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Supplementary  materials & methods 

Design of a prostate cancer-focused targeted sequencing panel 

In total, the design consists of 2470 probes covering 243,706 base pairs, targeting 68 genes. The 

background information includes gene sets from significantly mutated genes in publications on both 

primary, and some including metastatic, prostate cancer. All these publications included analysis of 

at least 50 primary cancers, all generated using genome or exome-scale DNA sequencing 1-8.  In 

addition, a list of significantly mutated genes from an in-house analysis of multifocal primary prostate 

cancer was included9. Identities of the included genes, lengths of their exonic sequences, and which 

selection criteria they meet are listed in Supplementary Table S4. In short, twenty-six of the included 

genes were listed as significantly mutated in three or more of the chosen publications; ten were 

listed as significantly mutated in only two of the publications, but had a frequency of more than one 

mutation per million basepairs (Mbp); sixteen were listed as significantly mutated in only one of the 

chosen publications, but with a mutation frequency above three per Mbp; nine are found to be 

frequently mutated in the germline of hereditary prostate cancer 10-12; and eight are DNA repair 

genes 13-16 which were added to detect mutations in this particularly clinically relevant system. 

Probes covering nine relevant genes were included to detect common DNA copy number aberrations 

commonly amplified or deleted in prostate cancer 9. As the fusion gene TMPRSS2-ERG is present in 

around 50 % of all prostate cancers and commonly caused by a deletion of a 2.8 Mb region on 

chromosome 21 17, 18, probes were designed to enable detection of this deletion/fusion. To detect 

DNA copy number changes in the enhancer region of AR; a recurrent event in metastatic prostate 

cancer, four probes were designed to capture this particular region 19. To enable detection of more 

wide-spread DNA copy number changes, one probe was designed to target sequences in close 

proximity to each chromosome arm. An overview of all included regions can be found in 

Supplementary Table S4.  
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Ultra-low pass whole-genome sequencing of DNA for determination of tumor fraction of 

cfDNA 

Raw sequencing reads were aligned to the hg19 reference genome using BWA (version 0.7.17). 

Alignment maps were sorted and converted to binary alignment files using Samtools. 

The readCounter application from the Titan toolbox was applied to generate wig files based on the 

alignment bam files. From the wig files, the ichorCNA software was applied to determine the fraction 

of ctDNA in cfDNA 20 (DNA copy number plots and estimated tumor fractions can be found in Figure 

1, Supplementary Figure S2 and Supplementary Table S1). Blood samples from patients with both 

available cfDNA and tissue samples from multiple foci were included in further analysis. The number 

of uniquely mapped reads for each sample was calculated using the command: 

samtools view -c -L hg19.bed -f 1 -F 1284 -q 20 file.bam,  

where the hg19 bed file was created from the same hg19 genome reference file as was used for raw 

read alignment. 

Additional metrics presented in Suppl. Table S1 were calculated using the CollectWgsMetrics from 

Picard (version 2.6.0). 

The ichorCNA software was used to determine the fraction of ctDNA in cfDNA 20 (DNA copy number 

plots and estimated tumor fractions can be found in Figure 1, Supplementary Figure S2 and 

Supplementary Table S1). Blood samples from patients with both available cfDNA and tissue samples 

from multiple foci were included in further analysis.  

Targeted sequencing of DNA and mutation calling 

After sequencing, fastq files were created from raw basecalls using tools from the Picard (version 

2.19.0) toolbox. Barcodes were identified with the ExtractIlluminaBarcodes tool, and unaligned bam 

files with unique molecular indexing (UMI) information were created using the 

IlluminaBasecallsToSam algorithm. Fastq files were obtained by applying the SamToFastq tool, and 
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these raw reads were aligned to the hg38 genome reference using BWA (version 0.7.17). Sam files 

were coordinate-sorted and subsequently converted to binary format by the SortSam tool. Unaligned 

bam files with UMI information and aligned bam files without UMI information were merged using 

the MergeBAMAlignment tool. All bam files were subject to GATK (version 4.1.2.0) preprocessing.  

Variant calling after sequence alignment and preprocessing, as described in the previous section, was 

performed using both the MuTect (SNVs), Strelka (indels), and MuTect2 (SNVs + indels) algorithms. 

Indels needed to be nominated by both indel callers to be included. Variants covered by one or more 

alternative reads in the normal sample and less than two alternative reads in the tumor were 

rejected. In addition, a cut-off of at least 1 % variant allele frequency (VAF) in the tumor sample was 

used. All mutations needed to be scored as ‘PASS’ in at least one sample to be included. Candidate 

variants in repetitive and non-complex genomic regions were discarded after visual inspection.  

Sequencing depth was calculated by taking the mean coverage across all exonic regions from 68 

target genes using the DepthOfCoverage module from GATK (version 4.1.6.0). Total number of 

uniquely mapped non-duplicate reads was calculated using the following commands: 

samtools view -c -L targeted_regions.bed -f 1 -F 1284 -q 20 file.bam. Other quantification 

measurements, including "Total number of covered targeted bases", "Median coverage (and range) 

per targeted base" and "Percentage of targeted bases with coverage >200" were calculated using the 

DepthOfCoverage module from GATK (version 4.1.6.0). 

Patient identity matching of included DNA samples 

To verify matching patient identities between all primary and metastatic samples, we ran the 

samtools (version 1.8) mpileup command on all SNPs from dbSNP (version 150) within the captured 

regions 21. The analysis included the 390 SNPs for which all samples were covered by a minimum of 

10 reads, and at least one sample had a 10 % variant allele frequency. Principal components analysis 

demonstrated that all samples from each of the four patients clustered together and apart from all 

samples of other patients (Supplementary Figure S3). 
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Supplementary results 

Re-evaluation of tissue slides from patients with metastatic tissue samples 

For Patient  1, the areas surrounding the samples from primary malignant tumor Focus 1 were 

composed of primarily of a Gleason grade 4 component with ill-defined, glomeruloid- and cribriform 

glands in addition to a small component of Gleason grade 3 (Supplementary Figure S4A). The sample 

from the metastasis showed a similar morphology as found in Focus 1, although due to thermal 

damage was to some extent difficult to evaluate.  Focus 2 and 3 were composed of well-defined 

glands consistent with Gleason grade 3 (Supplementary Figure S4A).  

For Patient 2, the area surrounding the samples from primary malignant tumor Focus 1 were 

composed primarily of a Gleason grade 4 component with ill-defined glands in addition to a small 

Gleason grade 3 and a Gleason grade 5 component (Supplementary Figure S4B). The sample from the 

metastasis was composed of cribriform glands consistent with Gleason grade 4, which was not 

identified in the surrounding area of the primary samples; cribriform glands were, however, 

identified in other areas of Focus 1. The primary samples from Focus 2 were composed solely of well-

defined glands consistent with Gleason grade 3. 

For Patient  3, the area surrounding the samples from primary malignant tumor Focus 1 were 

composed of a Gleason grade 4 component with primarily cribriform glands and a Gleason grade 3 

component with well-defined glands (Supplementary Figure S4C). The sample from the metastasis 

was composed of cribriform glands, which was similar to the morphology found in the samples of 

Focus 1. Focus 2 displayed primarily Gleason grade 3 with a small component of Gleason grade 4. 

Cribriform glands were not identified in Focus 2. 
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Supplementary tables 

The following supplementary tables are available as separate files.  

Supplementary Table S1: Patients and blood samples included in ULP-WGS analysis of cfDNA. 

Supplementary Table S2: Clinical data for included patients, including information on recurrence and 

pathological stages, grade group and therapies 

Supplementary Table S3: Samples included in the analyses 

Supplementary Table S4: Genes included in gene panel for targeted sequencing, including capture 

size and selection criteria 

Supplementary Table S5: Detected somatic mutations. 
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Supplementary figures 

‘  

Supplementary Figure S1. Overview of the inclusion criteria for the 68 genes captured with the 

targeted sequencing panel.
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Supplementary Figure S2. DNA copy number profiles from circulating cell free DNA of patients 

3, 5, 6 and 7 with metastatic prostate cancer. The raw data were generated with ultra-low pass 

whole-genome sequencing, and DNA copy number estimates and fraction of tumor-derived DNA were 

estimated using the ichorCNA software, as described in Supplementary methods.
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Supplementary Figure S3. Sample clustering per patient based on genotypes in polymorphic 

loci. Since several samples derived from the same patients had none or few shared somatic 

mutations, we used principal components analysis of genotype data from single nucleotide 

polymorphisms as a quality control to demonstrate that the samples derived from the same individual. 
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Supplementary Figure S4. Representative histology from hematoxylin and eosin stained tissue 

sections from (A) Patient 1, (B) Patient 2 and (C) Patient 3. (10X microscopy images). For all 

three patients, all present foci (two or three) and one metastatic sample are included.  
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