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1. General concepts of bioinformatics
— Within my limited experiences though...

2. Its application to genomic medicine
— clinical sequencing

ICR http://www.icrweb.jp/
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Massive data
DNA

7

.

Massive data
RNA

7

Massive data
protein

Bioinformatics:
greedy and cloudy discipline

Capillary sequencer

s

N
Massive data | ——

Cancer genomics

Genomics

Transcriptromics

Proteomics

Adductome

r

~\

SNP array Massive data |~
Next-generation metabolites | texts (literature) )
sequencer
______________ 4 ] ) . )
SNP/SNV Massive data |-~ Massive data |-~
indels chemicals images
CNV/CNA . \ p
Structural variation Massive data |-~ Massive data -
/GRear:cangement 3D protein X substance interactions
ene rtusion
Bio-
database -
. Bio-
Metabolomics :
Evolution ontology
Vets Systems
. biolo
genomics BY
GWAS Bio-imaging Drug degsign

ICR http://www.icrweb.jp/



RNA analysis and the clinical relationships
in bile-duct cancer genomics

e Bioinformatics support

a Cluster 1 Cluster 2 Cluster 3 Cluster 4 b Cluster 1 (n =168) —— 1 1
comr =18 — for Shibata group in NCC
aice | [ I 1 Cluster 3 (n = 49) —
OECC Iml,,.\l.lﬁm'ﬁ—ll& . I_L_l . I . I ; 1 e 1 Cluster 4 (n = 74) ——
mGB ..... il il e | "ﬁ"-l. NGS data 6TB data
E @PERI8:9:45
fawe :_' z % CCCTCAGCTACGGGGGGGGGGTGGCTTCTTCCTGTTCACCTGGTG
s § GTGGCGGCTGTGACGCTCCTGCTGCTGCGCAGCCCCAGAACGGC
£ £ 0.2 CGGAGCCATCCCACGCGCTACCGTACCGGCGACATCGATCCAAT
g e GATACGCGGCTGAGCACA
ngh N T T T T T T 1 +
i S e e e dee S Shay /0(,..0***0000000000%02-..(15030111/322-**%-,(03/24)++-
KRAS c - _CD';T:’ H“jo 22/+++230000.+++.2111----%*** (**_1 1 /*+-(-
L1 =1.15= -
R g E 4 o *E2++*¥4%%[1,0(0..0.4%+++4223+++4* ) ***+*024%++2+* ¥+,
IDHT % g =
= o 2t
o P — — T
o i <L
ARID15 - - Cluster1  Cluster2  Cluster 3 Clus.ler4 200 COIumnS (Samples)
ARIDz2
Gene  BD003T BDO04T BDO0O5T BDO0O6T BDOOTT
e 3 P=254x10° ENSTO00C 31.35851 81.2562 58.13853 3576353 40.48326
crae | 2 ENSTO00C 10.01731 1.137802 32.82091 15.14492 2.095884
PDCD? I | : = oo 40,000 ([ensToooc 0 0 0 0 0
TNFRSFY ‘ 2 7 ENST000( 3.982066 1.120111 1.371183 5.04892 2.619011
il | 41 Il H Bs ° e FOWS  |EensToooc 0 0 0 0 0
HAVCR? g 2% 4 ; ENSTO00C 0.241376 0.119728 0.021227 0.009749 0
TNFASF4 | B 5 : (transcripts) ENSTO00C 0.061229 0.032396 0.057434 0.039568 0.093569
Hypermutated _________J/ I I/ § | cf ENST000C 0| 0.581962 0 0 0
Clier s e ENST000C 146.4966 163.5045 2053889 162.6099 96.99319
ENSTO00C 0 0 0 0 0
ENSTO00C 0 0 0 0 0
(Nakamura et al. Nat Genet 2015) ENSTO00( 8.933542 1.986797 2.840649 4501061 0370228
’ ’ ENSTO00C 3.923663 0.688758 2.00794 1.949078 0.777532
Clustering analysis 4
ICR http.//www.icrweb.jp/



Birth of bioinformatics

e It’'sin Biophysics
1970s * > Bioinformatics

Molecular

evolution

Protein sequence *1 letter = 1 amino acid

—

1. MKILETPFASGDLSMLVLLPDEVSDLERIEKTINFE... T[ How different? |
2. MKILETPFASGDLSMLVLNPDEVSDLERIEKFINFE...

. )
3. MKILETPFSSGDLSMLVLIPDEVSDLERIEKTINFE... How about sorting out
sequences obtained so far...?

‘ Computer!

Dayhoff matrix
:i Homology search ]

5

J

ICR http://www.icrweb.jp/



Dayhoff matrix & homology search

Matrix 1. MKILETPFASGDLSMLVLLPDEVSDLERIEKTINFE...

L Cys| 12
s Ser| 0f 2 - 2. MKILETPFASGDLSMLVLNPDEVSDLERIEKFINFE...
T Thr -2 i 2
Porof 3 1 0 6 3. MKILETPFSSGDLSMLVLIPDEVSDLERIEKTINFE...
A Alz -2 1 1 1 2
6 Gyl 3| 1 o a1 1 s E j
N Ase| -4 1 0 -1 ¢ ol 2 Database
D Asp| -5 ¢ 0 1 0 1 2 4
i B D - Homology search
¢ 6n| -5]-1 -1 o o0 a1 2 2 4
Romis| 3] 1 1 0 4 2] 2 1 1 3] 6 - similar sequence
R arg| -¢| 0 -1 0o -2 2| 0 a1 a1 1| 2 s .. . .
cuslslo ooa a2 20 o o a1l o s . =>Similar protein function
M Met =5 -2 -1 2 -1 -3 -2 -3 -2 -1 =2 0 0 6
tfel 2l 0 2 a4 3)2 2 o2 22 o2 2| 2 s
Ctefsys o2 22 4fa 43 2|2 2 3] 42 New. MKILETPGASGDLSMLVLLPDE...
v valy -2{-1 0 -1 0 -1|-2 -2 2 -2{-2 -2 -2| 2 & 2 & .
P el a| 3 3 5 4 5|4 % 5 5|2 4 5] 0 1 2 1] * Which sequence does
Y Tyrf 0] <3 <3 25 -3 5| 2 -4 -4 8| 0 -4 4| -2 2 .1 a2 ?\ this new resemble?
W Trp| 8|2 5 -6 -6 -7|-a 7 7 5| 3 Al 5 2 6| 0 0o v

< N T P A G N 1] 3 Q H R K M 1 L v F Y W

Cys |Ser Thr Pro Ala Gly [Asm Asp Glu Gin | His Arg Lys |[Met Ile Leu Val |Phe Tyr Trp

(Dayhoff et al, 1978)

6
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Homology search

e DNA
Matrix New:A T G C

A T G C .
Seql: T T G C

-4+5+5+5 =11

Eatabasa
4 4 5 -4

Seg2: T C G C
-4-4+45+5 = 2

g

New is more similar to seql
even in the protein function.
(Say, seql function is

well-known.)

O o - >
~
&)
~
o

* Protein (amino acid sequence)

Same idea
:

ICR http://www.icrweb.jp/
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The essence

Signal from Noise
—a needle in a haystack —

e High-throughput experiments
* Noisy massive data

B |
J t Bioinformatics

Biological information

Data type: Data quantity Emphasis:
phenotypic or discovery or
molecular? proof?
Bioinformatics  Molecular Great many Discovery
(>millions)

9
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The methodological aspect

The theoretical basis
e Mechanics:

e Statistics:
 The spirit of “pragmatism”
v'"Whatever method,

. . as long as useful
e Bioinformatics: 5

Bio- RNA
Biological informatics Images
justification DNA
Methodological
igorousness Metabolites
Texts

10
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y, relaxmg

)

usness

Q.)

rigor

[S)

>YOR128C @D*O
okl
TCGAAAAAGATCATT... Y

>YOR119W v
CAGTTTATATAAATTT... l (Lee

> ... T e e | €1 A,

—

Targets from Over-epresented
ChIF microarmay motis

TF, targeis M, Mg, Mg, .
TF, targeis M L Mg, Mz,
TF, targeis + Ma=Myo, Mo, Mo, .
TF, targets > M, Mgz, M

" R

's —

All possible
combinations
Promoters of genes In a gven

sot (phase-specific gene sat)

Order 1 M, My, My,

Promatar _ 1 4
order2 My—My ... > b

Promoter —_—
My—Mzy, ...
Promoter  E—

| Orger3 MMM, _} // o
_F_:__?—-"—f:f_ —__ Count promoters with
— sach combination

_‘

Promoters with the combinations |

_———— DMAmicroamay data

¢

promoters with TF%”:;"E'"Q Over-represented
the combinations promolzes TFs
My M, TF,, TFa, TF,, TF2.
. TFe, TF: TF,
TRETS ChIF gata Hypergeometric test

Component moiits ChiF TFs from (a)

M, ——————— TF,TF:

" I S

M- Ny 1 Expression coherance
MM,

— My —Ma
MM

(Kato et al, Genome Biol., 2004)

*Cy3 *CyS
ﬁgf; ﬁg; Cell,
Promoter sequences 2002)

represented by

200 * 6000 letters Binding data
represented by

113 * 6000 p-values
In the step (a): search TF-binding motif
200,000 statistical tests! = 200,000 p-values

As, simply,
score...

Mating

Pheromone

ICR http://www.icrweb.jp/



Therefore, collection of arts

SKILL
p
Programming:
Level | _ Linux, Perl, R, SQL] Practically
p enough...
Molecular Genome
Level Il AND U biology [ biology }
( . )
Level 1l Classical [ Computer- ]
AND | statistics | | intensive statistics
- B 1 ( 1 Machi
a.ye.s Graph theory ac .|ne
statistics learning
\ J . J
Expertise [ Molecular | [ Lexical | Pattern
evolution analysis recognition
level OR > < [ More... ]
r . . \ r . \ .
Statistical Syntactic Information
| genetics analysis ) theory
4 ( )
Combinatorics ] Algorithm Data mining
U . J 12

ICR http://www.icrweb.jp/



Requested

Cutting-edge

tasks

bioinfo.

Is level Il enough?

e Routine

NGS analysis
» DNA: SNV/indel/CNA/SV calling
» RNA: expression calling

Microarray analysis
General sequence analysis
GO/pathway analysis

SNP analysis
» GWAS, haplotype, LD

Clustering analysis
PCA

e Ad-hoc operation

e Ad-hoc algorithm

e Non-routine data cleaning

e Deep data-interpretation

e Deep analysis

Skill  Experience

Level |l

Level |l
or more

13
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Routine/Ad-hoc operation?

e NGS routine

On Linux

# make index
bwa index -p human_chrs.fa -a bwtsw human_chrs.fa

#aln

bwa aln -t 6 human_chrs.fa test.fastq 1> test.aln 2> test.aln.err

# samse

bwa samse human_chrs.fa test.aln test.fastq 1> test.sam 2> test.sam.err

# bwasw
bwa bwasw -t 6 human_chrs.fa test.fastq 1>| tmp.sw.1 2>| tmp.sw.2

#sam -> bam
## with index
samtools view -bS test.sam > test.bam

## no index
samtools faidx human_chrs.fa (--> .fai) # fasta index
samtools view -bt human_chrs.fa.fai test.sam > test.bam

# bam -> sam
samtools view -h test.bam > test.sam

e Ad-hoc operation

|
f}
)

Installation of a public
bioinformatics tool

* Eg, “bwa” on the left

Understand the manual

e Though, sometimes

Apply to your own data

e Eg, command lines

on the left

Get results

ICR

http://www.icrweb.jp/



Advanced type of working:
division of labor

* When bioinformatics tasks are many and complex, ...

Tk

e,

Algorithm design Implementation (coding)
~= experimental design ~= perform experiment
by scientists by technical staff / technicians

15
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development

Tool

16
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Example of tool development

Problem in RETINA data Principle of the algorithms
* What is the configuration of haplotypes(/genotypes)?
RETINA data: total number of bases 151065852 for NALOB60 1. List all possible diplotypes {pairs of haplotypes) that
e TOTIop0us ChyomaonoTee <> are consistent with the total numbers
name | F& m:'; Fﬁ an'; & SNVC1 | SNVC2
NAIOBBO | 1 z oR? Semple |y |4of |af | #0f Individual 1 Sample | Possitle di )
NATTOB2: © 3 0 3 - i —  AQ. - (heplope
NA12878 0 1 1 | k > | Ind. 1 rrziols | —ro T ==l AG/CG
- Ind. 2 I 12,1 e B AG, 0G /-
i I e < < wi | PR RE wa |
[ : OR
- SNVC: SHV In w CNY =
OR? oAaGe, GG “": separstor between copy unlts
I | b N
Haplotyps (14 SNVC sites) Truscount  True frequency m
» - u [As-SbSASSEAAAA 428 03808 03883
Principle of the algorithms AR AAAAA w2  ome | ows
[BA-AAABAAAAAAB| 244 62075 02008 CNV-
|AE-AAAASSA-BAS| 24 Q0204 00194 h
2. Repeat E- and M-steps to estimate haplotype frequencies — 28 00188 00168 phaser
—  Using passible diplotypes obtalned at the previous step IAA-AARA—AARA| 2 00 0.0167 (Kato et al,
Weight (probability fhatthe  Diplotype froquency under I I ' aass - Am. J. Hum.
. cigl ; 3
Semple  Pomble diploype 1 Gy s diplotype)  Humdy-Weinberg equilibrinar IM-AAAMAGABAMARAMANRBRS | 18 e S8 1 Genet., 2008)
— — AAAAARAARAAS i3] Q.0084 0.0079
haplotype 1/ hapiotype 1 Wiz = F(hl / h1) F(b1 / b1} = 1-F(i1)-F(hl) . no0et acos0
g ope 1/ baplotype 2 wi o Fill /12) F(1 /h2) = 2-F(1)Fih2) "““““I““"”““““”””“““””“" -
huplotype 2 / haplotype 3 w3 « F(h2 / h3) F(h2 / h3) = 2-F(h2)-F{h1} BARAN E__'_" AR ) i
o p  "Potpo 1/ haplotype 1 Wy, = F(hl / hl) F(b1 / b1) — 1-F(k1}E(hl) Alsllo sopy mamber Troe count, True frequengy | SR MOCS-
= = s 00807 phaser
F{x): frequencyof x 0 {oopies} 23 018 0.0200 (Kato et al,
2 {coples} 2 0.0108 0.0200 .. .
E step: - M step: Bioinformatics,
Ghving arbitrary Haplotype frequencies Number of haplotypes, 2 toopay) = . Ll 2008)
vaes 1 hapictype () —Diplotype fraquenciss | ™™ | considering the weighis 5
frequenciss —LJpdate the welghts _ —Haplolype frequencies

ICR http://www.icrweb.jp/



Example of computational biology

Background

* 2003 — The complete sequence of the human genome
¥ an “average” sequence

» 2005 — The International HapMap Project, Phase |
2007 — The International HapMap Project, Phase Il
¥ Polymorphism in human genomes
»  Focused on single nucleotide polymorphism {SNP)

« Cstalogued SNP ganotypes for 270 Individusis In threa ethnical populstions
{Azlun, African, Europaan] et 3 milllon SNP locl

# Medical application as well as biological investigation

* The first data on human recombination rates at a high resolution

*  New statistical methods {by 8 HapMap group)
to infer recombination rates
from large-scale SNP genotyping data

* kilo-base level high-resolution

e — .. R T
Rate [ ) Gene .4

Gene Ontology: cellar component

~ 1.4

rale (med

< 08

04

0z

12

06

Callular componeanl

| For randomized data

For all genes

=<0

=)
Chromatin (130) thisk
Mucleolus (103)
Microtubule (171}
Mitochondrial [T
membrane (128)
Cytosolic part
SN
ALL GENES
Integral to
membrane (3756)
Intrinsic to
plasma
membrane (1128)
Gell junction
(127

<001

* : FDR p (to all gencs}
05

#*: FDR p (o all genes)

Tissue-specific genes
* Tissue-specific genes
— We performed microarray experiments,
— Microarrays with ~30,000 probes for 25 tissue samples
— Genes highly expressed (FDR p < 0.001) m each tissue
— The clustering analysis
confirmed that we

successfully measured
expression levels.

— Genes highly expressed
in only one tissue
— tissue-specific genes

e(Genes
o expressed in
. >half of the

tissocs

in >one tisaue

= v ¥>2fold change

Recombination rate (median)

Tissue-specific genes

Tissue spacificity

For randomized dain

LL

. L
g 5 § 8 &8 & 8B F B B|: > i FIRp Qoo ll gence)
§] + = £ 3 8 ¢ 3 gz ‘$|4;| [
I I T - R I B - UL Y
(& * : : ° 2| <001
= o - - | @
* Brain region — homan Brain region — vertebrate
cognitive abilities primitive fanetions

ICR http:.//www.icrweb.jp/
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Medical
discovery

Medical
application

Genomic medicine & bioinformatics

Related field

(Linkage analysis)

SNP discovery &
haplotype map

GWAS
(source of health care)

Cancer genomics

[ Clinical sequence ]

Bioinformatics
tools/databases

—

GeneHunter | & Il, etc

—

dbSNP, jSNP, etc

ﬁ

HaploView, Plink, etc

—

BWA, TopHat, etc

X

GATK, CuffLinks, etc

ICR

1996, 1998

1998, 2002

2005, 2007

2009, 2010

2010, 2010

19
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The latest — clinical sequencing

e Detection of different mutations in just one assay

— Multiplex PCR, mass spectrometry, FISH
v'Mostly, single type and single to several mutations

— Next-generation sequencing
v'Point mutations, fusions, amplifications, deletions

v'All exons of ~100 genes (in our case)

v'Potential for research discovery

Next-generation sequencer

1 G byte / 2 hours

@PERI8:15:42
GGCTCATCAAGCTCGCTGCTTCCAGGAATGACTGGGAAGGTGGGAAGGAGAGAAGATGCGTGGGT
TCTTCA

+
:(1.9...605344911.452;4<=<A<BB@??=@3;/9/,,0808&,065455)+.4831**-%-(*2(-*
@PERI8:15:43
TCCCCCCCCCCCAAATGTTCACTAACTCTGAAACGTGGGTCTCTGACTGGCTCCCGTGCCAGCCAGTC
GACGCATGGTCTGTA

+
-0221111222(16.445,65569355766><079.00&,440++37, +,%*-%-211.411+03,,,, +,411(..+-+4

20
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Gene alterations and drugs

Table 1| Genomic alterations as putative predictive biomarkers for cancer therapy

Cenes

PIICA™, PIKIR1 [REF. 53),
PI3RZ, AKTI, AKTZ end AKTS
[REFS 54,55]

PTEN

MTOR®, TSC1™ and TSC2
[REF.58)

RAS famnily (HRAS, NRAS, KRAZ),
BRAP* and MEK1

Fibroblast growth factar
receptor 1 (FGFRI), FGFRE,
FIGFR3, FGFR4 (REF 36)

Epidermal growth factor
reoaphnrfE’GFR]'
EREBI REF 61)

SMO#8 and PTCH [REF. 64)
METS

JAKL JAK2, JAKS [REF. 66, STAT1,
STAT3

Dizcoidin domain-containing
receptor 2 (DDRZ)
Erythropoietin receptor (EPOR)
Interleukin-T receptor (IL7A)

Cyrlin-dependent kinases
(CDKs;* CDK+, CDKE, CDKS),
(COKNZA and oyclin D1 (CCND1)

ABL1
Retinoic acid receptor-a (RARA]
Aurara kinese A (AURKAS™

Androgen receptor (AR

FiT3™
MET

Myeloproliferative leukaemia
IMPL)
MDMZ REF. 71

K
PDGFRA and PDGFRE

Anaplastic lymphoma kinaze
(ALK
RET

ROS1 (REE 75)

NOTCH1 and NOTCHZ

Pathways
Phosphoinositide
3-kinaze (PI3K}

PI3K
mlOR

RAS-MEK

EGFR
EREBZ

Hedgehog
MET

JAK-STAT
RTK

JAK-STAT
JAK-STAT
CDK

ABL
RARa

Aurora kinases

Androgen

AT3
MET-HGF

THPC, JAK-STAT
MDM2Z

KT

PDGFR

ALK

RET

ROG1

Natoh

Aberration type
Mutation er
amplification
Deletion
Mutation

Mustation,
rearrangemant or
amplification

Mutation, smplification
orrearrangement:

Mutation, deletion or
amplification
Amplification or
mutation

Mutation

Amplification or
mutation

Mutation or
reanrangement:

Mutation

Rearrangement
Mutation
Amplification,
mutation, deletion or
rearrangement:

Rearrangement
Rearrangement
Amplification
Mutation, amplfication
orsplios variant
Mutation or deletion

Mutation or
amplification

Mutation

Amplification
Mutation

Del=tion,
rearrangement or
amplification

Rearrangement or
mutation

Rearrangement or
mutation

Rearrangement

Rearrangement or
mutation

Dizease examples

Breast. colorectal and
endometrial cancer

Numerous canoers

Tuberous sclerosis and

Bladder cancer

Numerous cencers, including
melanoma and prostate cancer

Myelomes, sarcoma and
bladder, breast, ovarian, lung,
endometrial and myeloid cancers

Lung and gastrointestinal
cancer

Breast. bladder, gestric and lung

canoer
Basal cell carcinoma
Bladder, gastric and renal

cancer

Leukasmis and lymphoma
Lung canoer

Leukasrmia

Leukasrmia

Sarcome, colorectal cancer,
melanoma and lymphome

Leukasrmia
Leukasmia

Prostate cancer and breast
cancer

Prostete cancer

Leukasrmia
Lung cancer and gastric canoer

Myeloproliferative neoplasms

Sercome and adrenel carcinoma
(I5T. mastooybosis, sukaemia
Haematological camcer, GIST,

sarcoma and brain canoer

Lung cancer and neurcblastoma
Lung cancer and thyroid cancer
Lung canger and

cholangiocarcinoma

Leukasmia and breast cancer

I PII‘tIfIWDl’EWl ||ru=s I

= PI3Kinhibitors
= AKT inhibitors
= Pl3Kinhibitors
= mTOR inhibitors
= RAF inhibitors
= MEK inhibitors
= PI3Kinhibitors
= FGFR inhibitors
= FGFR antibodies

= EGFR inhibitors

= EGFR antibodies

= ERBB2 inhibitors

= ERBB? antibodies

= Hedgehog inhibitor
= MET inhibitors

= MET antibodies

= JAK-STAT inhibitors
= STAT decoys

= Some tyrozine kinase
inhibitors

= JAK-STAT inhibitors

= JAK-STAT inhibitors

= CDK inhibitars

= ABLinhibitors

= All-trans retinoic acid

= Aurora kinase inhibitors

= Androgen synthesiz inhibitors
» Androgen reasptor inhibitars
= FLT3 inhibitors

= MET inhibitors

= JAK-STAT inhibitors
= MDM2 antagonist
= KIT inhibitors

= PDGFR inhibitors

= ALK inhibitors

= RET inhibitors

= ROS1 inhibitors

= Motch signalling pathway
inhibitors

Gene alterations and
molecularly targeted drugs
(Reviewed by Simon et al, 2013)

* |f one assay simply
detects these, ...

ICR
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Clinical sequencing for cancer in National Cancer Center, Japan
— Collaboration by doctors and scientists —

BHEICED fetmEs o R —I Ty — HEMRF—LIZED HYEIZTLD
. BREDEREA £RER - 4R I:J:Zaiﬁﬁ?iﬁ#;ﬁtﬂ . BE&EMT HROERHA .
™y o
> ARGETOZERG ———> AR /Y BREHIC £ BER
;HZ NN §\ i E - i E o > y
R L > BRETOLRA ——> BS LU ETRATRBEEMNC S DA
!

[em——————
[ S ——

> CEGTFOBEIES ——> HCH /Y BHREEICL DA

22
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NCC oncopanel v2

Platform and genes

Target capture

(Agilent SureSelect)

—

ABL1
AKT1
AKT2
AKT3
ALK
APC
ARID1A
ARID2
ATM
AXIN1
BAP1
BARD1
BCL2L11
BRAF
BRCA1
BRCAZ2
CCND1
CDK4
CDKNZ2A
CHEK2

Mutation / Amplification

CREBBP
CTNNB1
CUL3
DDR2
EGFR
ENO1
EP300
ERBB2
ERBB3
ERBB4
EZH2
FBXW7
FGFR1
FGFR2
FGFR3
FGFR4
FLT3
HRAS
IDH1
IDH2

IGF1R
IGF2
IL7R
JAK1
JAK2
JAK3
KEAP1
KIT
KRAS
MAP2K1
MAP2K4
MAP3K1
MAP3K4
MDM2
MET
MTOR
MYC
MYCN
NF1
NFE2L2

NOTCH1
NOTCH2
NOTCH3
NRAS
NRG1
NT5C2
PALB2
PBRM1
PDGFRA
PDGFRB
PIK3CA
PIK3R1
PTCH1
PTEN
RAC1
RAC2
RAD51C
RAF1
RB1
RET

ROS1
SETD2
SMADA4
SMARCA4
SMO
STAT3
STK11
TP53
TSC1
VHL

Fusion
ALK
RET
ROS1
FGFR2
FGFR3
AKT3
BRAF
RAF1
NOTCH1
NRG1

ICR
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View Report -fEREZERIRGIC
Order REIL., JERT S
View
E R |
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Summary Order
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AT LIETIL Ver. 1
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FRFEL-EBER> —IV I OAAZEEZRBTOS 5L (cisCall)

» Sequencer » Bioinformatics »Mutations

Sample » Target

enrichment system
FFPE * TargetSeq e lon PGM
Low tumor e SureSelect * lon Proton
purity  HaloPlex — ¢ |llumina MiSeq
e  multi-PCR * |llumina HiSeq
Clinical Sequence Call (cisCall) System
e Sequence data
<
 Read-QC report
1 [ | 1
cisMuton cisFusion cisCton
 SNV/indel call table e Fusion call table | |+ CNA call table
— Call-QC report — with breakpoints — with visualization
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SNV
— single nucleotide variation —
and indel
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Principle of the detection method

Variant in

GCCCGG tumor
Fragmented DNAs are | AGICCCa sample

sequenced by NGS - AAGcce
Human genome DNA sequence ... AAAACCCCGGGGTTTT....

Tumor
Ei\l : samp|e EIS |dent|fy bases

present in the tumor

but absent in the
Normal (unmatched) normal
sample
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Fusion genes
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Principle of the detection method

e Local alignment, left

jogreon

Genel: ACGT | AAAA

Sequenced read

ACGTCGAT

* Local alignment, right

i

$

Fusion of

Genel + -
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CNA
— copy number alteration —
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Principle of the detection method

 Mapped sequence reads /', copy humbers
e Difference in depth between the tumor and normal

A
4 —
DNA copy , ,
2 1
number : | :
1 — | | |
| | | | |
| | | | ! >
I I I I I
I I I I I
I 4 I 3 I 2 I 4 I
Mapped reads I I I I I
|- T T e B
Reference genome — I I I I >

Chromosomal position
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In practice, ...
This is the very place of bioinformatics
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5% L71=DB (cisMedi):
Database & post-calling system
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cisMedi system — Clinical Sequence Medical Information system
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With Dr. Tsuchihara
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Conclusions

Bioinformatics — greedy and cloudy discipline

v’ Originally, it’s generated from biophysics + molecular evolution
» Alignment of protein (amino acid) sequences
» Homology search

v Expanding into many types of massive biological data

The essence — signal from noise (a needle in a haystack)

v’ Discovery > proof
» Relaxing methodological rigorousness

v Pragmatism — take in whatever method if useful
» No theoretical basis...”?

Minimully required skills are NOT many
v Programming: linux, perl, R, SQL
v’ Biology: molecular biology, genome biology

Can divide tasks into: algorithm design + program implementation
Two study types: tool development + computational biology

Expanding from science to medicine

v’ Bioinformatics for clinical sequencing
42
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