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Supplementary Information 

 

I. Cancer samples analyzed in this study 

 

See also Supplementary Figure 1. 

 

We collected 200 fresh surgical specimens of primary lung adenocarcinoma from patients 

who underwent lobectomy at Seoul National University Hospital (n=164; from 2010 to 

September 2011) and Seoul St. Mary’s Hospital (n=36; samples deposited in tissue bank 

from 2009). Twenty patients from our previous report were included in this cohort1. For each 

patient, we recorded diagnosis, gender, cancer stage and smoking status (Supplementary 

Table 1). 

We performed screening genetic tests for three well-known driver mutations (exon 18-21 of 

EGFR (n=164), exon 2 of KRAS (n=37); and EML4-ALK fusion genes (n=163) (see 

Methods). Of the 200 cancer tissues, 110 tissues were positive for somatic mutations in one 

of EGFR (n=99), KRAS (n=6) and EML4-ALK (n=7), with two double-positive samples (1 

EGFR+KRAS+ and 1 EGFR+EML4-ALK+). Driver mutations in the remaining 90 samples 

were unknown. 

We targeted these 90 samples for RNA sequencing. Excluding 3 samples which did not pass 

the RNA quality control, we obtained mRNA sequences from 87 lung adenocarcinomas. 

When available, we performed transcriptome (n=77) and whole-exome (n=76) sequencing of 

adjacent normal lung tissues for comparison between cancer and normal tissues 

(Supplementary Table 1 and 2). 
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II. Gene expression analyses 

 

Using the RNA short-read data, we calculated expression levels for all currently known 

RefSeq genes (n=36,742; n=22,427 with redundant genes collapsed) in RPKM units2 

(Supplementary Table 10). The gene expression profiles are also available at our cancer-

expression browser (http://gene.gmi.ac.kr/index.html). Of these 22,427 genes, we found 

evidence for active transcription (average expression level > 1 RPKM) of 14,740 and 14,076 

genes in the cancer and paired-normal tissues, respectively. 

Hierarchical clustering analysis of 3,051 genes for which expression levels showed 

significant variance among the 164 samples categorized the genes into three subgroups: a 

group with generally increased abundance in cancer (Subgroup 1; n=1,031), generally 

decreased abundance in cancer (Subgroup 2; n=1,232) and mixed expression patterns 

(Subgroup 3; n=614) (Supplementary Figure 10; Supplementary Table 14). These genes 

clearly differentiate cancer from normal tissues. As expected, group 2 included many genes 

related to normal lung function, such as surfactant genes (e.g. SFTPA1). 

To identify a subset of genes, which are extremely highly expressed not generally but 

exclusively in a small number of cancer tissues only (which could be undetected by the 

hierarchical clustering), we performed outlier analyses. We detected a total of 6,719 cancer 

outlier genes (COGs) from 87 cancer tissues (Supplementary Table 11). We narrowed this 

list down to more functionally relevant genes (Supplementary Figure 11), such as GUCY2C, 

CDX2, HMGA2, ERN2 and PAX7, by comparing them with 934 putative cancer related 

genes (union of 462 genes deposited in COSMIC3 v57 and 515 protein kinase genes4). Of 

these, RET protein tyrosine kinase (3rd strongest COG among protein kinases) was 

especially interesting, since fusion of this gene with KIF5B was recently identified as a 

transforming driver mutation in lung adenocarcinoma1. Of 87 cancer tissues, nine (10.3%) 

showed clear RET expression as expected1. Of these, five cancers expressed RET tyrosine 

kinase without evident fusion events. 



6 
 

III. Statistical power of this study for fusion gene detection 

 

To calculate statistical power, we applied a simple binomial model. For example, when the 

frequency of any specific transforming fusion gene in lung adenocarcinoma is 0.015 

(p=0.015), the probability that the fusion gene is not included in our cohort (n=200) can be 

calculated as follows: 

 

Probability (# of specimens with the fusion gene (r) = 0) 

 = nCr x pr x (1-p)(n-r) 
 = 200C0 x (0.015)0 x (0.985)200 
 = 0.0487 
 

Therefore, we expect the probability that the fusion gene is included in our cohort is 

approximately 95.1%. 

 Power  = 1 – P  
= 1 – 0.0487  
= 0.9513 
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Supplementary Figures 

 

Supplementary Figure 1. Schematic flow chart summarizing this study. 
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Supplementary Figure 2. Number of somatic point mutations for each lung cancer 

specimen. 

 

 

 



9 
 

Supplementary Figure 3. Specific gene expression patterns which support the existence of 

ALK, RET, ROS1 and PDGFRA fusion genes in a cancer tissue. 

 

(a) EML4-ALK 

 
(b) KIF5B-RET  

 
(c) ROS1 fusions 

 
(d) SCAF11-PDGFRA 
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Supplementary Figure 4. Examples of fusion gene validation by cDNA PCR and Sanger 

sequencing. 

 

(a) AXL-MBIP 

 

 

(b) FGFR2-CIT 

 

 

(c) SCAF11-PDGFRA 

 

 

  



11 
 

Supplementary Figure 5. Recurrent skipping of exon 9 in the FBLN2 tumor suppressor 

gene in lung adenocarcinoma. 
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Supplementary Figure 6. The amount of smoking and number of somatic point mutations in 

lung cancer. 

 

We split smokers into two-groups (heavy- and light-smokers) using a cutoff of 40 pack-years. 
Heavy-smokers harbored significantly more somatic point mutations than light-smokers and 
never-smokers (on average, 102.5, 31.3 and 20.6 somatic point mutations were detected 
from the cancer genomes of heavy-smokers, light-smokers and never-smokers, respectively). 
Of the 40 smokers studied, the information on the amount of smoking (pack year) was 
available for 23 cancer patients. 
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Supplementary Figure 7. Expression profiles of 87 lung adenocarcinomas compared to 

averaged gene expression levels of 77 adjacent paired normal tissues. 

 

Seo_SuppFig7A.pdf 
Seo_SuppFig7B.pdf 
Seo_SuppFig7C.pdf 
Seo_SuppFig7D.pdf 
Seo_SuppFig7E.pdf 
 

Depicted below is a preview of the full version. 
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Supplementary Figure 8. Relative expression of genes (Z-score) for 87 lung 

adenocarcinomas. 

 

Seo_SuppFig8A.pdf 
Seo_SuppFig8B.pdf 
Seo_SuppFig8C.pdf 
Seo_SuppFig8D.pdf 
Seo_SuppFig8E.pdf 
Seo_SuppFig8F.pdf 
Seo_SuppFig8G.pdf 
Seo_SuppFig8H.pdf 
Seo_SuppFig8I.pdf 
 

Depicted below is a preview of the full version. 

 

 



15 
 

Supplementary Figure 9. Distribution of read-allele frequency of somatic SNVs identified 

from 87 lung adenocarcinomas for estimating tumor purity. 

 

We calculated read-allele frequency (RAF) of cancer RNA sequencing for somatic SNVs. Of 
the 4,607 somatic SNVs identified, we assessed 4,283 SNVs with sufficient read-depth 
(>=10) to calculate RAFs with accuracy. The median RAF is 0.40, which suggests that the 
approximate purity of the major cancer clone is ~ 80%. For detailed calculations, please see 
Supplemental Methods #2, Ju YS et al., Genome Research (2012) 22(3): 436-45 (Ref. 1). 
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Supplementary Figure 10. Difference of global gene expression levels between primary 

lung adenocarcinomas (n=87) and adjacent paired-normal tissues (n=77). Vertical bar: 

Increased abundance in cancer (red; Cancer-up); decreased abundance in cancer (green; 

Cancer-down); and mixed patterns (orange). Horizontal bar: lung adenocarcinomas (red); 

paired-normal tissues (blue). 
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Supplementary Figure 11. Selected cancer outlier genes (COGs) by outlier score among 

protein kinases and genes deposited in COSMIC database. The number in the brackets 

shows the number of cancer specimens (out of 87 specimens), which carry the gene as an 

expression outlier. 
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Supplementary Tables 

 

Supplementary Table 1. The clinical and mutational information of 200 lung 

adenocarcinoma patients enrolled in this study. 

 

 Seo_SuppTable1_r.xls 

 

Depicted below is a preview of the full version. 
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Supplementary Table 2. Summary statistics of massively parallel sequencing experiments 

performed in this study. 

 

 Seo_SuppTable2.xls 

 

Depicted below is a preview of the full version. 
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Supplementary Table 3. List of somatic non-synonymous and coding short-indel mutations 

identified from transcriptome sequencing of 87 lung adenocarcinomas. 

 

 Seo_SuppTable3.xls 

 

There are three spreadsheets inside, for somatic non-synonymous mutations, CDS short-
indel mutations and gene-based dataset.  
 

Depicted below is a preview of the full version. 
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Supplementary Table 4. The accuracy of somatic point mutation detection. 

 

The cancer whole-exomes of patient LC_C5 and LC_C21 were sequenced to estimate the 
accuracy of RNA-seq in the detection of somatic point mutations. We concluded that somatic 
mutations were validated when >=1 read supporting the corresponding mutant allele was 
detected in the exome sequences. Somatic mutations include somatic SNVs and indels. The 
numbers in parenthesis are for somatic indels.  
 

Specimens 
# Somatic 

mutations 

# somatic mutations 

covered >= 1 x 

in cancer exome seq 

Validated Rate 

LC_C5 
29 

(3) 

28 

(3) 

24 

(2) 

85.7% 

(66.6%) 

LC_C21 
258 

(5) 

252 

(5) 

226 

(4) 

89.6% 

(80%) 

Total 
287 

(8) 

280 

(8) 

250 

(6) 

89.2% 

(75.0%) 
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Supplementary Table 5. Mutual exclusivity and concurrence of cancer specific alterations. 

 

Every cancer alteration (somatic point mutations, fusion genes (fusions) and MET ES (exon 
skipping) in Figure 1 was considered in this testing 
 

 Seo_SuppTable5_new.xls 

 

Depicted below is a preview of the full version. 
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Supplementary Table 6. List of 45 fusion genes identified from transcriptome sequencing of 

87 lung adenocarcinomas. 

 

 Seo_SuppTable6_r.xls 

 

Depicted below is a preview of the full version. 
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Supplementary Table 7. List of 43 pairs of primers used for PCR and Sanger sequencing 

validation of fusion genes. 

 

 Seo_SuppTable7_r.xls 

 

Depicted below is a preview of the full version. 
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Supplementary Table 8. Mutually exclusivity of protein tyrosine kinase fusion genes and 

MET exon 14 skipping with known driver mutations of lung adenocarcinomas. 

 

 

 

--- Note ---  

 

PTK; protein tyrosine kinase 

* Canonical point driver mutations 

Total 47 specimens. 
EGFR (22), KRAS (18), NRAS (3), BRAF (1), MET (1), CTNNB1 (1), PIK3CA alone (1) 

** Canonical driver mutations 

Total 53 specimens 
Canonical point driver mutations (47), EML4-ALK (1), KIF5B-RET (3), CD74-ROS1 (1) 

and SLC34A2-ROS1 (1) 
 

  



26 
 

Supplementary Table 9. List of 17 recurrent exon-skipping events identified from 

transcriptome sequencing of 87 lung adenocarcinomas. 

 

 Seo_SuppTable9.xls 

 

Depicted below is a preview of the full version. 
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Supplementary Table 10. Expression map of 87 cancer and 77 adjacent paired-normal 

tissues represented in RPKM values on all reference genes. 

 

 Seo_SuppTable10.xls 

 

There are two spreadsheets inside, for gene expression levels of cancers and normal 
tissues.. 
 

Depicted below is a preview of the full version. 
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Supplementary Table 11. List of 6,719 cancer outlier genes (COGs) identified from 

transcriptome sequencing of 87 lung adenocarcinomas and 77 adjacent paired-normal 

tissues. 

 

 Seo_SuppTable11.xls 

 

Depicted below is a preview of the full version. 
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Supplementary Table 12. Correlation between the lymph node metastasis and somatic mutations 

in primary lung cancer tissues. 

* Driver mutations: canonical point mutations (n=47; EGFR, KRAS, NRAS, PIK3CA, BRAF, MET, CTNNB1), 
protein tyrosine kinase fusion genes (n=10; EML4-ALK, KIF5B-RET, ROS1 fusions, FGFR2-CIT, AXL-MBIP, 
SCAF11-PDGFRA) and MET exon 14 skipping (n=3) 
 

(a) Between cancer tissues with and without canonical driver mutations 

 with LN mets No LN mets Subtotals 
Driver known cancers 

(proportion) 
15 

(0.250) 
45 

(0.750) 60 

Driver unknown cancers 
(proportion) 

3 
(0.111) 

24 
(0.889) 27 

Subtotals 18 69 87 
Chi-square p-value = 0.2327 

<Logistic regression> 
 
LN Mets and TP53 mutation, Driver mutation, Age, Gender, Smoking, Cancer Stage  
 
Factors Estimate Std. Error z-value P-value 
TP53 mutation 1.85618 1.05337 1.762 0.07847 
Driver mutation 1.49805 1.05577 1.419 0.155925 
Age 0.05830 0.05720 1.019 0.308099 
Gender 0.05053 1.17829 0.043 0.965797 
Smoking 1.26906 1.22444 1.036 0.300000 
Cancer stage 2.69636 0.73290 3.679 0.000234 
(intercept) -13.13204 5.47495 -2.399 0.016459 
 
 

(b) Between cancer tissues with a combination of canonical driver and TP53 mutations and 

other groups 

 with LN mets No LN mets Subtotals 
Cancers with driver and 

TP53 mutations 
(proportion) 

7 
(0.438) 

9 
(0.563) 16 

Others 
(proportion) 

11 
(0.155) 

60 
(0.845) 71 

Subtotals 18 69 87 
Chi-square p-value = 0.012 

<Logistic regression> 
 
LN Mets and (TP53 mutation x Driver mutation), Age, Gender, Smoking, Cancer Stage  
 
Factors Estimate Std. Error z-value P-value 
Driver x TP53 mut. 2.82963 1.18588 2.386 0.017028 
Age 0.05838 0.05910 0.988 0.323172 
Gender -0.17579 1.16010 -0.152 0.879560 
Smoking 1.52051 1.26227 1.205 0.228363 
Cancer stage 2.61576 0.69802 3.747 0.000179 
(intercept) -12.04942 5.12642 -2.350 0.0118751 
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Supplementary Table 13. List of specific aberrations of note for 25 cancer tissues which do 

not harbor canonical driver mutations. 

 

Seo_SuppTable13_r.xls 

 

Depicted below is a preview of the full version 
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Supplementary Table 14. Three subgroups of genes in differentially expressed gene 

analysis. 

 

 Seo_SuppTable14.xls 

 

There are three spreadsheets inside, for increased abundance in cancers (Cancer-UP), 
decreased abundance in cancers (Cancer-DOWN) and mixed patterns. 
 

Depicted below is a preview of the full version. 
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