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1 SUPPLEMENTAL METHODS AND ANALYSES 

1.1 EXOME SEQUENCING ALIGNMENT 
 

Reads in FASTQ format(1) were pre-processed with GATK(2) version 3.2-2 to remove Illumina adapter 
sequences (analysis type –T ClipReads, -XF illumina.adapters.fa) and Phred-scaled base qualities of 10 
and below (-QT 10) as described previously(3-5). After GATK processing, reads were mapped to the 
hg19 reference genome using Burrows-Wheeler Aligner version 0.7.7 (BWA mem –M –p)(6). Output 
was converted to BAM format with SAMtools(7) version 0.1.19.  

All alignments were output as BAM files and merged using Picard version 1.96 
(http://picard.sourceforge.net). PCR/optical duplicates were marked by Picard. Base quality recalibration 
was performed using GATK in order to generate a more accurate base quality score that takes into 
account its reported quality score in the original FASTQ file, position within the read, and sequence 
context, for example AC and TG dinucleotides. To improve accuracy and quality of alignment, localized 
indel realignments were performed using GATK, which infers the consensus indel call from multiple 
reads mapping to suspected indel genomic regions, rather than considering each read independently. 
Regions that should be realigned are determined by the GATK Realigner Target Creator.  
 

1.2 VARIANT CALLING AND ANNOTATION  
 
SAMtools(7) mpileup with settings “-C50 -m3 -F0.0002” was run on all cases and output to a single 
VCF file. The mpileup settings (http://samtools.sourceforge.net/mpileup.shtml) do the following: “-
C50” limits the contribution of reads with many mismatches, and “-m3 –F0.0002” is used to maximize 
sensitivity to indel discovery by requiring 3 supporting reads at a minimum of 0.02% abundance, rather 
than the default abundance cutoff of 0.2%. Each variant was required to have an instance of genotype 
quality greater than 30 and read depth greater than 5.  
 
For all samples for which paired normal DNA was available, MuTect version 1.1.7(8) was used to detect 
truly somatic variants, which are absent in the normal germline DNA (tumor LOD score cutoff set to 4.5 
for increased sensitivity). MuTect was also run on all human tumor exome samples in order to take 
advantage of the increased sensitivity for low allelic fraction variants. MuTect called variants were 
merged with mpileup variants for downstream processing.  
 
Individual SNVs and indels from human exomes were annotated with gene names, predicted function, 
population frequencies, and other variant annotations using Annovar (http://wannovar.usc.edu/)(9), 
which takes as input genomic coordinates and variants, and outputs alteration (amino acid change, 
frameshift, stop gained, etc.), scores from various predictors including SIFT(10), Polyphen-2(11), 
MutationTaster(12), and CADD(13), as well as any observed frequencies in the NHLBI 6500 Exomes 
Sequencing Project(14), 1000 genomes project(15), and dbSNP.  

1.3 VARIANT FILTERING AND THE IDENTIFICATION OF HSTL CANCER GENES 
 

The first round of variant filtering required variants to be absent from control populations (NHLBI 6500 
Exomes Sequencing Project, EXAC,1000 genomes project, in-house normal exomes, and HSTL paired 
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normals). We also required variants to have a frequency within the HSTL dataset <30% for SNVs and 
<5% for indels (to eliminate obvious alignment artifacts), and to not have missing data in >50% of the 
samples. Highly recurrent SNVs were kept as putative HSTL variants, however if they were previously 
found to be cancer-associated variants as supported by being previously reported in the COSMIC 
database and/or in the peer-reviewed literature. Furthermore, variants were filtered out that lie in 
genomic regions with high duplication scores. Finally, the variant had to have an alternate allele read 
depth of at least 3, total read depth of at least 5, and an allele frequency of at least 5% in one sample.  

Next, we formed our discovery gene set using all genes implicated with at least one somatic event in our 
paired cases, as shown in the separation of discovery and validation sets in Figure 1, with driver genes 
identified as described previously. In addition, we required genes to have at least 3 not-synonymous 
events across at least 4 cases out of the filtered variants discussed above. Additional steps to identify 
drivers involved requiring a high proportion of identified variants in a gene to have high CADD scores, 
and be completely absent in population databases, and for the gene to have a high ratio of not-
synonymous to synonymous events. We compared our approach to that of another standardized method, 
OncodriveFM(16), and found high concordance between identified driver genes by both methods, as 
indicated in Supplementary Table S2. 

1.4 SANGER SEQUENCE VALIDATION  
 
DNA regions of interest were amplified using primers designed to target exonic regions containing the 
variant, as described previously 15. PCR amplification was performed using ~50 ng genomic DNA of 
interest, 2X Phusion HF MM (NEB, M0531S), and 250 nM of each primer in a 20μl reaction volume. 
Touchdown PCR amplification was carried out using the following program: 95°C 5:00, 10 cycles of 
94°C 0:30, 65°C 0:30, 72°C 0:30 with the annealing temperature dropping 1°C/cycle, 25 cycles of 94°C 
0:30, 55°C 0:30, 72°C 0:30, 72°C 1:00. The amplified fragments were verified by Agarose gel, and 
reactions were purified with ExoSAP-IT using manufacturer instructions (Affymetrix, 78250). Samples 
were submitted for Sanger Sequencing to Eton Biosciences and chromatographs were analyzed to 
confirm variants. 
 

1.5 ARM LEVEL COPY NUMBER CALLING 
 

Copy number from exome sequencing data was generated using the EXCAVATOR(17) tool, in both the 
pooled and somatic mode. All tumor samples were run in pooled mode, against a pool of HSTL normal 
samples, thus controlling for any population variation, and artifacts generated in the exome sequencing 
process. Reported alterations were confirmed to occur somatically in the paired samples, via the paired 
mode of EXCAVATOR. Normal samples were also compared to other normal samples to confirm no 
significant alterations in the paired normal samples and control for any remaining artifacts. This 
program evaluates read depths at each exon (colored dots in Supplemental Figure S4), based on the 
exome capture bait BED file, and normalizes based on the paired or pooled normals provided. 
Smoothing of the exon level data provides the copy number segmentation (black line in Supplemental 
Figure S4).  

Next, the program output was input into GISTIC 2.0(18), to determine significant arm level copy 
number changes in the HSTL dataset. Significant arm level alterations in the HSTL tumors from 
GISTIC were selected for further investigation, and filtered against any alterations that were returned as 
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significant in the normal dataset. Furthermore, to call sample level arm level amplification and deletions 
we returned to the EXCAVATOR data and performed a rank-sum test between the exon level data of 
each arm of each sample against data from all other arms in that sample. To call a sample altered in that 
chromosome arm, we required that this test had a significant p-value (<0.01) after correcting for 
multiple testing with a Bonferoni correction, as well as a significant increase/decrease in the 
tumor/normal ratio, equivalent to one copy gained or lost in a 10% pure tumor, as the minimum. Again, 
arms that were significant in any of the normal samples were removed. Samples with significant loss of 
7p and gain of 7q are labeled as isochromosome 7q. Samples with both 8p and 8q gains are labeled as 
trisomy 8. See Supplemental Figure S4 for example copy number data. High agreement was observed 
between isochromosome 7q calls from exome sequencing data and FISH calls, as seen below: 

Agreement between FISH and Exome Iso7q Calls: 

 FISH Iso7q 
Absent 

FISH Iso7q 
Present 

Exome No Chr 7 Alterations 7 0 
Exome 7q Amp Only 1 2 
Exome Iso7q Present 1 12 
 

1.6 ALLELE FREQUENCY AND CANCER CELL FRACTION ANALYSIS 
 

Purity estimates are taken as the maximum of the copy number based estimate from the driver copy 
number alterations reported and the mutation allele frequency based estimate from the driver gene 
mutations reported. Allele frequencies are corrected for purity and assumed to be from heterozygous 
mutations to calculate cancer cell fraction. Only mutations with at least 5 reads are included in the 
analysis. For the scatter plots in Supplemental Figure S2, the max value is shown if there are two 
mutations in the same gene.  

1.7 COMPARISON BETWEEN LYMPHOMAS 
 

Genes for comparison between lymphomas were selected from this study and similar exome sequencing 
studies in the literature (criteria including:  samples n>8 exome sequencing cases, and supplemental data 
available for gene frequencies). The main criteria for gene selection involved the gene having at least 
10% of cases mutated in one of the lymphoma entities, according to the published mutation frequencies. 
Genes were additionally required to have either 20% of cases mutated in one lymphoma entity or at least 
1 mutated cases in 2 or more entities. When multiple studies reported frequencies for the same gene in 
the same entity, the study with a larger number of cases was used as the reference.  

Mutation frequencies were derived from the following sources: 

DLBCL(4): Genes from 322 DLBCL gene list; counts from Supplement Table 3 

MCL(5): Genes from Figure 1; counts from Supplement Table 2 

BL(3): Genes from Figure 2; counts from Supplement Table 3 
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HSTL: Genes from Figure 1; counts from Supplement Table 2 

PTCL(10): Genes selected for targeted resequencing (Figure 3, Supplement Table 5); counts from 
Supplement Table 5 for PTCL-NOS 

AITL(10,19): Genes and counts from Figure 2 (Yoo et al); genes selected for targeted resequencing 
(Figure 3, Supplement Table 5); counts from Supplement Table 5 for AITL (Palomero et al) 

CTCL(20-23): Genes from Figure 1 (Wang et al) and Figure 1 (Choi et al); counts from Wang et al 
Supplement Table 3 and Ungewickell et al Supplement Tables 1 and 2 

ATL(24): Genes from Figure 2; counts from Supplement Table 3 

NKTCL(25): Genes from Figure 1; counts from Supplement Table 2 

ALCL(26): Genes from Figure S1; counts from Supplement Table 1 

1.8 SURVIVAL ANALYSIS 
 

While survival analysis in HSTL is necessarily limited by the number of cases compared to the universe 
of clinical and genetic covariates, we nevertheless consider it important to perform this exploratory 
analysis in our cases, which remains, by far, the largest series of patients ever compiled. In our analyses, 
we identified several interesting potential associations with survival that can be followed up in future 
studies, including chromosome 7 and 8 arm level alterations, INO80 mutations, and clinical variables 
including gender, elevated LDH, and ECOG performance status.  

To analyze the marginal effect of different factors on the survival rate, the nonparametric Mantel-
Haenszel test (also called the log-rank test) was used. The P-values for the log-rank test, the estimated 
hazard ratios, and the 95% confidence intervals for the hazard ratios shown in detail in the below tables 
and summarized in Table 1. Supplementary Figures S5 and S6 show the Kaplan-Meier curves for these 
subsets.  

The results show that in univariate testing, chromosome 7 (p=0.051) and 8 (p=0.024) alterations have a 
significant effect on the survival results. Among the driver mutations, only INO80 showed a promising 
survival association (p=0.055). Association with clinical features showed ECOG performance status (0-
1 vs. 2-4) and elevated LDH as the strongest predictors (p=0.002 for both). Gender also showed a trend 
toward worse survival for males (p=0.054), as noted in a previous cohort of HSTL (Supplementary 
Table S6). Complete response to initial treatment and follow-up treatment with autologous or allogenic 
transplant both are associated with better outcome as expected (p=0.001 and p=0.014, respectively).  

Separately, we performed a Cox proportional Hazards regression model coupled with a backward model 
selection technique to identify the subset of variables that remain significant after adjusting for the 
remaining covariates. The backward selection method removed the least significant variable at each step 
until no remaining variable meets the criteria for removal which was set as p-value exceeding 0.1. The 
input to the model was those clinical and molecular variables with univariate significance at p<0.10. As 
shown in the table below, in the final model thus generated, the only effects that remained significant 
were elevated LDH (p=0.02) and INO80 (p=0.05).  
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Clinical Features – Univariate Log-Rank Test 
Feature Hazard Ratio (95% CI) P-value 

Age -- NS 
Gender  (male) 2.12 (0.97, 4.62) 0.054 

Race -- NS 
ECOG Performance Status 

(0-1 vs. 2-4) 
4.81 (1.68-13.77) 0.002 

TCR Type -- NS 
Elevated LDH (yes) 4.24 (1.61-11.16) 0.002 

Transplant (yes) 0.23 (0.06-0.82) 0.014 
Response to initial treatment 

(CR vs. Non-CR) 
4.92 (1.72, 14.104) 0.001 

 

Copy Number Features – Univariate Log-Rank Test 
Feature Hazard Ratio P-value 

Chr 1q Amp -- NS 
Chr 7p Loss or 7q Gain 1.97 (0.99-3.95) 0.051 
Chr 8p Gain or 8q Gain 2.19 (1.09-4.39) 0.024 

Chr 10p Loss 1.63 (0.72, 3.70) 0.241 
 

Mutation Features – Univariate Log-Rank Test 
Feature Hazard Ratio P-value 
SETD2 -- NS 
INO80 0.40 (0.15, 1.05) 0.055 

ARID1B -- NS 
TET3 -- NS 

SMARCA2 -- NS 
TET2 -- NS 

DNMT3A -- NS 
STAT5B -- NS 
STAT3 -- NS 
PIK3CD -- NS 

TP53 -- NS 
UBR5 -- NS 
IDH2 -- NS 

 

Backwards Selection Multivariate Cox model: Mutations + Copy Number 
+ Clinical Features (Input to model: univariate p-value<0.1) 

Feature Beta Coefficient P-value 
Elevated LDH 1.76 0.002 

INO80 -1.337 0.048 
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1.9 SETD2 SHRNA SEQUENCING LIBRARY PREPARATION 
 

Total RNA was isolated from cell lines using the RNeasy Mini kit (Qiagen).  The Agilent Bioanalyzer 
was used to assess RNA integrity, and all samples had RNA Integrity Number (RIN) >8.  Stranded 
RNA-seq libraries were prepared from ~500ng of high-quality total RNA using the KAPA Stranded 
mRNA-Seq Kit, with KAPA mRNA Capture Beads as directed.  Briefly, mRNA was selected and 
purified followed by fragmentation, random priming, first-strand cDNA synthesis, second-strand cDNA 
synthesis with marking, A-tailing, ligation of Illumina paired-end adapters with 8 bp barcodes, and 9 
cycles of PCR amplification.  Reactions were purified with Agencourt AMPure XP beads where 
necessary.  Samples were then assessed for yield and quality using the Agilent Bioanalyzer DNA1000 
kit.  Libraries were multiplexed in equimolar amounts and sequenced as paired-end 75-bp (150 bp) reads 
on an Illumina MiSeq Sequencing System. Average number of reads was 17 million reads per sample, 
with average alignment rates over 90%.  

 

1.10 RNA-SEQ ALIGNMENT AND EXPRESSION QUANTIFICATION 
 

RNA-sequencing reads are first trimmed for removal of adapter sequences and low quality bases with 
Trimmomatic(27) (version 0.32; adapters:2:20:7:1:true, leading:5, trailing:5, slidingwindow:4:10, 
minlen:21). Next reads are aligned with Bowtie2(28) (version 2.1.0, with local alignment) against a 
custom human ribosomal RNA reference built by searching the NCBI nucleotide database for Homo 
Sapiens ribosomal RNA, rRNA molecule type. Remaining reads are aligned with Tophat(27) (version 
2.0.9) to the human hg19 transcriptome (Ensembl v74), with remaining reads aligned to the hg19 
genome. Expression quantification is done using Cuffquant and Cuffnorm(27) (version 2.2.0, cuffquant 
–u –b ). FPKM values from Cuffnorm are used in downstream analysis.  

 

1.11 GENE SET ENRICHMENT ANALYSIS FOR SETD2 SHRNA KD 
 

Genes with low or absent expression FPKM values across the 9 different samples (3 controls, 6 shRNA 
knockdown samples) were filtered out, which resulted in ~12,000 genes.  Differentially expressed genes 
were identified using Student’s t-test. Genes were ranked based on their t-statistic and pathway 
enrichment was computed using GSEA computed across REACTOME or individually curated gene set 
lists(29). The genes with p-value<0.05 were visualized as a heatmap using the gplots library in R version 
3.2.2. GSEA pathway plots are generated using the desktop javaGSEA program and replotted with 
gseapy version 0.7.3. 
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2 SUPPLEMENTARY FIGURES 

 

SUPPLEMENTAL FIGURE 1: SANGER SEQUENCING CHROMATOGRAMS  
Sanger chain termination method sequencing chromatograms for (a) select SETD2 mutations, and (b) 
select mutations in STAT5B, PIK3CD, and SMARCA2, in HSTL tumors.  Individual cases are shown 
with hg19 annotation and specification of amino acid/stop codon change.  Also specified is (+/-) strand 
of the sequenced segment and * or arrow indicates the identification of heterozygous single base pair or 
frame shift variants, respectively. 
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SUPPLEMENTAL FIGURE 2: CANCER CELL FRACTION FOR DRIVER GENES 
Analysis of cancer cell fraction for driver gene mutations. Cancer cell fraction is calculated as observed 
allele frequency, corrected for tumor purity estimate, with assumption of heterozygous somatic 
mutation. (a) Distribution of cancer cell fractions for mutations in each driver gene. Each point in 
boxplot represents one observed mutation in one patient. Mutations are considered “clonal” if cancer 
cell fraction is greater than 0.9. Genes are sorted by fraction of observed mutations that are clonal, with 
STAT3 having the highest fraction of clonal events, and IDH2 having the lowest fraction. (b) Scatter 
plots of cancer cell fractions for gene pairs (SETD2 vs. other genes, STAT5B vs. other genes). Each point 
represents one sample with mutations in both genes. Cancer cell fraction for that gene is shown on x and 
y-axes.  
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SUPPLEMENTAL FIGURE 3 : IDEOGRAM WITH CHROMOSOME 7 ALTERATIONS 
Ideogram diagram of chromosome 7 with cytobands labeled. Left, in red, are significant deletions on 
chromosome 7 in HSTL cases. Right, in green, are significant amplifications on chromosome 7 in HSTL 
cases. Regions are labeled here as altered if their segmented copy number signal is greater (for 
amplifications) or less than (for deletions) an extra copy gained or lost in 10% of the sequenced DNA. 
Locations of the two T cell receptor genes on chromosome 7 are labeled on the left.  
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SUPPLEMENTAL FIGURE 4 : EXAMPLES OF EXOME COPY NUMBER. 
(a) Full copy number profile of DERL2, an HSTL cell line. X-axis shows position along the 

genome, colored by chromosome. The colored dots show exon level data, and the black line 
shows the segmented copy number result. The Y-axis shows log2 ratio of tumor copy number 
over normal copy number, centered at 0 (red line). DERL2 exhibits the 4 characteristic arm level 
copy number changes also seen in HSTL tumors, as indicated by the arrows.  

(b) Examples from HSTL tumors exhibiting significant gains or losses in chromosome 1, 7, 8, or 10, 
with the different patterns observed in the data shown. Exact values measured on the Y-axis may 
vary based on tumor purity or additional chromosomal copies.  
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SUPPLEMENTAL FIGURE 5: EXPLORATORY KAPLAN-MEIER PLOTS FOR CLINICAL COVARIATES.  
 

 (In order of plots) Gender, Age, ECOG Performance Status, B Symptoms, Number of Nodal Sites, 
Elevated LDH, T Cell Receptor Type, Response to Initial Treatment, Transplant Status. Statistics in top-
right of each graph show number of individuals (n), median follow-up time (med. f.u.), range of survival 
times, log rank p-value (LR p), hazard ration (HR), and confidence interval for hazard ratio. Group level 
color-coded statistics show number of individuals, median survival for group, Cox regression p-value, 
and hazard ratio with confidence interval. 
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SUPPLEMENTAL FIGURE 6: EXPLORATORY KAPLAN-MEIER PLOTS FOR MOLECULAR COVARIATES.  
 

(In order of plots) Chromosome 7 alterations, Chromosome 8 alterations, Chromosome 10 alterations, 
SETD2, STAT5B, INO80, SMARCA2, ARID1B, TET3. Statistics in top-right of each graph show number 
of individuals (n), median follow-up time (med. f.u.), range of survival times, log rank p-value (LR p), 
hazard ration (HR), and confidence interval for hazard ratio. Group level color-coded statistics show 
number of individuals, median survival for group, Cox regression p-value, and hazard ratio with 
confidence interval. 
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SUPPLEMENTAL FIGURE 7: SANGER AND EXOME SEQUENCING VALIDATION OF SETD2 BIALLELIC MUTATION IN 

ONE HSTL CASE 
(Top) Diagram of expected Sanger sequence observed if SNV and frameshift insertion mutations in the 
same patient are on 2 different alleles or the same allele. (Middle) Sanger sequence showing mutations 
on different alleles. (Bottom) Integrative Genomics Viewer view of paired exome sequencing reads 
showing the 2 variants’ exclusivity. The reads shown in boxes are paired end mates from the same 
original DNA fragment.  

 

upstream wildtype sequence  ..... T  G  A T T T  G  G A  C  A  C  C  C  .....

upstream 1 bp insertion that shifts sequence ..... T  G  A T T T  G  G C  C  A  C  C  C  .....

Tumor Allele 1: SNV

Tumor Allele 2: insertion

upstream wildtype sequence  ..... T  G  A T T T  G  G C  C  A  C  C  C  ..... Normal wildtype sequence

Allele 1 has
C->A  SNV

Allele 2 has
wildtype C

upstream 1 bp insertion that shifts sequence ..... T  G  A T T T  G  G A  C  A  C  C  C  .....
Alternative possibility
with insertion and SNV
on same allele

C only:
no SNV on indel allele

C,A,G:
Normal,
SNV allele
shifted indel

Indel Only
SNV Only

1bp insertion
upstream

SETD2: Insertion and Single Nucleotide Variant (SNV) in same patient, different alleles
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SUPPLEMENTAL FIGURE 8: SETD2 EXPRESSION IN MUTANT VS. WILDTYPE CASES  
Boxplot diagram of SETD2 mRNA expression compared between HSTL SETD2 mutant cases (non-
synonymous or indel mutations) and HSTL SETD2 wildtype cases 
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SUPPLEMENTAL FIGURE 9: MUTUAL EXCLUSIVITY OF STAT5B, PIK3CD, AND STAT3 MUTATIONS 
Sample overlap of missense and in-frame indel mutations in HSTL tumors and cell lines. Samples with 
mutations in more than one of these genes are shown in the intersection of these circles.  
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3 SUPPLEMENTARY TABLES 

TABLE S1. SANGER VALIDATED VARIANTS 

TABLE S2. MUTATIONS IN HSTL DRIVER GENES 

TABLE S3. OTHER MUTATIONS IDENTIFIED BY EXOME SEQUENCING 

TABLE S4. COPY NUMBER OF HSTL PATIENTS AND CELL LINES  

TABLE S5. CLINICAL AND PATHOLOGICAL CHARACTERISTICS OF HSTL PATIENTS 

TABLE S6, S7: COMPARISON TO HSTL CLINICAL DATA IN THE LITERATURE 

TABLE S8: MUTATIONAL FREQUENCIES IN OTHER LYMPHOMAS 

TABLE S9. HSTL MUTATIONS IN OTHER LYMPHOMA DRIVER GENES 

TABLE S10: GENE SET ENRICHMENT ANALYSIS OF DERL2 SETD2 SHRNA 
 

 

 

  



19 
 

4 SUPPLEMENTAL REFERENCES 

 

1. Cock PJ, Fields CJ, Goto N, Heuer ML, Rice PM. The Sanger FASTQ file format for sequences with quality 
scores, and the Solexa/Illumina FASTQ variants. Nucleic Acids Res 2010;38(6):1767-71. 

2. McKenna A, Hanna M, Banks E, Sivachenko A, Cibulskis K, Kernytsky A, et al. The Genome Analysis 
Toolkit: a MapReduce framework for analyzing next-generation DNA sequencing data. Genome Res 
2010;20(9):1297-303. 

3. Love C, Sun Z, Jima D, Li G, Zhang J, Miles R, et al. The genetic landscape of mutations in Burkitt 
lymphoma. Nature genetics 2012;44(12):1321-5. 

4. Zhang J, Grubor V, Love CL, Banerjee A, Richards KL, Mieczkowski PA, et al. Genetic heterogeneity of 
diffuse large B-cell lymphoma. Proc Natl Acad Sci U S A 2013 

5. Zhang J, Jima D, Moffitt AB, Liu Q, Czader M, Hsi ED, et al. The genomic landscape of mantle cell 
lymphoma is related to the epigenetically determined chromatin state of normal B cells. Blood 
2014;123(19):2988-96. 

6. Li H, Durbin R. Fast and accurate long-read alignment with Burrows-Wheeler transform. Bioinformatics 
2010;26(5):589-95. 

7. Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, et al. The Sequence Alignment/Map format 
and SAMtools. Bioinformatics 2009;25(16):2078-9. 

8. Cibulskis K, Lawrence MS, Carter SL, Sivachenko A, Jaffe D, Sougnez C, et al. Sensitive detection of 
somatic point mutations in impure and heterogeneous cancer samples. Nature biotechnology 
2013;31(3):213-9. 

9. Wang K, Li M, Hakonarson H. ANNOVAR: functional annotation of genetic variants from high-throughput 
sequencing data. Nucleic Acids Res 2010;38(16):e164. 

10. Palomero T, Couronne L, Khiabanian H, Kim MY, Ambesi-Impiombato A, Perez-Garcia A, et al. Recurrent 
mutations in epigenetic regulators, RHOA and FYN kinase in peripheral T cell lymphomas. Nature 
Genetics 2014;46(2):166-+. 

11. Zhang J, Grubor V, Love CL, Banerjee A, Richards KL, Mieczkowski PA, et al. Genetic heterogeneity of 
diffuse large B-cell lymphoma. P Natl Acad Sci USA 2013;110(4):1398-403. 

12. Smedby KE, Foo JN, Skibola CF, Darabi H, Conde L, Hjalgrim H, et al. GWAS of Follicular Lymphoma 
Reveals Allelic Heterogeneity at 6p21.32 and Suggests Shared Genetic Susceptibility with Diffuse Large 
B-cell Lymphoma. PLoS genetics 2011;7(4) 

13. Kircher M, Witten DM, Jain P, O’Roak BJ, Cooper GM, Shendure J. A general framework for estimating 
the relative pathogenicity of human genetic variants. Nature genetics 2014;46(3):310. 

14. Fu WQ, O'Connor TD, Jun G, Kang HM, Abecasis G, Leal SM, et al. Analysis of 6,515 exomes reveals the 
recent origin of most human protein-coding variants. Nature 2013;493(7431):216-20. 

15. Altshuler DM, Durbin RM, Abecasis GR, Bentley DR, Chakravarti A, Clark AG, et al. An integrated map of 
genetic variation from 1,092 human genomes. Nature 2012;491(7422):56-65. 

16. Gonzalez-Perez A, Lopez-Bigas N. Functional impact bias reveals cancer drivers. Nucleic acids research 
2012:gks743. 

17. Magi A, Tattini L, Cifola I, D’Aurizio R, Benelli M, Mangano E, et al. EXCAVATOR: detecting copy number 
variants from whole-exome sequencing data. Genome Biol 2013;14(10):120. 

18. Mermel CH, Schumacher SE, Hill B, Meyerson ML, Beroukhim R, Getz G. GISTIC2. 0 facilitates sensitive 
and confident localization of the targets of focal somatic copy-number alteration in human cancers. 
Genome Biol 2011;12(4):R41. 

19. Yoo HY, Sung MK, Lee SH, Kim S, Lee H, Park S, et al. A recurrent inactivating mutation in RHOA GTPase 
in angioimmunoblastic T cell lymphoma. Nature Genetics 2014;46(4):371-+. 

20. da Silva Almeida AC, Abate F, Khiabanian H, Martinez-Escala E, Guitart J, Tensen CP, et al. The 
mutational landscape of cutaneous T cell lymphoma and Sezary syndrome. Nature genetics 2015 



20 
 

21. Choi J, Goh G, Walradt T, Hong BS, Bunick CG, Chen K, et al. Genomic landscape of cutaneous T cell 
lymphoma. Nature genetics 2015;47(9):1011-9. 

22. Wang L, Ni X, Covington KR, Yang BY, Shiu J, Zhang X, et al. Genomic profiling of Sezary syndrome 
identifies alterations of key T cell signaling and differentiation genes. Nature genetics 2015 

23. Ungewickell A, Bhaduri A, Rios E, Reuter J, Lee CS, Mah A, et al. Genomic analysis of mycosis fungoides 
and Sézary syndrome identifies recurrent alterations in TNFR2. Nature genetics 2015 

24. Kataoka K, Nagata Y, Kitanaka A, Shiraishi Y, Shimamura T, Yasunaga J-i, et al. Integrated molecular 
analysis of adult T cell leukemia/lymphoma. Nature genetics 2015 

25. Küçük C, Jiang B, Hu X, Zhang W, Chan JK, Xiao W, et al. Activating mutations of STAT5B and STAT3 in 
lymphomas derived from γδ-T or NK cells. Nature communications 2015;6 

26. Crescenzo R, Abate F, Lasorsa E, Gaudiano M, Chiesa N, Di Giacomo F, et al. Convergent mutations and 
kinase fusions lead to oncogenic STAT3 activation in anaplastic large cell lymphoma. Cancer Cell 
2015;27(4):516-32. 

27. Trapnell C, Roberts A, Goff L, Pertea G, Kim D, Kelley DR, et al. Differential gene and transcript 
expression analysis of RNA-seq experiments with TopHat and Cufflinks. Nature protocols 2012;7(3):562-
78. 

28. Langmead B, Salzberg SL. Fast gapped-read alignment with Bowtie 2. Nature methods 2012;9(4):357-9. 
29. Subramanian A, Kuehn H, Gould J, Tamayo P, Mesirov JP. GSEA-P: a desktop application for Gene Set 

Enrichment Analysis. Bioinformatics 2007;23(23):3251-3. 

 


