Supplementary Methods
Variant calling by “karkinos”
We originally reported the pipeline “karkinos” for variant calling1. In our previous study, we used two other pipelines (NCC and Baylor), and validated the accuracy of each pipeline. We optimized the samples from the Japanese cohort and confirmed its high concordance1.  

1. Initial Somatic Filtering
In our initial analysis, we first checked single nucleotide variants (SNVs) and insertions/deletions (Indels) in the BAM files from both normal and tumor samples. We performed an “Initial Filtering” to identify the variants with eight or more reads. For tumor samples, variants with a tumor allele frequency of 5% or higher were retained, whereas for normal samples, variants with a normal allele frequency of 3% or lower were selected. Furthermore, the variants with Phred quality score (Base Quality) of 10 or higher were identified and considered for further analysis in the subsequent steps.

2. Stepwise filtering according to tumor content ratio (TMC)
We performed three types of filtering processes for the candidate variants, extracted from the “Initial Filtering” as shown in the flowchart below.
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The thresholds of each filtering (A, B, and C) are summarized in the Table below. The filtering process was useful to detect candidate variants, even in samples with low tumor content ratio.




3. Elimination of the artifacts
We used 11 types of filtering processes to eliminate the artifacts from our candidate variants:
Filter 1 (qf = Quality below threshold): Variants with low-quality mutated read bases (phreds < 60) were filtered out.
Filter 2 (ma = Low mappability): Variants with low mappability (< 0.3 using 100-mer) were filtered out.
Filter 3 (mq = Low mapping quality): Variants with low mapping quality score (rms < 20) were filtered out.
Filter 4 (en = Low entropy). The entropy of the sequence around the candidate site (the sequence at least 10 bases before and after the variant site) was calculated and variants with minimum entropy value < 1 were filtered out.
Filter 5 (srd = Support reads with single direction): Variants with support reads showing a single direction were filtered out. We compared the sequence from each tumor to that from the corresponding normal samples. Variants with a significant difference (Fisher’s p < 0.03) in “Reverse/Forward (Normal) vs. Reverse/Forward (Tumor)” were considered as “support reads with single direction”.
Filter 6 (srm = Support reads with mismatch): Mismatched variants were filtered out when support reads showed other variants with > 5% allele frequency. 
Filter 7 (sre = mutation at reads ends): Variants identified solely in read end (3 nucleotides) were filtered out. 
Filter 8 (scc = mutation at same cycle): Variants detected only in the same cycle of the reads were filtered out, as sequencing errors predominantly occurred in certain cycles. 
Filter 9 (mmt = too many mismatch in support reads): Variants with mismatch to the supporting reads at >3% were filtered out.
Filter 10 (near_indel = near indel): Variants with “Indels” within 5 bases of the candidate site were filtered out.
Filter 11 (high_lqr = High low-quality reads): Variants with > 10% Phred quality score were filtered out. (Low quality reads were defined as 10 or fewer Phred scores in the normal reference site, corresponding to the candidate site.)
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Supplementary Methods_Table 1. Thresholds of each filtering for variant calling

Evaluation Normal Tumor Normal Tumor

Initial Filtering Init 1 Minimum Depth 8 reads 8 reads 8 reads 8 reads

Init 2 Allele Frequency <3% >5% <3% >5%

Init 3 Min. Support Reads 0 2 0 2

Init 4 Min. Phred-Quality Score 10 10 N/A N/A

Filter A A1 Allele Frequency >15% >15%

B1

Adjusted Tumor Allele

Frequency

>15% >15%

B2 Min. Support Reads 3 2

C1

Adjusted Tumor Allele

Frequency

<3% >35% >35%

C2 Min. Depth 100 100

SNV Indel

Filter Name

Flter B 

Flter C
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		Supplementary Methods_Table 1. Thresholds of each filtering for variant calling

								SNV				Indel

		Filter Name				Evaluation		Normal		Tumor		Normal		Tumor

		Initial Filtering		Init 1		Minimum Depth		8 reads		8 reads		8 reads		8 reads

				Init 2		Allele Frequency		<3%		>5%		<3%		>5%

				Init 3		Min. Support Reads		0		2		0		2

				Init 4		Min. Phred-Quality Score		10		10		N/A		N/A

		Filter A		A1		Allele Frequency				>15%				>15%

		Flter B 		B1		Adjusted Tumor Allele Frequency				>15%				>15%

				B2		Min. Support Reads				3				2

		Flter C		C1		Adjusted Tumor Allele Frequency		<3%		>35%				>35%

				C2		Min. Depth				100				100






























