exome sequenced. Under each affected individual for whom germline DNA was 
available the normalized PRS and OR (in italics) are indicated. The * -symbol indicates individuals 
carrying the CHEK2*1100delC variant.B= breast cancer, Bl= bladder cancer, Br= brain cancer, C= 
colon cancer, Ca= cancer not otherwise specified, Cx= cervical cancer, E= esophagus cancer, Hy= 
hypophysis cancer, L= lung cancer, Leu= leukemia, Li= liver cancer, Ly= lymphoma (not specified), 
M= melanoma, NHL= non-Hodgkin lymphoma, P= Prostate cancer, Pa= pancreas cancer, Re= renal 
cancer, S= stomach cancer, Sk = skin cancer (not specified), T= testicular cancer, Th= thyroid 
cancer.
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