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The mutational landscape of ocular marginal zone lymphoma 
identifies frequent alterations in TNFAIP3 followed by mutations 
in TBL1XR1 and CREBBP

SUPPLEMENTARY DATA

DNA and RNA extraction from frozen tumor 
samples

Tumor DNA (n=10) was extracted using the 
QIAamp DNA Mini kit (Qiagen, Valencia, CA, USA), 
according to the manufacturer’s protocol. Control DNA 
from matched peripheral blood samples was extracted 
with the QIAamp DNA Blood Maxi Kit (Qiagen, 
Valencia, CA, USA). DNA quality and quantity were 
analyzed using Nanodrop 8000 UV-Vis spectrometer 
(NanoDrop Technologies Inc), Qubit ® 2.0 Fluorometer 
(Life technologies Inc), and 2200 TapeStation Instrument 
(Aglient Technologies, Santa Clara, CA, USA).

The same frozen tumor samples were used for 
RNA extraction using a Qiagen RNeasy Mini Kit 
(Qiagen, Valencia, CA, USA). RNA quality and quantity 
were assessed by Nanodrop 8000 UV-Vis spectrometer 
(NanoDrop Technologies Inc. http://www.nanodrop.com) 
and Agilent 2100 Bioanalyzer Lab-on-a-Chip instrument 
system (Aglient Technologies, Santa Clara, CA, USA).

DNA extraction from formalin fixation and 
Paraffin embedding (FFPE) tumor samples

Tumor FFPE tissue DNA was extracted using 
Maxwell 16 CSC DNA FFPE Kit (Promega Corporation, 
Madison, USA). DNA quantity and quality were assessed 
by the same protocol.

Bioinformatics analysis

DNA and RNA data processing

Reads from whole-genome sequencing (WGS) were 
aligned against the hg19 reference genome using Burrows-
Wheeler Aligner (BWA) 0.6.2 [1] and PCR duplicates 
were marked using Picard (see URLs). The Genome 
Analysis Toolkit (GATK) [2] was used for the quality 
score recalibration and local realignment. The same 
procedure was applied to process reads from Targeted-
seq. RSEM [3] was used to align RNA-seq reads against 
the hg19 reference genome and quantify gene expression 
level based on UCSC gene model [4]. Picard was used to 
calculate read alignment statistics. Raw Agilent expression 
microarray data were preprocessed using GeneSpring 

GX 13.0 with default options (Agilent Technologies). 
The natural scale normalized data were further log2 
normalized to the control sample (i.e., cell line transfected 
with empty vector). The normalized probes were collapsed 
to gene symbols using the CollapseDataset function (“max 
probe”) in GSEA [5].
Somatic variant detection in WGS data

We called somatic single nucleotide variants (SNVs) 
and indels in WGS data using Strelka [6] and muTect [7] 
with default settings and then the detected variants were 
annotated using ANNOVAR [8]. Some of the candidate 
variants for Sanger sequencing were manually inspected 
using Integrative Genomics Viewer (IGV) [9]. Structural 
variations (SVs) were called using Meerkat [10] with 
default options and somatic SVs were filtered against 
all normal samples (n=10) to remove polymorphic SVs. 
Copy number variations (CNVs) were called using BIC-
seq2 [11] (bin size: 100; lambda: 1000) and the BIC-seq2 
results were used for estimating recurrent CNV regions 
using GISTIC2.0 [12] with default parameters.
Somatic variant detection in targeted-seq data

We called SNVs and indels using GATK 
HaplotypeCaller [2] and selected variants with a variant 
allele frequency (VAF) of 10% and the number of 
variant supporting reads of 10. We further filtered out 
variants present in dbSNP 142 [13], 1000 genomes 
project [14], ESP (exome sequencing project) [15], 
KRGDB (see URLs), or in-house 1000 Korean exome 
sequencing database. Furthermore, we selected missense 
variants predicted to have a functional consequence 
(i.e, damaging or probably damaging) by at least two 
out of the three methods (SIFT [16], PolyPhen-2 [17], 
and Mutation Taster [18]). The prediction results were 
based on ANNOVAR [8] annotation. To identify samples 
with TNFAIP3 homozygous deletion, we counted the 
number of reads aligned on TNFAIP3 and normalized 
the count by dividing it by the total number of aligned 
reads for each sample. Samples with homozygous 
deletions were defined as those whose normalized read 
count is less than 2 standard deviations below the mean 
(Supplementary Table 6-2). Mutations in TBL1XR1 
(Figure 3A) were visualized using MutationMapper on 
cBioportal [19].
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Transcriptome analysis

We obtained canonical pathways from Molecular 
Signature Database [20] (MSigDB) and used single-
sample Gene Set Enrichment analysis [21] (ssGSEA) 
to infer gene expression-based activity of the pathways. 
Hierchical Clustering function in GenePattern [22] 
was utilized to perform clustering of the pathways with 
default options. FusionMap [23] and deFuse [24] were 
employed for detection of fusion genes. Normal MZB 
microarray expression data [25] (IgD+CD27+; n=10) 
were obtained from ArrayExpress [26] (accession number 
: E-MTAB-2246) and were combined with tumor RNA-
seq data (n=10) using ComBat [27] with default options. 
GSEA pre-ranked algorithm [5] was run based on 
differentially expressed genes between TBL1XR1-mutant 
(n=1) and –wild-type samples (n=9) calculated by R 
package DEGseq [28] with MARS (ranked by z-score). 
For the microarray expression array data, we used the 
Diff_of_Classes metric for TBL1XR1-mutant (n=2) versus 
–wild-type samples (n=1) to assign a score and rank the 
genes. NF-kB and JUN target genes were obtained from 
TRRUST database [29].
Clonality analysis

Clonal architecture was inferred based on 
heterozygous mutations in a region of copy number 2 
using SciClone [30]. Mutations were classified as clonal 
and subclonal if their VAFs are the closest to dominant 
clone’s central VAF and sub-clone’s central VAF, 
respectively. Clones whose central VAF was less than a 
dominant clone’s central VAF were only thought as sub-
clones.

URLs

PICARD: http://broadinstitute.github.io/picard/; 
KRGDB: http://152.99.75.168/KRGDB/menuPages/intro.
jsp.
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Supplementary Table 1: Clinical information of patients

See Supplementary File 1
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Supplementary Table 2-1: Summary of WGS and Targeted-seq QC
Supplementary Table 2-2: Summary of RNA-seq QC

See Supplementary File 1
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Supplementary Table 3: List of identified CNVs

See Supplementary File 1
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Supplementary Table 4: Identified significant regions from GISTIC analysis

cytoband 6q23.3

q value 0.0010219

residual q value 0.0010219

wide peak boundaries chr6:137341112-139809220

  genes in wide peak hsa-mir-3145

IFNGR1

TNFAIP3

CITED2

HEBP2

CCDC28A

HECA

IL20RA

KIAA1244

NHSL1

C6orf115

PBOV1

PERP

REPS1

IL22RA2

OLIG3

TXLNB

ECT2L

FLJ46906

LOC645434

MIR3145

LOC100507462
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Supplementary Table 5: List of identified SNVs

See Supplementaty File 1
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Supplementary Table 6-1: Clonality analysis
Supplementary Table 6-2: Aligned reads in A20 from Targeted-seq

See Supplementaty File 1
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Supplementary Table 7: List of gene-specific PCR primers and oligo sequence

Type Set. No Primer 
Name Sequence

gDNA PCR 
primer Set 1

gDNA 1 F
gDNA 1 R
gDNA 1 

seq

5’-GCCACAAGAGGAATGACAACC-3’
5’-CCGAGGGATATGCATCCATACC-3’

5’-GGAATGACAACCAAATGGTGAGG-3’

Set 2

gDNA 2 F
gDNA 2 R
gDNA 2 

seq

5’-GGCCAGAGCAACCATACTGTG-3’
5’-CAAGTAGCTACCCAGTCTATACAATG-3’

5’-GAGCAACCATACTGTGTGACAC-3’

Set 3

gDNA 3 F
gDNA 3 R
gDNA 3 

seq

5’-AACATTACTTGTTAATCATGACCAC-3’
5’-GGATGTTGATTGGCAGAGCAAC-3’
5’-GCAACAACACCTTTGCTTCTTG-3’

Set4

gDNA 4 F
gDNA 4 R
gDNA 4 

seq

5’-GGAATGTTTATGTAATTGGCAGC-3’
5’-GGTAACCTTGCTAGCACCTTAGG-3’
5’-GGCAGCTAAGACAAAATACTGC-3’

Set5

gDNA 5 F
gDNA 5 R
gDNA 5 

seq

5’-CCCTGCCGTGAGTATGAGGCTC-3’
5’-GTGAGAACAGCACCAGTGGCTC-3’
5’-GTATGAGGCTCTGAGGGTTAGG-3’

Set6

gDNA 6 F
gDNA 6 R
gDNA 6 

seq

5’-GGCCACAACTAAGCAACAACAG-3’
5’-GGCCACAACTAAGCAACAACAG-3’

5’-CAACAACAGAAAACCTGAATAATGC-3’

siRNA oligo si-TBL1XR1 Sense
Anti-sense

GAGGUAGAUGUUUGGUACA(dTdT)
UGUACCAAACAUCUACCUC(dTdT)
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Supplementary Figure 1: Size and amplitude of identified copy number variants. The red circle represents amplification (log 
ratio > 0.1) while the blue one represent deletion (log ratio < -0.1).
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Supplementary Figure 2: Significant peaks of deletion and amplification identified by GISTIC. The green line denotes 
FDR values < 0.25.
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Supplementary Figure 3: Log 2 ratio of copy number for samples (WG-04, -05, and -06) displaying homozygous 
deletion of TNFAIP3. The orange box denotes 6q23.3.
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Supplementary Figure 4: Summary statistics of identified somatic structural variations a. and single nucleotide 
variants b.
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Supplementary Figure 5: Circos plot for the identified structural variations.
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Supplementary Figure 6: Clustered breakpoints in intron 1 of IL20RA.
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Supplementary Figure 7: Details of breakpoints in intron 1 of IL20RA.
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Supplementary Figure 8: Pathway-based hierarchical clustering of expression profiling. ssGSEA was used to calculate 
enrichment score of NFKB and APOPTOSIS pathways from BioCarta for each sample. The expression values were normalized per gene 
by z-score transformation.
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(Continued)
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Supplementary Figure 9: Clonal architecture of tumors. We inferred clonal architecture of tumors with VAF (variant allele 
frequency) of heterozygous mutations in a region of copy number 2 using SciClone.
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Supplementary Figure 10: Patial genomic DNA sequencing traces of TBL1XR1 mutation in Extranodal Marginal 
Zone Lymphoma(EMZL) patients. Patient ID and location of TBL1XR1 mutation is indicated above the chromas. The arrows 
show the site which the base change was occurred. The chromatograms of each patients indicate different mutation of TBL1XR1 and 
heterozygous type in each patients.
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(Continued)
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Supplementary Figure 11: Heatmap of genes in differentially expressed pathways in Figure 4. The expression values were 
normalized per gene by z-score transformation.
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Supplementary Figure 12: Enriched gene ontology terms. ssGSEA was used to calculate enrichment score for each sample and 
significantly different GO terms between normal MZBs and ocular MZL were plotted (p value < 0.01, t-test). The expression values were 
normalized per gene by z-score transformation.


