Supplemental Methods and Figures

Identification of somatic mutations

Sequence reads from WGS/WES were aligned to the human reference genome with the
Burrows-Wheeler Aligner software' and single-nucleotide variants (SNVs) were detected
using Varscan®, whereas somatic insertions and deletions (InDels) were identified by GATK
(WES)? or Platypus (WGS)*. On average, 94% of the exonic regions were covered by WES
and 98% of whole genomes were covered by WGS with at least 10 sequencing reads (Table
S11). Somatic mutations were considered when: 1). at least 10 reads in coverage; 2). at least
10% of mutation allele frequency in tumors; 3). less than 1% of minor allele frequency in the
paired controls. All reported SNV and InDels passed visual inspection using Integrative

Genomics Viewer (IGV)S.

Identification of significantly mutated genes

Three prediction methods were performed to define cancer-driver genes in our DLBCL
discovery cohort™®. The algorithm from Kan et al. considers the mutation prevalence in the
context of the background mutation rate and gene sequence length, as well as evaluation of
functional impact6, the MutSig algorithm considers the sample-specific mutation rate, the ratio
of nonsynonymous to synonymous mutations in a given gene and the median expression level
of each gene in the tumors’, and the OncodriveFML approach provides top-ranking genes
based on the functional impact of the mutations®. The Mutsig algorithm has a limitation in
defining the cancer-driver genes in the region of kataegis or clustered mutations, and these

features have been observed in the genome of DLBCL’.

Mutation signature analysis



Mutational signatures were extracted as follows: 1). Somatic base substitutions of each data
set were classified into 96 possible mutated trinucleotides, 6 types of substitution (C:G>A:T,
C:G>G:C, C:G>T:A, T:A>A:T, T:A>C:G and T:A>G:C) x 4 types of 5’ base (A, C, G, T) x
4 types of 3’ base (A, C, G, T), to generate a mutational catalogue. The prevalence of each
type of substitution was subsequently calculated for each sample. 2). Signatures of 10
mutational processes from the mutational catalogue were deciphered using the mutational
signature framework. The number of signature extracted (N) is determined by estimating the
signature reproducibility and reconstruction error rate as described previouslylz. N here is the
number where the lowest reconstruction error is achieved without decreasing the
reproducibility. 3). The minimal set of mutational signatures was then determined to
optimally explain the proportion of each mutation type found in the catalogue, based on

reproducibility of their signatures and low error for reconstruction.

Identification of mutations by the targeted-sequencing panel lymphochip

The final list of variants was generated using the following filtering criteria. After sequencing,
sequencing reads were discarded if they contained: (1) adaptor reads; (2) low-quality reads,
with >10% Ns); (3) low-quality base (>50% bases with quality <10). High quality paired-end
reads were then mapped to the UCSC human reference genome (hg19) using BWA-MEM
(v0.7.12) with default parameters'. Picard (v1.87; http://broadinstitute.github.io/picard/) was
used to sort and mark duplicate reads caused by PCR. More than 99.87% of exonic regions of
212 targeted genes were covered with at least 100x in the lymphochip analysis (Table S11).
VarScan (v2.3.9) was used to detect substitutions and Indels using the defined parameters’.
All substitutions and Indels were then annotated using ANNOVAR. To identify somatically
occurring, nonsilent mutations in the tumors and to remove potential contamination from the

germline polymorphisms and sequencing errors, the identified SNPs and Indels were filtered



using the following steps: 1). SNPs annotated as synonymous were removed; 2). SNPs or

Indels with a mutation allele frequency (MAF) =1% in databases of 1000 genome all, 1000
genome East Asian, or Esp6500, or with a MAF=0.01% in databases of ExAC all or ExXAC

East Asian were removed. 3). SNPs or Indels defined as benign in ClinVar database were
filtered out; 4). SNPs or Indels detected in tumor samples, which were also detected in YH
cell line tested in parallel, or detected in our in-house Chinese DLBCL health control database

with MAF =1% were filtered out; 5). SNPs or Indels detected in more than 50% samples in
our cohort with MAF =10% was discarded; 6). All remaining SNPs and Indels with MAF

between 10%-90% were kept for further analysis. The performance of the lymphochip was
evaluated by including 19 DLBCL samples that had already been characterized by WES or
WGS. When considering the nonsilent mutations in the targeted coding region, 93.10%
(162/174) of nonsilent mutations identified by WES/WGS can be readily called by the
lymphochip using the above filtering strategy and the remaining 12 mutations could also be
validated based on manual inspection by IGV, but were filtered out as the MAF was just

below the 10% cutoff.

Sanger sequencing

Validation of the KLF2, TP73 and ZFP36LI mutations identified by WGS/WES was
performed by Sanger sequencing. In addition, the non-coding exon 1 of BCL6, which was not
included in the design of the lymphochip, was screened in 179 samples. Primers were
designed with Primer3 and primer sequences and PCR conditions for each gene are available
upon request. PCR products were purified and sequenced at Macrogen (Amsterdam,

Netherlands) or Eurofins MWG Operon (Ebersberg, Germany).

Identification of potential AID off-targets



Potential AID off-targets are proposed if one of the following criteria is fulfilled: 1). have
been reported as an AID targeted gene in mouse studies'""*'° 2). have been reported as target
of aberrant SHM in human studies”'' ; 3). showed a significant SHM indicator (p<0.1) or a
significantly higher mutation density within a 2kb region downstream of transcription start

site (p<0.00001)9 : 4). identified as AID targets in mouse B-cells by target sequencing'’.

PCR for HBV detection in tumor DNA
A Tagman-based real-time-PCR assay was used to detect the sequences encoding HBV

polymerase and the primer and probe sequences have been described previouslylg.

Characterization of V(D)J rearrangements in DLBCL tumors

Rearranged IGHV-IGHD-IGHJ genes were amplified, cloned and sequenced from the tumor
DNA" or ¢cDNA% samples as described previously. For the cloning by using DNA as
template, primers for framework region 1 or 2 (FR1/FR2) were used and V(D)J
rearrangements were amplified from 11 samples, including 6 HBsAg" and 5 HBsAg' DLBCL
cases. For the cloning by using cDNA as template, V(D)J rearrangements were amplified
from 9 samples, including 8 HBsAg" and 1 HBsAg" DLBCL cases. IGH gene usage, somatic
mutations in the IGHV genes and composition of the CDR3 regions were analyzed by the
IMGT/V-QUEST tools?', Major clone was identified as: 1). more than 9 clones were
sequenced; 1). at least 5 clones were identical. Major clones were identified from 9 samples,
including 4 HBsAg" and 5 HBsAg samples. Two of samples were also tested by the high

throughput methods (Table S9).

For the high throughput sequencing of V(D)J rearrangements, primers for FR1 were used'

and VDIJ rearrangements were successfully amplified from 36 samples, including 19 HBsAg"



and 17 HBsAg DLBCL cases. Major clones were identified from 18 samples, including 11
HBsAg" and 7 HBsAg samples (Table S9). Initial PCR was performed according to the
BIOMED-2 Concerted Action protocols19. The PCR product was purified using Agencourt
AMPure XP PCR clean up (Beckman Coulter) with size selection in the range of 200-500 bp.
Indexing PCR was performed on 20uL purified PCR product using primers from illumina
TruSeq DNA HT dual-index kit according to the manufacturer’s protocol. After clean up,
DNA concentrations were measured in each sample using Qubit dsSDNA high sensitivity kit
(Thermo Fisher Scientific) and then samples were pooled equimolar to the final concentration
of 4nM. Sequencing was performed using MiSeq paired-end 600 cycles reagent kit v3

(Ilumina). Sequencing data was analysed using MIXCR software*”.
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Supplemental Figure 1. Overall survival in HBsAg" DLBCLs compared to HBsAg
DLBCLs. (A) the overall survival analysis of all DLBCL patients in our cohort. (B) The
overall survival analysis of GCB or non-GCB DLBCLs. (C) the overall survival analysis of
CHOP- or RCHOP-treated DLBCL patients. Kaplan-Meier method was used and the

differences between two groups were compared by log-rank test.
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No. of patients 19 25
Age (years)
>60 4 (22%) 4 (16%)
=60 15 (78%)  21(84%)
Median age 32 48 0.0281
Gender
Female 6 (32%) 6 (24%)
Male 13 (68%) 19 (76%)
Performance
status
0-1 15 (79%) 17 (68%)
2-4 4 (21%) 8 (32%)
Elevated LDH
Yes 10 (53%) 15 (60%)
No 9 (47%) 10 (40%)
Subtype
GCB 8 (42%) 10 (40%)
Non-GCB 11 (58%) 15 (60%)
Stage
I-11 5 (26%) 4 (16%)
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Supplemental Figure 2. Comparison of clinical and molecular features in DLBCLs with

high or low HBYV viral load. Patients were divided into two groups based on the HBV DNA
quantitation in the serum: high, = 2000IU/ml (n=19); low, <2000IU/ml (n=25). (A) Basic

clinical data was compared. (B) Mutation frequency of genes mutated in at least 3 samples of

either group was compared. Blue, nonsilent mutation. (C) Comparison of the mutation load in
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the coding region and the whole genome.
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Supplemental Figure 3. Mutation pattern of DLBCLs with potentially occult HBV
infection. The definition of occult HBV cases was based on: 1). HBsAg but HBV DNA
positive in tumors. Totally five samples were included. 2). HBsAg’, HBcAb" and HBsAb'".

Totally five samples were included. Blue, nonsilent mutation.
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