
Supplementary Methods 

1. Whole exome sequencing  

(1) Experimental method (DNA QC/library construction/sequencing) 

For molecular analysis, we extracted DNA from sections of formalin-fixed, paraffin-

embedded tissues. The quality and quantity of purified DNA were assessed by fluorometry 

(Qubit, Invitrogen) and gel electrophoresis. Briefly, 500 ng of genomic DNA from each 

sample was fragmented by acoustic shearing on a Covaris S2 instrument. Fragments of 150-

300 bp were ligated to Illumina's adapters and PCR-amplified. The samples were concentrated 

to 300 ng in 3.4 μL DW using a Speedvac (Thermo Scientific) and hybridized with RNA 

probes (SureSelect XT Human All Exon V5 Capture library) for 16-24 hours at 65°C. After 

hybridization, the captured targets were pulled down by biotinylated probe/target hybrids 

using streptavidin-coated magnetic beads (Dynabeads My One Streptavidine T1; Life 

Technologies Ltd.). The selected regions were then PCR-amplified using Illumina PCR 

primers. Libraries were quantified using the Agilent 2100 Bioanalyzer (Agilent Technologies) 

and KAPA Library Quantification Kit (KK4824, Kapa Biosystems). The resulting purified 

libraries were applied to an Illumina flow cell for cluster generation and sequenced using 100 

bp paired-end reads on an Illumina Hiseq 2500 sequencer following the manufacturer's 

protocols. Image analysis was performed using the HiSeq control Software ver. 1.8.4. 

 

(2) Sequencing quality control 

The quality of the reads was checked using FastQC (v.0.10.1) [1], to determine the basic 

quality for sequence quality score, GC content, N content, length distribution, and duplication 

level. Low-quality reads below Q20 were trimmed using Cutadapt (v.1.8.1) [2].  

 

 

(3) Sequence alignment  

High quality reads were aligned to the human reference genome hg19 using Burrows 

Wheeler Aligner (BWA) (v.0.7.12) [3] with minimum seed length of 45. After aligning of the 

reads to the reference genome, we removed the duplicated reads using MarkDuplicates.jar in 

Picard Tools (v.1.98). 

 

(4) Variant call and annotation 

The suspicious intervals were examined for a more accurate realignment using the 



RealignerTargetCreator tool in GenomeAnalysisTK (v.2.3.9) [4] and Mills-and-1000G-

gold.standard-INDELs.hg19 was referred to as the known indel set. Base quality score 

recalibration (BQSR) adjusted the quality score using the BaseRecalibrator tool in GATK. For 

the realigned and recalibrated reads, variants were called using the UnifiedGenotyper tool in 

GATK. All variants were annotated using SnpEff (v.4.1) [5] to predict the damaging or 

clinical effects of the variants using dbNSFP [6], Cosmic [7], and ClinVar [8]. Allele 

frequencies were determined using the 1000 Genomes [9], ESP6500 [10], and ExAC database 

[11]. 
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