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Abstract

Prostate cancer is the most frequently diagnosed and second most fatal non-skin cancer among
men in the United States. African American men are two times more likely to develop and die of
prostate cancer compared with men of other ancestries. Previous whole genome or exome tumor
sequencing studies of prostate cancer have primarily focused on men of European ancestry. In this
study, we sequenced and characterized somatic mutations in aggressive (Gleason =7, stage =T2b)
prostate tumors from 24 African American patients. We describe the locations and prevalence of
small somatic mutations (up to 50 bases in length), copy humber aberrations, and structural
rearrangements in the tumor genomes compared with patient-matched normal genomes. We
observed several mutation patterns consistent with previous studies, such as large copy number
aberrations in chromosome 8 and complex rearrangement chains. However, TMPRSS2-ERG gene
fusions and PTEN losses occurred in only 21% and 8% of the African American patients,
respectively, far less common than in patients of European ancestry. We also identified mutations
that appeared specific to or more common in African American patients, including a novel
CDC27-OAT gene fusion occurring in 17% of patients. The genomic aberrations reported in this
study warrant further investigation of their biological significance in the incidence and clinical
outcomes of prostate cancer in African Americans.

Corresponding Author: John S. Witte, 1450 3rd Street, UC San Francisco, San Francisco, CA 94158, Tel: 415-502-6882, Fax:
415-476-1356, ; Email: jwitte@ucsf.edu.

Conflicts of Interest: The authors disclose no potential conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lindquist et al. Page 2

Keywords
prostate cancer; aggressive tumors; somatic mutations; sequencing; African Americans

INTRODUCTION

In the United States (US), prostate cancer is the most commonly diagnosed non-skin cancer,
and the second most common cause of cancer-related deaths among men (American Cancer
Society 2015). However, incidence and mortality rates are highly variable among different
individuals and subpopulations within the US. African American (AA) men have the highest
risk of developing and dying of prostate cancer (National Cancer Institute, 2015). Age-
adjusted incidence and mortality rates are about twice as high in AA compared to European
American (EA) men (SEER Cancer Statistics Review, 2007-2011). This discrepancy is
likely due to a combination of social, environmental, and genetic factors (1).

Several recent studies have focused on the genetics and genomics of prostate cancer in AA
men (2-5). However, no studies have used whole genome sequencing (WGS) to describe
genome-wide somatic mutations in prostate tumors from AA patients. Previous WGS studies
have focused primarily on men of European ancestry (6-10). However it is important to
conduct these studies in diverse populations to help decipher the genetic and genomic
contributions to the differences in incidence and mortality.

In this study, we characterize the somatic mutations found in aggressive prostate tumors
(Gleason grades of seven or TNM Classification of Malignant Tumors stages of T2b or
higher) in 24 AA patients through whole genome DNA sequencing of tumor and matched
normal samples. We considered tumors at this stage and grade as aggressive because they
put these patients at an increased risk of recurrence, metastases and mortality (11). In doing
so, we hope to identify potential genomic risk factors and therapeutic targets for men with
the most clinically relevant disease. We compare our findings to those of other prostate
cancer patients using data publically available through various publications (6-10), The
Cancer Genome Atlas (TCGA) Research Network (12), and the Catalog Of Somatic
Mutations In Cancer (COSMIC) (13).

MATERIALS AND METHODS

Selection of patients and evaluation of ancestry/admixture

Twenty-four patients were selected for this study from three health care centers where they
were initially diagnosed and treated for prostate cancer. Thirteen patients were selected at
the Henry Ford Health System in Detroit, Michigan, seven at Northwestern University in
Chicago, Illinois, and four at the University of California in San Francisco, California.
Tumor samples were collected under Institutional Review Board approval at each health care
center. Patients were eligible if they were diagnosed with an aggressive prostate tumor,
defined as having a Gleason grade 7 or TNM stage of T2b or higher, and if radical
prostatectomy was the first line of treatment. All patients identified themselves as AA and
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consented to the use of their biospecimens for genomic research. Prostate-specific antigen
(PSA) levels were measured prior to prostatectomy surgery.

To determine whether our patients had ancestry profiles similar to self-identified AA
samples in other studies (14, 15), we analyzed 128 ancestry informative markers identified
by Kosoy et al. (16). Using the Structure software version 2.3 (17), we ran models assuming
correlated allele frequencies for between two and eight populations, using likelihood
statistics to determine the most appropriate number of underlying populations for the final
model. We compared the predicted allele frequencies to actual allele frequencies in our
samples to assess overall fit, and to actual allele frequencies from the AA and EA samples
studied by Kidd et al. (14) and to AA individuals from the Midwestern and Western US
(where our patients were recruited) studied by Zakharia et al. (15). We also estimated the
proportions of African and European ancestry for each gene using the RFMix method (18)
in order to determine whether these proportions were correlated with the frequency of gene
mutations.

Tissue preparation and sequencing

Tumor samples submitted for sequencing were required to contain =80% of cells that were
morphologically abnormal upon inspection by a pathologist. Normal specimens were
obtained from whole blood samples for 21 of the cases prior to surgery. For the other three
cases blood was not available, and normal prostate tissue was obtained from as far as
possible (a minimum of 1cm) from abnormal prostate tissue and glands.

DNA was extracted from tumor and normal specimens at each health care center using
QIAGEN’s EZ1® Advanced DNA Tissue Kit and Tissue Card or the DNAeasy Blood and
Tissue Kit (www.giagen.com), suspended in 10mM Tris/ImM EDTA at pH 8.0, frozen at
—-80°C, and shipped to Complete Genomics, Inc. (CGI). Quality was determined by using
gel electrophoresis to ensure high molecular weight (>20kb) and double stranded genomic
DNA. The Quant-iT™ PicoGreen® dsDNA Assay Kit and the Qubit® Flourometer Assays
from Life Technologies (www.lifetechnologies.com) were used to ensure that DNA
quantities and concentrations were adequate for sequencing. In addition, CGI confirmed that
each tumor and normal sample pair came from the same male individual by genotyping a
panel of 96 single nucleotide polymorphisms (SNPs).

Whole genome DNA sequencing was performed on the tumor and blood or normal tissue
samples by CGlI, and the CGI Cancer Sequencing Pipeline Version 2.2 was used for
mapping, assembly, and variant calling (19, 20). Variations in the normal sample were called
relative to the GRCh37/hg19 reference genome or (where indicated below) to the 16
genomes sequenced by CGI from disease-free individuals of African ancestry (19). Somatic
mutations in the tumor sample were called relative to the patient-matched normal genome.

Characterization of small somatic mutations

Small somatic mutations were defined as somatic insertions, deletions, or substitutions of up
to 50 bases long. Prior to analysis, we filtered these mutations on several criteria using
QIAGEN’s Ingenuity® Variant Analysis (IVA) software (www.qgiagen.com/ingenuity) and
data from the University of California, Santa Cruz Genome Browser (22). The latest Exome
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Variant Server (EVS-v.0.0.30, 23) available through the National Heart, Lung, and Blood
Institute (NHLBI) was also used for annotations. We excluded mutations that matched
germline SNPs occurring in =5% of African genomes in the EVS or in the 1,000 Genomes
Project (24), or in the CGI reference samples (19). We also excluded mutations that fell in
repetitive regions of the GRCh37/hg19 reference genome or in regions with ambiguous
zygosity calls in either the tumor or normal genomes. Finally, we removed mutations that
were supported by sequencing read depths below 20x or CGI Phred-like scores below 50 in
the tumor or normal genomes. The latter four filters were validated for CGI data by Reumers
et al. (25).

For internal validation purposes, we first assessed whether there were differences between
transition/transversion (Ti/Tv) ratios among the 21 blood versus three prostate tissue
reference samples. We also tested for differences in Ti/Tv ratios and individual transition
and transversion events in our data compared to the prostate cancer data from TCGA.
Finally, we ran an Illumina 1M SNP/CNV array (http://www.illumina.com) on a subset of
five tumor and matched normal samples and calculated percent agreement between these
genotypes and the WGS genotypes. We also used this Illumina SNP array to estimate the
normal content in the tumor samples, in order to determine if this supported the pathology
reports for this subset.

For the genes having the highest mutation frequency and rates in our cohort, we compared
the frequency of mutations in the 227 TCGA prostate cancer patients (12) with the similar
Gleason grades and stages as our patients and with self-identified European or AA ancestry,
and to all others represented in the COSMIC database (13) (Supplementary Table S1). We
also compared mutation frequencies in the genes (SPOF, FOXAL, and /DHJ) that helped to
identify subtypes of prostate cancer in TCGA (12), as well as the other most frequently
mutated genes in TCGA (7P53, PTEN, and BRCA2) by race.

To assess the impact of ancestry on overall exonic single base substitutions (ESBS) in
RefSeq genes (26), we calculated the average “rate” of these mutations (logyg-transformed
average number per megabase [Mb]) among tumors with one or more mutations. We directly
compared the ESBS rates to the Berger et al. (6) and Baca et al. (7) studies using a
generalized estimating equation (GEE) model (27) adjusting for patient age, pre-operative
PSA and clinical Gleason grade, logo-transformed gene length and Guanine-Cytosine (GC)
content, and proportion of European ancestry (18) for each gene (assuming 100% for EA
patients).

Characterization of copy number aberrations

Copy number was determined by CGI using relative read depths. For normal samples, copy
number was determined by comparing coverage levels to that of the 16 African reference
genomes sequenced by CGI (19). For tumor samples, copy number was determined by
comparing coverage levels to the patient-matched normal samples in contiguous non-
overlapping segments of 100 kilobases (Kb) spanning the entire genome (autosomes only).
Segments that had very high or low GC content in the normal genome and that had an
average Phred-like quality score below 50 were removed. For segments that were diploid in
the normal sample, we classified copy number aberrations (CNAS) in the corresponding
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tumor sample as losses if copy number was <1.5, and gains if copy number was =2.5. The
diploid regions of the CGIl-sequenced African reference genomes also had copy number
levels well within these bounds (19). We then ranked the CNA segments by the number of
tumors harboring them, followed by the magnitude of gain or loss in copy number, and
determined which genes were contained within these segments. We then compared the
frequency of CNAs in these genes to the TCGA and COSMIC databases.

To assess genome-wide patterns of tumor versus normal copy humber (normalized log,
ratios) we performed unsupervised hierarchical clustering. In addition, we determined
whether our cohort had more or less prevalent CNAs in regions where CNAs have
previously been associated with clinical factors and outcomes. In particular, we checked for
CNAs in the MYC gene family since these have previously been associated with Gleason
grade (9), and in 38 loci called the Genomic Evaluators of Metastatic Prostate Cancer
(GEMCaP) which have previously been associated with biochemical recurrence and
metastases (5, 28).

Characterization of somatic structural rearrangements

Rearrangement breakpoints were identified by locating adjacent paired reads on the tumor
genome that mapped to non-adjacent positions on the reference genome. These must have
been supported by a minimum of ten discordant reads between the tumor and reference
genomes, a minimum of 70bp of high quality sequence data on each side, and local de novo
assembly by CGI. Rearrangements were classified as deletions, duplications, inversions,
translocations, or complex if the type was unclear. All fusions were verified and visualized
using the iFuse software (29). We then ranked genes impacted by rearrangement breakpoints
or fusions according to the number of tumors affected followed by the number of events per
gene, and compared rearrangement frequencies for the most impacted genes to the COSMIC
database.

We analyzed all rearrangements that could potentially cause gene fusions for evidence of
chromoplexy, or chained rearrangements, using the ChainFinder software (7). Using
Wilcoxon rank-sum tests, we then compared the number and percentage of breakpoints
involved in any rearrangement chain, any inter-chromosomal chain, and the logo-
transformed number of chromosomes per chain in tumors that were £75 fusion positive
versus negative. Tumors were considered £75-positive if they contained fusions involving
any gene inthe ELF, ELK, ETSor ETV family, EHF, ERG, FEV, or SPDEF. In addition, we
compared these chromoplexy measures with the Baca et al. (7) data in separate linear
regression models adjusted for age, PSA, Gleason grade at diagnosis, ETS fusion status, and
proportion of European ancestry (assuming 100% for the EA patients). We also compared
fusion frequencies in genes that helped to identify subtypes of prostate cancer in TCGA
(ERG, ETV1, ETV4, and FL/1fusions) (12).
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Characteristics of the 24 patients and sequenced samples

Patient characteristics are described in Table 1. As expected since all patients identified
themselves as African American, there were varying degrees of African and European
ancestry as estimated using the Structure software (17). The best fitting Structure model
according to maximum likelihood statistics indicated three ancestral populations. Allele
frequencies estimated from this model (Supplementary Fig. S1) were nearly perfectly
correlated with the actual allele frequencies in our cohort (Pearson correlation r>0.99). They
were also highly correlated (r=0.98) with the 146 AA individuals but not well correlated
(r=0.18) with the 204 EA individuals studied by Kidd et al. (14). Admixture proportions
were also similar to those observed for AA individuals studied by Zakharia et al. (15) from
the same regions of the US as our patients, which estimated 50% Yoruban, 30% other
African, and 20% European ancestry. We found similar proportions in our cohort, with an
estimated average of 50% from one population, 28% from another, and 22% from a third
ancestral population (Supplementary Fig. S2). Estimated allele frequencies from the third
population closely resembled those expected of European ancestry, further providing
evidence that this population represented the European ancestry among our patients. These
estimates of European ancestry ranged from 10% to 36% in our cohort (Supplementary Fig.
S2).

Tumor and normal sample sequencing statistics are presented in Table 2. On average, the
tumor and matched normal samples had similar levels of sequence coverage genome-wide
(105x), and over 98% of the genomes were covered by at least 20x read depths. The number
of SNPs genotyped by sequencing was in the expected range for both tumor and normal
genomes (approximately 4.1 million). Germline heterozygous to homozygous SNP and
Ti/Tv ratios were also within expected ranges in all samples. Although sex chromosomes
were included in all but the copy number analyses, most of the Y chromosome was removed
from consideration since it is highly repetitive.

Small somatic mutations

Small somatic mutation rates and Ti/Tv ratios did not differ when blood (21 patients) versus
normal prostate tissue (three patients) was used as the reference (Mann-Whitney p=0.37 and
p=0.96, respectively). In addition, individual somatic transition and transversion rates were
similar to those seen in the TCGA prostate cancer data, and Ti/Tv ratios were not
significantly different between them (Mann-Whitney p=0.86, Supplementary Figure S3).
Genotypes based on Illumina 1M SNP arrays run on a subset of five patients were in
significant agreement with sequence-based genotypes for both tumor and normal samples
(Kappa statistic p<0.001 for all). The SNP arrays were also used to estimate ploidy in the
five tumor samples, and confirmed the pathological reports indicating over 80% abnormal
cell content.

Among all 24 tumor samples, 10,883 of all known RefSeq genes harbored one or more small
mutations. Sixteen percent (1,722) of the genes were mutated in only one tumor, and 2%
(177) genes were mutated in all 24 tumors. Of the genes mutated in all patients, PR/MZ2had
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the highest average mutation rate. However, MUC3A had the highest frequency and rate of
ESBS and affected protein changes in most (88%) of the patients (Figure 1). PRIMZ2
mutations were the second most impactful on protein changes, occurring in 29% of patients.
PRIMZ mutations appeared in the TCGA and COSMIC databases but only for 1.4% of
samples tested, and MUC3A did not appear in TCGA or COSMIC (Supplemental Table S1).
However, for the three individual genes (SPOF, FOXA1, and /DHI) with small mutations
identifying subtypes in the TCGA cohort (12), frequencies of FOXA1 differed significantly
by race (Figure 2). So did two of the other most frequently mutated individual genes in
TCGA (7P53and PTEN).

Comparisons of overall ESBS rates in EA patients from Berger et al. (6) and Baca et al. (7)
to our AA patients showed no significant differences by race (p=0.35) or ancestry (p=0.64)
after adjusting for age, pre-op PSA and Gleason grade, gene length and GC content.

Copy number aberrations

There was a median of 26,652 high-quality 100Kb copy number segments in the tumor
genomes, representing 82% of the whole genome. CNAs occurred in 148 of these segments,
affecting 2,551 genes. Of these, M/R6723 was the most frequently impacted gene with
amplifications occurring in 21 (88%) of tumors, followed by PCBD2and TXNDC15 with
gains in 63% (Figure 1). These genes were far less frequently affected by CNAs in TCGA
and COSMIC (5% or less). However, EBF2and all other genes that were frequently affected
by losses on chromosome 8 in our cohort were similarly affected in TCGA and COSMIC
(Supplementary Figure S1).

From genome-wide hierarchical clustering analysis of log, copy number ratios in tumor
versus normal samples, we found some distinct overall patterns. For example, the short arm
of chromosome 8 contained most of the copy number losses and the long arm contained
many of the gains (Supplementary Figure S4). Our cohort had a lower frequency of CNAs in
regions that were previously associated with Gleason grade in the MYC gene family (9) as
well as in 38 loci that have previously been associated with biochemical recurrence and
metastases (5, 28) (Supplementary Table S2).

Structural rearrangements

Several rearrangements occurred in multiple tumors, most of which occurred on
chromosomes 17 and Y. On chromosome 17, 18 tumors (75%) had rearrangements in q21.31
and/or g21.32. The most frequently impacted gene in this region was KIAA1267 (or
KANSL 1), which contained rearrangement breakpoints in 12 tumors. Following KIAA1267
in rearrangement frequencies were TMPRSS2, CDCZ27, and ERG (Supplementary Table S1).
Eleven tumors had duplications of nearly 1Mb on chromosome 17 which entirely covered
eight other genes. On the Y chromosome, 16 tumors (67%) had rearrangements, all having
breakpoints in q11.21. In half of these tumors, all genes on the long arm of chromosome Y
were deleted. Of the 20 genes most frequently impacted by rearrangement breakpoints in our
data, only four (TMPRSSZ2, ERG, EXT1, and DECRI) were previously reported in
COSMIC or TCGA (Supplementary Table S1).
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All 24 tumors had rearrangements that were caused by breakpoints falling in gene regions,
resulting in a total of 99 gene fusions (Supplemental Table S3). Six tumors harbored £75
related gene fusions (Figure 3), five of which were TMPRSS2-ERG fusions (all caused by
deletions). In four patients, breakpoints in the CDC27 gene resulted in a fusion with the
OAT gene on chromosome 10, making this the second most common fusion in our tumors
after TMPRSS2-ERG. Fusions involving CDC27and OAT have not yet been recorded in
COSMIC or TCGA (Supplementary Table S1).

To look for evidence of chromoplexy using the ChainFinder software (7), we analyzed a
median of 128 (range 42-504) breakpoints per tumor. Seven percent (range 0-31%) of these
breakpoints were involved in rearrangement chains. A median of 7% (range 0-50%) of the
rearrangement chains were inter-chromosomal, involving up to four chromosomes per chain.
The number of breakpoints per tumor, the percent of breakpoints involved in chains and
inter-chromosomal chains, and the number of chromosomes involved per inter-chromosomal
chain did not differ by £75 fusion status in our data. Circos plots (31) depict all
rearrangements color-coded by chain in each tumor (Supplementary Fig. S4).

The 57 EA patients studied by Baca et al. (7) exhibited a similar number of breakpoints per
tumor (median=124, unadjusted p=0.57, adjusted for patient and tumor characteristics
p=0.59) and percentage of inter-chromosomal chains (median=13%, unadjusted p=0.61,
adjusted p=0.42). There was a significantly higher percentage of breakpoints involved in
chains overall in the EA compared with AA patient tumors; (median=50%, p<0.001), but
this difference was not significant after adjusting for percent European ancestry (p=0.60) or
for age, PSA, Gleason, and ETS fusion status (p=0.54). There was also a significantly higher
number of chromosomes per chain in the EA patients (up to ten chromosomes per chain,
unadjusted p<0.001), but this also was not significant after adjusting for percent European
ancestry (p=0.77) and other characteristics (p=0.82).

The gene most commonly harboring breakpoints leading to rearrangement chains in our data
was TMPRSS2 occurring in three tumors and chains, followed by £/ K4 occurring in two
tumors and three chains. Eleven of the top 20 genes in our data were also involved in
rearrangement chains in the Baca et al. (7) data (Supplemental Table S1). For the genes
involved in fusions (ERG, ETV1, ETV4, and FL/1) that helped to identify subtypes in the
TCGA cohort (12), ERG was significantly less common in AA patients (Figure 2).

DISCUSSION

This study is the first to characterize the genomic alterations found through whole-genome
DNA sequencing of aggressive tumors from African American (AA) prostate cancer
patients. We analyzed the tumor genomes from 24 patients in reference to matched normal
samples and identified the genes most frequently impacted by somatic mutations in three
major categories: 1) small insertions, deletions, or substitutions of <50 bp in length; 2) large
copy number aberrations (CNAS); 3) complex rearrangements. We also compared the
frequency of mutations in each of these categories to those of previous WGS studies of
prostate cancer patients with primarily European ancestry (6—10) and to the TCGA and
COSMIC public databases (12, 13).
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Although we did not detect global differences in small mutation rates, copy humber patterns,
or rearrangement frequencies between the tumors from our cohort compared to others, we
did find some differences in mutations for specific genes. In the small mutation category for
example, we found that MUC3A and PRIMZhad the most frequent mutations with impacts
on proteins in our cohort. Mutations in these genes were absent or far less common in the
primarily European patients previously studied (e.g. those represented in TCGA and
COSMIC). However, both of these genes could play a role in prostate cancer, possibly for
AA patients especially. MUC3A is part of the MUC gene family that encodes mucin
proteins lining various tissues including those of the reproductive system. These proteins are
involved in cell signaling, growth and survival. Mutations in MUC genes have previously
been associated with carcinogenesis (RefSeq 2015), and four other MUC genes were among
the ten most frequently mutated genes in COSMIC for prostate cancer. PRIMZ encodes a
subunit of DNA primase that participates in synthesizing Okazaki fragments during DNA
replication (RefSeq 2015) and has been associated with carcinogenesis as well (32). Both of
these genes deserve further attention in studies involving AA patients in particular, given the
high prevalence of mutations we observed in them. Another gene that deserves further
attention is FOXAI, since this gene identified a subtype of prostate cancer in TCGA (12)
and had a significantly higher rate of mutation in patients with African ancestry (in our
cohort and the TCGA cohort combined) compared to TCGA patients with European
ancestry. 7P53and PTEN, also containing high rates of small mutations in TCGA (12), had
significantly lower mutation rates in patients with African ancestry.

With a few notable exceptions, we found that overall copy number patterns in our cohort
were similar to those observed in previous prostate cancer studies. For example, there were
distinct copy number changes in chromosome 8, with losses primarily in the short arm and
gains in the long arm. These patterns are commonly observed in prostate cancer (e.g. 33),
and some have been associated with systemic tumor recurrence and mortality (34). However,
like with small mutations, we observed some differences in rates of CNASs in specific genes.
Only two of our patients (8%) had heterozygous losses of PTEN. In EA patients,
heterozygous and homozygous PTEN losses are far more common (reported in up to 40% of
patients) and are typically associated with poor outcomes (35). MYC gene CNAs that have
been reported to be associated with Gleason grade (9) were not as prevalent or associated
with grade in our cohort. CNAs in 38 different loci that have previously been associated with
recurrence and metastases were also less prevalent in our cohort compared to EA patients
previously studied (5, 28). Larger sample sizes and finer resolution of copy number data
(using segments smaller than 100Kb) in tumor samples will be important for future studies
in order to determine if these CNA patterns are observed in other AA patients.

The TMPRSS2, CDCZ27, ERG, and OAT genes were the most commonly involved in gene
fusions. However, the prevalence of TMPRSS2-ERG fusions in our cohort was much lower
(21%) than previously observed in patients of European ancestry (estimates range from 40%
to 80%, 6-10, 37, 38). There is other evidence of lower prevalence rates for TMPRSS2-ERG
fusions in patients with African ancestry (39-41). Furthermore, we found that the frequency
of ERG fusions in general were significantly less common among AA patients within the
TCGA cohort. The biological significance of these differences warrants additional
investigation. As do inter-chromosomal fusions between CDCZ27and OAT, which were
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observed in 17% of our tumor samples, since these have not previously been associated with
prostate cancer to our knowledge, and since OAT is a target of the androgen receptor and
regulated by testosterone (42, 43). The differences in chromoplexy/rearrangement chain
frequencies in our tumors compared to those of previously studied EA patients (7) will also
be important to investigate in future studies.

In this study, we have described our findings from the first WGS study focused on African
American prostate cancer patients. Additional WGS studies with larger sample sizes and
more clinical and follow-up data will be needed to further validate and confirm the
biological and clinical significance of our findings. However, the patterns of somatic
mutations that we have described in this study could help provide a basis for understanding
the genomic contributions to aggressive tumors and associated outcomes in this understudied
population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2

Median (range) of per-genome sequencing measures for the 24 patients

Tumor Normal

Genome-wide average coverage depth
Percent of genome with = 10x
Percent of genome with = 20x
Percent of genome with = 40x
Percent of genome fully called (all alleles)
Single nucleotide polymorphisms (x1000)
Heterozygous/homozygous ratio

Transition/transversion ratio

105 (56-112)
99.2 (98.7-99.3)
98.1 (94.8-98.6)
91.9 (66.9-94.5) 91.9 (67.6-94.7)
97.6 (97.1-97.8) 97.6 (97.1-97.8)

4,115 (3,975-4,183) 4,110 (3,975-4,180)
2.11 (1.96-2.23) 2.11 (2.04-2.23)
213 (2.13-2.14) 213 (2.13-2.14)

105 (56-113)
99.3 (98.6-99.4)
98.2 (93.9-98.6)

Tumor versus Normal?

Small indels and substitutions (<50 bases) 14,537 (9,684-21,445)

Genic? 6,474 (4,004-9,709)
Exonic 77 (33-229)
Single base substitutions 5,309 (3,323-11,603)
A < G transitions 1,566 (927-4,511)
C < T transitions 1,588 (907-4,374)
A > C transversions 535 (364-853)
A <> T transversions 589 (474-854)

C <+ G transversions 448 (272-640)
542 (379-864)

148 (1-3,557)

G < T transversions

Copy number aberrations®

Losses 41 (0-2,052)
Gains 6 (1-1,820)
Rearrangements 87 (29-309)
Deletions 27 (9-106)
Duplications 14 (7-82)
Inversions 12 (0-92)
Translocations 5(0-22)
Complexd 20 (11-58)
Chromoplexic® 7(0-41)
Gene fusions’ 4(0-11)

aRefers to high-confidence somatic mutations (see Methods)

bGenic mutations are defined as those occurring in exons, introns, promoters, 5’UTR, 3’UTR, and splice site regions of RefSeq genes.
cCopy number aberrations are defined as tumor copy number of less than 1.5 (losses) or more than 2.5 (gains).

dCompIex rearrangements are those not easily classified as any one of the other categories

e . . . . .
Chromoplexic rearrangements are those which are interdependent and adjacent to other rearrangements in the tumor genome (7).
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f . . . . .
Gene fusions can result from deletions, inversions, translocations, or complex rearrangements
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