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Supp. Fig la. Tier 1. Heterogeneity.

Overall PrCa - Tier 1 - Heterogeneity
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JHU 87 98 0 1

Germany127 188 0 3

CAPS 94 168 0 5

Overall (l-squared = 0.0%, p = 0.653)
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Supp. Fig 1b. Tier 1. Heterogeneity.

FH+ PrCa - Tier 1 - Heterogeneity
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Supp. Fig 1c. Tier 1. Heterogeneity.
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Supp. Fig 2a. Tier 2. Heterogeneity.
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Supp. Fig 2b. Tier 2. Heterogeneity.
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Supp. Fig 2c. Tier 2. Heterogeneity.
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Supp. Fig 3a. Tier 1+2. Heterogeneity.
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Supp. Fig 3b. Tier 1+2. Heterogeneity.
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Supp. Fig 3c. Tier 1+2. Heterogeneity.
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ATM Groups, Recruitment, Sample Selection, and Sequencing
1. CAPS
Recruitment

CAPS is a hospital-based case-control study. Identified and recruited biopsy confirmed prostate
cancer cases from four out of six regional cancer registries in Sweden, diagnosed between July 2001
and October 2003. Clinical data including TNM stage, Gleason grade and PSA levels at time for
diagnosis were retrieved through record linkage to the National Prostate Cancer Registry. Control
subjects, who were recruited concurrently with case subjects, were randomly selected from the
Swedish Population Registry and matched according to the expected age distribution of cases
(groups of 5-year intervals) and geographic region. Whole blood was collected from all individuals
for extraction of genomic DNA.

[CAPS et al. 2008]

Sequencing
19 cases were sequenced at the study site.
154 cases and 94 controls were sequenced at Mayo as part of ICPCG.

2. CeRePP

Recruitment

All prostate cancer cases and controls were selected among the patients included in the French
Prostate Cancer Case Control Study (CeRePP), also known as ProGene study which began in July
1994 [Thomas et al 2008]. Cases were recruited from patients treated in French departments of
Urology, who had histologically confirmed prostate cancer. Controls were recruited as participating
in a systematic health screening program and found unaffected (normal digital rectal examination
and total PSA < 4 ng/ml, or negative biopsy if PSA > 4 ng/ml). All patients provided written informed
consent, consistent with local Research Ethics Board (IRB 00003835). DNA was extracted from either
blood or saliva.

Among them, 15 samples from men with aggressive prostate cancer (defined by International
Society of Urological Pathology 23) who had undergone radical prostatectomy at CHU Poitiers were
analysed through the French International Cancer Genome Consortium (ICGC) program on prostate
cancer [Tonon et al. 2019].

Sequencing

The 15 cases included in the French ICGC program on prostate cancer were sequenced at the study
site.

Libraries were prepared using TruSegDNA Sample Preparation Kit v2 (lllumina Inc, San Diego, CA,
USA) and the KAPA Library Preparation kit (Kapa Biosystems, Roche, Bale, Switzerland). Whole-
genome sequencing was performed using TruSeq SBS Kit v3-HS (Illumina Inc, San Diego, CA, USA), on
a HiSeq2000 (lllumina Inc, San Diego, CA, USA) according to standard lllumina operation procedures.
Primary data analysis, the image analysis, base calling, and quality scoring of the run were processed
using the manufacturer’s software Real Time Analysis (RTA 1.17.21.3; lllumina Inc, San Diego, CA,
USA), followed by generation of FASTQ sequence files by CASAVA. Sequences were aligned to the
human reference genome (GRCh37) using BWA (AUS Ref. 5). Alignments were refined using GATK
v3.5.0 (McKenna et al., 2010; DePristo et al., 2011, Van der Auwera GA et al., 2013) and Picard tools
(http://broadinstitute.github.io/picard/) to realign locally near indels, recalibrate bases quality
scores, and remove duplicated reads.



The other 282 cases and 50 controls were sequenced at Mayo as part of ICPCG.
3. FHCRC (Fred Hutchinson Cancer Research Center)
Recruitment

Germline DNA purified from blood samples was available for sequencing from two sources: 1) The
Prostate Cancer Genetic Research Study (PROGRESS), a family-based study of hereditary prostate
cancer (HPC) [Stanford JL, et al., 2009]; and 2) Population-based case-control studies in Caucasian
and African American residents of King County, WA [Stanford JL, et al., 1999][Agalliu |, et al., 2008].
Pedigree-based PROGRESS cases were enrolled from across North America, with families having
three or more first-degree relatives diagnosed with prostate cancer, three or more generations of
men diagnosed with prostate cancer, or two first-degree relatives diagnosed with prostate cancer
before age 65 years. One affected individual with early onset prostate cancer or an aggressive
phenotype was selected from each of 219 HPC families for sequencing. The population-based cases
were ascertained through the Seattle-Puget Sound Surveillance, Epidemiology and End Results
cancer registry, were 35-74 years of age at diagnosis in either 1993-1996 or in 2002-2005, and all
had histologically confirmed adenocarcinoma of the prostate. Controls without a history of prostate
cancer were identified through random digit telephone dialling and were frequency matched to
cases on age. A total of 45 incident cases and 106 population controls was sequenced. All individuals
included in these studies provided informed consent, and study protocols and procedures were
approved by the FHCRC Institutional Review Board.

References:

Stanford JL, Wicklund K, McKnight B, Daling JR, Brawer MK. Vasectomy and risk of prostate cancer.
Cancer Epidemiol Bio Prev 1999;8:881-886.

Agalliu |, Salinas CA, Hansten P, Ostrander EA, Stanford JL. Statin use and prostate cancer risk: a
population-based case-control study. Am J Epidemiol 2008;168:250-260. PMCID:2585510

Stanford JL, FitzGerald LM, McDonnell SK, Carlson EE, MclIntosh L, Deutsch K, Hood L, Ostrander EA,
Schaid DJ. Dense genome-wide SNP linkage scan in 301 hereditary prostate cancer families identifies
multiple regions with suggestive evidence for linkage. Hum Mol Genet 2009;18(10):1839-1848.
PMCID:2671990

Sequencing
264 cases and 106 controls were sequenced at Mayo as part of ICPCG.

4. Finland / TAMPERE / TURKU

Recruitment

DNA samples were collected from two different sources. The Turku Prostate Cancer Consortium
(Turku, Finland) provided both prostate cancer patient samples (n=29) and normal prostate tissue
from bladder cancer patients (n=3). Samples were recruited at the Turku University Hospital. From
the Tampere University Hospital (Tampere, Finland) n=78 prostate cancer patient samples were
obtained (Schleutker et al., 2000). All subject samples were collected with written and signed
informed consent.

Sequencing



107 cases and 3 controls sequenced at study site.

Both sample sets were sequenced on Illumina HiSeq (lllumina, Inc, San Diego, CA) platform.
Alignment was performed based on the most recent Genome Analysis Toolkit (GATK) best practices
protocol (McKenna et al., 2010; DePristo et al., 2011, Van der Auwera GA et al., 2013) in both sample
sets.

115 cases and 67 controls were sequenced at Mayo as part of ICPCG.

5. Germany / ULM

Recruitment

The Familial Prostate Cancer Study is a case-control study. Cases were recruited in two different
ways. Familial PrCa probands (index cases) were ascertained from all over Germany. They were
advised by their attending physicians to contact the Clinic of Urology of Ulm. The positive family
history was then verified by reviewing medical records or death certificates of family members. In
each case, only one member of each family (e.g. the proband) was enrolled in the present study.
Sporadic cases, who reported no relatives affected with PrCa, were almost exclusively collected at
Ulm during their course of treatment (e.g. radical prostatectomy) in our Urology Clinic. The control
group consists of 213 age-matched healthy men and 295 population controls of unknown disease
status. [Luedeke et al. 2009]

Sequencing
191 cases and 127 controls were sequenced at Mayo as part of ICPCG.

6. ICR/ UKGPCS

Recruitment

Cases identified through clinics at the Royal Marsden NHS Foundation Trust and nationwide NCRN
hospitals

Controls from the ProtecT study were identified through invitation of subjects in the community.

Sequencing

1,990 cases and 1,336 controls were sequenced at this study site. Cases and controls selected from
the UKGPCS and controls from the ProtecT study were sequenced as part of three distinct projects.
1,281 young-onset cases diagnosed <60 years old from the UKGPCS and 1,160 controls with no family
history of PrCa or PSA <0.5ng/ml from the UKGPCS and ProtecT studies were sequenced using a
custom 175 gene Agilent SureSelect XT bait library on an lllumina HiSeq 2000 instrument using v4
chemistry, aligned to the GRCh37 reference assembly using BWA 0.5.8 and genotyped using GATK
v2.8-1, as described previously [Leongamornlert et al. Eur Urol, 2019]. 280 cases (139 aggressive:
metastatic, diagnosed age<60; 141 non-aggressive: Gleason score <7, tumour stage T1-2b, no nodal
spread or metastases, diagnosed age >60) from the UKGPCS were sequenced using Agilent
SureSelectXT2 Human All Exon V5 baits on an Illumina HiSeq 2500 instrument using v4 chemistry,
aligned to the GRCh37 reference assembly using BWA-MEM 0.7.10 and genotyped using GATK 3.5, as
described previously [Mijuskovic et al. BJC, 2018]. 191 cases with family history of PrCa (22 relatives
also diagnosed with PrCa) were sequenced using a 22 gene custom Agilent SureSelect bait library on
an lllumina HiSeq 2000 instrument using v2 chemistry, aligned to the GRCh37 reference assembly
using BWA 0.5.8 and genotyped using GATK v3, as described previously [Leongamornlert et al. BJC,
2014].

7. JHU

Sequencing



213 cases and 91 controls were sequenced at Mayo as part of ICPCG.

8. MAYO /ICPCG

[Schaid et al. 2020 in Press]

Recruitment

From reference provided [Schaid et al. 2020, in press]:

ICPCG is an international collaboration that has conducted numerous family-based studies.

A two-stage design was used [...for the study described in the reference provided...]. In the first
stage, men with PrCa were sampled from families that had at least three closely related male
relatives with PrCa, and at least one affected member with DNA available.

All participants gave informed consent to utilize samples for research purposes, and the study was
approved by the different Institutional Review Boards.

Sequencing

For all cases and controls sequenced at the Mayo Clinic, exome capture was performed using Agilent
SureSelect Human All Exon 50Mb or V4+UTR capture kits. Samples were pooled post-capture and
sequenced three to a lane using the lllumina HiSeq. All cases sequenced at Mayo Clinic were also
genotyped on the lllumina Infinium OmniExpress-12 array. Externally sequenced samples were
sequenced using a variety of capture kits including lllumina TruSeq and Nimblegen SeqCap. Quality
control and bioinformatics processing are described in the supplemental material of [Schaid et al.
2020].

580 controls from the Mayo Biobank were included (Olson et al). These were at least 70 years old
and free of PrCa.

391 cases were sequenced at Mayo as part of ICPCG.
9. MCCS

Recruitment

Participants in this study were identified from i) the Melbourne Collaborative Cohort Study (MCCS),
ii) the Aggressive Prostate Cancer (APC) study, iii) the Risk Factors for Prostate Cancer Study and iv)
the Early-Onset Prostate Cancer Family Study (AUS Ref. 1- 3).

Aggressive cases (n=787) were selected using the following criteria: PrCa as a cause of death
(regardless of stage or Gleason score at diagnosis), or stage 4 (regardless of Gleason score) or stage 3
and Gleason score >= 8. Non-aggressive cases (n=770) were selected using the following criteria:
stage 1 (T1/T2a) and Gleason score <=6 and age at diagnosis >=65 years; or stage 1 (T1/T2a) and
Gleason score <=6 and age at diagnosis 55-64 years and >=10 years of follow-up; or stage 2 and
Gleason score <=6, age at diagnosis >=65 years and >=10 years of follow-up. Germline DNA from
these 1,557 participants was obtained from blood samples. Informed consent was obtained from all
individual participants included in the study that was approved by the Human Research Ethics
Committee of the Cancer Council Victoria.

Sequencing

1272 cases and 7 controls were sequenced at the study site.

Amplicon-based sequencing of the coding regions and proximal intron-exon junctions of 26 genes
(including ATM (NM_000051.3), was performed using the Hi-Plex2 protocol (AUS Ref. 4Massively
parallel sequencing (150 bp paired-end) was performed on the NextSeq550 platform (v2 chemistry,
2x150 bp) (Illumina, San Diego, CA, USA).



Paired-end reads were aligned to the reference genome (GRCh37) using bwa-mem 0.7.17 (AUS Ref.
5). Target coverage was then calculated using bedtools (AUS Ref. 6). Samples with >80% target bases
covered at = 50X sequencing depth were considered successfully sequenced.

274 cases and 53 controls were sequenced at Mayo as part of ICPCG.

10. MD Anderson
Recruitment
The ATM controls from MD Anderson were recruited in UT MD Anderson Cancer Center.

Sequencing

449 controls were sequenced at the study site.

The whole exome sequencing capture kit is Agilent SureSelect Clinical Research Exome v1. We
sequenced each sample using lllumina HiSeq 4000 at an average raw depth of ~150X. The genome
alignment, bam file clean, and genotypes calling was based on GATK's pipeline (including
HaplotypeCaller v3.4 for joint genotype calling). Sample and variant level quality control was
conducted using our QC tool, called XPAT, with default parameters. [Yu et al. 2018]

11. IPO Porto
Recruitment

Details regarding sample recruitment can be found in the following paper [Maia et al. 2015].

‘This study comprised a total of 462 index cases (HPC samples) from families with early-onset and/or
familial/hereditary PrCa, which were selected based on one of the following criteria: 1) PrCa
diagnosis before the age of 56 or 2) PrCa diagnosis at any age with family history of the disease (up
to fourth degree relatives) and at least one family member (the proband or a relative) with PrCa
before the age of 66. Most patients were invited to participate in a study with the main purpose of
identifying germline mutations associated with inherited PrCa predisposition, having as starting
point all living patients registered at the North Region Cancer Registry (RORENO) with a PrCa
diagnosis before the age of 66, whereas a minority of the families had been referred for genetic
counselling due to early-onset or family history. All but two patients (one from the United Kingdom
and another from Angola) had at least one Portuguese ancestor. No systematic PrCa screening
program exists in the population under study, only opportunistic screening is offered to men over 50
years of age.’

DNA was extracted from peripheral blood leukocytes using the MagNA Pure LC DNA Isolation Kit—
Large Volume (Roche Diagnostics GmbH, Penzberg, Germany) and whenever DNA was available from
more than one affected relative per family, the youngest at the time of diagnosis was considered as
the index case.

Sequencing

479 cases were sequenced at the study site.

IPO-Porto samples were enriched for a Custom panel using the SureSelect chemistry and runin a
HiSeq platform. Submitted vcf files for the ATM project were obtained with the NextGENe software
(v2.4.1; Softgenetics). Some ATM data was already reported using a different panel and pipeline
[Paulo et al 2018]

12. TASPRAC
Recruitment



FitzGerald, L.M., Raspin, K., Marthick, J.R., Field, M.A., Malley, R.C., Thomson, R.J., Blackburn, N.B.,
Banks, A., Charlesworth, J.C., Donovan, S., et al. (2017). Impact of the G84E variant on HOXB13 gene
and protein expression in formalin-fixed, paraffin-embedded prostate tumours. Sci Rep 7, 17778.

Whole genome sequencing data was available for 50 individuals, and eighteen cases and eight
controls were selected from two studies; The Tasmanian Prostate Cancer Familial Study and The
Tasmanian Case-Control Study. The Tasmanian Prostate Cancer Familial Study is comprised of a rare
collection of 73 PCa families from the founder population of Tasmania. The number of affected men
in these families range from five to over 140, and include up to five affected brothers and multiple
father/son and uncle/nephew pairs. DNA samples from blood or saliva have been collected for 326
affected men and 474 male and female relatives.

The Tasmanian Case-Control Prostate Cancer Study is a population-based study, which includes
blood or saliva samples from 504 cases and 332 controls. Cases were identified from the Tasmanian
Cancer Registry (TCR) and considered eligible for this study if they were diagnosed under the age of
75 between the years 1996 and 2005. Controls were selected at random from the Tasmanian
electoral roll and frequency matched by five-year age groups to the cases. Controls are periodically
checked against the TCR for PCa diagnosis, most recently 2019.

Ethics approval for both cohort studies was obtained from the Human Research Ethics Committee
Tasmania, Australia and is ongoing (ethics approval number H0017040). Written informed consent
was obtained from all participating individuals.

Sequencing

Whole-genome and whole-exome sequencing data was generated for several individuals at the
Illumina Genome Network, USA, on the HiSeq 2500 s or at the Kinghorn Centre for Clinical Genomics,
Australia, on the lllumina HiSeq XTM Ten platform using the TruSeq Nano library preparation.
Additional samples were sequenced at the Australian Genome Research Facility (AGRF) on the
Illumina NovaSeq 6000.

13. UTAH
Recruitment

All prostate cancer cases were drawn from the set of sampled prostate cancer cases identified in the
Utah Cancer Registry and belonging to extended Utah high-risk pedigrees who were sequenced as
part of prostate cancer predisposition gene projects. The controls were selected as controls for a
study of high-risk melanoma pedigrees requiring: no diagnosis of cancer in self or first degree
relatives and no melanoma cases within relatives out to second cousins.

Sequencing

147 cases had sequencing performed at various sites including the Huntsman Cancer Institute
Sequencing Core, Mayo Sequencing Core, and Nanthealth as part of the Heritage 1K project; 399
controls were sequenced at MD Anderson.
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