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Outline

1. Rough scope of bioinformatics
— Based on my limited experiences though...
2. Application examples of bioinformatics
1. Data analysis in cancer genomics
2. Software development in cancer genome medicine



Bioinformatics:
greedy and cloudy field
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The methodological aspect

The theoretical basis

« Mechanics: e Collection of arts?
o * The spirit of “pragmatism”
* Statistics: v"Whatever method,

as long as useful

* Bioinformatics:

Bio- RNA

informatics

Images

Bllogca ONA
justification

} Methodological Metabolites
igorousness
eg, p-value

Texts




Example: RNA analysis in bile-duct cancer
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e Bioinformatics support
for Shibata group in NCC

NGS data

6 TB data

@PERI8:9:45

CCCTCAGCTACGGGGGGGGGGTGGCTTCTTCCTGTTCACCTGGTG
GTGGCGGCTGTGACGCTCCTGCTGCTGCGCAGCCCCAGAACGGC
CGGAGCCATCCCACGCGCTACCGTACCGGCGACATCGATCCAAT
GATACGCGGCTGAGCACA

+
/0(,..0***0000000000%02-..(15030111/322-**%-,(03/24)++-
22/+++230000.+++.2111----%**¥*(*¥*-1,1/*+-(-

¥k 4+*+%% /1 0(0..0.4%+++4223+++4% ) ¥ *¥*4*024%++2+* ¥+,

40,000
rows
(transcripts)

U 200 columns (samples)
Gene BD003T BDO004T BDO005T BDO06T BDO007T
ENSTO000C 31.35851 81.2562 58.13853 35.76353 40.48326
ENSTO000( 10.01731 1.137802 32.82091 15.14492 2.095884

ENSTO000( 0 0 0 0 0
ENSTO000C 3.982066 1.120111 1.371183 5.04892 2.619011
ENSTO000( 0 0 0 0 0
ENSTO000C 0.241376 0.119728 0.021227 0.009749 0
ENSTO000( 0.061229 0.032396 0.057434 0.039568 0.093569
ENST000C 0 0.581962 0 0 0
ENSTO000( 146.4966 163.5045 205.3889 162.6099 96.99319
ENST000C 0 0 0 0 0
ENSTO000( 0 0 0 0 0

ENSTO000C 8.933542 1.986797 2.840649 4.501061 0.370228
ENSTO000( 3.923663 0.688758 2.00794 1.949078 0.777532

Clustering analysis




Birth of bioinformatics

) Biophysi
e It’sin iophysics
1970s ¥ |:> Bioinformatics
Molecular
evolution

Protein sequence *1 letter = 1 amino acid

—_—

1. MKILETPFASGDLSMLVLLPDEVSDLERIEKTINFE... <( How about sorting out
2. MKILETPFASGDLSMLVLNPDEVSDLERIEKFINFE...

sequences obtained so far...? |

3. MKILETPFSSGDLSMLVLIPDEVSDLERIEKTINFE... ﬁ How different?

‘ Computer!

Dayhoff matrix
:i Homology search




Dayhoff matrix & homology search

Scoring & Matrix 1. MKILETPFASGDLSMLVLLPDEVSDLERIEKTINFE...

—
na

P EE _ 2. MKILETPFASGDLSMLVLNPDEVSDLERIEKFINFE...

T Thr -2 i 2

P opro| -3 o 6 3. MKILETPFSSGDLSMLVLIPDEVSDLERIEKTINFE...

A #al 2| 1 1 1 2

6 Gyl 3| 1 0 a1 1 5 >

N Asn| -4 1 0 -1 o 0 2

D Asp| -5 o 0 -1 0 1 2 4

E 6| -5 0 0 -1 0 of 1 3 &

¢ Gn| -5)-1 -1 o o0 af 1 2 2 4

T e e - Homology search

S IR I Y \ - similar sequence

MoMet) = 1 imilar pr In yunction

| 2| Score: ’\775‘(:|:i’l<:\:‘:)jb) N, —Similarp otein functio

L teuj -6 | *E%' Eﬁgéhf"b\& ji)\ 2 6

¥ ovalj -2 -1 0 -2 -2 2002 a4 oz 4

Fnel 4|3 3 5 4 5|4 6 5 5|2 4 5|0 1 2 4 9\ New. MKILETPGASGDLSMLVLLPDE...

¥ Tyrf O -3 -3 -5 -3 5| -2 -4 -4 -4 0 -4 4| -2 22 -1 -2{ 7 10 .

Worpl 8|2 5 6 6 7|-a 2 3 5|2 2 2|4 5 2 4|0 o0 1 * Which sequence does
¢l s v ?° A G| N D E Q] H R K| M 1 L ¥ F Y W this new resemble?
Cys [Ser Thr Pro Ala Gly [Asn Asp Glu Gin|His Arg Lys |Met Ile Leu Val |Phe Tyr Trp

(Dayhoff et al, 1978)



Homology search

* DNA
Matrix New:A T G C

A T G C .
Seql: T T G C

-4+5+5+5 =11
4 5 4 -4 =

4

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

e

New is more similar to seql.

O Q 1 »
N
N
)

* Protein (amino acid sequence)

Same idea



Another first technique: “assembly”

* |t'sin 1960s

* For amino acid
sequencing

Here, explained
in DNA though

* Simple
information
processing

No biological
prediction like in
homology search

Lo

QJQVJ L\Jﬁ fragment
i, TR, e sequencing
CGAGATTAGCTGC ATCAFGATTA D“"f”jpp'”g
TGCATAGCGA[FATCA WINERA

matching

Local DNA

CGAGATTAGCTGCATAGCGATATCATGATTA

Reassembly

Figure 2 DNA assembly. DNA assembly: 1st step: The DNA is purified and extracted. 2nd step: DNA is
fragmented into smaller pieces. 3rd step: DNA fragment sequencing. 4th step: A computer matches the
overlapping parts of the fragments to get a continuous sequence. 5th step: The whole sequence is
reassembled. No prior knowledge about the DNA sequence is necessary.

(Pavlopoulos et al, BioData Mining, 2013)




Two extreme types of studies

Data Program

analysis development

10



Concrete operations: commands and programming

Examples

e Data analysis (of NGS data)

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

* Programming (of catstools)

Code

[ S

u

w

Blame

154 lines (121 loc) - 4.71 KB

import logging

import os

from typing import Callable, Dict, List, Optional

from catstools.common import CatsMeta, Variant, filter_variant, iter_variants

logger = logging.getlLogger{__name__)

def

def

iter_snv(meta: CatsMeta, filters: List[Callable]):

"""Extracting SNV/insertion/deletion gene mutations"™"

for variant in iter variants(meta, key='shortVariants'):
snv = Snv(meta, wvariant)

yield from filter_variant(snv, filters)

filter_somatic(snv: 'Snv’'):

"""Provides a filter flag for somatic lineage mutations

return True if snv.origin in [“"somatic", "likely somatic"] else False




DATA ANALYSIS in cancer genomics

— Examples —
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T—XEENTIEE (NAF A>T 5~T 47 AXIEER)

o FOMORERS—OT 2 « T—58E
[>TME (tumor mutation burden)
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v
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DNA analysis in esophageal squamous cell carcinoma:
JCOGOh02-Al

Onco-plot oo
I SNV-INDEL .
i Discovered CNAs along a chromosome

W Loss
it
0 0 4 g C C 0 Cromm g Citar T O 0 0 0
L — MYEOV ORAOV FGF19  FGF4 CTTN
HISTZHZAAD
Lo |
HETHG L
ORACVE | g T
FADD _—
coxt . i
FRFLL -
FGF1R - et
Loust . -
wiEov
S )T
WGAsTE s
wce :
woc e 1 1
ToFAY N
N . e
P FEE |
TN -
S I 1 i
C— B — [y
HISTACEE -
ke el I
™ =l
- L o
. . HETIH b | |
L (] HSTHE
AL b — — |
. - —— — | o | |
[l CICRRC I (] (1T} kouG: |
[] | 1 1 [] 1 KMT20 - e
HsTHE
HETiHAC
wsThon

.
¥
§
.

| | NOTCHI |
L] - A L] = :;DF:H-\' | T_E
L] L} L] - L) INFS ~$ i
L] L] om e
- ll i - i - LR - H :‘::: JE 16']
(L) III.II " 1 E:: 1—
L] L] LU ) - - (= 1] K
. CY FGF2 D E Copy number
. . . * . o % é{$ Jﬂé *7!: (LQ?R ratio) - =
- . " KFL 15 08 03 0.3 09 1.5
- - (] | ] [ ] L ] (1] MEST
mae L L] NRG
FIGURE 4 Heatmap representation for copy number alterations at chromosome 11q13.3 in 127 patients with TIbNOMO esophageal
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loss. This figure was generated using the R ComplexHeatmap package™



Transcriptome analysis in bile duct cancer
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Transcriptome analysis in CNS germ cell tumors
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(Takami et al, 2022, Neuro-Oncology)



Cancer-cell evolutionary analysis in ampullary carcinoma

H-x, Ragion Mo. in the map

—"

R-17

F:-EB

Divergence tima

>

SNV O

%ﬁﬁm s . DAL DL R ITE & HETE
R-16

EMICE DV /-DNA E2F 0 FELUE A

R-x, Region Mo. in the map

ATH Oe=

FEXW

/ A-13, A-14
H-18

/05 oionfn;
*O O_}O OH-EB.F[-EH]
\‘o s “O
\

D

By 70— ORE
BhRE 7 RiTiE s o HER

Farental clone . A3

APC
AE-'.’F'IE

H-10. R-=a

Fl 1, A&, B-7
H-11

Low-grada introapitwdial neoplsia
High-grode: intmepithelial reoplnsa

B Imaosive ndancoarcinomea

AR Y > 7 v 78T
& Rt I consistent

iy
3
b
#»— =T
b ..._ :_.. “,I' L
: i il ".-' b
T T

H-12. B-1a A-19
A-z3a. A-24.A-z8

(Yachida et al, 2016, Cancer Cell)



Dim2

0.2 0.3 0.4

0.1

-01 0.0

-0.2

Machine learning analysis in colorectal cancer
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Mutational signature analysis in pan-cancer
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GSEA (gene set enrichment analysis)
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Other typical analyses (plots) in gastric cancer
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Other typical analyses (plots)

Circos-plot: 2FEBAEA M LICEE S 1.
SNV/indel, CNA, fusion A7 0y &N 3

LEEBLFLETOTEREE

2: circos_plot

Upper: diffuse type ¥ G145fs

i A
1 | T T | I
PIGR nm_oozeas [ | | [ | | | | I
&

Lower: intestinal type

5, signal peptide; g, immunoglobulin domain

i R A A

50X  NM_0D0346 I | SOX-N || HMG | I
ol o ! i $
SOX-N, Sox N-terminal domain; HMG, HMG box
|

Homozygous deletion in 13 cases (6 diffuse, 4 intestinal and 3 unknown)

Upper: diffuse type
: I

Lower: intestinal type

(catstools, https://github.com/ccatg-pub/catstools)

(Totoki et al, 2023, Nature Genetics)




PROGRAM DEVELOPMENT
in cancer genome medicine

— Examples —
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Teble 1] Genomic alterations as putative predictive biomarkers for cancer therapy
Genes Pathways Aberration type Disease examples |

PIKZCA™*,_PIKIR1 [REF. 53],
PICIRZ, AKT1, AKT2 and AKTS
(REFS 54,55

PTEN

MTOR®, TSC1¥ and TSC2
[REF 53)

RAS family (HRAS, NRAZ, KRAZ),
BRAF®™ and MEK1

Fibroblest growth factor
receptor 1IFGFRI). FGFRZ,
FGFR3, FGFR# (REF 35)

B e e
receptor (EGFR)

ERBBI REF B1)

SMO=5 and PTCHI (REF £4)
MET®

JAKL, JAKZ, JAK3 [REF. 66], STATL,
STAT3

Dizcaidin domain-containing
receptor 2 [DDRZ)
Erythropoietin receptor (EPOR)
Interlewukin-T receptor (IL7R}

Cyalindependiont b
(CDK=:" CDK+, CDKB, CDKE),
CDENZA and eyclin D (CCNDZ)

ABL1
Retingic acid recsptora (RARA)
Aurora kinaze A (AURKA

Androgen receptar (AR

FLT3™
MET

Myeloproliferative leukeemia
IMPL)
MDWMZ [REF T1)

K
PDGFRA and PDGFRE

Anaplastic hmphoma kinaze
(ALEPIH

RET

ROS1 (REF 75)

NOTCH1 and NOTCHZ

Phosphoinasitide
-kinase (PI3K)

PI3K
mTOR

EREBI

Hedgehag
MET

JAK-STAT

JAE-STAT
JAK-STAT

ABL
RARa

Aurora kinases

Androgen

AT3
MET-HGF

THPO, JAK-5TAT

MDM2
KIT
FDGFR

ALK

ROS1

MNotch

Mutation or
amplification
Deletion
Mutation
Mutation,
rearrangement or
amplification

Mutetion, smplification
orrearrangement

Mutation, delstion or
e
Ampkfiation ar
mutation

Mutation
Amplification or
mutation

Mutetion or
rearrangement
Mutation

Rearrangemesnt
Mutation
Amplification,
mutation, deletion or
rearrangement:
Rearrangemsnt
Rearrangemesnt
Amplification
Mutetion, smplification
orsplive variant
Mutation or deletion
Mutation or
amplification
Mutation

Amplification
Mutation

Rearrangemsnt or
mutation

Rearrangemsnt or
mutation

Rearrangement

Rearrangement o
mutstion

Putstive or proven drugs

Breast. colorectal and
endometrial cancer

Numerous cancers

Tuberous sclerosis and
Bladder cancer

Mumerous cancers, including
melanoms and prostate cancer

Myeloms, sarcoms and
bladder, breast, svarian, ung,
endometrisl and myeloid cancers
Lung and gastrointsstinal
cancer

Breact blsdder, gastric and lung

canoer
Bazal cell carcinoma
Bladder, gastric and renal

cancer

Leukeemiz and lymphome

Lung cancer

Leuksermia

Leukaemia

Sercome, colorectel cancer,
melanoma and hmphoma
Lzukasmia

Leuksermia

Prostate cancer and breast
cancer

Prostete cancer

Leukaemia

Lung cancer and gastric cancer
Myelopraliferstive necplasms

Sercome and adrenel carcinoma

GIST. mastocytosis, leuksemis
Heematologicel cancer, GIST.

et b
Lung cancer and neurcblaztoma
Lung cancer and thyroid cancer
[ ——

cholangiocsrsinome
Leukaemis and bresst cancer

= PI3K inhibitors

= AKT inhibitors

= PI3K inhibitors

= mTOR inhibitors
= RAF inhibitors.

= MEK inhibitors

= PI3K inhibitors

= FGFR inhibitors
= FGFR antibodies
= EGFR inhibitors
= EGFR antibodies

= ERBB2 inhibitors

= ERBB? antibodies

= Hedgehog inhibitor
= MET inhibitars

= MET antibodies

= JAK-STAT inhibitors
= 5TAT decoys

= Some tyrasine kinase
inhibitors

= JAK-STAT inhibitors

= JAK-STAT inhibitors

= CDKinhibitars

= ABLinhibitors

= All-trans retinoic scid

= Aurora kinaze inhibitors
e i e
AT Ry e e
= FLT3 inhibitors

= MET inhibitors

= JAK-STAT inhibitors
« MDM2 antaganist
= KIT inhibitors

= PDGFR inhibitors

= ALK inhibitors

= RET inhibitors

= ROS1 inhibitors

* Notch signelling pethway
inkbitors



REKL—OT o —DNoDT—4H
@PERI8:9:45

CCCTCAGCTACGGGGGGGGGGTGGCTTCTTCCTGTTCACCTGGTGGTGGCGGCTGTGACGCTCCTGCT
GCTGCGCAGCCCCAGAACGGCCGGAGCCATCCCACGCGCTACCGTACCGGCGACATCGATCCAATGATA
CGCGGCTGAGCACA

N

/0(,..0***0000000000%02-..(15030111/322-**%-,(03/24)++-22/+++230000. +++.2111 % ***(**-1 1 /*+(-
**2++*+%%[1,0(0..0.4%+++4223+++4%.). ***+*024 % ++2+**+*

@PERIS8:13:44
GGAGGACCGTCGCTTGGTGCACCGCGACCTGGCAGCCAGGAACGGTACTGGTGAAAACACCGCAGCAT
GTCAAGATCACAGATTTGGGCTGGCCAAACTCGCGTTGGGTAGCGAAGAGACCGAAGACGTCGCGCCAG
TCG

+

0,.:3683:0+-..+3(+-54707;<89(..69744122+1.44/6::9;:2=:<== : :
:661:6067+++577%++2++*/.02,45,444/4,13)/413..0)/1)*** ® Big data with errors
@PERI8:15:42
GGCTCATCAAGCTCGCTGCTTCCAGGAATGACTGGGAAGGTGGGAAGGAGAGAAGATGCGTGGGTTCTT
CA

+ .
(1.9...605344911.452;4<=<A<BB@??=@3:/9/,,0&0&,0654 ° FastQ in 5GB per case

@PERI8:15:43 * We use a cluster machine with 4 X
TCCCCCCCCCCCAAATGTTCACTAACTCTGAAACGTGC . )

ACGCATGOTOTGTA 20-core 2.4 GHz CPUs

+ » 128 GB memory

-0221111222(16.445,65569355766><079.00& ,440++37,+, « 150 TB storage
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(k. T&FAAERIEER].

EEIEFEEZ, 2016)

JITRIZ

F i £ 4% (FFPE) X

R —oT Y —

[ |

R

S—HILH—HD0 |

—

F—

REENT / LECS

>Q1|224589802:69455873-69469242 Homo
sapiens chromosome 11, GRCh37.p13
Primary Assembly
CACACGGACTACAGGGGAGTTTTGTTGAAGTTGCAAAG
AGCAGCGAGCAGCAGAGT CCGCACGCTCCOGCGAGGCG
AGCGAGAGCCGAGCGCGGACCCAGCCAGGACCCACAGC
TGGAACACCAGCTCCTGTGCTGCGAAGTGGAAACCATC
CGACCGGGTGCTGCGGGCCATGCTGAAGGCGGAGGAGA
GTGCAGAAGGAGGTCCTGCCGTCCATGCGGAAGATCGT
GGCGGCTCTCTTAAGACT TCCCTGCAACTTGTTGCCCA

3

/0, .
(03/24)-+ 22/+++230000. +++.2111--
2++%4+5% /1,000, .0.4%+++4223+++4% ) . *
@PERIB 13:44

@PERIS8:9:45
CCCTCAGCTACGLLGUUGOOGTUGLCTTCTTCCTGTTCACCTCOTOOTGLLGLCT
GTGACGCTCCTGCTGCTGCGCAGCCCCAGAACGGCCGGAGCCATCCCACGCGCT
ACCGTACCGGCGACATCGATCCAATGATACGCGGCTGAGCACA

*0000000000%02- (15030111/32 e

(51,175
A 02d%a 247 i, ©

l

NEBT—HRN—X

FSAAUE
:
EEBRH

A

4

T/ T3y

CERR)fF T

i PR 15 3R

T—AR—1k

Y

LR—k

y
[ 208 —F 8- Lk —F
wal)
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X2 a

DNAZF

iR =¥ g
DNARF

—HIRENT=
DNA 3FDEH
(J—K)

REET / LERS

T2A*Xk

g

o

GACTACAG

CACACGGA

TACAGGGG

GTTTTGTT

ECITHIGTHNERET D
=TI AUk

.

=

Prp———

|
I
!

CACACGGCACTACAGGCGAGTCTTGTT

(hnEE. TRFHNABERIEERE].
BEEIEFEEZ, 2016)

T4 A bOJFE, a. IR DRI X
NIEDNA G (RIS, T2 DiafiiE
T) WihfbE i, FEBRIZHE LZESICESY
TR SN 7= {EDNA 4373y — 7 =
ZEND, B LS IEERE K-> 7=
DNAGFN—FT U AINTNWEDT,
COFEFETITV — DY ) A EOAEITS D>
R, FOH, EHES ) AEdslE Y — R
BeHDATGCLFDOW & LT, &b —
BT AMBEERDLDN, TI5A AL N Th
Do T 7A4 A FORS HMZHIEGT, &)
(o ABHES ) AEIA DA E U — RO L%
A A SCFE A S L TV D E R, —
BRI TFIE, SHIZ)—FE2 —-FNTH
U ClRERIC—F R R, Fe Tl
L ERRYIRL TV, ZOHIETIEEN
BEVWOT, EEIEESER T ATV XL,




BRHEDRE: AZE - cisCall -

—EHETE
fEE Rk n GCCCGG
ToA A SN —F AGCACG
AACCCC
ZEAET ) LB ....AAAACCCCGGGGTTTT....
CCGLCGG
IEEMABEED ACCCCG
ToA A STz —F ATCCCC
cisCall TlX. B EIRIZKA|ET A TZEIToOTLNS
G |NotG | IRICEA 1001552 G |NotG
) YA Y ke
EEmE |2 |1 | SRl e 200 | 100
FEMEEE |0 |3 e P P

D HTEAE DB

* Fisher’s exact test p value: 6.8 x 108
+ Odds ratio: 57.5 (EFFIZIX. Prop. Ratio: {200/(200+100)}/{10/(10+290)} = 20



cisMuton Ver5: SNV/indel calling

* Prep filters: mapping-quality and base-quality filters

. | Variant extraction: Fisher’s exact tes

— P-value, proportion ratio (~odds ratio),

* Noise filter set 1
— Misalignment filter
— Strand-bias filter

— Within-long homopolymer filter

— MQO filter
— Read-end-call filter

— Surrounded-by-dust filter
— Abnormal-BQ-drop filter (for lon indels only)

* Noise filter set 2
— Second Fisher filter

» Erroneous-read filter and trimming filter

. o
-IJNo.lse..ﬁLter_s.eI.S,
— VAF-lees filter !

Single-point analysis

Misalignment filter Strand-bias filter
[ — . D) /1>
N
[ I B2 C L >
fan = | G
< ]
orr— C—
MQO filter Read-end-call filtter
)
(GENNN B < 1]
T — [
Abnormal-BQ-drop filter Mismatch filter
e —— ==
| E—
G E— Trim filter
| |
& 8

(Kato et al, Genome Medicine, 2018)

Hisgram

Within-long homopolymer filter

..
[Nl

- | .
(1 - I

Surrounded-by-dust filter

C T TIr>
C I >

(G N
o r >

VAF-Iees filter

* Main features

Elaborated multi-layer filters

Takes every chance to use non-parametric techniques for abrupt FFPE errors
Takes every chance to calculate internal control values (e.g., error rates) from

W=

observed data for parameter values for flexibility to various clinical settings




Histgram

T14ILA—D

e cisCall MVAF-lees filter

ICLBIC=-248.55; LLIKE=156.35

e _

47

VariantFreq

— BVAFEZRASREEFITS—MNZL, LSRR

BIAdh 5
o EREMIIZIL, signal-to-noise [ZFHLVT, signal DERE
hinoise DIRFEITELE>TINDIREE
Signal Znoise (LZ—)&RBEL =LY,

VAF DR FIZEWNT, CNFREER—3I9HER T,
F—ANSBERA—ADHINRT D,
igﬁb\ﬂib\%%’\—@ NE. IS—HDHERER
FRUNDERR—AnHE . EO R EENDVAF
NERRT B,
. E0) 57;%{13;&67?%’%—;51\0?0)@%&1& E%
| A =1
T L o e
EM 7)L:|UXAI LoT. . NfiET 5,
%T—’;‘l‘l'vr/ A EBERER—ENMICFIE T RS
L. %@ﬁ#%iﬁ%buﬂﬁkbf—ﬁﬁzhf ’\—9
éj\?ﬁd),kmlwi —HREEREL, RESNA—E5

E‘I WCTT =2 RA UL DFEEEEF
LT ol Tt v S A= Dl clie e

EM CIXEZRHESZDIDLENHY . TNoEHD

FT—REFHE T AREAHSH, T OFHEILIFEHR
ERETIT,

o BEBR—ANHHERAD . ICM-Bayesian Information
Criterion Z{£FH

— Akaike’s/Bayesian Information Criterion



TAT S L INATIAVDIEE

cutadapt BWA BWA-SW

Remove adaptors Alignment Alignment

BAM (BWA-SW)

samtools

Remove duplications

GATK: ContEst FastQC

LB B B N N N N | -I

QCs —— '
S CG contents On target rate Insert size 1

|

. I

. \ I

cisCall 1

cisCall I

|

TMB

(Kato, Precision
Medicine, NTS, 2018)

C i S Ca I I + For normal sample
Pi p e I i n e (Ve r5 ) GATK: GATK: GATK:

IndelRealigner HaplotypeCaller SelectVariants Germline SNP/indel
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Daily-use FFPE » Next-generation sequencer (NGS)

tumor samples

Development of

@PERI8:15:42
GGCTCATCAAGCTCGCTGCTTCCAGGAATGACTGGG
AAGGTGGGAAGGAGAGAAGATGCGTGGGTTCTTCA
+
;(1.9...605344911.452;4<=<A<BB@??=@3;/9/,,0&
08&,065455)+.4831**-%-(*2(-*

@PERI8:15:43

cisCall (Kato et al, 2018, Genome Medicine) »
for variant calling in NCC Oncopanel

cisCall

» cisCall »

Variant call

* Point mutations

* Fusion genes

* Copy number alterations
 Complex known alterations

First Medical Device approved by
the Japanese government
in cancer genome medicine

Development of

« cats format

« catstools

for standardized
genomic data format

in C-CAT (Kohno et al,
2022, Cancer Discov)

— ~D | - form

- {C—C AT X o cats format | |

fﬁ” \ https://www.ncc.go.jp/en/c _cat/section/070/index.html
BEESS e SR e— ~  English specification Japanese specification

' Repository for
cancer genome
and clinical data

New
therapies,
diagnostics,
drug targets

_____________________________

________________

Cancer
Knowledge

=
o
x.
3.
N
o)
o
=
c
Q

DataBase
(CKDB)

(o]

[}
E application t
| patients

. o e o

/
>

CATS

By Section of Genomic Data Management,

nomic Dat
C-CAT
v101

2021/03/08

WA S LR
WEEIT—T vk

EE:CATS
(Gancer Genomic Test Standardized)
RIREH
By C-CAT 7/ L7 —5WRE
V104

2021/03/08

catstools

Tool to manipulate data in CATS format
For example, data conversion and aggr

B

“"r‘ao Data conversion
3

catstools
Check definition

Data aggregation

Definition by JSON Schema

- D




DA S L

E=Jee

CATS (CAncer genomic Test Standardized) format

Defined by JSON Schema  Genomic data examples

Reference genome
“name”: “hg38”,
“grcRelease”: “GRCh38.p13”",

SNV
“chromosome”: “9”,
“position”: 135781005,

“referenceAllele”: “C”,
“alternateAllele”: "G”,
“transcripts”: [
“transcriptld”: “NM_000368.4",
“geneSymbol”: “TSC1",
“cdsChange”: “c.1960C>G",
“aminoAcidsChange”: “p.Q654E"

’

Other biomarker
“biomarkerType”: “MSI",
“biomarkerMetrics”: [

e e “value”: 20.15,
“unit”: %"
1,
“state”: “high”

.u]

s s “description”: [“Genome assembly..

Items

« Variants and expressions

* SNVs/indels

+ CNAs

* Rearrangements such as
fusions

* More complex composite
markers

« RNA expression levels

+ Other biomarkers
« Tumor mutation burden (TMB)
* Microsatellite instability (MSI)

Meta information
Reference genome sequence

* Quality control data

» Sample information

« Comments

+ Whether to show in output
document

« Term mapping

Excludlng clinical data in electrical medical record (EMR) in hospitals
Because such data are unlikely to be accessible to testing companies or laboratories

(Kohno, Kato, et al, 2022, Cancer Discov.)

BlITA5 ) LT — X DIE:

A

catstools

(CATS|TOOLS, not CAT|STOOLS)

For example:

catstools aggregation --mode 1 2: circos_plot

Samples for each mode

1: onco_plot
==
=
£

--input-pattern "/path/to/input_f:
--output-dir /path/to/output_dire

[Note]
The image below shows the js file output by the command, displayed in html.

3: gene_analysis_plot_amino_acids

. bkf/AE%%M&L#ﬂ+
CNAXSV £ FxE&EDHT
o FBELANILOES
e NAY / LEEIC
o (I,

WBEDTMB/MSI %
NAT /) LEEREICHET

SR

nnnnnnnn

. ﬁkﬁ/AE%twkﬁ

BFHILT -

— & (HL7 FHIR) ~D#Ht

. %%W&/AE%b$—F®¢&

WA ) LT —

RT7+—<v b & DB




ZTE2SH 7077 L0OS /) L« FFPE > — 7 TV A~NDILR

-FFPE CON ALY / LigE% BT - BEfFRRSNICLA— b

DA 7SS 5| P el
BERUEMD:
WY 7ILER
T oI H#{EBEE S (NM04.T.FF, NM604.N. Fr)
- s e EEEF v ER
. 3= I) p—y BEFEvh Genel147
I = MR T=N=(CALS9) D
—_— BEF LM
— . e W R— 5
FoundationOna €O W ERER [ @A R
Lo | ) FEmE RFDBINE
TR FLRBE%] 7LIVAE%] ZREN CDSEIE ME(L COSMIC(ERE)
BRCA2 |17.0(18/106) |0.0(0/57) frameshift deletion | exonll:c.2196_2202VT33fs*37  -(-)
delGGTCTTG
2 | @] CDKN2A |23.2(43/185) | 0.0(0/81) | nonsynonymous SNV, exon2:c.242C>T | P8IL 13224(24)
3| @ FLNA  [9.4(21/223) |0.0(0/64) nonsynonymous SNV exonl0:c.1486C>T |R496W | 1207225(1)
4 | @|N4BP2 |16.0(20/125) | 0.0(0/61) frameshift deletion | exond:c.477delC Qie0fs*21 ()
5 |@ TPS3  |26.9(54/201) |0.0(0/63) | nonsynonymous SNV exon5:c.413C>T | A138V 43818(43)
6 |- | CARD11 |25.0(43/172) | 0.0(0/66) nonsynonymous SNV exon25:c.3326A>G  E1109G )
7|- |CD79A |6.0(12/201) |0.0(0/60) SNV| exon2:c.279C>6 | 193M )
8 |- |cLPL |6.8(17/251) |0.0(0/59) | splicing exon3:c.645_657T+1 . -+
delAGACAGAGTATT
GG
BETFH  BEEE 9 |- [CSFIR |17.2(35/203) |0.0(0/57) nonsynonymous SNV| exon14:c.19756>C | V659L -(-)
aENE - BB AEERET Y b GBIRD) 1000 A 2;808 10 |- |FANCM 10.5:14;115; u.nEol,:B; nonsynonymous SNV exon23:¢.6053A=C | K2018T ::
WET—H—(CEA) =) e e B 4 11 |- |FHDC1 [24.2(45/186) | 0.0(0/64 nonsynonymous SNV exon12:c.2851G>A | G951S (-]
== (0A180) — EfH A BRRNOEEFE Y b i) 100 c 380 12 |- |GNAS [14.4(43/298) |0.0(0/T1) | nonsynonymous SNV exonl:.1619C>T | P540L 5507676(1)
1 S = SEARRINEREETFE Y b RIR) 200 [o] 380 13 |- |KDM5C |23.8(49/206) | 0.0(0/59) SNV exon13:c.1839G>C | E613D, )
sy mEEEFEy b QBB 500 B 48 ABL1 n 14 |- |NUTM1 |21.6(50/232) | 0.0(0/56) SNV| exond:c.927G>T  E309D )
ST 15 |- |[TSHR  |7.8(18/232) |0.0(0/62) nonsynonymous SNV| exon10:c.899T>G | M300R (-
i FoundationOne COx NEFAEETF LY b GRIRD 500 B 4;80 AcTNd O ) ) ynonymou 2 )
T e—— Tog-LAETAR A FEFAEGETF Y b GBI 100 c 38R E? WAGEFOC-HREEE
A EEEET Y b i) 100 c 380 AKT1 AEF4 ZREA MEFIC—HE
SEMEREETFE Y b GRIR) 200 B 380 AKT?2 E’ - |- .
NCCH ¥ AN FAFEEF £y b EIR) 124 [o] 380 AKT3 E? WA GFEBEEE
RIREEHEF/ S FNABERT £ v MGRIRD 324 B 3:8R] BEFH MR (REEEEES)
REBEREET I FABEGET £ v MGER) 200 C 3580 ALK u 16 |- APC 5:112,826,483-5:112,828,131
== = m 17 |- | BAIAP2LL inversion T:98,364,156-7:98,359,335
HRZLBEFEYE SR 100-2000 A : 18 |- BLM long deletion 15:90,721,568-15:90,721,684
19 |- |CARD11 long deletion 7:2,917,676-7:2,917,966
20 |- |cup1 tandem duplication | 12:122,375,953-12:122,377,177
21 |- |arc long deletion 17:59,650,913-17:59,651,433




Summary

» Bioinformatics (£¥1EWT) 1F. DEHLNLLSHIARLTH Y, BER
DEEERILER D6 H D,
s REFICE, EYLICBEELLREDDTT —XIZ, A Ea1—%
7B L THRET 290FTH S5,
BIZIERAY / LETIE, ABODNA RNA F— &% 02— X THREL,
HLWAAEREEGETFORBECEMNEEORES TR EZITS,
c MAYENIC X, T —XEENTE 707 T LHELDH 5,
« REEERTIT. AT/ LFZEDNAYT /) LEEZY FMEXRICHENL 7=,
. I%i(iiing_ormatics IEDENLL, 22T NG > T-BITCPHEDLZ 4 H
DAY LERHAY ) LERISR-Th, 45 Y £7.
s BNAT J LFETOT — XBFH DB
e AT/ LEEBETO 707 5 LB DOBN




INAFAVT7FT AR
EVREtSRIaA VYT — 3 v

Q®EANAR—T, FINRICHRAZ—%EB /L TWET
http://int.res.ncc.go.jp/web/kenkyu consul/bioinformatics.html

X BRIT - ZEBOA IV RT =R o0 FERFHOMECERMITAITO I-ODEFIMFTZ L. N4
TAPHRAEE L OFFHEHEEERT 7 P AL EDBEEZBYICHRT 5 7-00 FEma 4t
L9

® [EVERE - EVFETEEZS a CHEBERTI A = v 7 XK
D FTIEBIERL - EMEAmlEREFEDF5| =]
http //int.res. nce.go. Jp/vveb/kenkyu consul/files/tebiki.pdf
(EZBDEAR—=TICU 7B £9)
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END



