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A. Supplemental Methods 

 

(1) Detection of fusion gene 

 

1)  Evidence search 

 

We searched for discordant read pairs and fusion-spanning reads to detect gene 

fusion events (Figure 2B). For the paired-end sequencing, most reads in a pair are 

expected to be mapped to the same chromosome, in the opposite orientation, and 

within the expected insert size. If the reads in a pair are mapped far away from each 

other or even mapped to different chromosomes (discordant), there might have been 

structural variations (such as inversion, deletion, or translocation) which result in a 

gene fusion event. Furthermore, if a read is broken in two and each half is mapped 

to different genes (fusion-spanning), it can be additional evidence for gene fusion. 

From the transcriptome sequencing data, we first extracted such evidence. 

 

2) Fusion candidate detection 

 

When more than two discordant read pairs and fusion-spanning reads are observed 

together in two distinct genes, we defined those two genes as a fusion candidate. 

 

3) Filtration cascade 

 

a. Strand-orientation filter 

 

DNA strands have directionality, with positive and negative strands. Each human 

gene is located on either the positive or negative strand of the human genome. 

Combining the strand-orientation of the candidate fusion genes and that of paired-

end reads from transcriptome sequencing enables us to identify the “donor 

(upstream)” and “receptor (downstream)” genes in the candidates. If the donor (or 

receptor) gene is not defined uniquely, or strand-orientations are contradictory 

between the genes and short-reads in a fusion gene candidate, we regarded the 
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candidate as a sequencing error and discarded it. 

 

b. Homology filter 

 

If two genes are highly homologous, the reads from the two genes can be misaligned. 

Therefore, we removed homologous fusion candidates using BLAST1. We used 

bl2seq (BLAST 2 Sequences) in the BLAST package and discarded the fusion 

candidates where there was a significant similarity (E-value < 0.01) between two 

genes. 

 

c. Fusion-spanning read filter 

 

If a fusion-spanning read is aligned by less than 10bp to either gene in the fusion 

candidate, we considered it as a “spurious read” representing the fusion point and 

discarded it (Supplemental Figure 5). 

 

d. Fusion point filter 

 

Genuine fusion points are anticipated to show a stacked/ladder-like pattern with 

more than two fusion-spanning reads2. If multiple fusion-spanning reads are 

generated by PCR duplication, we cannot see this pattern. Therefore, we only 

accepted a fusion point when it showed a shifting-pattern of more than 3 bp around 

the fusion point with more than two fusion-spanning reads (Supplemental Figure 6). 

 

4) Final fusion listing 

 

If the fusion candidates passed through all the filtration steps, they were finally 

accepted as gene fusion events and reported in a list. 

 

5) Software for fusion gene detection 

 

Software used for fusion gene detection in this study (GFP; Gene Fusion Program) is 
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available in our website (ftp://ftp.gmi.ac.kr/pub/GFP/). Currently, reads aligned on 

human reference genome using GSNAP3 .   

 

  

ftp://ftp.gmi.ac.kr/pub/GFP/
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(2) Estimation of tumor heterogeneity  

 

To estimate tumor heterogeneity of liver metastatic lung cancer of AK55, we used 

read counts for 8 somatic SNVs identified (Supplemental Table 1). Because those 

SNPs qualified following conservative criteria for somatic SNVs (described in 

METHODS), we regarded those SNVs as existing in the major subclone of the 

metastatic cancer. In addition, we regarded all of them as heterozygotes in the 

subclone, since they are not driver mutations and are highly unlikely to be 

homozygote.  

 

In the 8 somatic SNVs, combined read-counts for SNV and wildtype allele were 67 

and 206, respectively (Total = 273).  

 

As shown in Supplemental Figure 1, read-allele frequencies of heterozygote SNVs 

showed a distribution clustered around 0.5. Their upper and lower boundaries were 

approximately 0.15 and 0.85. Given the fact that the above somatic SNVs are in 

heterozygotes, we expect that ~ 67 wildtype-reads originated from the cancer clone. 

Therefore, out of a total 273 reads, 134 reads (67 x 2) were from a major subclone. 

As a result, we may estimate that 49.1 % of our sample of liver metastatic lung 

cancer tissues was major subclone. Considering the upper and lower boundaries of 

the distribution (0.15 and 0.85), the possible percentage ranges from 28.8 % to 

100%. 

 

Regarding the KIF5B-RET fusion gene, we found 8 reads and 6 reads supporting the 

inversion and normal chromosome structure respectively from the whole-genome 

sequence of liver metastatic lung adenocarcinoma of AK55. By applying the same 

strategies, we calculate that this fusion gene originates from 67.7 % - 100 % of liver 

metastatic lung cancer tissue. Although the total number of reads (8 + 6 = 14) may 

not be sufficient for great precision, we conclude that the fusion gene exists at least 

in the major subclone of the metastatic cancer tissues. 
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B. Supplemental Tables 

 

Supplemental Table 1. A full list of 10,390 non-synonymous SNVs identified from the whole-

genome sequence of liver metastatic lung cancer tissue of AK55. 

 

SuppTable_1_nsSNVs_liverMets.xls 

 

Depicted below is a preview of the full table. 
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Supplemental Table 2. A full list of 334 CDS indels identified from the whole-genome 

sequence of liver metastatic lung cancer tissue of AK55. 

 

SuppTable_2_CDSindels_liverMets.xls 

 

Depicted below is a preview of the full table. 
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Supplemental Table 3. A full list of 70 CDS large deletion candidates identified from the 

whole-genome sequence of liver metastatic lung cancer tissue of AK55.  

 

SuppTable_3_CDSCNloss_LivMets.xls 

 

Depicted below is a preview of the full table. 
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Supplemental Table 4. A full list of 10 RNA editing candidates identified from the whole-

genome and transcriptome sequence of liver metastatic lung cancer tissue of AK55. 

 

 

 

  

chr pos ref var
Genome (LivMets)

var_count

Genome (LivMets)

total_RD

RNA

wt_count

RNA

var_count
annotation wt_AA var_AA

chr1 62725668 T C 0 25 0 28 CDS:DOCK7 T A

chr3 44587690 A G 0 29 8 13 CDS:ZNF167:Intron:ZNF167 "T"D G

chr3 185044746 T C 0 32 52 17 CDS:PARL M V

chr5 171270237 T C 0 23 42 12 CDS:FBXW11 H R

chr10 59656822 T C 0 30 11 17 CDS:IPMK T A

chr11 1007466 T C 0 60 22 10 CDS:MUC6 R G

chr11 113182423 T C 0 37 0 14 CDS:USP28 K E

chr15 73433139 A G 0 20 2 17 CDS:NEIL1 K R

chr19 8867764 T C 0 31 2 13 CDS:MUC16 T A

chr19 11838035 A G 0 24 10 15 CDS:ZNF439 K E
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Supplemental Table 5. Full list of 52 fusion genes from transcriptome sequencing. 
 
 
 

Category Index 
Donor  
gene 

Acceptor 
gene 

Chr 
Distance 

(Mb) 

Number of 
discordant 

reads 

Number 
of 

spanning 
reads 

Evidence in 
whole-genome 

sequence 

Intra-
chromosomal         

 
1 KIF5B RET chr10 10.580 34 60 YES (inversion) 

 
2 KIF5B KIAA1462 chr10 1.970 4 4 - 

 
3 EEF1DP3 FRY chr13 0.133 3 5 - 

 
4 RPS6KB1 TMEM49 chr17 0.097 4 31 - 

 
5 HACL1 COLQ chr3 0.075 3 4 - 

 
6 TMEM56 RWDD3 chr1 0.073 4 11 - 

 
7 FAM18B2 CDRT4 chr17 0.065 4 29 - 

 
8 CTBS GNG5 chr1 0.065 6 27 - 

 
9 METTL10 FAM53B chr10 0.054 2 4 - 

 
10 AZGP1 GJC3 chr7 0.048 5 15 - 

 
11 NKX2-1 SFTA3 chr14 0.046 3 7 - 

 
12 ADSL SGSM3 chr22 0.036 5 6 - 

 
13 ART4 C12orf69 chr12 0.034 3 4 - 

 
14 LOC100131434 IDS chrX 0.031 2 11 - 

 
15 LOC100130093 SNAP47 chr1 0.030 2 2 - 

 
16 C15orf57 MRPL42P5 chr15 0.025 2 7 - 

 
17 MIA2 CTAGE5 chr14 0.024 30 102 - 

 
18 SH3D20 ARHGAP27 chr17 0.024 2 10 - 

 
19 RBM14 RBM4 chr11 0.023 16 24 - 

 
20 GOLT1A KISS1 chr1 0.021 3 2 - 

 
21 CLCF1 POLD4 chr11 0.021 2 4 - 

 
22 SLC43A3 PRG2 chr11 0.020 13 35 - 

 
23 PRKAA1 TTC33 chr5 0.018 2 4 - 

 
24 BMS1P4 AGAP5 chr10 0.016 2 3 - 

 
25 NOS1AP C1orf226 chr1 0.015 3 16 - 

 
26 MFSD7 ATP5I chr4 0.014 3 9 - 

 
27 SCNN1A TNFRSF1A chr12 0.014 15 42 - 

 
28 OSGIN1 NECAB2 chr16 0.013 3 10 - 

 
29 VAMP8 VAMP5 chr2 0.011 4 8 - 

 
30 NDUFB8 SEC31B chr10 0.010 4 4 - 

 
31 C6orf47 BAT3 chr6 0.009 2 8 - 

 
32 SEC14L4 SDC4P chr22 0.008 3 2 - 
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33 WDR81 SERPINF2 chr17 0.007 5 30 - 

 
34 ARPC4 TTLL3 chr3 0.007 11 12 - 

 
35 PMF1 BGLAP chr1 0.007 3 6 - 

 
36 ANKRD39 ANKRD23 chr2 0.006 7 14 - 

 
37 CTSD LOC402778 chr11 0.006 6 31 - 

 
38 ARL6IP1 RPS15A chr16 0.006 4 7 - 

 
39 ADCK4 NUMBL chr19 0.005 2 4 - 

 
40 ZNF606 C19orf18 chr19 0.005 2 6 - 

 
41 ORMDL3 GSDMB chr17 0.004 3 2 - 

 
42 FCN3 MAP3K6 chr1 0.004 4 2 - 

 
43 PLEKHM1P LOC146880 chr17 0.004 4 11 - 

 
44 APOC4 APOC2 chr19 0.003 4 6 - 

 
45 HARS2 ZMAT2 chr5 0.003 5 6 - 

 
46 COL7A1 UCN2 chr3 0.002 3 14 - 

 
47 NLRP1 LOC728392 chr17 0.002 2 2 - 

 
48 C17orf106 CDK3 chr17 0.001 3 9 - 

 
49 TAP1 PSMB8 chr6 0.001 2 14 - 

 
50 CCDC142 MRPL53 chr2 0.000 5 7 - 

  51 APBB3 SRA1 chr5 0.000 6 5 - 

Inter-
chromosomal         

  52 RSPO1 HP chr16;chr1 - 2 3 - 
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Supplemental Table 6. A full list of expression levels of human genes identified from the 

transcriptome sequencing of cancer tissues of AK55, LC_S1 - S5.  

 

SuppTable_6_expression_levels.xls 

 

Depicted below is a preview of the full table. 

 

 

 

[Exon-by-exon RET expression among 6 samples] 
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Supplemental Table 7. Summary statistics of transcriptome sequencing from primary lung 

adenocarcinoma tissues of LC_S1 - S5.  

 

   

Sample # of total reads # of aligned reads Read length
Total throughput

(aligned)
aligned %

LC_S1 71,707,630 52,378,115 2 x 101 bp 5,290,189,615 73.04

LC_S2 89,309,594 66,196,831 2 x 101 bp 6,685,879,931 74.12

LC_S3 104,898,166 78,419,618 2 x 101 bp 7,920,381,418 74.76

LC_S4 96,843,482 70,747,235 2 x 101 bp 7,145,470,735 73.05

LC_S5 92,899,066 69,604,137 2 x 101 bp 7,030,017,837 74.92



16 

 

C. Supplemental Figures 

 
 

Supplemental Figure 1. Distribution of read-allele frequency (count of SNV reads / (count of 

SNV + wildtype reads)) in the whole-genome sequencing of liver metastatic lung cancer 

tissue of AK55.  

 

We selected 235,706 autosomal SNVs, which were known in dbSNP 130 and which we had 

observed at minor allele frequency = 50 % from whole-genome sequencing of 10 Koreans4. 

Assuming Hardy-Weinberg equilibrium in AK55, we would then expect to find 25% of the loci 

to be homozygotic SNV, 25% to be homozygotic wildtype, and 50% heterozygotic. 
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Supplemental Figure 2. Comparison of read-depth of whole-genome sequence for 70 CDS 

large deletion candidates from liver metastatic lung cancer tissue and blood. 

 
SuppFigure_2_CDSlargedeletion_candidates.pdf 

 

Depicted below is a preview of the full figures.  

 

5’ and 3’ flanking regions were shown with large deletion candidate regions. The boundaries 

of large deletions are shown by green vertical lines. Blue line; read-depth of liver metastatic 

lung cancer tissue of AK55 (normalized to 25ⅹ). Black line; read-depth of blood of AK55 

(normalized to 25ⅹ). No somatic large deletion was identified in this analysis. 
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Supplemental Figure 3. Identification of breakpoint of the KIF5B-RET fusion gene in LC_S6 

using Sanger sequencing. 
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Supplemental Figure 4. RET expression levels in lung adenocarcinomas deposited in TCGA.  

 

We analyzed the expression microarray data of 32 lung adenocarcinomas in the TCGA 

project. Of these, 3 samples showed clear over-expression of RET. These data cannot 

confirm that the KIF5B-RET fusion gene exists in the cancer genome of those 3 samples. 

However, the data clearly show that there is a subset of lung cancers, where RET proto-

oncogene is highly expressed. 
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Supplemental Figure 5. Schematic diagram representing the “Spurious Reads”. 
 

 
 

 

 

 

 

Supplemental Figure 6. Schematic diagram representing the “Stacked/ladder-like pattern”. 
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