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( SUMMARY )

Purpose&
Contents

<Final goals>

According to the genomic context as well as cancer types, this project develop tools
on the cloud computing platform, it can analyze cancer omics data precisely. And,
the developed tools are opened to the nationwide researchers worked on cancer
research institute or hospitals.

(1) Development of omics data analysis algorithms according to cancer types

(2) Implementation of omics data analysis system worked on cloud computing
environment

(3) Development of data exchange standard considering the characteristics of
cancer specific variants

<Contents>

- Design and implementation of an analysis method or system which can analyze
cancer-specific omics data precisely and efficiently.

- Providing the analysis system developed on a hadoop based platform to
researchers of National Cancer Center.

<Methods>

- Development of an precise algorithm which can analyze the cancer-specific omics
data such as whole genome whole sequencing and
transcriptome sequencing.

- Development of parallel computational processing and clustered storage on cloud
computing environment.

sequencing, exome

Results

Ach./Exp. Ratio(%)

# of SCI papers 2/1 100

Impact Factors 61.792/4 100
ETC 2 Patents

Expected
Contribution

- The developed methods in first year of this project could be participated to an
analysis pipeline of clinical trials of National Cancer Center.

- After last base exon mutations, which occurred to an abnormal splicing including
intron retention or exon skipping, were validated to cancer patients, there are
expected to apply to cancer diagnosis parts of National Cancer Center.

Keywords

Cloud
Computing
System

Hadoop
File
System

Next
Generation
Sequencing

Cancer-specif
ic omics data

analysis

Data
exchange
standard
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TP53 (chr17 : 7579312)

LUSC : TCGA-60-2712
(C=A, silent mutation)
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(C > G, silent mutation)
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THGAAGCECAGCCCCTCAGIOGEARCTGACCOTGCAAGTCAGRGACT T

72 1. Last Base Exon Mutationo]A]9] abnormal splicing AH]|
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Abstract

Abstract » References - Author information « Supplementary information

A substantial fraction of disease-causing mutations are pathogenic through aberrant splicing.
Although genome profiling studies have identified somatic single-nucleotide variants (SNVs) in
cancer, the extent to which these variants trigger abnormal splicing has not been systematically
examined. Here we analyzed RNA sequencing and exome data from 1,812 patients with cancer
and identified ~900 somatic exonic SNV's that disrupt splicing. At least 163 SNVs, including 31
synonymous ones, were shown to cause intron retention or exon skipping in an allele-specific
manner, with ~70% of the SNVs occurring on the last base of exons. Notably, SNVs causing intron
retention were enriched in tumor suppressors. and 97% of these SNVs generated a premature
termination codon, leading to loss of function through nonsense-mediated decay or truncated
protein. We also characterized the genomic features prediciive of such splicing defects. Overall,
this work demonstrates that intron retention is a common mechanism of tumor-suppressor
inactivation.
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Melo] HedS =0]7] st A2 1XPA =0 somatic point mutation®] ©A] A] d
B oA 523 point mutationo] AAE £ Q= FAIAS dZdt= APJEE 1
7 d

30l
7t 2ol Apstol 374 (11,

| estar-ncc.org

Home CSTAR Documentation Contact

About the project

We have developed the software tool CSTAR (Cancer genome Sequencing Tool to Acquire Reliable somatic point mutations) to implement our proposed
comprehensive SNP solution including a cancer-associated SNP filtering step . To take recurrent and functional information into account, we suggest rescuing cancer-
associated SNPs by considering the number of somatic mutations, the number of somatic mutations along the entire gene, and the number of in silica tools predicting
damage Far the user's purpose. The proposed approach also rescues non-silent SNPs flagged as 'dlinically associated” or catalogued by genome-wide association
study (GWAS). This recommended approach will allow researchers ta quickly filter out polymarphisms in SNFP databases while keeping recurrent and functional CS-SNPs

for valuable further analysis

Citation News

Jung H eral, ic i igation of canc iated somatic point mutations  [27. Feb. 2013] CSTAR Knowledge D8 has been updated.

in SNP databases, Nawre Siotechnalogy, 2013 CSTAR D 2d on ha19, dbSNP137, and COSMIC vB3
[24 Oct CSTAR Knowledge DE was built

CSTAR DB is based an hgl 9, dbSNP135, and COSMIC v&E0
{24 Oct. 2012] The paper of CSTAR has been submitted

323 lisan-ro, lisandong-gu, Goyang-si Gyeonggi-do, 410-769, Republic of Korea

a8 7. 1APAE A A ARIC] AFEAL QIE|Ho] A

@ 1AHEE TAOIA PEE AASle T3 89 ALgAl UEEHoAS o gstel AARIS 3
sk 2~ 9le  VCF (Variant Call Format), MAF (Mutation Annotation Format),
Tab-delimited T3 UHoz wotzd 4 lon, 4 Hojgls 1™ 99 o]
Chromosome ¥ 39 genomic position® =4 A H(mandatory information)2t

sample name 9] optional 4 S0z L= 4 9l

[ cstar-nec.org

;L
. m Home CSTAR Documentation Contact

Input file Options
8= # of wmor samples supporting mutation. = §
ustam (tab-delimitad) # of mutations in gene = 0
pacify calumn numbers (first is 0) # of tools predicting damage (0-4) = 3
Chromaosome: ]
Pasitoin 1
Sample name: x

§ Sample data download: [ VCF], [ M&F ], [ Tab—delimited 1
Source of the sample dzra: Noi

RUN

323 lisan-ro, lisandong-gu, Goyang-si Gyeonggi-do, 410769, Republic of Korea
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##source=TCGARCRC J
##reference=GRCh37T J
##fileDate=20130301 J
##INFO=<ID=GENE , Number=1, Type=3tring, Description="Gene name"> |
##INFO=<ID=5TRAND, Number=1, Type=5tring, Description="Gene strand">,|
##INFO=<ID=CDS5,Number=1,Type=5tring, Description="CDS annotation">
##INFO=<ID=AR, Number=1, Type=String, Description="Peptide annotation">
#CHRCM POS ID REF ALT QUAL FILTER INFC

6 148854014 0833-10 C CT GENE=S5ASH1 ; STRAND=+;CD5=c.C1646T ;AA=p.P549L J
4126373784 0833-10 C CG GENE=FAT4;STRAND=+;CD5S=c.C11613G;AA=p.C3E7TiW J
18 2591237188 0995-10 G A GENE=DSG2 ; STRAND=+;CDS=c.G1912A ;AR=p.G63ER |
17 7577539 08585-10 G A GENE=TP53; 3TREND=+;CDS=c.C742T;RA=p.R24EW |

8 13813358 0833-10 C AC GENE=LPL; STRAND=+; CD5=c.C783A; A&=p. D261E |

11 57185284 0833-10 C CT
11 68825058 0833-10 G AG
4 88989151 0833-10 G AG

9 140510176 0833-10 G AG .
17 10354747 0833-10 C CT
11 4535954 0831-10 C AC

1 70505051 0831-10 G AG

GENE=TPCN2;STRAND=+; CD5=c.G442A;Al=p.G148R J
GENE=FKD2; STRRND=+; CD5=c.G25004; ARh=p.VE34T |
GENE=CS0rf37;5TRAND=+; CD5=c.C4 76T ;AA=p.A153V |

GENE=MYH4: STRAND=+; CD5:
GENE=CR51G2; STRAND=+; CD5=c.GR00T ;AR=p.K300N |
GENE=LRRCT; STREND=+; CD5=c.G3430A; Ah=p. 511445

17 7577121 0831-10 G AG GENE=TP53;5TRAND=+;CDS=c.C817T;2&=p.R273C

7 44746970 0833-10 A AG . GENE=CGDH ; STRAND=+;CDS=c.A2T779G; AR=p. 1927V |

20 37650518 0833-10 G BG GENE=DHX35;5TRAND=+; CD5=c.G1441A;AR=p 2431T |
17 40998087 0833-10 C CT GENE=AOC2; STRRND=+; CDS=c.C1444T; ARh=p.R482W

2 9. VCF FEfe] 42 o of

and E: # from preprocessed COSMIC databases

PolyPhen?2, MutationAssessor, Phylop £9] functional expectation =72 Y

DR D

Result-1 : Cancer-associated SNF List

-G3761lA;AA=p.R1254H |

GENE=5LC43R3; STRAND=+; CD5=c.GE808A;AR=p . R203H |
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- Iog(0.01)
2

Enrichment
-log (P-value)

Cancer
dominant genes
(n=293)

GO genes
(n=884)

Enrichment

2 =
1
0
Cancer
recessive genes
(n=91)

Stop genes

(n=208)

[ Intron retention

1. LBEMSs (n=53) 2. Exonic SNVs (n=70)
3. Splice site SNVs (n=211)

[ Exon skipping
1. LBEMs (n=54) 2. Exonic SNVs (n=139)

[ Normal splicing
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- log(0.01)
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genes
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@ A3 A= “Intron retention is a widespread mechanism of tumor suppressors
inactivation”9] A2 0 2 Nature Genetics (IF: 29.352)0] &3t [2].
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ALDH Inhibition Combined with -
Phenformin Reverses Tumor Growth by %( 1%5)% Cig(;egggell submit gé)'% 1410675
Energy Depletion in NSCLC ©° :
The
Clinical implications of NRGI fusion in =
invasive mucinous adenocarcinoma of the | <, ;_%5% Phgrmacogen submit =9 ge
lung (3%)  |omics Journal SCI
(5.513)
HNF4o is a therapeutic target that links =
AMPK to WNT signaling in early-stage %(;_%5% 1 ,fgtl 0 2014 R e
gastric cancer [3] ©° (13.
Cancer
Transglutaminase 2 inhibitor Abrogated - Research and .
Renal Cell Carcinoma in Xenograft Model ° 1%5% Clinical 20,14’ 29 e
A (F%) 140(5):757-67 | SCI
[4] Oncology
(3.009)
G
Genomic profile analysis of diffuse-type 2 =9 B(iecr)llc;me 2014; =9 010
gastric cancers [5] (%) gy 15(4):R55 SCI we
(10.465)
PATHOME: an algorithm for accurately - .
detecting differentially expressed A 1%5% Oncogene 29 14: 29 ae
subpathways [6] (55) (8.559) | 33(41):4941-51 | SCI

® “HNF4a is a therapeutic target that links AMPK to WNT signaling in early-stage
gastric cancer”, Gut (IF: 13.319), 2014. [3].

: 0]71%9] sequencing instrumentsoj A AJ/dst A4 Hojge] &4 (I 14)

Z

Pataset Ethnic Group Comparison Group Measurement Platform Gene No.

4

HCGA (22) Caucasian 29 paired tumor and non-tumor | Illumina Hiseq | 27,608

g | |

éiho et al. (21) Korean 65 tumor vs. 19 non-tumor lllumina Human WG-6 v3.0 25,235
rean mor vs. 6 non-tumor iD Single-rea A-5eq 88

Hm et al. {20) Ko 24 tu [ tu SOLID Singl d RNA-s 18,890

L

}%iis study Caucasian 22 paired tumor and non-tumor  S0LID Paired-end RMNA-seq 15,987

T

T3 14 T4 24 dolg

® “Transglutaminase 2 inhibitor Abrogated Renal Cell Carcinoma in Xenograft
Model”, Journal of Cancer Research and Clinical Oncology (IF: 3.009),
140(5):757-767 [4]
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Fig.1 E changes for 2 gene. a Differ
ences in expression of transglutaminase (TGased 2 gene in 23 nor-
mal kidney tissue samples and 23 clear eell renal cell carcinom
(ceRCC) samples. (on o logd seale). The statistical significance of
the differcnce between nomal kidneys and ocRCCs had a p value
of 7.83c=10. b Distribution of the expression between normul kid-
ney group and 26 clear cell renal cell carcinoma samples (on a log2
scafe). The statistical significance of the difference between normal
kidneys and ccRCCs had 4 p value of 1.71e—9

T3 15. ccRCCOA9] SAAL 2&

U

® PATHOME: an algorithm for accurately detecting differentially expressed
subpathways: Oncogene (8.559), 2014 [6].

: Q9 glolE 9] transcriptome-wide expression data &2] (™ 16)

Table 1. Summary of gastric cancer-related transcriptome-wide

expression data sets used in this study

Data set Ethnic Comparison group  Profiling platform

group

GSE13861™  Korean 85 Tumor vs lllumina Human
19 non-tumor WG-6 v3.0

GSE15081"° Japanese 18 Relapse vs Human Oligo Chip
38 relapse-free 30K

GSE36068"  Korean 24 Tumor vs SOLID Single-read
& non-tumor RMA-seq

GSE27342"  Chinese B0 Tumor vs Affymetrix Human
80 non-tumor Exon 1.0 5T array

a3 16. 459 B golEoA 9] T 74



@ “Clinical implications of NRG1 fusion in invasive mucinous adenocarcinoma of
the lung”, The Pharmacogenomics Journal, submitted.
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2 17. NRG1-SLC3A2 gene fusion

(® "ALDH Inhibition Combined with Phenformin Reverses Tumor Growth by Energy Depletion in
NSCLC”, Cancer Cell (IF: 27.238), submit.
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Wit Samsung Launches Genome Analysis Service, Offers Free Genome
@ Web Symposia
g e somee s i e with an Electronic
Lab Notebook
s Fanar August 23, 2041 | Samsung SDS is launching
:3 : R" s beta testing of its new nex generation
pecial Repol sequencing data analysis senvice beginning
[ Fubication & September 1 The Samsung SDS Genome AEAD ELN
=0 ehiewsietier archive Data Analysis Senice will provide analysis: > CAdE Fruoy
RSS Faeds senvices for whole genome sequencing and
RNASeq for both Life Technologies and
o llumina sequencers. The service will be in beta
1] About Us 1esling mode from September to November and [

will be offering free genoma analysis (one
genome per researcher) during the testing
phase

The sanvice will be Cloud-based, with all
analysis being done on the Samsung doud in
Korea Users can either upload their data. of
send a hard diive. “The customer will be
actually going to our websie and filling out the order form

[to gef their whole gename analzed and
neir RNA analyzed ' SungKwon Kim, director of the Bioinformatics Lab, told 80T Worfd. Resuilts ate

returned to the user onling via Samsung's own genomae browsar. “User should ba abie (o easily navigats
ow heir genomic analysis with our web browser once we finish the genomic analysis ™

The algarithms hat Samsung SDS is using for analys|s are a combinabion of 6pen SoUTCe and vendor
provide sofwares with S3msung's OWN proprietary Tweaks®
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(Genome Biology 2010, 11:R83). ¥ 7]H 1A JLATHEC AL MR =32 ™04 s
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SOFTWARE Open Access
Cloud-scale RNA-sequencing differential
expression analysis with Myrna
Ben Langmead, Kasper D Hansen, Jeffrey T Leek’
Abstract
As sequencing throughput approaches dozens of gigabases per day, there is 3 growing need for efficient software
for analysis of transcriptome sequencing (RNA-Seq) data. Myrna s a cloud-computing pipeline for calculating differ-
ential gene expression In large RNA-Seq datasets, We apply Myma to the analysis of publicly available data sets
and assess the goodness of fit of standard swtistical models. Myma is available from httpy/bowtie-biost.net/myma
21. RNA-Seq ¥4 7192 2210 ZRY A28 27304
TAgt of

@ 73 229 DNAnexust CREA 8|4 cloje] 24 4 AAsly. AHEC st
As B4S old ARRES0] Fehos ARY oA B4 A28 A 2AKQ Ay
Eal IE DNAnexus 7H‘£%EE¥E1 w 7| WARALAES A4 AAR= DNAnexus

DNARexus\y/

DNAnexus\V/

4 g . *T§ Feei ]

Founders (2009) — All from Stanford University Sample 'GMLTESTL' is rey — — = —

. fsarmple GMI TEST has been aligned to gena N .
Andreas Sundqmst Ph.D., Computer Science Sample details Mapped reads 18,403,104 7A.78% 24,467,712 75.61%  23,035,48) 73.86%
1,55 ssast  enEm et masnens eser
Serafim Batzoglou Associate Professor, Computer Science P sae,6m B3 2748B 838 260,88  5.29%

~ . . RNA-Seq
Arend Sidow Associate Professor, Genetics and Pathology . saplens (hg1o) Readsnotmapped 16,321,302 25.228 7,894,536 24.39% 5,426,765 26.04%
S —— Im,see 17.45% 5,086,260 15.19% 5,812,598 16.73%
& ey = i 3,608,366 5.57% 1,278,463 3.95% 2,329,903 7.20%
Scientific Advisory Board e mad moew sk seme  zed
Read details 28,173 eo.04% 2,085 @.01% 22,088 0.07%
Jeff Heer Assistant Professor, Stanford Computer Science = 7860 LI o gz LI
Pt e oo ws e o5 oo
mild )
Richard Myers Director, HudsonAlpha Institute of Biotechnology 24 i Lo G Al B e
PG o oo o oo o e
. paly-T 289 ©.90% 114 9.00% 175 8.86%
Gavin Sherlock Assistant Professor, Stanford Genetics
. Total raads o200 10000 32,362,268 100.ce% 32,362,288 100,06
Mike Snyder Chair, Stanford Genetics Total bases 5,048,510,688 100.00% 2,524,255,344 100.00% 2,524,255,344 100.00%
Director, Center for Genomics and Personalized Medicine
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“..genomeweb

Pacific Biosciences Inks Alliance for Cloud-
based Analysis

Septemnber 19, 2011

Pacific Biosciences Inks Alliance for Cloud-based Analysis

By a GenomeWeb staff reporter

NEW YORK (GenomeWeb News) — Pacific Biosciences today said that it has partnerad with Cycle
Computing to optimize its PacBio RS Single-Molecule Real-Time Analysis software for the cloud,

The Menlo Park, Calif.-based firm said that the cloud-based version of its software would scale to
meet the data analysis needs of SMRT sequencing and support a workflow that includes sample
preparation, sequencing, and data analysis in less than a single day. PacBio plans to release a beta
version of the cloud-based solution with the next major upgrade of its RS, which is scheduled for the
end of this year,

"Analysis of long, single-molecule, real-time sequencing reads from unamplified samples without the

need to maintain complex and expensive hardware and software will offer customers more TemEnfg fo
realize the potential of the PacBio BS," Edwin Hauw, director of software product management for

Pacific Biosciences, said in a statement.
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