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SUPPLEMENTARY INFORMATION 
 
CASE REPORT 
 
Here we resent the clinical history of a man who was diagnosed with prostate cancer at age 47 
years after presenting with a serum prostate-specific antigen (PSA) value >40 ng/mL (Figure 
S1) and no evidence for distant metastases.  A radical retropubic prostatectomy revealed a 
Gleason 4 + 4 = 8 prostate adenocarcinoma with capsular penetration, with one of seventeen 
sampled pelvic lymph nodes harboring a microscopic metastatic deposit.  Three months 
following surgery, the serum PSA was 0.13 ng/mL.  Five years later, despite a lack of 
symptomatic or imaging evidence of progressive prostate cancer, the serum PSA rose to above 
6 ng/mL, and treatment with an investigational prostate cancer vaccine (GVAX) was initiated, 
involving inoculation of lethally-irradiated allogeneic prostate cancer cells genetically-engineered 
to secrete granulocyte macrophage colony stimulating factor (GM-CSF) (1).  Following 
treatment, the serum PSA fell from 6.4 ng/mL to 1.2 ng/mL.  A subsequent rise in serum PSA 
prompted retreatment with the prostate cancer vaccine a little more than a year after the first 
course of vaccine immunotherapy.  Again, the PSA fell to 1.6 ng/mL.  About twelve and a half 
years after the initial presentation with clinically localized prostate cancer, metastatic deposits 
appeared in bones, lymph nodes, and the prostate bed, leading to initiation of goserelin acetate, 
bicalutamide, and zoledronic acid.  Further treatment featured docetaxel, 89Sr, mitoxantrone, 
and external beam radiation of a skull metastasis.  These maneuvers arrested disease 
progression for nearly three years, when a work-up for a persistent cough revealed throat and 
lung metastases.  As part of a clinical trial, abiraterone acetate was administered with an 
improvement in symptoms and a fall in the serum PSA to as low as 0.3 ng/mL.  A little more 
than a year later, imaging studies disclosed vertebral and extensive liver metastases (Figure 
S1), which were treated systemically with etoposide and cisplatin, along with attempts at 
chemoembolization of specific liver lesions.  More than seventeen years after his initial 
presentation, the patient died of metastatic castrate-resistant prostate cancer at age 64 years. 
Autopsy findings included an enlarged liver that was largely replaced with extensive metastatic 
carcinoma, involvement of the thoracic cavity with carcinoma, numerous lymph node 
metastases, and cancer present in thoracic vertebrae. 
 
METHODS 
 
Sample collection 
All patient samples were collected in accordance with protocols approved by the Johns Hopkins 
Medicine Institutional Review Board and written consent was obtained.  
At the time of radical prostatectomy, the entire prostate specimen was cross sectioned at 11 
levels and each of these levels were processed into 2 to 4 formalin fixed paraffin embedded 
(FFPE) tissue blocks, dividing the entire prostate into a total of 36 FFPE tissue blocks. For 
analysis, all of these archived FFPE blocks were retrieved and 5 micron sections of each block 
were stained with hematoxylin and eosin or with antibodies specific to PTEN. Pathological 
analysis revealed tumor glands in 31 out of the 36 blocks. Images from these blocks were then 
aligned to reconstruct each of the 11 levels of cross sectioning in order to thoroughly 
characterize the landscape of pathological and morphological alterations in the entire prostate. 
After the death of the patient, a rapid autopsy was performed under the guidance of two 
experienced pathologists (A.M.D. and M.K.H.) and sample material was obtained from all 
grossly identified metastases.  Tumor tissues were either snap-frozen in liquid nitrogen or fixed 
for 24 h in 10% buffered-formalin and then further embedded in paraffin.  For all tissues, for 
which snap frozen material were available, frozen tissue blocks embedded in tissue tek OCT 
(Sakura, Netherlands) were sectioned and stained with hematoxylin and eosin to evaluate 

2



tissue integrity and tumor content.  Where necessary, tissue blocks were trimmed to achieve a 
purity of >70% tumor cell content.  DNA was extracted from 20 to 30 10 µm sections using the 
DNeasy Blood and Tissue kit (Qiagen, Valencia, CA).  With the exception of an increased 
proteinase K digestion step (the incubation was carried out for 20 h at 55°C), DNA extractions 
were performed according to the manufacturer’s recommendations. DNA content was 
quantitated using the Qubit DNA quantification kit (Invitrogen, Carlsbad, CA).  DNA integrity was 
assessed by gel electrophoresis. 
 
Microdissection 
Tumor tissue samples for a lymph node metastasis resected at the time of radical 
prostatectomy, a lung metastasis obtained by biopsy during clinical management, as well as 
samples from the primary tumor were microdissected using a PALM MicroLaser System (Carl 
Zeiss, Germany).  Seven µm thick sections from paraffin embedded archival tissue blocks were 
mounted onto PALM membrane slides (Carl Zeiss).  In preparation for microdissection, slides 
were deparaffinized and stained with hematoxylin.  Representative tumor areas were then 
microdissected using the PALM MicroLaser System.  For DNA extraction, microdissected tissue 
material was digested overnight at 55°C in TE buffer supplemented with 1% Tween 20 and 
10mAU/ml proteinase K (Qiagen).  DNA was then recovered by phenol chloroform extraction 
followed by ethanol precipitation using the DrGentle DNA precipitation reagent (Clontech, 
Mountain View, CA) as a carrier.  
 
Whole genome Sequencing 
Whole genome sequencing of DNA samples from 3 distant metastases (M5, M38, M40) and 
germline DNA from cardiac tissue was performed by Complete Genomics, Inc. (Mountain View, 
California) using a validated unchained combinatorial probe anchor ligation chemistry on self-
assembling DNA nanoarrays as described previously.(2, 3)  After alignment to the reference 
genome (UCSC Genome build hg19) variations were called using a local de-novo assembly 
algorithm as described previously.(2)  SNVs and indels specific to the metastases samples were 
called using the calldiff function from cgatools (http://cgatools.sourceforge.net/).  For high 
confidence SNVs, at least 7 reads needed to show the variation for homozygous calls and at 
least 3 for heterozygous calls. Structural variations were uncovered using the junctiondiff 
function of cgatools.  High confidence structural rearrangements were called when the de novo 
assembly of the junction was based on >10 mate pair reads with no association to known repeat 
sequences.  All Circos plots were generated using “CIRCOS” (http://mkweb.bcgsc.ca/circos).(4).  
Phylogenetic trees were built separately for SNV, CNV and SV data (Figure S2).  Sequences 
used in parsimony analysis were generated for each sample using all observed variants in the 
specific variant class (SNV, CNV and SV).  If a variant was present in the sample, the base ‘C’ 
was added to the sequence; if the sample matched reference, the base ‘T’ was added to the 
sequence.  This was done for M5, M38, M40 and the germline control sample.  The four 
assembled sequences (for M5, M38, M40 and germline control) were then analyzed using the 
DNAPARS algorithm (http://cmgm.stanford.edu/phylip/dnapars.html), with default settings.  The 
germline control sample was used as the outgroup when running DNAPARS.  The distance 
between the three metastases corresponds to the number of divergent alterations. 
 
PCR validation 
PCR were carried out in 40 µl reactions containing DNA, 1× Platinum Taq buffer (Invitrogen), 
1.5 U Platinum Taq (Invitrogen), 250 µM each dNTPs, 1.5 mM MgCl2, 0.25 µg/µl BSA, 2 µl 
dimethyl sulfoxide, 400 nM forward primer and 400 nM reverse primer. Cycling conditions were 
95°C for 3 min followed by 34 cycles of 95°C for 30 sec, depending on the primer used 55 or 
58°C for 30 sec, 72°C for 30 sec and a final step for 3 min 72°C (Primers for all PCR reactions 
are listed in Table S5).  For direct sequencing, PCR products were purified using a PCR 
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Purification kit from Qiagen and subjected to Sanger sequencing.  For the sequencing of 
individually cloned amplicons, PCR products were resolved by gel electrophoresis, purified and 
sub-cloned into pCR®2.1-TOPO® vectors (Invitrogen).  Individual bacterial colonies containing 
plasmids with PCR product inserts were then analyzed by Sanger sequencing.  All sequences 
were evaluated using the 4Peaks software package (version 1.7.1; A. Griekspoor and Tom 
Groothuis, mekentosj.com). 
 
Immunohistochemistry 
Pretreatment conditions and primary antibody concentrations are summarized in Table S5.  The 
NKX3.1 specific antibody was a kind gift of Dr. Charles Bieberich (UMBC, Baltimore, MD) and 
was previously validated. (5)  Immuno-complexes were detected using the PowerVision+™ 
immunohistochemistry detection system from ImmunoVision Technologies Co (Norwell, MA, 
USA) with 3,3′-diaminobenzidine tetrahydrochloride (DAB) as the chromogen.  All slides were 
counterstained with hematoxylin. 
 
Fluorescence In-Situ Hybridization (FISH) for the AR locus. 
The AR locus specific BAC clone (RP11-479J1) was purchased from CHORI (Children’s 
Hospital Oakland Research Institute, Oakland, CA; http://bacpac.chori.org).  Glycerol stocks 
were prepared from the original BAC clone and used for further amplification. BAC-DNA was 
amplified by isothermal strand displacement using GenomiPhi V2 DNA amplification kit from 
GEHealthcare (Pittsburgh, PA).  Amplified DNA was labeled by incorporation of 
SpectrumOrange (Abbott, IL) directly-labeled d-UTP using the NickTranslation Kit from Abbott.  
Labeled probes were precipitated in 100% EtOH and resuspended in Hybridization Buffer (50% 
Formamide, 2xSSC, 10% Dextran Sulfate).  X-chromosome centromere-specific probes were 
obtained from CymoGenDx (Irvine, CA).  Slides were deparaffinized and pretreated in 0.01 N 
HCl supplemented with 750 U/ml pepsin (Sigma-Aldrich, cat#P6887) for 10 min at 37°C.  
Probes were applied on the slide, denatured for 5 min at 95°C, and then incubated at 37°C in a 
humid chamber (StatSpin ThermoBrite, IRISInc, MA). Slides were then washed in Wash buffer 
(2xSSC, 0.3 % NP-40) for 2 min at 71 °C, counterstained with DAPI and mounted with Prolong 
Gold (Invitrogen).  
 
Telomere FISH 
Telomere FISH was performed as described previously. (6, 7)  Briefly, slides were 
deparaffinized, steamed in citrate buffer (cat#S2003, Vector Laboratories) for 20 min and then 
hybridized with a Cy3-labeled peptide nucleic acid (PNA) probe complementary to the telomeric 
repeat sequence (CCCTAACCCTAACCTAA) followed by a nuclear counterstain with DAPI. 
Lesions were considered ALT-positive if >1% of neoplastic cells displayed ultra-bright intra-
nuclear telomere FISH signal aggregates.(8) 
All slides were imaged on a Nikon 50i microscope.  Immunofluorescence images were captured 
using a CoolsnapEZ digital camera (Photometrics, Tucson, AZ) and the Nikon NIS-Elements 
(Nikon, Melville, NY) software package. 
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Figure S3. Copy number analysis of chromosome X reveals high-level amplification of the 
AR locus.  
Panel A, Ploidy plots for chromosome X reveal a 10 Mb region harboring 19 genes with 
dramatically increased copy number (>28 fold) in all 3 metastases. The AR locus (highlighted in 
red) shows an estimated ploidy of 60x. Panel B, shows validation of AR amplification by FISH.  
Note that the AR locus (shown in red) was not amplified in the primary tumor (arrowheads), but 
showed increase copy number in distant metastases (arrows). Chromosome X-specific 
centromere probes are shown in green. Representative images are shown at 40x magnification. 
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Figure S4. Validation of index mutations in PTEN, SPOP and TP53 in distant metastases. 
To confirm the presence of the index mutations in PTEN, SPOP and TP53 in all distant metastases procured at 
autopsy, DNAs from all 7 lesions were amplified with primers targeting mutations in PTEN 
(PTEN:NM_000314:exon8:c.955_958del), SPOP (SPOP:NM_001007227:exon6:c.C399G) and TP53 
(TP53:NM_001126114:exon7:c.G743A).  PCR products were subjected to direct Sanger sequencing and 
representative chromatograms are shown.  Note that index mutations are only present in DNAs from distant 
metastases (indicated by arrows) and are absent in germline control DNA (GL). Red box indicates 4 bp region in 
exon 8 of PTEN deleted in metastases. Genomic coordinates are given for UCSC Genome build hg19. 
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Figure S5. Histopathological characterization of distant metastases procured at autopsy. 
To confirm the prostatic origin of the metastatic lesions and functionally validate genomic lesions observed by whole 
genome sequencing, representative sections of 7 anatomically distinct metastases were immuno-labeled with 
antibodies specific to NKX3.1, AR, PTEN and p53.  
NKX3.1 is an established prostate lineage marker.. 9  All lesions showed high expression of NKX3.1 confirming their 
prostatic origin.  The AR locus on chromosome X showed highly increased copy-number.  Immunostaining revealed 
high AR expression levels in all metastases.  PTEN harbors a 4 bp homozygous frame shift deletion in exon 8 
resulting in structural changes in its c-terminus.  Using an antibody that was raised against the c- terminus, 
we observed loss of PTEN staining in neoplastic cells (arrows), whereas normal stromal cells showed strong staining 
for PTEN (arrowheads) indicating that the mutant protein is not recognized by the antibody.  Mutant p53 has been 
shown to accumulate in the nucleus of neoplastic cells.  All metastatic lesions showed strong nuclear accumulation of 
p53 strongly suggesting the presence of a mutated p53.  All images were taken at 20x magnification.  Tumor cells are 
indicated with arrows. Arrowheads show non -neoplastic cells.  9
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Figure S6. Clonal evolution of an inversion affecting the ATRX gene and its association with ALT. 
To validate a 18 Mb inversion on chromosome X encompassing the ATRX gene locus identified by whole genome 
sequencing in all 3 distant metastases, we designed PCR primers specific to ATRX in proximity to the breakpoint 
(ATRX_primer A) and primers specific to the rearranged locus (ATRX_primer B) (A).  Using primers specific to the 
rearranged locus (ATRX_primer B), we only observed amplification with DNAs derived from distant metastases (M5, 
M38, M40, M45, M53, M57, M63) but not with DNA from the primary tumor lesions (P1-P9), the lymph node (L1) 
metastasis or the biopsy of the lung metastasis (B1) indicating that the rearrangement in ATRX is only present in the 
distant metastases procured at autopsy. ATRX_primer A located outside of the rearranged locus revealed robust 
amplification in all samples. Water controls are indicated with (W). 
Since the observed inversion could result in an inactivation of the ATRX gene we investigated the expression of 
ATRX by immunohistochemistry.  Whereas the primary tumor (C) and  the lung biopsy (D) showed strong 
nuclear staining for ATRX, distant metastases were characterized by loss of ATRX expression (E).  To 
assess telomere length in formalin fixed paraffin embedded tissue sections we used telomere specific fluorescence in 
situ hybridization (Telomere FISH, Panel F-H). Neoplastic cells (arrows) in the primary tumor and in the lung biopsy showed 
short telomeres. Adjacent normal stromal cells (arrowheads) showed detectable telomere signals. 
Telomeres in the distant metastases (arrows Panel H) however appeared ultra long characteristic of ALT. 
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All IHC images are shown at 20x magnificaction. FISH images were taken at 100x magnification.
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Figure S7. Histopathological characterization of the primary prostatectomy specimen. 
Panel A shows a reconstructed cross-section of the radical prostatectomy specimen stained with hematoxylin and 
eosin (H&E). The green dotted lines highlight areas containing tumor glands. The black circle (P1) highlights a tumor 
focus with greatly reduced PTEN staining.  Blue circles (P2 – P9) indicate additional tumor regions analyzed in the 
study.  LA, RA, LP and RP denote left-anterior, right-anterior, left-posterior and right-posterior respectively.  Panel B 
shows micrographs of individual regions (P1 – P9) at 20x magnification. 
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Figure S8. PTEN staining in the primary prostatectomy specimen. 
PTEN protein expression was evaluated by immunohistochemistry in the primary radical prostatectomy specimen. 
Representative micrographs at 20x magnification of 9 distinct areas corresponding to regions highlighted in Figure S5 
are shown. Note that the well differentiated P1 lesion is the only lesion with greatly reduced PTEN levels, whereas 
the intraductal carcinoma lesion (P7) shows robust PTEN expression.  
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Figure S9. Mutation status of lesions in primary tumor, lymph node metastasis and lung biopsy tissue. 
DNAs from indicated lesions were extracted and amplified with primers targeting index mutations in PTEN, SPOP 
and TP53.  Amplified PCR products were subcloned and 8 to 23 individual clones were subjected to Sanger 
sequencing.  Each sequenced clone is represented by a box. The presence of an index mutation is indicated in blue; 
a gray box indicates the absence of a mutation.  The fraction of mutant alleles relative to the total number of analyzed 
clones is shown as percent of mutant alleles. 
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Figure S10. Histopathological characterization of the lymph node metastasis resected at radical 
prostatectomy and the lung biopsy specimen. 
Formalin fixed paraffin embedded tissue sections from the lymph node metastasis resected at radical 
prostatectomy and a lung biopsy taken prior to autopsy were stained with hematoxylin and eosin or antibodies 
specific to PTEN, p53 and AR (Panel A).  Hematoxylin and eosin staining confirms the presence of metastatic 
tumor cells (arrows).  PTEN staining is present in metastatic cells in the lymph node but absent in the lung lesion. 
This is consistent with the observation that PTEN is not mutated in the lymph node metastasis resected at 
prostatectomy, but shows the index 4 bp deletion in the lung biopsy sample.  p53 staining shows strong nuclear 
accumulation in the lung lesion, consistent with mutated TP53.  The lymph node lesion shows low level nuclear 
staining in a subset of nuclei consistent with wild type TP53. Arrows indicate neoplastic cells, arrowheads show 
normal adjacent cells.  Panel B shows staining for the cell proliferation marker Ki-67 in different metastases. 
Representative micrographs of the synchronous lymph node metastasis are shown at 40x magification. 
All other images were taken at 20x.
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Germline M5 M38 M40
Organ site heart liver lymph node lung
Average coverage 50 52 67 51
min. 10x coverage 98.5% 98.5% 98.7% 99.4%
min. 30x coverage 84.0% 82.2% 86.9% 91.8%
High confidence SNVs * 13,642 14,343 13,457
High confidence coding SNVs * 113 125 112

 
Table S1.  Summary of sequencing coverage and rates of somatic alterations. 
Table S1 summarizes the sequencing coverage and the number of SNVs in the 4 samples analyzed by whole 
genome sequencing.   
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Genomic Coordinates Gene Symbol Accession number Exon Coding sequence change Aminoacid change Var Type Functional impact FI score associated LOH

associated 
copy number 

alteration
SNV previously 

described
chr1:67878897-67878898 SERBP1 NM_015640 exon8 c.C1156G p.L386V nonsynonymous SNV  medium 2.195 LOH none
chr1:110050579-110050580 AMIGO1 NM_020703 exon2 c.955delA p.S319fs frameshift deletion  neutral -0.255 LOH none
chr1:120437872-120437873 ADAM30 NM_021794 exon1 c.A1087G p.M363V nonsynonymous SNV  high 3.54 LOH none
chr1:152671398-152671399 LCE2A NM_178428 exon2 c.C22A p.Q8K nonsynonymous SNV  neutral 0.345 LOH none
chr1:161559386-161559387 FCGR2C NM_201563 exon3 c.T169C p.X57Q stoploss SNV LOH none
chr1:207112595-207112596 PIGR NM_002644 exon3 c.A256G p.N86D nonsynonymous SNV  neutral -0.085 no none B(1)
chr1:207642227-207642228 CR2 NM_001877 exon4 c.T718A p.F240I nonsynonymous SNV  medium 2.165 no none G(1)
chr1:208390500-208390501 PLXNA2 NM_025179 exon2 c.T767G p.L256R nonsynonymous SNV  neutral 0.695 no none G(2)
chr1:228511241-228511242 OBSCN NM_001098623 exon56 c.T15587C p.V5196A nonsynonymous SNV  low 1.47 LOH none G(3), B(5)
chr2:64120622-64120623 VPS54 NM_001005739 exon23 c.T2839G p.L947V nonsynonymous SNV  medium 2.045 no none
chr2:96780580-96780581 ADRA2B NM_000682 exon1 c.G1308T p.R436S nonsynonymous SNV medium 2.13 no none
chr2:141232826-141232827 LRP1B NM_018557 exon60 c.A9505C p.I3169L nonsynonymous SNV  low 1.77 no none B(4)
chr2:175436652-175436653 WIPF1 NM_003387 exon5 c.G880A p.V294M nonsynonymous SNV  low 0.975 no none
chr2:179446698-179446699 TTN NM_133432 exon144 c.A39577G p.I13193V nonsynonymous SNV  neutral -1.015 no none G(10), B(12)
chr3:9426004-9426005 THUMPD3 NM_001114092 exon9 c.A1345G p.K449E nonsynonymous SNV  low 1.04 no gain, 4x G(1), B(1)
chr3:113955221-113955222 ZNF80 NM_007136 exon1 c.C700G p.R234G nonsynonymous SNV low 1.865 no gain, 4x G(1)
chr3:119451300-119451300 C3orf15 NM_033364 exon9 c.1178_1179insA p.N393fs frameshift insertion  neutral -1.175 no gain, 4x
chr3:136141849-136141850 STAG1 NM_005862 exon17 c.G1687A p.D563N nonsynonymous SNV  medium 2.125 no gain, 4x G(1), B(1)
chr3:167728180-167728181 GOLIM4 NM_014498 exon16 c.A1967T p.E656V nonsynonymous SNV  neutral 0.55 no gain, 4x
chr4:47559777-47559778 ATP10D NM_020453 exon12 c.C1922T p.S641L nonsynonymous SNV  low 1.04 no none G(1)
chr4:90743501-90743501 SNCA NM_007308 exon4 c.202_203insG p.G68fs frameshift insertion  medium 2.375 no none
chr4:153690973-153690974 TIGD4 NM_145720 exon2 c.G1183T p.D395Y nonsynonymous SNV  neutral 0.55 no none
chr4:155411279-155411280 DCHS2 NM_001142552 exon1 c.C1228T p.R410W nonsynonymous SNV low 1.4 no none G(2), B(4)
chr6:2685592-2685593 MYLK4 NM_001012418 exon6 c.C482T p.A161V nonsynonymous SNV  neutral 0.03 no none
chr6:135299818-135299819 HBS1L NM_006620 exon15 c.C1795T p.P599S nonsynonymous SNV  neutral 0.345 no none G(1)
chr6:136599884-136599885 BCLAF1 NM_014739 exon4 c.G134T p.R45M nonsynonymous SNV  neutral 0 no none B(3)
chr7:22533118-22533119 STEAP1B NM_001164460 exon3 c.G421C p.V141L nonsynonymous SNV neutral -3.36 no none
chr7:48416057-48416058 ABCA13 NM_152701 exon35 c.T11224C p.Y3742H nonsynonymous SNV low 1.1 no gain, 5x G(7), B(5)
chr7:87476378-87476378 SLC25A40 NM_018843 exon8 c.517_518insAAGT p.K173_F174delinsKX stopgain SNV NA no gain, 5x
chr7:128846045-128846046 SMO NM_005631 exon5 c.A976T p.M326L nonsynonymous SNV  low 1.36 no gain, 5x B(1)
chr7:140154928-140154929 MKRN1 NM_013446 exon7 c.A1202T p.Q401L nonsynonymous SNV  low 0.895 no none
chr7:142881057-142881058 TAS2R39 NM_176881 exon1 c.T547C p.Y183H nonsynonymous SNV  medium 2.105 LOH none
chr7:150068381-150068382 REPIN1 NM_014374 exon1 c.C52T p.R18X stopgain SNV  low 1.735 LOH none G(1)
chr8:22277117-22277118 SLC39A14 NM_001128431 exon9 c.G1386C p.L462F nonsynonymous SNV neutral 0.205 LOH none
chr8:24776078-24776079 NEFM NM_001105541 exon3 c.C1583T p.T528I nonsynonymous SNV medium 2.855 LOH none
chr8:101083679-101083680 RGS22 NM_015668 exon6 c.A511G p.K171E nonsynonymous SNV  neutral 0.695 no gain, 5x G(1), B(1)
chr8:125094692-125094693 FER1L6 NM_001039112 exon33 c.A4385G p.Y1462C nonsynonymous SNV  medium 3.26 no gain, 5x G(2)
chr9:37740740-37740741 FRMPD1 NM_014907 exon15 c.A2216C p.Q739P nonsynonymous SNV  neutral 0.55 no none B(1)
chr9:119065187-119065188 PAPPA NM_002581 exon10 c.T3106A p.C1036S nonsynonymous SNV  low 1.795 no none G(10), B(3)
chr9:124522605-124522606 DAB2IP NM_138709 exon4 c.C686T p.T229I nonsynonymous SNV  medium 2.78 no none B(1)
chr9:133759405-133759406 ABL1 NM_007313 exon11 c.C1786T p.R596X stopgain SNV  neutral 0.695 no none
chr10:89624244-89624245 PTEN NM_000314 exon1 c.G19C p.E7Q nonsynonymous SNV  neutral 0.535 LOH none G(6), B(7)
chr10:89720803-89720807 PTEN NM_000314 exon8 c.955_958del p.319_320del frameshift deletion NA LOH none
chr10:101935818-101935819 ERLIN1 NM_001100626 exon6 c.A313G p.I105V nonsynonymous SNV  medium 2.275 LOH none
chr11:45950354-45950355 GYLTL1B NM_152312 exon14 c.C2125G p.L709V nonsynonymous SNV  low 1.61 no none
chr11:48998647-48998648 LOC120824 NM_001206625 exon5 c.A848T p.K283M nonsynonymous SNV NA no none
chr11:64072040-64072041 C11orf20 NM_001039496 exon5 c.C526T p.H176Y nonsynonymous SNV low 0.805 no none
chr11:124764105-124764106 ROBO4 NM_019055 exon8 c.C1309T p.L437F nonsynonymous SNV low 1.575 no none B(1)
chr12:11244720-11244723 TAS2R43 NM_176884 exon1 c.106_108GTG nonframeshift substitution NA no none
chr12:11244729-11244731 TAS2R43 NM_176884 exon1 c.98_99CC nonframeshift substitution NA no none
chr12:58223261-58223262 CTDSP2 NM_005730 exon2 c.C182T p.A61V nonsynonymous SNV low 0.895 no none G(1)
chr12:122359393-122359397 WDR66 NM_144668 exon2 c.183_186GAAA nonframeshift substitution NA no none B(1)
chr13:35615208-35615209 NBEA NM_015678 exon2 c.G434A p.R145Q nonsynonymous SNV  low 1.7 no none G(1), B(2)
chr15:59430510-59430511 MYO1E NM_004998 exon27 c.C3136A p.Q1046K nonsynonymous SNV  low 1.895 no none
chr15:73617498-73617499 HCN4 NM_005477 exon6 c.C1775T p.S592F nonsynonymous SNV  medium 2.87 no none B(1)
chr16:4492358-4492359 DNAJA3 NM_001135110 exon5 c.G721C p.G241R nonsynonymous SNV  high 3.935 no none
chr16:55536717-55536718 MMP2 NM_004530 exon12 c.T1797A p.D599E nonsynonymous SNV  low 1.095 no none B(1)
chr17:5036822-5036823 USP6 NM_004505 exon6 c.T362C p.L121S nonsynonymous SNV  low 1.17 LOH none
chr17:5036833-5036834 USP6 NM_004505 exon6 c.G373A p.G125R nonsynonymous SNV  medium 2.485 LOH none
chr17:5036837-5036838 USP6 NM_004505 exon6 c.G377A p.R126K nonsynonymous SNV  neutral 0.365 LOH none
chr17:5036842-5036843 USP6 NM_004505 exon6 c.C382A p.Q128K nonsynonymous SNV  low 0.96 LOH none
chr17:7577537-7577538 TP53 NM_001126112 exon7 c.G743A p.R248Q nonsynonymous SNV medium 3.465 LOH none G(25), B(8)
chr17:15554786-15554787 TRIM16 NM_006470 exon4 c.G137A p.G46D nonsynonymous SNV  neutral 0.55 LOH none B(2)
chr17:38519847-38519848 GJD3 NM_152219 exon1 c.C220A p.H74N nonsynonymous SNV  medium 2.69 no none
chr17:47696423-47696424 SPOP NM_001007227 exon6 c.C399G p.F133L nonsynonymous SNV  medium 2.36 no none G(3), B(14)
chr17:48545916-48545917 CHAD NM_001267 exon1 c.G258C p.Q86H nonsynonymous SNV  neutral 0.55 no none
chr17:51901538-51901539 KIF2B NM_032559 exon1 c.A1145T p.Q382L nonsynonymous SNV  medium 2.26 no none G(2)
chr17:59945223-59945224 INTS2 NM_020748 exon24 c.C3415G p.Q1139E nonsynonymous SNV  low 1.1 no none
chr17:60028301-60028302 MED13 NM_005121 exon28 c.C6175T p.L2059F nonsynonymous SNV  low 1.59 no none
chr18:22807138-22807139 ZNF521 NM_015461 exon4 c.743delG p.C248fs frameshift deletion  high 3.61 no none G(1), B(1)
chr18:74729053-74729054 MBP NM_001025101 exon4 c.G310A p.D104N nonsynonymous SNV  low 1.04 no none B(2)
chr19:10812864-10812865 QTRT1 NM_031209 exon3 c.C386T p.S129F nonsynonymous SNV  medium 3.465 no none
chr19:13410113-13410114 CACNA1A NM_001127222 exon19 c.C2333G p.T778S nonsynonymous SNV medium 2.045 no none G(2)
chr19:18333070-18333071 PDE4C NM_000923 exon3 c.G305T p.G102V nonsynonymous SNV  medium 2.67 no none B(1)
chr19:20117125-20117126 ZNF682 NM_001077349 exon4 c.A1089C p.K363N nonsynonymous SNV  high 4.17 no none B(1)
chr19:36728110-36728111 ZNF146 NM_001099639 exon3 c.C769G p.L257V nonsynonymous SNV low 0.93 no none
chr19:55340920-55340920 KIR3DL1 NM_013289 exon7 c.1105_1106insA p.N369fs frameshift insertion  high 3.715 no none G(1)
chr20:37267433-37267434 ARHGAP40 NM_001164431 exon8 c.G1069C p.D357H nonsynonymous SNV NA no none
chr20:58452527-58452527 SYCP2 NM_014258 exon32 c.3063_3064insA p.T1021fs frameshift insertion  low 0.895 no none G(1)
chr21:32499423-32499424 TIAM1 NM_003253 exon27 c.G4092C p.E1364D nonsynonymous SNV  low 1.525 no none G(2)
chr21:32537295-32537296 TIAM1 NM_003253 exon17 c.A2974G p.T992A nonsynonymous SNV  neutral 0.345 no none
chr21:46074314-46074315 KRTAP12-4 NM_198698 exon1 c.C217A p.P73T nonsynonymous SNV  low 1.75 no none G(1)
chrX:19947942-19947943 CXorf23 NM_198279 exon10 c.T1979C p.I660T nonsynonymous SNV  low 1.1 no none
chrX:47487575-47487576 CFP NM_002621 exon4 c.C328T p.Q110X stopgain SNV  low 0.805 no none
chrX:99662678-99662679 PCDH19 NM_020766 exon1 c.A917G p.Y306C nonsynonymous SNV  high 3.73 no none

 
Table S2. Index mutations identified in all 3 distant metastases. 
Genomic coordinates (UCSC Genome Build hg19), Gene Symbol, RefSeq accession number, affected exon, base 
pair and amino acid changes are listed for each mutation.  LOH indicates mutations that are associated with loss of 
heterozygosity.  The level of copy number gain associated with mutated locus is indicated by the estimated ploidy 
number.  Predicted functional impact of missense mutations was determined using the mutationassessor online tool 
(www.mutationassessor.org).  Genes that have also been shown to harbor mutations in 2 independent whole exome 
sequencing studies of prostate cancer are indicated by “G”, for Grasso et al.10 and “B”, for Barbieri et al.11; the number 
in parenthesis shows the frequency of observed mutation for the gene locus in the individual study. 
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Position Left Gene Left Accession number Position Right Gene Right Accession number Junction Class
chr1:92232063; + TGFBR3 NM_003243 chr1:92233335; + TGFBR3 NM_003243 Intra: Gene-Gene
chr1:187464828; + chr1:187466727; - Intra: N-N
chr1:197361240; - CRB1 NM_201253 chr4:168708274; - Inter: Gene-N
chr1:197527312; + DENND1B NM_001142795 chr1:197544974; + DENND1B NM_001142795 Intra: Gene-Gene
chr1:215272573; + KCNK2 NM_001017424 chr1:215280133; + KCNK2 NM_001017424 Intra: Gene-Gene
chr1:217227844; + ESRRG NM_001134285 chr1:237763237; - RYR2 NM_001035 Intra: Gene-Gene
chr1:217252631; - ESRRG NM_001134285 chr1:242044266; + EXO1 NM_003686 Intra: Gene-Gene
chr1:222719972; + HHIPL2 NM_024746 chr1:240002951; - CHRM3 NM_000740 Intra: Gene-Gene
chr1:238075731; - LOC100130331 NR_027247 chr1:240003267; + CHRM3 NM_000740 Intra: Gene-Gene
chr1:240229251; + chr12:17434582; + Inter: N-N
chr1:240239736; - chr12:18160665; + Inter: N-N
chr1:244186578; + chr1:244190576; + Intra: N-N
chr1:244416821; + chr1:244418379; + Intra: N-N
chr2:53321119; + chr2:53330056; + Intra: N-N
chr2:88847375; + chr7:122227934; - CADPS2 NM_001009571 Inter: Gene-N
chr2:88863004; - EIF2AK3 NM_004836 chr7:124378342; + Inter: Gene-N
chr2:88916508; + EIF2AK3 NM_004836 chr7:125448295; - Inter: Gene-N
chr2:88920314; - EIF2AK3 NM_004836 chr7:125564557; - Inter: Gene-N
chr2:89037880; + RPIA NM_144563 chr7:124576015; - Inter: Gene-N
chr2:118606832; + chr2:118608319; + Intra: N-N
chr2:123142316; + chr2:126896611; + Intra: N-N
chr2:134578826; + chr7:124578450; + Inter: N-N
chr2:134784407; - chr7:125101132; + Inter: N-N
chr2:208474485; + FAM119A NM_001127395 chr2:208476787; + FAM119A NM_001127395 Intra: Gene-Gene
chr3:2438707; + CNTN4 NM_175607 chr3:2440189; + CNTN4 NM_175607 Intra: Gene-Gene
chr3:3180642; + TRNT1 NM_182916 chr3:3182832; + TRNT1 NM_182916 Intra: Gene-Gene
chr3:24489644; + THRB NM_000461 chr3:24490841; - THRB NM_000461 Intra: Gene-Gene
chr3:82185343; + chr3:82306944; + Intra: N-N
chr3:82186894; - chr3:82226895; + Intra: N-N
chr3:82189509; + chr3:82502576; - Intra: N-N
chr3:82306815; + chr3:83002264; + Intra: N-N
chr3:82547485; - chr3:83001909; + Intra: N-N
chr3:83002262; + chr3:83083636; + Intra: N-N
chr3:88177903; + chr4:12474466; + Inter: N-N
chr3:88177938; - chr12:40013504; + ABCD2 NM_005164 Inter: Gene-N
chr3:105306007; + chr3:105311042; + Intra: N-N
chr3:115306181; + chr3:115322706; + Intra: N-N
chr3:164456857; + chr3:164670242; - Intra: N-N
chr3:164475607; - chr3:164703834; + SI NM_001041 Intra: Gene-N
chr3:196056048; + TM4SF19 NM_138461 chr3:196056976; + TM4SF19 NM_138461 Intra: Gene-Gene
chr4:12962216; + chr12:40077594; - C12orf40 NM_001031748 Inter: Gene-N
chr4:36015773; + chr4:36028224; + Intra: N-N
chr4:60294500; + chr4:63904173; + Intra: N-N
chr4:60802209; - chr4:61079154; + Intra: N-N
chr4:60833598; + chr4:63675452; + Intra: N-N
chr4:61330721; + chr4:61340124; + Intra: N-N
chr4:61340367; + chr4:65703373; + Intra: N-N
chr4:63763661; + chr4:65294413; + Intra: N-N
chr4:91931557; + FAM190A NM_001145065 chr4:91935837; + FAM190A NM_001145065 Intra: Gene-Gene
chr4:93879352; - GRID2 NM_001510 chr4:106561473; - Intra: Gene-N
chr4:93894636; - GRID2 NM_001510 chr4:112144989; - Intra: Gene-N
chr4:93894855; + GRID2 NM_001510 chr4:112315045; + Intra: Gene-N
chr4:94195031; + GRID2 NM_001510 chr4:113985935; - ANK2 NM_001127493 Intra: Gene-Gene
chr4:94197147; - GRID2 NM_001510 chr4:112314678; - Intra: Gene-N
chr4:104121165; - chr4:106554702; + Intra: N-N
chr4:104382367; + chr4:105956008; - Intra: N-N
chr4:104386918; - chr4:112309714; + Intra: N-N
chr4:104485932; + chr4:106166098; - TET2 NM_001127208 Intra: Gene-N
chr4:104496141; - chr4:105967896; + Intra: N-N
chr4:106022494; - chr4:106506022; + FLJ20184 NM_017700 Intra: Gene-N
chr4:106552925; + chr4:112601658; + Intra: N-N
chr4:107437804; + chr4:107438587; + Intra: N-N
chr4:112111104; - chr4:120018042; - Intra: N-N
chr4:112186117; - chr4:115177784; - Intra: N-N
chr4:112293614; + chr4:113267256; - ALPK1 NM_001102406 Intra: Gene-N
chr4:113107896; - C4orf32 NM_152400 chr4:120068424; + MYOZ2 NM_016599 Intra: Gene-Gene
chr4:113318397; - ALPK1 NM_001102406 chr4:115261891; + Intra: Gene-N
chr4:114027003; - ANK2 NM_001127493 chr4:119826006; - SYNPO2 NM_001128933 Intra: Gene-Gene
chr4:114503579; + CAMK2D NM_001221 chr4:114836755; + ARSJ NM_024590 Intra: Gene-Gene
chr4:114573800; - CAMK2D NM_001221 chr4:118050408; - Intra: Gene-N
chr4:114803652; + chr4:116568770; + Intra: N-N
chr4:115226266; - chr4:115789361; + NDST4 NM_022569 Intra: Gene-N
chr4:115247970; + chr4:119721202; - SEC24D NM_014822 Intra: Gene-N
chr4:115565543; - UGT8 NM_001128174 chr4:118080385; + Intra: Gene-N
chr4:115746627; + chr4:119841869; + SYNPO2 NM_001128933 Intra: Gene-N
chr4:116564038; + chr4:117738924; + Intra: N-N
chr4:116892281; + chr4:116917089; + Intra: N-N
chr4:117704357; + chr4:119732666; + SEC24D NM_014822 Intra: Gene-N
chr4:120950454; + chr4:120970800; + Intra: N-N
chr4:131326052; + chr4:155775925; + Intra: N-N
chr4:133027749; + chr4:133028777; + Intra: N-N
chr4:133933774; - chr4:136168230; + Intra: N-N
chr4:152035816; - chr4:152108907; - SH3D19 NM_001009555 Intra: Gene-N
chr4:154894897; + chr4:155855653; + Intra: N-N
chr4:155704831; - RBM46 NM_144979 chr4:155848929; - Intra: Gene-N
chr4:166480528; + chr4:167621581; + Intra: N-N
chr5:8062804; - chr6:71262545; - FAM135A NM_001105531 Inter: Gene-N
chr5:19863922; + CDH18 NM_001167667 chr18:52939897; + TCF4 NM_001083962 Inter: Gene-Gene
chr5:19867800; - CDH18 NM_001167667 chr18:50247314; + DCC NM_005215 Inter: Gene-Gene
chr5:23963889; + chr5:23969826; + Intra: N-N

 
Table S3. Structural rearrangements identified in all 3 distant metastases. Genomic coordinates (UCSC 
Genome Build hg19), strand orientation (+/-), Gene Symbol and RefSeq accession number are given for each 
genomic fusion sites.  Inter indicates inter-chromosomal rearrangements. Intra indicates intra-chromosomal 
rearrangements. Gene indicates that the breakpoint resides in a coding region. N indicates breakpoints outside of 
coding genes. 
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chr5:29069317; + chr5:29069625; - Intra: N-N
chr5:58658640; - PDE4D NM_001104631 chr5:58663790; - PDE4D NM_001104631 Intra: Gene-Gene
chr5:97392955; + chr5:102250475; - PAM NM_000919 Intra: Gene-N
chr5:97400990; - chr5:125996199; + Intra: N-N
chr5:98237148; + CHD1 NM_001270 chr5:99776806; - Intra: Gene-N
chr5:98523470; + chr18:50851985; - DCC NM_005215 Inter: Gene-N
chr5:107181236; + chr5:109750410; + Intra: N-N
chr5:178012574; - COL23A1 NM_173465 chr5:178012742; - COL23A1 NM_173465 Intra: Gene-Gene
chr6:31193507; + chr6:31194660; + Intra: N-N
chr6:53924805; + C6orf142 NM_138569 chr6:53934830; + C6orf142 NM_138569 Intra: Gene-Gene
chr6:66913235; - chr6:71285774; + C6orf57 NM_145267 Intra: Gene-N
chr6:67601531; + chr6:67773605; - Intra: N-N
chr6:67630642; - chr6:70640607; - COL19A1 NM_001858 Intra: Gene-N
chr6:70515233; - chr6:128284244; + Intra: N-N
chr6:121717723; + chr6:122983363; - PKIB NM_032471 Intra: Gene-N
chr6:121718967; - chr6:122998893; + PKIB NM_032471 Intra: Gene-N
chr6:138277201; + chr6:140268501; - Intra: N-N
chr6:145487592; - chr6:145488062; - Intra: N-N
chr7:20787149; + ABCB5 NM_001163941 chr7:20795416; - ABCB5 NM_001163941 Intra: Gene-Gene
chr7:20788836; - ABCB5 NM_001163941 chr12:12928895; + APOLD1 NM_001130415 Inter: Gene-Gene
chr7:20795434; - ABCB5 NM_001163941 chr7:30762231; - Intra: Gene-N
chr7:20800584; - chr12:8810960; - MFAP5 NM_003480 Inter: Gene-N
chr7:20800604; + chr7:20800906; - Intra: N-N
chr7:22823974; - chr7:30762261; + Intra: N-N
chr7:29459292; + CHN2 NM_004067 chr7:29461676; + CHN2 NM_004067 Intra: Gene-Gene
chr7:67635773; + chr7:98083201; - Intra: N-N
chr7:100327776; + chr7:100340919; + ZAN NM_003386 Intra: Gene-N
chr7:109436689; + chr7:109453901; + Intra: N-N
chr7:121162519; + chr7:121162621; - Intra: N-N
chr7:123580873; + SPAM1 NM_001174044 chr7:125449898; + Intra: Gene-N
chr7:141808583; + chr7:154178565; - DPP6 NM_001039350 Intra: Gene-N
chr7:152539927; - ACTR3B NM_001040135 chr7:154186118; + DPP6 NM_001039350 Intra: Gene-Gene
chr7:152630469; + chr7:153559400; + Intra: N-N
chr7:154392102; + DPP6 NM_001039350 chr7:154399951; + DPP6 NM_001039350 Intra: Gene-Gene
chr7:157951378; + PTPRN2 NM_002847 chr7:157951922; + PTPRN2 NM_002847 Intra: Gene-Gene
chr7:158387912; - chr7:158387981; - Intra: N-N
chr8:3017720; - CSMD1 NM_033225 chr8:8938090; - Intra: Gene-N
chr8:3244162; + CSMD1 NM_033225 chr8:6636967; - Intra: Gene-N
chr8:6010039; + chr8:6604104; + AGPAT5 NM_018361 Intra: Gene-N
chr8:8198691; - SGK223 NM_001080826 chr8:15556863; + TUSC3 NM_006765 Intra: Gene-Gene
chr8:9376469; + chr8:19735831; - Intra: N-N
chr8:9785084; - chr8:17281326; + Intra: N-N
chr8:10359875; + chr8:22834604; + Intra: N-N
chr8:10497068; - RP1L1 NM_178857 chr8:13788311; + Intra: Gene-N
chr8:11631255; + NEIL2 NM_001135746 chr8:17455487; - PDGFRL NM_006207 Intra: Gene-Gene
chr8:12928658; + chr8:12931011; + Intra: N-N
chr8:13353359; - DLC1 NM_024767 chr8:13750498; - Intra: Gene-N
chr8:13536485; + chr8:31624540; + NRG1 NM_013962 Intra: Gene-N
chr8:13857225; + chr8:28442174; - Intra: N-N
chr8:19252905; - SH2D4A NM_022071 chr8:25870831; + EBF2 NM_022659 Intra: Gene-Gene
chr8:21179042; + chr8:30720105; + Intra: N-N
chr8:21649242; + chr8:29362830; + Intra: N-N
chr8:23186263; - LOXL2 NM_002318 chr8:23957124; + Intra: Gene-N
chr8:28247268; - chr8:29926865; - TMEM66 NM_016127 Intra: Gene-N
chr8:28510838; + chr8:28511558; + Intra: N-N
chr8:29921431; + TMEM66 NM_016127 chr8:29924292; + TMEM66 NM_016127 Intra: Gene-Gene
chr8:29921431; + TMEM66 NM_016127 chr8:29927156; + TMEM66 NM_016127 Intra: Gene-Gene
chr8:29927576; + TMEM66 NM_016127 chr8:29940363; + TMEM66 NM_016127 Intra: Gene-Gene
chr8:40757450; + chr8:42073066; + Intra: N-N
chr8:48816732; + PRKDC NM_001081640 chr8:48817297; + PRKDC NM_001081640 Intra: Gene-Gene
chr8:51512998; - SNTG1 NM_018967 chr8:52697372; + PXDNL NM_144651 Intra: Gene-Gene
chr8:51973274; + chr8:52015671; + Intra: N-N
chr8:52936102; + chr8:53017899; + Intra: N-N
chr9:135759089; + C9orf9 NM_018956 chr9:135760133; + C9orf9 NM_018956 Intra: Gene-Gene
chr10:29775023; - SVIL NM_003174 chr10:29845877; - SVIL NM_003174 Intra: Gene-Gene
chr10:70786361; + chr10:70787344; + Intra: N-N
chr10:133652126; - chr10:133652343; - Intra: N-N
chr11:68731454; - chr11:68731614; - Intra: N-N
chr11:103921989; + PDGFD NM_025208 chr11:118027231; - Intra: Gene-N
chr11:105263354; - chr11:106114806; + Intra: N-N
chr11:105354310; + chr11:117654980; + DSCAML1 NM_020693 Intra: Gene-N
chr11:106113577; + chr11:106231711; + Intra: N-N
chr11:106165651; + chr11:106390941; - Intra: N-N
chr11:125149714; + PKNOX2 NM_022062 chr11:125150310; + PKNOX2 NM_022062 Intra: Gene-Gene
chr12:1028930; + RAD52 NM_134424 chr12:1029739; + RAD52 NM_134424 Intra: Gene-Gene
chr12:17427282; + chr12:17746295; + Intra: N-N
chr12:40013983; + chr12:40077869; + C12orf40 NM_001031748 Intra: Gene-N
chr12:81210005; + LIN7A NM_004664 chr12:82180509; + Intra: Gene-N
chr12:133049542; + chr12:133050800; + Intra: N-N
chr13:26516270; - ATP8A2 NM_016529 chr13:26641707; - Intra: Gene-N
chr13:32562194; + chr13:32597220; + Intra: N-N
chr13:37745091; + chr13:37766199; + Intra: N-N
chr13:38039321; + chr13:49013451; + RB1 NM_000321 Intra: Gene-N
chr13:62895883; + chr13:63133935; + Intra: N-N
chr13:76675572; - chr13:89765279; - Intra: N-N
chr13:76763038; + chr13:89842428; + Intra: N-N
chr13:76833695; + chr13:89854515; - Intra: N-N
chr13:76853715; - chr13:92237631; + GPC5 NM_004466 Intra: Gene-N
chr13:77604068; - chr13:89449260; - Intra: N-N
chr13:77937003; + chr13:90367709; + Intra: N-N
chr13:77982724; - chr13:89632285; - Intra: N-N
chr13:77983292; + chr13:89872954; - Intra: N-N
chr13:85397673; - chr13:89631312; + Intra: N-N
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chr13:85478461; + chr13:85480008; + Intra: N-N
chr13:86652840; + chr13:89632401; + Intra: N-N
chr13:86657635; - chr13:89455783; + Intra: N-N
chr13:88584892; + chr13:88587449; + Intra: N-N
chr13:88929918; + chr13:89582145; + Intra: N-N
chr13:88941159; - chr13:89872967; + Intra: N-N
chr13:89443915; - chr13:91361718; - Intra: N-N
chr13:89562487; + chr13:91440093; + Intra: N-N
chr13:89631137; + chr13:90960399; + Intra: N-N
chr13:89633675; + chr13:90962250; + Intra: N-N
chr13:89637766; - chr13:91378322; + Intra: N-N
chr13:90447661; - chr13:92654277; + GPC5 NM_004466 Intra: Gene-N
chr13:90858282; + chr13:92600417; - GPC5 NM_004466 Intra: Gene-N
chr13:113499584; + ATP11A NM_015205 chr13:113500181; + ATP11A NM_015205 Intra: Gene-Gene
chr14:49191110; + chr14:49202994; + Intra: N-N
chr14:66258292; - chr14:66258410; - Intra: N-N
chr14:68822870; - RAD51L1 NM_002877 chr14:68823419; - RAD51L1 NM_002877 Intra: Gene-Gene
chr14:100993015; - WDR25 NM_001161476 chr14:100993316; - WDR25 NM_001161476 Intra: Gene-Gene
chr14:105289321; + MGC23270 NR_024396 chr14:105295690; + Intra: Gene-N
chr15:52388396; + chr15:52389649; + Intra: N-N
chr16:48966187; - chr16:48966587; - Intra: N-N
chr16:76667358; + chr16:76668111; + Intra: N-N
chr17:41379299; - chr17:41401061; + Intra: N-N
chr17:41401198; + chr17:41467151; - Intra: N-N
chr17:43097684; - chr17:52635197; + Intra: N-N
chr17:44287865; - chr17:45175823; - Intra: N-N
chr17:51508565; - chr17:51956655; - Intra: N-N
chr17:55687811; + MSI2 NM_138962 chr17:55689916; + MSI2 NM_138962 Intra: Gene-Gene
chr18:109601; + chrY:13485983; - Inter: N-N
chr18:50235832; + DCC NM_005215 chr18:53540155; - Intra: Gene-N
chr18:52375844; - chr18:53252110; + TCF4 NM_001083962 Intra: Gene-N
chr19:23935919; - ZNF681 NM_138286 chr19:23936383; - ZNF681 NM_138286 Intra: Gene-Gene
chr20:42325141; - MYBL2 NM_002466 chr20:42325645; - MYBL2 NM_002466 Intra: Gene-Gene
chr21:9834344; + chr21:9835502; + Intra: N-N
chr21:16588380; + chr21:16591454; + Intra: N-N
chr21:36072766; + CLIC6 NM_053277 chr21:36073629; + CLIC6 NM_053277 Intra: Gene-Gene
chr21:43226732; + PRDM15 NM_001040424 chr21:43227386; + PRDM15 NM_001040424 Intra: Gene-Gene
chrX:63645317; + chrX:63646554; + Intra: N-N
chrX:67768511; + chrX:67769690; - Intra: N-N
chrX:76943176; + ATRX NM_000489 chrX:95432589; - Intra: Gene-N
chrX:76943178; - ATRX NM_000489 chrX:95432590; + Intra: Gene-N
chrX:86879212; + KLHL4 NM_019117 chrX:86891551; + KLHL4 NM_019117 Intra: Gene-Gene
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Regions with high copy number gain (>4x)
Genomic Coordinates Copynumber score Gene Symbol
chr1:243400000-249250621 4.21 SDCCAG8, AKT3, ZNF238, C1orf100, ADSS, C1orf101, PPPDE1, FAM36A, HNRNPU, EFCAB2, KIF26B, SMYD3
chr3:4300000-5299999 4.13 SUMF1, SETMAR, ITPR1, AC018816.3, BHLHE40, ARL8B, EDEM1
chr3:6800000-7499999 4.14 GRM7
chr3:9300000-10399999 4.15 THUMPD3, SETD5, LHFPL4, MTMR14, CPNE9, BRPF1, OGG1, CAMK1, TADA3, ARPC4, ARPC4-TTLL3, TTLL3, RPUSD3, CIDEC, JAGN1,

IL17RE, IL17RC, CRELD1, PRRT3, TMEM111, FANCD2, C3orf24, BRK1, VHL, IRAK2, TATDN2, GHRL, SEC13, ATP2B2
chr3:23800000-25999999 4.16 UBE2E1, NKIRAS1, RPL15, NR1D2, THRB
chr3:31600000-33899999 4.06 STT3B, OSBPL10, ZNF860, GPD1L, CMTM8, CMTM7, CMTM6, DYNC1LI1, CNOT10, TRIM71, CCR4, GLB1, TMPPE, CRTAP, SUSD5, FBXL2,

UBP1, CLASP2, PDCD6IP
chr3:37000000-37399999 4.26 EPM2AIP1, MLH1, LRRFIP2, GOLGA4
chr3:47300000-50399999 4.22 KIF9, KLHL18, PTPN23, SCAP, C3orf75, CSPG5, SMARCC1, AC112512.1, DHX30, MAP4, CDC25A, CAMP, ZNF589, NME6, SPINK8, FBXW12,

PLXNB1, CCDC51, CCDC72, ATRIP, TREX1, SHISA5, PFKFB4, UCN2, COL7A1, UQCRC1, TMEM89, SLC26A6, CELSR3, NCKIPSD, IP6K2,
PRKAR2A, SLC25A20, C3orf71, ARIH2, P4HTM, WDR6, DALRD3, NDUFAF3, IMPDH2, QRICH1, QARS, USP19, LAMB2, CCDC71, KLHDC8B,
CCDC36, RP11-3B7.1, C3orf62, USP4, GPX1, RHOA, TCTA, AMT, NICN1, DAG1, BSN, APEH, MST1, RNF123, AMIGO3, GMPPB, IP6K1,
CDHR4, C3orf54, UBA7, TRAIP, CAMKV, MST1R, MON1A, RBM6, RBM5, SEMA3F, GNAT1, GNAI2, SEMA3B, C3orf45, IFRD2, HYAL3, NAT6,
HYAL1, HYAL2, TUSC2, RASSF1, ZMYND10, NPRL2, CYB561D2, TMEM115

chr3:56500000-58499999 4.22 CCDC66, C3orf63, ARHGEF3, SPATA12, IL17RD, HESX1, APPL1, ASB14, DNAH12, PDE12, ARF4, FAM116A, SLMAP, FLNB, DNASE1L3,
ABHD6, RPP14, RP11-80H18.3, PXK, PDHB, KCTD6, ACOX2

chr3:59700000-60199999 5.77 FHIT
chr3:63800000-66899999 4.13 C3orf49, THOC7, ATXN7, PSMD6, PRICKLE2, ADAMTS9, MAGI1, SLC25A26, LRIG1
chr3:69000000-73899999 4.14 C3orf64, TMF1, UBA3, ARL6IP5, LMOD3, FRMD4B, MITF, FOXP1, EIF4E3, GPR27, PROK2, RYBP, SHQ1, GXYLT2, PPP4R2, EBLN2, PDZRN3
chr3:78700000-81899999 4.39 ROBO1, GBE1
chr3:85000000-88299999 4.30 CADM2, VGLL3, VGLL3, CHMP2B, POU1F1, HTR1F, CGGBP1, RP11-159G9.5, ZNF654, C3orf38
chr3:94400000-97699999 4.24 EPHA6, ARL6, AC110491.1, CRYBG3, CRYBG3, MINA
chr3:101000000-101599999 4.19 IMPG2, SENP7, RG9MTD1, PCNP, ZBTB11, AC084198.1, RPL24, CEP97, FAM55C, NFKBIZ
chr3:103000000-105599999 4.39 ALCAM, CBLB
chr3:105600000-108399999 4.29 CCDC54, BBX, RP11-631B21.2, CD47, IFT57, HHLA2, MYH15, MYH15, KIAA1524, DZIP3
chr3:112700000-114899999 4.17 GTPBP8, C3orf17, BOC, WDR52, SPICE1, SIDT1, KIAA2018, NAA50, ATP6V1A, GRAMD1C, ZDHHC23, KIAA1407, QTRTD1, DRD3, ZNF80,

TIGIT, ZBTB20
chr3:116400000-117899999 4.20 LSAMP
chr3:118900000-125399999 4.26 RP11-484M3.5, UPK1B, B4GALT4, ARHGAP31, TMEM39A, POGLUT1, TIMMDC1, CD80, ADPRH, PLA1A, POPDC2, COX17, C3orf15, NR1I2,

GSK3B, GPR156, LRRC58, FSTL1, NDUFB4, HGD, RABL3, GTF2E1, STXBP5L, POLQ, ARGFX, FBXO40, HCLS1, GOLGB1, IQCB1, EAF2,
SLC15A2, ILDR1, CD86, CASR, CSTA, CCDC58, FAM162A, WDR5B, KPNA1, PARP9, DTX3L, PARP15, PARP14, HSPBAP1, DIRC2, SEMA5B,
PDIA5, SEC22A, ADCY5, PTPLB, MYLK, CCDC14, ROPN1, KALRN, UMPS, ITGB5, MUC13, HEG1, SLC12A8, ZNF148, SNX4, OSBPL11

chr3:127600000-129699999 4.27 KBTBD12, SEC61A1, RUVBL1, EEFSEC, DNAJB8, GATA2, C3orf27, RPN1, RAB7A, ACAD9, KIAA1257, RP11-723O4.6, CCDC48, GP9, RAB43,
ISY1, CNBP, COPG, C3orf37, H1FX, C3orf25, MBD4, IFT122, RHO, H1FOO, PLXND1

chr3:133100000-134299999 4.16 TMEM108, BFSP2, CDV3, TOPBP1, TF, SRPRB, RAB6B, C3orf36, SLCO2A1, RYK, AMOTL2, ANAPC13, CEP63
chr3:135600000-136699999 4.16 PPP2R3A, MSL2, PCCB, STAG1, TMEM22, NCK1, IL20RB
chr3:137700000-139299999 4.14 CLDN18, DZIP1L, A4GNT, DBR1, ARMC8, TXNDC6, MRAS, ESYT3, CEP70, FAIM, PIK3CB, FOXL2, C3orf72, PRR23A, MRPS22, PRR23B,

PRR23C, COPB2, RBP2, RBP1, NMNAT3
chr3:140600000-142799999 4.27 SLC25A36, SPSB4, ACPL2, ACPL2, ZBTB38, RASA2, RNF7, GRK7, ATP1B3, TFDP2, GK5, XRN1, ATR, PLS1, TRPC1, PCOLCE2, PAQR9,

U2SURP
chr3:143600000-150499999 4.29 C3orf58, AC107021.1, PLOD2, PLSCR4, PLSCR2, PLSCR1, PLSCR5, ZIC4, ZIC1, AGTR1, CPB1, CPA3, GYG1, HLTF, HPS3, CP, TM4SF18,

TM4SF1, TM4SF4, WWTR1, COMMD2, ANKUB1, RNF13, PFN2, TSC22D2, SERP1, EIF2A, RP11-392O18.1, FAM194A, SIAH2
chr3:162900000-170099999 4.29 SI, SLITRK3, BCHE, ZBBX, SERPINI2, WDR49, PDCD10, SERPINI1, GOLIM4, MECOM, AC078802.1, MYNN, LRRC34, LRRIQ4, LRRC31,

SAMD7, SEC62, GPR160, PHC3, PRKCI, PRKCI, SKIL
chr3:171300000-179499999 4.30 PLD1, AC078953.1, TMEM212, FNDC3B, AC092964.1, GHSR, TNFSF10, NCEH1, ECT2, SPATA16, NLGN1, NAALADL2, TBL1XR1, KCNMB2,

ZMAT3, PIK3CA, KCNMB3, ZNF639, MFN1, GNB4, ACTL6A, MRPL47, NDUFB5, USP13
chr3:180300000-185699999 4.21 TTC14, CCDC39, FXR1, DNAJC19, SOX2, ATP11B, DCUN1D1, MCCC1, LAMP3, MCF2L2, B3GNT5, KLHL6, KLHL24, YEATS2, MAP6D1,

PARL, ABCC5, HTR3D, HTR3C, HTR3E, EIF2B5, DVL3, AP2M1, ABCF3, VWA5B2, ALG3, ECE2, CAMK2N2, PSMD2, EIF4G1, FAM131A,
CLCN2, POLR2H, THPO, CHRD, RP11-433C9.2, EPHB3, MAGEF1, VPS8, C3orf70, EHHADH, MAP3K13, TMEM41A, LIPH, SENP2, IGF2BP2,
C3orf65, TRA2B

chr3:187400000-190599999 4.19 RTP2, RP11-211G3.3, BCL6, LPP, AC022498.1, TPRG1, TP63, LEPREL1, CLDN1, CLDN16, TMEM207, IL1RAP, RP11-332P22.1
chr3:193300000-197799999 4.29 OPA1, HES1, CPN2, LRRC15, GP5, ATP13A3, TMEM44, LSG1, FAM43A, C3orf21, ACAP2, PPP1R2, APOD, MUC20, MUC4, TNK2, TFRC,

ZDHHC19, AC069257.9, PCYT1A, TCTEX1D2, TM4SF19, UBXN7, RNF168, C3orf43, WDR53, FBXO45, LRRC33, PIGX, CEP19, PAK2, SENP5,
NCBP2, PIGZ, MFI2, DLG1, BDH1, KIAA0226, FYTTD1, LRCH3, IQCG, RPL35A, LMLN

chr6:157500000-157699999 5.16 ARID1B
chr7:25500000-57499999 4.91 NFE2L3, HNRNPA2B1, CBX3, SNX10, KIAA0087, C7orf71, SKAP2, HOXA1, HOXA2, HOXA3, HOXA4, HOXA5, HOXA6, HOXA7, HOXA9, RP1-

170O19.20, HOXA10, HOXA11, HOXA13, RP1-170O19.17, EVX1, HIBADH, TAX1BP1, JAZF1, CREB5, CPVL, CHN2, PRR15, WIPF3, SCRN1,
FKBP14, PLEKHA8, C7orf41, ZNRF2, NOD1, GGCT, GARS, CRHR2, INMT, FAM188B, AQP1, RP5-877J2.1, GHRHR, ADCYAP1R1, NEUROD6,
CCDC129, C7orf16, PDE1C, AVL9, KBTBD2, FKBP9, NT5C3, RP9, BBS9, RP11-89N17.1, BMPER, AC005493.1, NPSR1, DPY19L1, TBX20,
HERPUD2, SEPT7, AC083864.4, EEPD1, KIAA0895, ANLN, AOAH, ELMO1, GPR141, TXNDC3, EPDR1, TXNDC3, SFRP4, STARD3NL, AMPH,
FAM183B, VPS41, POU6F2, C7orf36, RALA, CDK13, C7orf11, C7orf10, INHBA, GLI3, C7orf25, PSMA2, MRPL32, HECW1, STK17A, C7orf44,
BLVRA, MRPS24, URGCP, UBE2D4, SPDYE1, DBNL, PGAM2, POLM, AEBP1, POLD2, MYL7, GCK, YKT6, CAMK2B, NUDCD3, NPC1L1,
DDX56, TMED4, OGDH, ZMIZ2, PPIA, H2AFV, PURB, MYO1G, C7orf40, CCM2, NACAD, TBRG4, RAMP3, ADCY1, IGFBP1, IGFBP3,
AC011294.3, TNS3, C7orf65, HUS1, PKD1L1, C7orf69, SUN3, C7orf57, UPP1, ABCA13, VWC2, ZPBP, C7orf72, IKZF1, FIGNL1, DDC, GRB10,
COBL, POM121L12, VSTM2A, SEC61G, EGFR, LANCL2, VOPP1, SEPT14, RP11-15K19.2, ZNF713, GBAS, MRPS17, PSPH, CCT6A, SUMF2,
PHKG1, CHCHD2, ZNF479

chr7:62100000-141799999 5.12 AC006455.1, ZNF727, ZNF679, ZNF736, ZNF680, ZNF107, ZNF138, ZNF273, ZNF117, ERV3-1, ZNF92, VKORC1L1, GUSB, ASL, AC068533.7,
CRCP, TPST1, KCTD7, RABGEF1, C7orf42, SBDS, TYW1, STAG3L4, AUTS2, WBSCR17, CALN1, POM121, TRIM74, STAG3L3, NSUN5,
TRIM50, FKBP6, FZD9, BAZ1B, BCL7B, TBL2, MLXIPL, VPS37D, DNAJC30, WBSCR22, STX1A, ABHD11, CLDN3, CLDN4, WBSCR27,
WBSCR28, ELN, LIMK1, EIF4H, LAT2, RFC2, CLIP2, GTF2IRD1, GTF2I, STAG3L2, NCF1, GTF2IRD2, GATSL1, WBSCR16, GTF2IRD2B,
GATSL2, STAG3L1, TRIM73, POM121C, HIP1, CCL26, CCL24, RHBDD2, POR, STYXL1, MDH2, SRRM3, HSPB1, YWHAG, SRCRB4D, ZP3,
AC005522.1, UPK3B, POMZP3, AC007000.1, FGL2, PION, PTPN12, RSBN1L, TMEM60, PHTF2, MAGI2, GNAI1, CD36, GNAT3, SEMA3C,
AC005008.2, HGF, CACNA2D1, PCLO, SEMA3E, SEMA3A, SEMA3D, GRM3, KIAA1324L, DMTF1, C7orf23, CROT, ABCB4, ABCB1, RUNDC3B,
SLC25A40, DBF4, ADAM22, SRI, STEAP4, ZNF804B, C7orf62, STEAP1, STEAP2, C7orf63, GTPBP10, CLDN12, CDK14, FZD1, MTERF, AKAP9,
CYP51A1, LRRD1, KRIT1, ANKIB1, GATAD1, ERVW-1, PEX1, C7orf64, FAM133B, CDK6, SAMD9, SAMD9L, HEPACAM2, CCDC132, CALCR,
GNGT1, TFPI2, GNG11, BET1, COL1A2, CASD1, SGCE, PEG10, PPP1R9A, PON1, PON3, PON2, ASB4, PDK4, DYNC1I1, SLC25A13, SHFM1,
AC092031.1, DLX6, DLX5, ACN9, TAC1, ASNS, OCM2, LMTK2, BHLHA15, TECPR1, BRI3, AC093799.1, NPTX2, TMEM130, TRRAP, SMURF1,
KPNA7, ARPC1A, ARPC1B, PDAP1, BUD31, PTCD1, ATP5J2-PTCD1, CPSF4, AC073063.1, ATP5J2, ZNF789, ZNF394, ZKSCAN5, FAM200A,
ZNF655, ZNF498, CYP3A5, CYP3A7, CYP3A4, CYP3A43, OR2AE1, TRIM4, GJC3, AZGP1, ZKSCAN1, ZSCAN21, ZNF3, COPS6, MCM7,
AP4M1, TAF6, CNPY4, MBLAC1, C7orf59, C7orf43, GAL3ST4, GPC2, STAG3, GATS, PVRIG, SPDYE3, PILRB, PILRA, ZCWPW1, AC005071.3,
MEPCE, C7orf47, C7orf61, TSC22D4, C7orf51, AGFG2, SAP25, LRCH4, FBXO24, PCOLCE, MOSPD3, TFR2, ACTL6B, GNB2, GIGYF1, POP7,
EPO, ZAN, EPHB4, SLC12A9, TRIP6, SRRT, UFSP1, ACHE, MUC3A, AC118759.1, MUC3A, MUC12, MUC17, TRIM56, SERPINE1, AP1S1, VGF,
C7orf52, MOGAT3, AC004876.1, PLOD3, ZNHIT1, CLDN15, FIS1, RABL5, EMID2, MYL10, CUX1, SH2B2, PRKRIP1, ORAI2, ALKBH4, LRWD1,
POLR2J, RASA4B, POLR2J3, POLR2J2, AC093668.2, RP11-577H5.4, SPDYE2, AC093668.1, RASA4, UPK3BL, AC105052.1, FAM185A,
FBXL13, LRRC17, ARMC10, NAPEPLD, PMPCB, DNAJC2, PSMC2, SLC26A5, RELN, ORC5, LHFPL3, MLL5, SRPK2, PUS7, RINT1, EFCAB10,
ATXN7L1, CDHR3, SYPL1, NAMPT, C7orf74, PIK3CG, PRKAR2B, HBP1, COG5, GPR22, DUS4L, BCAP29, SLC26A4, CBLL1, SLC26A3, DLD,
LAMB1, LAMB4, NRCAM, PNPLA8, THAP5, DNAJB9, C7orf66, IMMP2L, LRRN3, DOCK4, ZNF277, IFRD1, C7orf53, TMEM168, C7orf60,
GPR85, AC073346.2, AC073348.1, PPP1R3A, FOXP2, MDFIC, TFEC, TES, CAV2, CAV1, MET, CAPZA2, ST7, ST7OT4, AC106873.4, WNT2,
ASZ1, CFTR, CTTNBP2, NAA38, ANKRD7, KCND2, TSPAN12, ING3, C7orf58, WNT16, FAM3C, PTPRZ1, AASS, FEZF1, CADPS2, RNF133,
RNF148, TAS2R16, SLC13A1, IQUB, NDUFA5, ASB15, LMOD2, WASL, HYAL4, SPAM1, TMEM229A, GPR37, POT1, GRM8, ZNF800, GCC1,
ARF5, FSCN3, PAX4, SND1, LRRC4, LEP, RBM28, PRRT4, IMPDH1, METTL2B, C7orf68, FAM71F2, FAM71F1, CALU, OPN1SW, CCDC136,
FLNC, ATP6V1F, IRF5, TNPO3, TSPAN33, SMO, AHCYL2, FAM40B, NRF1, UBE2H, ZC3HC1, KLHDC10, TMEM209, C7orf45, CPA2, CPA4,
CPA5, CPA1, TSGA14, MEST, COPG2, TSGA13, KLF14, MKLN1, PODXL, PLXNA4, AC009365.3, CHCHD3, AC008038.1, EXOC4, LRGUK,
SLC35B4, AKR1B1, AKR1B10, AKR1B15, BPGM, CALD1, AGBL3, C7orf49, AC083862.1, TMEM140, WDR91, STRA8, CNOT4, NUP205,
C7orf73, SLC13A4, FAM180A, MTPN, AC015987.1, CHRM2, PTN, DGKI, CREB3L2, AKR1D1, TRIM24, SVOPL, ATP6V0A4, TMEM213,
KIAA1549, ZC3HAV1L, ZC3HAV1, TTC26, UBN2, C7orf55, LUC7L2, AC083883.1, KLRG2, CLEC2L, HIPK2, TBXAS1, PARP12, JHDM1D,
SLC37A3, RAB19, MKRN1, DENND2A, ADCK2, NDUFB2, BRAF, MRPS33, AGK, KIAA1147, WEE2, SSBP1, TAS2R3, TAS2R4, TAS2R5,
PRSS37, MGAM, OR9A4, CLEC5A, TAS2R38

chr7:153900000-159138663 5.07 DPP6, AC093726.6, PAXIP1, AC093726.4, HTR5A, AC099552.4, INSIG1, BLACE, AC008060.7, EN2, CNPY1, AC009403.2, RBM33, SHH,
AC021218.2, C7orf13, RNF32, LMBR1, NOM1, MNX1, UBE3C, DNAJB6, AC006372.1, PTPRN2, AC005481.5, NCAPG2, ESYT2, WDR60, VIPR2

  
Table S4.  Regions with high copy number gain (>4x) and homozygous deletions identified in all 3 distant 
metastases.Genomic coordinates (UCSC Genome Build hg19), copy number scores and Gene Symbols 
are listed for loci with high copy number gain (>4x) and homozygous copy number loss. 
Copy number estimates were smoothed and calculated for windows sizes of 100 kb. 
 

20



chr8:7100000-8099999 4.29 ZNF705G, DEFB4B, DEFB103B, SPAG11B, DEFB104B, DEFB106B, DEFB105B, DEFB107B, RP11-1118M6.1, AC084121.16, DEFB107A,
DEFB105A, DEFB106A, DEFB104A, SPAG11A, DEFB103A, DEFB4A, ZNF705B, AC068020.1

chr8:9100000-13599999 5.72 TNKS, MSRA, PRSS55, RP1L1, C8orf74, SOX7, CTD-2135J3.4, PINX1, XKR6, AF131215.6, AF131215.2, AF131215.3, AF131215.1,
AF131215.4, CTC-493P15.3, MTMR9, AF131216.6, SLC35G5, AF131216.5, C8orf12, FAM167A, BLK, RP11-148O21.3, RP11-148O21.2, GATA4,
C8orf49, NEIL2, FDFT1, RP11-297N6.4, CTSB, DEFB136, DEFB135, DEFB134, RP11-481A20.11, RP11-1236K1.1, ZNF705D, USP17L2,
FAM86B1, DEFB130, FAM86B2, AC130352.1, LONRF1, AC135352.2, AC135352.1, DLC1, C8orf48

chr8:37400000-71599999 5.07 RP11-150O12.5, RP11-150O12.3, ZNF703, RP11-863K10.7, ERLIN2, PROSC, GPR124, BRF2, RAB11FIP1, GOT1L1, ADRB3, EIF4EBP1,
ASH2L, STAR, LSM1, BAG4, DDHD2, PPAPDC1B, WHSC1L1, LETM2, FGFR1, C8orf86, TACC1, PLEKHA2, HTRA4, TM2D2, ADAM9, ADAM32,
ADAM18, ADAM2, IDO1, IDO2, C8orf4, ZMAT4, SFRP1, CTD-3080F16.3, RP11-15G16.1, GOLGA7, GINS4, RP11-360L9.4, AGPAT6, NKX6-3,
ANK1, RP11-930P14.1, KAT6A, AP3M2, PLAT, IKBKB, POLB, DKK4, VDAC3, SLC20A2, C8orf40, CHRNB3, CHRNA6, THAP1, RNF170, HOOK3,
RP11-598P20.5, FNTA, AC113191.1, HGSNAT, RP11-101E19.6, RP11-350F16.2, RP11-1134I14.8, KIAA0146, CEBPD, PRKDC, MCM4, UBE2V2,
EFCAB1, SNAI2, C8orf22, RP11-738G5.2, SNTG1, PXDNL, PCMTD1, AC090186.1, ST18, FAM150A, RB1CC1, NPBWR1, OPRK1, ATP6V1H,
RGS20, TCEA1, LYPLA1, MRPL15, SOX17, RP1, XKR4, RP11-386G21.1, RP11-386G21.2, TMEM68, TGS1, LYN, RPS20, MOS, PLAG1,
CHCHD7, SDR16C5, PENK, IMPAD1, FAM110B, UBXN2B, CYP7A1, SDCBP, NSMAF, TOX, CA8, RAB2A, CHD7, CLVS1, ASPH, NKAIN3, GGH,
TTPA, RP11-32K4.2, BHLHE22, CYP7B1, CTD-3025N20.2, ARMC1, MTFR1, PDE7A, DNAJC5B, AC084082.3, TRIM55, CRH, RP11-366K18.3,
RRS1, ADHFE1, C8orf46, MYBL1, VCPIP1, SGK3, C8orf44, C8orf45, LRRC67, COPS5, CSPP1, ARFGEF1, CPA6, PREX2, RP11-664D7.4,
C8orf34, SULF1, SLCO5A1, PRDM14, NCOA2, TRAM1, AC120194.1, RP11-382J12.1, LACTB2, XKR9

chr8:74000000-117899999 4.95 C8orf84, RPL7, RDH10, STAU2, UBE2W, TCEB1, TMEM70, LY96, JPH1, GDAP1, RP11-758M4.1, PI15, CRISPLD1, HNF4G, ZFHX4, PEX2,
PKIA, FAM164A, IL7, STMN2, HEY1, MRPS28, TPD52, ZBTB10, ZNF704, PAG1, FABP5, PMP2, FABP9, FABP4, FABP12, IMPA1, SLC10A5,
ZFAND1, CHMP4C, SNX16, RALYL, LRRCC1, E2F5, C8orf59, CA13, RP11-219B4.5, RP11-219B4.6, CA1, CA3, CA2, REXO1L1, REXO1L2P,
ATP6V0D2, PSKH2, SLC7A13, WWP1, FAM82B, CPNE3, CNGB3, CNBD1, DCAF4L2, MMP16, RIPK2, OSGIN2, NBN, DECR1, CALB1,
TMEM64, NECAB1, TMEM55A, OTUD6B, LRRC69, SLC26A7, RUNX1T1, C8orf83, AC117834.1, RP11-88J22.1, FAM92A1, RBM12B, C8orf39,
TMEM67, PDP1, CDH17, GEM, RAD54B, KIAA1429, AC023632.1, ESRP1, DPY19L4, INTS8, CCNE2, C8orf38, TP53INP1, PLEKHF2, C8orf37,
GDF6, UQCRB, MTERFD1, PTDSS1, KB-1448A5.1, SDC2, AC010859.1, TSPYL5, MTDH, LAPTM4B, MATN2, RPL30, C8orf47, HRSP12, POP1,
NIPAL2, STK3, KCNS2, OSR2, VPS13B, COX6C, RGS22, FBXO43, POLR2K, SPAG1, RNF19A, ANKRD46, SNX31, PABPC1, YWHAZ, ZNF706,
GRHL2, NCALD, RRM2B, UBR5, KB-1980E6.3, ODF1, KLF10, AZIN1, KB-1507C5.2, ATP6V1C1, C8orf56, BAALC, FZD6, CTHRC1, SLC25A32,
DCAF13, RIMS2, TM7SF4, DPYS, LRP12, RP11-127H5.1, ZFPM2, RP11-778D12.2, OXR1, OXR1, ABRA, ANGPT1, RSPO2, EIF3E, TTC35,
TMEM74, TRHR, NUDCD1, ENY2, PKHD1L1, EBAG9, SYBU, RP11-422N16.3, KCNV1, CSMD3, RP11-67H2.1, TRPS1, EIF3H, UTP23, RAD21,
NCRNA00255

chr8:119800000-129199999 4.68 TNFRSF11B, COLEC10, TAF2, DSCC1, DEPTOR, COL14A1, MRPL13, MTBP, SNTB1, RP11-785H20.1, RP11-973F15.1, ZHX2, DERL1,
WDR67, FAM83A, RP11-539E17.5, C8orf76, ZHX1, ATAD2, WDYHV1, FBXO32, KLHL38, ANXA13, FAM91A1, FER1L6, TMEM65, TRMT12,
RNF139, TATDN1, NDUFB9, MTSS1, ZNF572, SQLE, KIAA0196, NSMCE2, TRIB1, FAM84B, POU5F1B, MYC, TMEM75

chr8:140700000-146364022 4.79 KCNK9, TRAPPC9, C8orf17, CHRAC1, EIF2C2, PTK2, DENND3, SLC45A4, RP11-10J21.3, GPR20, PTP4A3, AC100803.1, AC138647.1,
TSNARE1, BAI1, ARC, PSCA, LY6K, C8orf55, SLURP1, LYPD2, LYNX1, LY6D, GML, CYP11B1, CYP11B2, LY6E, C8orf31, LY6H, ZFP41, GLI4,
ZNF696, TOP1MT, RHPN1, MAFA, ZC3H3, ZC3H3, GSDMD, C8orf73, NAPRT1, EEF1D, TIGD5, PYCRL, TSTA3, ZNF623, ZNF707, CCDC166,
MAPK15, FAM83H, SCRIB, PUF60, NRBP2, EPPK1, PLEC, PARP10, GRINA, SPATC1, OPLAH, EXOSC4, GPAA1, CYC1, SHARPIN, MAF1,
KIAA1875, FAM203A, HEATR7A, AC145291.1, SCXB, FAM203B, BOP1, SCXA, HSF1, DGAT1, SCRT1, GS1-393G12.10, GPR172A, FBXL6,
ADCK5, CPSF1, SLC39A4, VPS28, TONSL, CYHR1, CTD-2517M22.16, KIFC2, FOXH1, PPP1R16A, CTD-2517M22.14, GPT, MFSD3, LRRC14,
LRRC24, C8orf82, ARHGAP39, AF186192.1, AF186192.2, ZNF251, ZNF34, RPL8, ZNF517, ZNF7, COMMD5, ZNF250, ZNF16, ZNF252, RP5-
1047A19.4, C8orf77, C8orf33

chr12:0-8799999 4.91 IQSEC3, SLC6A12, SLC6A13, KDM5A, CCDC77, B4GALNT3, NINJ2, WNK1, RAD52, ERC1, WNT5B, FBXL14, ADIPOR2, CACNA2D4, LRTM2,
DCP1B, CACNA1C, FKBP4, ITFG2, NRIP2, AC005841.1, FOXM1, C12orf32, TULP3, TEAD4, TSPAN9, PRMT8, EFCAB4B, PARP11, CCND2,
C12orf5, FGF23, FGF6, C12orf4, RAD51AP1, DYRK4, NDUFA9, AKAP3, GALNT8, GALNT8, KCNA6, KCNA1, KCNA5, NTF3, ANO2, VWF, CD9,
PLEKHG6, TNFRSF1A, SCNN1A, LTBR, CD27, TAPBPL, VAMP1, MRPL51, NCAPD2, GAPDH, IFFO1, NOP2, CHD4, LPAR5, ACRBP, ING4,
AC125494.1, ZNF384, C12orf53, COPS7A, MLF2, PTMS, LAG3, CD4, GPR162, LEPREL2, GNB3, U47924.25, CDCA3, USP5, TPI1, SPSB2,
LRRC23, ENO2, ATN1, C12orf57, PTPN6, PHB2, LPCAT3, C1S, C1R, C1RL, RBP5, CLSTN3, CLSTN3, PEX5, ACSM4, CD163L1, CD163,
APOBEC1, GDF3, DPPA3, CLEC4C, NANOGNB, NECAP1, NANOG, SLC2A14, NANOGP1, SLC2A3, FOXJ2, C3AR1, CLEC4A, ZNF705A,
FAM90A1, CLEC6A, CLEC4D, CLEC4E, AICDA

chr12:60600000-61199999 4.30 none
chr14:36900000-45799999 4.46 SFTA3, NKX2-1, NKX2-8, PAX9, SLC25A21, RP11-537P22.1, MIPOL1, FOXA1, TTC6, SSTR1, CLEC14A, SEC23A, GEMIN2, TRAPPC6B, PNN,

MIA2, RP11-407N17.3, CTAGE5, FBXO33, LRFN5, RP11-214N1.1, FSCB, C14orf28, KLHL28, FAM179B, PRPF39, FKBP3, FANCM, MIS18BP1
chr14:50000000-51299999 4.42 RPS29, AL139099.1, LRR1, RPL36AL, MGAT2, DNAAF2, POLE2, KLHDC1, KLHDC2, NEMF, AL627171.1, ARF6, C14orf182, RP11-58E21.3,

C14orf183, METTL21D, SOS2, L2HGDH, ATP5S, RP11-247L20.2, CDKL1, MAP4K5, ATL1, SAV1, NIN
chr14:52900000-53699999 4.23 TXNDC16, GPR137C, ERO1L, PSMC6, STYX, GNPNAT1, FERMT2, DDHD1
chr14:54800000-56199999 4.23 CDKN3, CNIH, GMFB, CGRRF1, SAMD4A, GCH1, WDHD1, SOCS4, MAPK1IP1L, LGALS3, DLGAP5, FBXO34, ATG14, TBPL2, C14orf33, KTN1

chr14:60400000-62299999 4.29 C14orf135, DHRS7, PPM1A, C14orf39, SIX6, SIX1, SIX4, MNAT1, TRMT5, SLC38A6, PRKCH, TMEM30B, RP11-47I22.4, RP11-47I22.3, HIF1A,
SNAPC1

chr14:63800000-66199999 4.20 PPP2R5E, WDR89, SGPP1, SYNE2, ESR2, MTHFD1, ZBTB25, AKAP5, ZBTB1, HSPA2, C14orf50, PLEKHG3, SPTB, CHURC1, FNTB, GPX2,
RAB15, AL139022.1, MAX, FUT8

chr14:66900000-70299999 4.24 GPHN, FAM71D, MPP5, ATP6V1D, EIF2S1, PLEK2, TMEM229B, PLEKHH1, PIGH, ARG2, VTI1B, RP11-1012A1.4, RDH11, RDH12, ZFYVE26,
RAD51B, ZFP36L1, ACTN1, DCAF5, EXD2, GALNTL1, ERH, SLC39A9, PLEKHD1, C14orf162, KIAA0247, SRSF5, SLC10A1

chr14:70800000-71599999 4.14 COX16, SYNJ2BP, ADAM21, ADAM20, MED6, TTC9, MAP3K9, PCNX
chr14:73200000-78299999 4.17 DPF3, DCAF4, ZFYVE1, RBM25, PSEN1, PAPLN, NUMB, HEATR4, ACOT1, ACOT2, ACOT4, ACOT6, DNAL1, PNMA1, C14orf43, PTGR2, RP5-

1021I20.4, ZNF410, FAM161B, COQ6, ENTPD5, C14orf45, ALDH6A1, LIN52, VSX2, ABCD4, VRTN, SYNDIG1L, NPC2, ISCA2, LTBP2,
KIAA0317, AC007956.1, FCF1, YLPM1, PROX2, DLST, RPS6KL1, PGF, EIF2B2, MLH3, ACYP1, FAM164C, NEK9, TMED10, RP11-293M10.1,
FOS, AF111167.1, JDP2, BATF, AC007182.1, TTLL5, C14orf1, IFT43, TGFB3, C14orf118, ESRRB, VASH1, ANGEL1, C14orf166B, IRF2BPL,
KIAA1737, TMEM63C, ZDHHC22, NGB, POMT2, GSTZ1, TMED8, SAMD15, C14orf148, VIPAR, AHSA1, ISM2, SPTLC2, ALKBH1, SLIRP,
SNW1, C14orf178, ADCK1

chr14:80200000-82199999 4.15 NRXN3, DIO2, CEP128, TSHR, GTF2A1, STON2, SEL1L
chr14:82800000-85099999 4.20 none
chr14:90700000-92599999 4.29 PSMC1, C14orf102, CALM1, TTC7B, RPS6KA5, C14orf159, GPR68, CTD-2547L24.3, CCDC88C, SMEK1, AL133373.1, CATSPERB, TC2N,

FBLN5, TRIP11, ATXN3, NDUFB1, CPSF2
chr14:93100000-93999999 4.16 RIN3, LGMN, GOLGA5, CHGA, ITPK1, MOAP1, C14orf109, RP11-371E8.4, C14orf142, UBR7, BTBD7, KIAA1409, COX8C
chr14:99800000-100899999 4.21 SETD3, CCNK, CCDC85C, HHIPL1, CYP46A1, EML1, EVL, DEGS2, YY1, SLC25A29, SLC25A47, WARS, WDR25
chr14:102200000-104499999 4.40 PPP2R5C, DYNC1H1, HSP90AA1, WDR20, RAGE, ZNF839, CINP, TECPR2, ANKRD9, RCOR1, TRAF3, AMN, CDC42BPB, EXOC3L4,

TNFAIP2, EIF5, MARK3, CKB, TRMT61A, BAG5, KLC1, C14orf153, RP11-73M18.2, XRCC3, AL049840.1, ZFYVE21, PPP1R13B, CTD-2134A5.2,
C14orf2, TDRD9

chr17:19000000-21499999 4.61 AC007952.1, AC007952.2, AC007952.6, AC106017.1, AC106017.3, EPN2, B9D1, MAPK7, MFAP4, SLC47A1, ALDH3A2, SLC47A2, ALDH3A1,
ULK2, AKAP10, SPECC1, CCDC144C, FAM106B, LGALS9B, CDRT15L2, CCDC144NL, USP22, DHRS7B, TMEM11, MAP2K3, KCNJ12,
C17orf51

chrX:0-7199999 4.59 PLCXD1, GTPBP6, PPP2R3B, SHOX, CRLF2, CSF2RA, IL3RA, SLC25A6, ASMTL, P2RY8, AKAP17A, ASMT, DHRSX, ZBED1, CD99, XG,
GYG2, ARSD, ARSE, ARSH, ARSF, CXorf28, MXRA5, PRKX, RP11-706O15.1, NLGN4X, VCX3A, HDHD1, STS

chrX:58500000-61899999 7.02 none
chrX:61900000-63599999 28.25 SPIN4, ARHGEF9, FAM123B, ASB12, MTMR8
chrX:63600000-63799999 32.55 MTMR8
chrX:63800000-64399999 34.77 ZC4H2
chrX:64400000-64599999 35.79 none
chrX:64600000-65499999 37.31 ZC3H12B, LAS1L, MSN, VSIG4, HEPH
chrX:65500000-66499999 48.26 EDA2R
chrX:66500000-68699999 60.50 AR, OPHN1, YIPF6, STARD8, EFNB1, PJA1

Regions with homozygous deletion
Genomic Coordinates Copynumber score Gene Symbol
chr4:60300000-63899999 0.17 LPHN3
chr4:106200000-106499999 0.04 PPA2, ARHGEF38
chr4:112300000-112599999 0.1 none
chr4:168700000-190399999 0.01 ANXA10, DDX60, DDX60L, PALLD, CBR4, SH3RF1, NEK1, CLCN3, C4orf27, MFAP3L, AADAT, GALNTL6, GALNT7, HMGB2, SAP30, SCRG1,

HAND2, FBXO8, CEP44, HPGD, GLRA3, ADAM29, GPM6A, WDR17, SPATA4, ASB5, SPCS3, VEGFC, RP11-487E13.1, NEIL3, AGA, RP11-
389E17.1, ODZ3, DCTD, C4orf38, WWC2, CLDN22, CLDN24, CDKN2AIP, ING2, RWDD4, C4orf41, STOX2, ENPP6, IRF2, CASP3, CCDC111,
MLF1IP, ACSL1, RP11-701P16.2, HELT, SLC25A4, KIAA1430, SNX25, LRP2BP, ANKRD37, UFSP2, C4orf47, CCDC110, RP11-279O9.4,
PDLIM3, SORBS2, TLR3, FAM149A, CYP4V2, KLKB1, F11, MTNR1A, FAT1, ZFP42, TRIML2, TRIML1 

chr5:98900000-99599999 0.32 none
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chr5:102300000-125999999 0.01 PAM, GIN1, PPIP5K2, C5orf30, NUDT12, EFNA5, FBXL17, FER, PJA2, MAN2A1, AC011366.3, TMEM232, SLC25A46, TSLP, WDR36, CAMK4,
STARD4, C5orf13, EPB41L4A, APC, SRP19, REEP5, ZRSR1, DCP2, MCC, TSSK1B, YTHDC2, KCNN2, TRIM36, PGGT1B, CCDC112, FEM1C,
TICAM2, TMED7-TICAM2, TMED7, CDO1, ATG12, AP3S1, AC010282.1, COMMD10, SEMA6A, DTWD2, DMXL1, TNFAIP8, HSD17B4,
FAM170A, PRR16, FTMT, SRFBP1, LOX, ZNF474, SNCAIP, SNX2, SNX24, PPIC, PRDM6, CEP120, CSNK1G3, ZNF608, RP11-43D2.2,
GRAMD3, ALDH7A1, PHAX, C5orf48

chr6:68800000-71299999 -0.01 BAI3, LMBRD1, COL19A1, COL9A1, FAM135A, C6orf57
chr7:20800000-22899999 0.04 SP8, SP4, DNAH11, CDCA7L, RAPGEF5, STEAP1B, IL6, TOMM7
chr18:50900000-52399999 -0.06 DCC, MBD2, POLI, STARD6, C18orf54, C18orf26
chr18:53500000-66399999 -0.1 AC006305.1, TXNL1, WDR7, AC100775.1, ST8SIA3, ONECUT2

-0.01 FECH, NARS, ATP8B1, AC090324.1, NEDD4L, ALPK2, MALT1, ZNF532
-0.08 SEC11C, GRP, RAX, CPLX4, LMAN1, CCBE1, PMAIP1, MC4R, CDH20, RNF152, PIGN, KIAA1468, TNFRSF11A, ZCCHC2, PHLPP1,

AC015989.1, BCL2, KDSR, VPS4B, SERPINB5, SERPINB12, SERPINB13, SERPINB4, SERPINB11, SERPINB3, SERPINB7, SERPINB2,
SERPINB10, HMSD, SERPINB8, CDH7, CDH19, DSEL, TMX3
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List of antibodies used for immunohistochemistry

Antibody Company Catalog number Pretreatment Dilution Incubation Secondary reagent
ATRX Sigma-Aldrich HPA001906 Citrate steam 30 min 1:400 RT - 60 min PV+
AR Santa Cruz sc-816 HTTR steam 50 min 1:1000 RT - 45 min PV+
PSA Dako M0750 Citrate steam 25 min 1:50 RT - 45 min PV+
PTEN Cell Signaling 9188 EDTA steam 45 min 1:100 4°C - over night PV+
P53 Dako M7001 HTTR steam 50 min 1:2000 4°C - over night PV+
NKX3.1 C. Bieberich, UMBC, Baltimore, MD Citrate steam 25 min 1:500 RT - 45 min PV+
Ki-67 Zymed 18-0192 HTTR steam 50 min 1:4000 4°C - over night PV+

Abbreviations
HTTR Target retrieval Solution (Dako, cat#S1700)
Citrate 10 mM Sodium Citrate (ph 6.0)
EDTA EDTA buffer (Invitrogen, #00-5500)
PV+ PowerVision anti-mouse and anti-rabbit secondary antibodies (Leica, cat# PV6114, PV6119)

List of primers used in the study

Name Sequence
Annealing 

temperature
PTEN_Ex8 F CAGGACCAGAGGAAACCTCA

R AAGTCAACAACCCCCACAAA
SPOP_Ex4 F GACTCACCTCGCAGAAGAGG

R GGCTTTGATCTGGTTTTTGC
TP53_Ex7 F GGCTCCTGACCTGGAGTCTT

R GCACTGGCCTCATCTTGG
ATRX_primer A F ACATGTCACAAATCCAGCAA

R GATTCAGACATGCTTAAATGAACTG
ATRX_primer B F CTGTCACAATTTAAAATGAAACTCTC

R AAAATGACAGAGTTAGAAAATCACCA

58

55

58

58

55

Table S5. Additional reagents and primers used in the study.
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