Contralateral breast cancer can represent a 
metastatic spread of the primary tumor
Determination of clonal relationship between contralateral breast cancers using next-generation whole genome sequencing 
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Supplemental methods
DNA extraction and whole genome sequencing
Twenty frozen tumor samples were processed for nucleic acids using the Qiagen AllPrep DNA/RNA Mini Kit, TissueLyser II disruptor, QIAshredder columns, and a QIAcube robot (all Qiagen), according to the manufacturer’s protocols. To facilitate increased physical sequencing coverage, genomic DNA was sheared by Covaris focused-ultrasonication to an average fragment length of 700 bp and fragment sizes were determined using the 2100 Bioanalyzer (Agilent Technologies). Whole-genome paired-end Illumina sequencing libraries were generated using the TruSeq DNA Sample Preparation Kit (Illumina) according to the TruSeq Sample preparation guide (Part # 15005180 Rev. A). Before PCR amplification, each library was run on agarose gels, and fragments from 550 bp to 950 bp were excised and purified. The fragment size of each library was validated on the 2100 Bioanalyzer and the concentration was measured on Qubit (Invitrogen). Synthesized barcoded libraries were sequenced on the Illumina HiSeq 2000 platform (2x100 bp paired-end; BGI Tech Solutions). To provide a background of non-somatic events in the Swedish population, sequencing data for 10 unmatched normal DNA samples generated using the same protocol was also employed. 

Low coverage sequencing analysis of chromosomal-rearrangements
Paired-end reads from whole genome sequencing were aligned to Genome Reference Consortium human reference (GRCh37; SNP patched; with v5 decoy sequences described in (http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/technical/reference/phase2_reference_assembly_sequence/hs37d5.slides.pdf) using Novoalign v2.07.18 (Novocraft Technologies) with a 2-million read pre-alignment to estimate fragment size from the data. Aligned datasets from multiple lanes were merged and flagged for duplicates using Picard tools v1.66. Chromosomal-rearrangements were identified in each sample using Breakdancer v1.11 with default parameters.1 In addition to the 10 tumor pairs (20 samples), rearrangements were identified in 10 unmatched normal DNA-samples and a pooled dataset of rearrangements from all normal samples was created. Rearrangements supported by two supporting reads or more in a tumor sample were kept as candidates. To reduce detection noise, the following filtering steps were applied: rearrangements mapping to centromeric regions (+/- 500 kb from the UCSC hg19 gaps annotation track), super duplicated regions within 1 kb (UCSC hg19 genomicSuperDups annotation track) and small intra-chromosomal-rearrangements (<7kb) were removed. In addition, an initial cleanup of germline events by removing rearrangements mapping within 1 kb to those identified in the normal pool with 2 or more read-pair support was performed prior to the above-described filtering steps.
Overlap of candidate rearrangements between samples was obtained using BedTools v2.18,2 and a rearrangement was considered shared if the distances matched within a 500 bp window for each side of the rearrangement. This generated preliminary lists for rearrangements specific to tumor 1, specific to tumor 2, and shared between the two. Comparisons were performed between the lists of rearrangements of tumor 1 and tumor 2 in both directions (tumor 1 versus tumor 2 and tumor 2 versus tumor 1) and therefore the shared rearrangements correspond to those in one tumor that match in the other one within the distance window. We also defined a combined shared rearrangement fraction corresponding to the number of shared rearrangements divided by the number in the union of the lists of rearrangements found in tumor 1 and tumor 2.
Because Breakdancer sometimes failed to detect rearrangements in highly rearranged or insufficiently covered genomic regions, each remaining candidate sample-specific rearrangement in one of the tumors of a pair being compared was re-examined. A pair-wise “look-up” of rearrangements in the aligned sequence file (BAM file) of the other sample was performed and if one or more discordant read-pairs matching within +/- 1 kb on each side of the coordinates were detected, these rearrangements were considered shared. In a similar way, and as initial clean-up, the BAM file “look-up” was also performed against the normal pooled BAM file so that any rearrangement supported by at least 1 read-pair +/- 1 kb in the normal pool was removed. 
To generate the genomic barcode of each patient, we enumerated all non-redundant rearrangements by clustering all identified rearrangements according to their genomic locations, chromosome by chromosome taking the left side of the rearrangement as reference. A contingency matrix was then built, recapitulating their presence or absence.

Low coverage sequencing analysis of copy number
Copy number was evaluated from the whole-genome sequencing data in windows of 10 kb using FREEC version 5.9 with custom parameters (breakPointThreshold 0.95, forceGCcontentNormalization 1) and using the pooled data from the 10 normal samples.3 Each copy number profile was re-centralized using a custom R algorithm based on a Epanechnikov kernel density estimation. Each copy number profile underwent a filtering step that removed recurrent regions with abnormal copy number (0.85 < or > 1.1 linear ratio) in 9 of our 10 normal samples. Abnormal regions were carved out of the copy number profiles following the nearest 10k window steps.
Copy number profiles of each sample pair were compared to one another based on windows delineated by the union of their copy number segmentation breaks. An extra 10k window was introduced on each side of each copy number break to increase the resolution at change points.
Each copy number window was assigned a copy number state: +1 (amplified, ≥ 1.15 linear ratio), 0 (copy number neutral, between 0.85 and 1.15 linear ratio), and -1 (deleted, ≤ 0.85 linear ratio). In addition, each window was assigned a ‘slope’, corresponding to the difference between the current and previous copy number linear value. A window was considered to share the same copy number if their states and slopes were shared.
The degree of similarity of aberrant copy number profiles between two samples was estimated by calculating the fraction of shared windows after excluding all ‘0’ windows with a normal, diploid state in both samples (fraction of shared abnormal copy number events).
The genomic profile (rearrangements) of each tumor was summarized by a circular diagram drawn with circos 0.60,4 and copy number profiles were drawn using R standard graphical libraries.
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