
Material and Methods 

DNA extraction, library preparation, and targeted enrichment 

Genomic DNA from the white blood cells were extracted using the DNeasy Blood 

& Tissue Kit (Qiagen) and used as the normal control to remove germline variations. 

FFPE samples were de-paraffinized with xylene, and genomic DNA was extracted 

using the QIAamp DNA FFPE Tissue Kit (Qiagen). DNA was quantified by Qubit 3.0 

using the dsDNA HS Assay Kit (Life Technologies), and the quality was evaluated by 

a Nanodrop 2000 (Thermo Fisher). 

Libraries were prepared by KAPA Hyper Prep kit (KAPA Biosystems), as 

previously described (1). Briefly, above 50 ng of genomic DNA was sheared into ~350 

bp fragments using a Covaris M220 instrument. End repair, A-tailing, and adaptor 

ligation of fragmented DNA were performed using the KAPA Hyper DNA Library Prep 

kit (Roche Diagnostics), followed by size selection with Agencourt AMPure XP beads 

(Beckman Coulter). DNA Libraries were then amplified by polymerase chain reaction 

(PCR) and purified using Agencourt AMPure XP beads.  

Customized xGen lockdown probes panel (Integrated DNA Technologies) were 

used to selectively enrich for 425 predefined cancer-related genes (Geneseeq Prime 

panel) (see Supplemental Table S1). Human cot-1 DNA (Life Technologies) and xGen 

Universal Blocking Oligos (Integrated DNA Technologies) were added as blocking 

reagents. The capture reaction was performed with Dynabeads M-270 (Life 

Technologies) and the xGen Lockdown Hybridization and Wash kit (Integrated DNA 

Technologies). Captured libraries were subjected to PCR amplification with KAPA 

HiFi HotStart ReadyMix (KAPA Biosystems). The purified library was quantified using 

the KAPA Library Quantification kit (KAPA Biosystems), and its fragment size 

distribution was analyzed using a Bioanalyzer 2100. 

 

Sequencing and Bioinformatics Analysis 

Target enriched libraries were sequenced on the HiSeq4000 platform (Illumina) 

with 2×150 bp pair-end reads. Sequencing data were demultiplexed by bcl2fastq 

(v2.19), analyzed by Trimmomatic (2) to remove low-quality (quality<15) or N bases. 



Then the data were aligned to the hg19 reference human genome with the Burrows-

Wheeler Aligner (bwa-mem) (3) and further processed using the Picard suite (available 

at: https://broadinstitute.github.io/picard/) and the Genome Analysis Toolkit (GATK) 

(4). SNPs and indels were called by VarScan2 (5) and HaplotypeCaller/ 

UnifiedGenotyper in GATK, with the mutant allele frequency (MAF) cutoff as 0.5%. 

Common variants were removed using dbSNP and the 1000 Genome project. Germline 

mutations were filtered out by comparing to patient’s whole blood controls.  

Gene fusions were identified by FACTERA (6) and copy number variations (CNVs) 

were analyzed with ADTEx (7). The log2 ratio cut-off for copy number gain was 

defined as 2.0 for tissue samples. A log2 ratio cut-off of 0.6 was used for copy number 

loss detection. Allele-specific CNVs were analyzed by FACETS (8) with a 0.2 drift cut-

off for unstable joint segments. Chromosome instability score (CIS) was defined as the 

proportion of the genome with aberrant (purity-adjusted segment-level copy 

number >=3 or <=1) segmented copy number. TMB was defined as the number of 

somatic, coding, base substitution, and indel mutations per megabase of genome 

examined, and was calculated as previously described (9). Briefly, all base substitutions, 

including non-synonymous and synonymous alterations, and indels in the coding region 

of targeted genes were considered with the exception of known hotspot mutations in 

oncogenic driver genes and truncations in tumor suppressors. Synonymous mutations 

were counted in order to reduce sampling noise and known driver mutations were 

excluded as they are over-represented in the Panel. 
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