Supplementary Methods

Target amplicon sequencing
A biliary tract cancer (BTC)-associated gene panel (Ion AmpliSeqTM Custom DNA Panel) was designed using Ion AmpliSeq Designer 3.6, to analyze the sequences of coding DNA sequences +0 bp from the intronic flanking regions for 31 genes, namely ACVR2A, APC, ARID1A, ARID2, BAP1, BRAF, CDKN2A, CTNNB1, EGFR, ELF3, EPHA6, ERBB2, ERBB3, FBXW7, GNAS, IDH1, KMT2C, KMT2D, KRAS, NF1, PBRM1, PIK3CA, PTEN, RNF43, SMAD4, SOX9, STK11, TGFBR1, TGFBR2, TP53, and WNT5B. The customized panel consisted of 1,847 amplicons divided into 2 primer pools totaling 164.6 kb of DNA and covered 98.2% of the regions of interest as previously described [1]. DNA (100 ng) was amplified using this panel, and a sequencing library was prepared using Ion AmpliSeq Library Kit Plus kit (Thermo Fisher Scientific, Waltham, MA, USA). Sequencing and data analyses were performed using the Ion S5 GeneStudio system (Thermo Fisher Scientific).

Sequenced reads were demultiplexed, quality-filtered, and aligned to the human reference genome (GRCh37) by Torrent Suite software package (ver. 5.12.1; Thermo Fisher Scientific). The mapping module (Torrent Mapping Alignment Program) is a sequence alignment software program optimized specifically for Ion Torrent data and includes several mapping algorithms, each with its own best application. Mapping was completed with its default parameter values. Variants were identified using the Variant Caller plugin (ver. 5.12.0.4; Thermo Fisher Scientific) included in the Torrent Suite Package, which is optimized to exploit the underlying flow signal information. Variant calling analysis was completed using the somatic variant calling mode, which is optimized to detect low-frequency variants. The parameters were set as follows: minimum allele frequency, 0.02; minimum coverage, 40. To identify somatic mutations, independent genotyping results for both tumor and normal (duodenum or liver) samples were subtracted, and variants found in normal samples were excluded from the molecular profiling. Putative false-negative variants were excluded by analyzing the Phred-scaled quality score calculated by this plugin. Generated vcf files were also used for annotation using wANNOVAR (http://wannovar.wglab.org). The including criteria were as follows: genotype quality ≥100, quality by depth ≥1, and allele frequency ≥0.05. Alignment of all somatic mutations was manually confirmed by IGV software (version 2.8.2; http://software.broadinstitute.org/software/igv/). 

For variants, consisting of novel exonic non-synonymous and frameshift variants, as well as intronic splicing variants, the COSMIC (http://cancer.sanger.ac.uk/cosmic) and ClinVar database (https://www.ncbi.nlm.nih.gov/clinvar/) was consulted for the classification as either pathogenic or variant of unknown significance. Prediction of the functional effect of amino acid substitutions and indels was calculated using PROVEAN (http://provean.jcvi.org/index.php) and/or SIFT (http://sift.jcvi.org).

Copy number analysis
We undertook an assessment of copy number alteration (CNA) detection in sequencing data generated from the amplicon-based libraries. First, the read counts of each amplicon were scaled with the total number of mapped reads for each primer pool of multiplex PCR of each sample, using a formula known as reads per million mapped reads (RPM). Logarithmic transformation of RPM+1 with base 2, and then GC bias was corrected as described [2], except that the correction was carried out in the logarithmic axis, and the smoothness parameter of span=0.7 was provided using the <loess> function of R (version 3.4.2; The R Foundation). After the normalized logarithmic values were reverse transformed into the copy number ratio axis, the distribution parameters of the control sample set, comprising 40 samples from histologically normal tissues (duodenum or liver) for formalin-fixed paraffin-embedded samples, were calculated for evaluating the statistical significance of CNA for each region; the control sample average and the standard deviation of the sum of each five neighboring amplicons within a gene. Using the sample average and the sample standard deviation in the control set as distribution parameters, we supposed a normal distribution and calculated the p-value, as the possibility of observing a deviation equals to or greater than a given value. We primarily focused on high losses (deep deletion) of tumor suppressor genes; CNAs are called when passing the significance threshold of p-value < 0.000152, where Bonferoni correction was applied to the threshold value (=0.05/329).
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