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Methodology article

"Per cell” normalization method for mRNA measurement by

quantitative PCR and microarrays
Jun Kanno*'!, Ken-ichi Aisaki®!, Katsuhide Igarashi!, Noriyuki Nakatsu?,
Atsushi Ono!, Yukio Kodama! and Taku Nagao?2

Address: 'Division of Cellular and Molecular Toxicology, Mational Institute of Health Sciences, 1-18-1, Kamiyoga, Setagaya-lu, Tokyo 158-8501,
Japan and *President, National Institute of Health Sciences, 1-18-1, Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

Email: Jun Kanno™* - kanno@nihs go.jp; Ken-ichi Aisaki - aisaki@nihs.go.jp; Katsuhide Igarashi - igarashi@nihs_ go.jp; Noriyuki Makatsu - n-
nakatsu@nihs.go.jp; Atsushi Ono - Atsushi@nibio.go.jp; Yukio Kodama - kodama@nihs go_jp; Taku Nagao - nagao@nihs.go.jp

* Corresponding author  $Equal contributors

Open Access
on line journal: BMC Genomics. 2006 Mar 29;7(1):64
PMID: 16571132
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RSort Program by Ken-ichi Aisaki
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FEH TXNST—)L

estragole 0

(1-allyl-4-methoxybenzene)
(CAS No.: 140-67-0)

253 (tarragon) M E 5, 7\ )LFEH (essential oils of
basil), and others.

S RAETH>EBICHENAMZTHKIET S (JECFA)

Kanno et al., Application of Percellome Toxicogenomics to Food Safety

In: Issues in Toxicology No.11. Hormone-Disruptive Chemical Contaminants in Food.

Eds. Ingemar Pongratz and Vikstroem Bergander

Royal Society of Chemistry, London, pp. 184-198 (2012)
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PercellomeExplorer Program by k aisaki

* Percellome Explorer ver. 0.2.16 : PDBEx RSort Expand H_ Sid

U N RREEN M (RN RN R A oA [ | Denomm

I Data RR Table |

il
Dl Ix

L. TEREOEEDARTIZDINT

~Universe List
gﬂ Tesirata | <277[277> Jump |estrago ° —
PrjlD IName IConditiun ICP IGL IDEscriptiBISurﬁcE I'I'lssue ITlmECuuri % ﬁ t f— 7 ﬁ w P S E i T\ ﬂ ﬁE F -
| | 225 TTG144-L Tributyltin x Phe 1527 (MEMO) (MEMO) C:¥MFDB¥Surfar Liver 0 —
| | 226 TTG145-L Tributyttin x Trik 754 (MEMO) (MEMO) C:¥MFDBY¥Surfa Liver 0 ﬁ Q 0) PS IE'I i 0) S u rfac eT _QE
| 227 TTG146-CX Forskolin 1311 | (MEMQ) (MEMO) C:¥MFDB¥Surfal Brain Cortex 0
| | 228 TTG146-G Forskolin 431 | (MEMO) (MEMO) C:¥MFDB¥Surfa Lung 0 % HE j—é — tb“ & * 6
| | 229 TTG146-H Forskolin 537 (MEMO) (MEMO) C:¥MFDB¥Surfal Heart 0 = nin e o
| | 230/ TTG146K Forskolin 520 (MEMO) (MEMO) C:¥MFDB¥Surfat Kidney 0 I
L 231 TTG146-L Forskolin 974 (MEMO) (MEMO) C:¥MFDB¥Surfal Liver 0 |
| | 232|TTG147G Estragole 162 (MEMO) (MEMO) C:¥MFDB¥Surfal Lung 0 Estradole
P 233/T76147-L Estragole > w20 MENMOLINENO) CoNEDRXSU ALY n p Estragole 9
~Matching List TTG147-L 3
vs TTG147-L // Estragole
[~ Strict Matching  Draw | 2hr 4hr 8hr 24hr “<
MName |Cor1d|t|or1 |Num |Cor |GL |5urfacel |5urfaoez
: TTG147-L Estragole 720 13.889 (MEMO) C:¥MFDBY¥Surfa C:¥MFDB¥Sur o
L TTG118-L Clofibrate x Clofibrate % 69 0.732 (MEMO) C:¥MFDB¥Surfar C:¥MFDB¥Sur| '(% L}
L TTGO44-L Clofibrate 81 0.688 (MEMO) C:¥MFDB¥Surfas C:¥MFDB¥Sur]
|| TTG129-L CCH x Clofibrate * 0.68 (MEMO) C:¥MFDB¥Surfa C:¥MFDB¥Sur]
| | TTGO98-L 2 (MEMO) C:¥MFDB¥Surfal C:¥MFDB¥Surf
| | TIG104-L MEHP 114 0.642 C¥MFDB¥Surfai C:¥MFDB¥Sur
| |TTGD21-G Tetradecane (2hr x 1day)* 7 0.617 (MEMO) C:¥ urfar C:¥MFDB¥Sur g
| |TTG134-L Nerolidol 18 0.61 (MEMO) C:¥MFDB¥Surfarts '.G_'J |
| |TTG141-L Tributyttin x Clofibrate * 88| 0.602 (MEMQ) C:¥MFDB¥SuUrfa C:¥MFDB E <
<« | 2 3
= O
Stand by..... Q ||: _E
O ®
*:Performed
S
<
J
time
2hr
o -~ -
201442 A21\H 1EZYE R0 L@ HNERF Kk - pyruvate dehydrogenase2
kinase, isoenzyme 4




25

Cyp4alsd

cytochrome P450,
family 4,
subfamily a,
polypeptide 14

Cyp4all

cytochrome P450,
family 4,
subfamily a,
polypeptide 10 ///
polypeptide 31 ///
LOC100044218

Cyp2b10

cytochrome P450,
family 2,
subfamily b,
polypeptide 10

Cyp51

cytochrome P450,
family 51

Clofibrate DEHP Phenobarbital

LR R R R R R R R
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Pentachlorophenol
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J Tox Sci (2013) 38:643-654.
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Figure 2

* Percellome Explorer ver. 0.4 8 - PDBEx

RSort Expand H G3 Std-Awv

A - G M5 5 = 0D BEEE - | & Bidenominatofreest  _~
[MoEazov2 ~ ||paa  RR Tabk|
l(,m E C n  Other I“Unlversel.lst =
24| Restriction | <168/286> Jump | =
I erjio |Name | condition = la {oesciptofsurfacs [Tissue [rmecoud =,
I | 55 TTGO10-L Acstaminopher 2337 (MEMC (MEMC CG¥MPDB¥Surf. Liver 0
| | 56 TTGO14-L "2, 4-dntropher 742 (MEMC (MEMC C:xMFDB=Surfi Liver 0
o 57 TTGO15-L “4-amno-2,6-d 444 (MEMC (MEMC C:¥MFDB¥Surfi Liver 0 L)
| 58 TTGO16-L Pentachlorophe 1992 (MEMC (MEMC C:¥MFDB«Surf. Liver 0
b 59 TTGO16-L(C) P 720 C C:¥MFDB¥Surfi Liver | o
|| 60 TTGO19-L 2-Vinybyridine 1282 (MEMC (MEMC C:¥MFDE¥Surf. Liver 0
|| 61 TTGO20-L "TCDD(2,3,7,8 2182 (MEMC (MEMC C:¥xMFDB=Surf, Liver 0
| 64 TTGO023-L Transplatn 677 (MEMC (MEMC C:¥MFDB¥Surf, Liver 0
| 65 TTGO26-L "TCDF(2,3,7,8 1125 (MEMC (MEMC C:¥xMFDB=Surfi Liver 0 l]
~Matching List
vs TTGO16-L(C) // Pentachlorophenol
[ Strict Matching  Draw | Jump | o
|_[Nome [Consiton la |surfaces |Surfoce2 LTI
| |TTGOo16-1(C) Pentachlorophenol 100 (MEMC C:¥MFDB¥Surf, C:¥MFDB¥Surf Liv
| TTG173-L TCDD/ARRKO 9.65 [MEMC C:¥MFDB¥Surf. C:¥MFDBYSurf. Live
: TTGO41-L .283 (MEMC C:¥MFDB¥Surf. C:¥MFDBySurfi Live
| | TTG154-L Sodum Dehydroacetare 108 (MEMC C:¥MFDB¥Surfi C:¥MFDBY¥Surf Live
| |TTGO98-L DEHP 444 (MEMC C:¥MFDB¥Surf. C:¥MFDB¥Surf. Live
| | TTG104-L MEHP .045 (MEMC C:¥yMFDB¥Surf. C:¥MFDBySurf. Live
H TTGO32-L "3-Amno-1H-1,2,4-tnazole .748 [(MEMC C:¥yMFDBY¥Surf: C:¥ MFDBY¥ Surf Live
| | TTGO37-L Phenobarbital .227 (MEMC C:¥MFDB¥Surf. C:¥MFDBySurf, Live
| | TTG1411 Tributykin x Clofbrate 4.983 (MEMC C:¥yMFDBY¥Surf, C:¥MFDBY¥Surf, Live =
ops [« | Ll_l
Stand by...__

Kanno et al. J Tox Sci (2013) 38:643-654.
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PCP

Other chemicals
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" Genes induced at 24 hr (unique to PCP)
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o
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o
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Tgolnl //l Tgoln2
trans-golgi network protein /// trans-golgi network protein 2
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H,C
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[Valproic acid sodium salt: VPA]

HEE
[0, 50, 150, 500 mg/kg]

RE® HEKE O CH,
100 mg/kg (for 14 days) + [0, 50, 150, 500 mg/kg] + o) 38
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RILLFILTER 50-00-0 0.08ppm (100 &t g/m3)
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| vsTT6147-L /1 Estragole

Strict Matching
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Save cJusters on Desktop

Percellome data clustered Y,
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Sequence HOmology in higher Eukaryotes
No Start Date End Date Gene List Repeat Masker Upstream Length Mode Downstream Length Scoring
90  2013/05/29 15:58:54  2013/05/29 16:09:46 NM_001002239 Checked mode2 transfac32
NM_001013785
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Red nodes, 0-2 hours (Timel)

Orange nodes, 2-4 hours

(Time2)

Green nodes, 4-8 hours
(Time3)

Blue nodes, 8-24 hours
(Time4)
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SBli: Garuda Alliance

Institute

www.garuda-alliance.org

E[EHGTHERY IO 7D

iﬁ'j
e

C I@ http://www . garuda-alliance.org/ o~c Xl k. 93)
& GARUDA - The Way Biol... % || - - > & . ™ & a " - L
i/ Q) contact
*ﬁ.' GARUDA
\ ITHE WAY BIOLOGY CONNECTS Q m

Home Overview Garuda Alliance Members Garuda Resources User Stories News/Topics Events Devéloper Center

L. Developer Center Log in

Garuda Alliance Member Center
Legin

Garuda Developer Center
Log in

3 \‘ d Create an account

z

Developers Center '
will open in 2012

™= User Stories
News/Topics © more

(5] m Introducing Garuda

7 November, 2011

(5] m New Garuda-Alliance.org site
open for preview!
29 September, 2011
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Garuda Alliance (snapshot May 2013)

FiNaCTeM . PANTHER (.E;

" Science, Technology Classification System
and Research

T Matioral Centre for Text Mining SINGAPORE

w2 CAST
The @ RIKEN

Systems G ol
Biology oo 3 D
Institute Visualizing biological networks in 3D

—b / Luxembourg Centre
REACTO M E @ © for Systems Biomedicine

......
......

= Percellome Project
:1_52"‘/: Div. Cellular & Molecular Toxicology, NIHS

) PhysioDesigner CellDesigner.org
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P ™ @ The
Systems
FOA SBI
I' — MOU Number 225-12-8000 inetitute

MEMORANDUM OF UNDERSTANDING
BETWEEN
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVI CES

THE FOOD AND DRUG ADMINISTRATION
Center for Drug Evaluation and Research

Office of Clinical Pharmacology
And
The Systems Biology Institute

I Purpose

The United States Food and Drug Administration (FDA) and the Systems Biology
Institute (SBI) share interests in promoting scientific progress through knowledge
exchange of scientific capital in pharmacology and translational research. This
Memorandum of Understanding (MOU) establishes the terms for collaboration to
promote these shared interests, which can be pursued through a variety of
programs including collaborative education and research.
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Systems Pharmacology forthe REAGAN - UDALL

‘FTIA/\ Prediction of Tyrosine Kinase HOUNDATION

—— FOR THI

Inhibitor non'QT Cal‘diOtOXiCity l";)od and Drug Administration

SBI to provide software platform and computational
systems biology expertise

Interlinked with tranSMART Data repository system
(originally from Johnson & Johnson)

Industrial participants: Merck, Pfizer, AstraZeneca,
Novartis, Amgen,

SBl&: &y weARIRA
I nsttte OIST |
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SBIE Garuda DashBoard

" Garuda Dashboard

Gadget Details

&) (searchfora gadget

Name

All(30

A Starter Kit [F 1l Gateway Garuda Trace About'Ganida
Analytics
Annotation Lt : 2 2
CellDesigner Plugin Help
Database A Starter Kit
Feedback ABBut : 1

Help : Garuda | | | | ! ! Provider
Installers S S . . . )
Kinetic modeling NETWORK SBI, Tokyo

Modeling CQNTROL| | @ “ s : Description
Pathways ey Sac . Why, How and What is Garuda? A peek

Simulation into the plaiform and the journey so far.
Store

Visualization ‘ || GARUDA
TRACE

Category

GATEWAY

B s

PANTHER

va

What is Carada?

GARUDA

THI WAY MMOLOGY CONNECTS
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® Finder File Edit View Go Window Help

swd B ED ¢ O BKEN B usmemou-rc Fri 10:40 AM SBX Corp Q

Gt~ 933

@) (Search for a gadget

A/

3 i
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Category

A Starter Kit
Analytics

Clustering
Database
Garuda Gateway
Installers
Modeling
Pathways
Simulation
Visualization

& GARL

CellDesigner Plugin

&) (Search for a gadget

FRFELI-T

Gadgets EeBIoUE N CELTLERIET

'S LNDGarudafi &

NANDI =K

« FILE GATEWAY

Filtering Comput. & Display Parameters

What do you want to do? ?

Show All gadgets

Load Your Data Load Sample Files | File Content

File Contents

1450046_at  3.258562 2.993156 3.470453 1.89925 2.573193 4.2022
1419004_s_at 1.903521 2.945037 1.908072 1.198808 1.960919 1.6733
1436234 _at 1.755584 1.741552 1.619864 2.106749 1.591004 1.795C
1416005_at 38.64732 32.8408 35.2551 26.28571 33.30863 37.14¢
1419152 _at 0.4612821 0.7362492 0.5889461 0.3524815 0.6071238 0.5072
1415916_a_at 72.32558 462718 55.55189 6021937 57.44839 67.96€
1435823 x_at 13.8174 9997685 12.26441 11.531 9.658074 9.4131
1434565_at  20.69522 15.73216 17.46994 14.65098 15.71447 17.29¢€
ul ™ GARUDA

Garuda Discovery Engine

tabase Knowledge Integra...
About

H‘ Data:

[ HEIF[-THIE

Aame
All K-Means

-All K-Means Distorti

| Scenario

[ selection [Cd Manifold | [ PCA =¥ Correlation = i Clustering 1 i process the selected data file.

| gadget and launch it.

¥ keep [ B4 [Upxvz 180 | [Gp[BH] x-axis: [0

Filters

@ and
O or

O oise1
O clistz
O list3
[ clist4

™ magn

range of magnitude

itude(2.48,52.60)

range of copy per cell

™ copy per cell(1.00,8.48)

|  elimSurc

™ No series of copy per cell under 1

Cyeaxis: |1 Z-axis: |2 % Gene to find () ) AGCT --- [Clustering|Gene] Profile Visualization Frame
| C#1 (KM) d [ (default: average) B ! sD Bar 5

C#0 (KM) Time-ExpressionLevel Plot
Clusts 2 133gpmes] Clusts 2 133pmes] Clusts 02 33pmes] Clusts 02 33gmes] Clusts 2 133gmes]
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- REBEOHTEEHFNERORE. RV EEARET 050 FHIEE,

MEREBREICETOVAI—ERFeEMELIZERFRRERIET—ID
R RIARAT:

AT FENEHTH.
- REBMHOENSFHOFISREANTBRIN.,

Percellome 3RITT—3EFEN ADERBITY I OITT7 DREMIE
—- EREFYT 2 e T FEPercellomeT—A2 D%t = HETE H T RSortt.”WebAPIX R

DATLNRL OOV —FETEBR O
— REHEEEFEEET7ILIYXLAGCT
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- B FHEEREET7 LIV L

—  Web/2ABi.”Garuda Platform3%
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F&D & Ayt—T

[— AR EIT— D DL M E (26D Ll DA% D)

EEEBDIERES O REFRERYF T~ OBRMLRE

HOERFNENDDH D

— To Describe biological effect of the chemical by the combination of
dynamic network

TGP®Mrat data & Percellome Project @ mouse data® & H'
A TLNDS
— Join rat data base to mouse data base by PercellomeExplorere
program

PercellomeT—%4%% . FDEHY b0z 7EHEIZGarudal AT
L EIZREATLHEREEDH TN,

— Accelerate/ Synergize analysis speed by world wide users
80
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— £ I HEE GO =RIBI=F A A F 5
* Dioxin
* Dibenzofurane
« Coplanar PCB

— AhRZFTLT=1EH TEFs (Toxic equivalency
factors)

—2,3,7,8-TCDDZREN1&EL. ME0.1GELHE
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'Percellome ;EBI# (2001~)

Jun Kanno, MD, PhD

Katsuhide Igarashi, PhD

Ken-ichi Aisaki, MD, PhD

Atsushi Ono, PhD
Tomoko Ando, Ms
Noriko Moriyama, Ms
Yuko Kondo, Ms
Yuko Nakamura, Ms
Maki Abe, Ms

ESL B/ E R TG Project 316 EIFSIL—TF

Percellome Projects (2003~)

El 7 F it - F A A

Jun Kanno, MD, PhD
Ken-ichi Aisaki, MD, PhD
Katsuhide Igarashi, PhD
Noriyuki Nakatsu, PhD
Yukio Kodama, DVM
Tomoko Ando, Ms
Noriko Moriyama, Ms
Yuko Kondo, Ms
Yuko Nakamura, Ms

(~summer 2002) (with 17 Pharm)

Akihiko Hirose
Takayoshi Suzuki
Makoto Shibutani

Atsushi Ono
Ken-ichi Aisaki
Jun Kanno

Risk Assess/ BSRC/ NIHS
Mutagen/ BSRC/ NIHS

Path/ BSRC/ NIHS

Katsuhide Igarashi Tox'BSRC/NIHS
Tox/BSRC/NIHS
Tox/BSRC/NIHS
Tox/BSRC/NIHS |

Systems Biology
Dr. Hiroaki Kitano, SBI
Dr. Natalia Polouliakh, SBI
Dr. Samik Ghosh, SBI

Millefeuille Softwares

Ken-ichi Aisaki, MD, PhD
IT collaboration

Grants

Ministry of Health, Labor, and
Welfare (MHLW) Grant-in-Aid, &
others

NTT COMWARE,
NTT Data
with Teradata, NCR

(Shinya Matsumoto,
Bun-ichi Tajima)

&

Maki Abe, Ms

Kenta Yoshiki, Mr

Nae Matsuda, DVM
Chiyuri Aoyagi, Ms
Koichi Morita, Mr
Ayako Imai, Ms
Shinobu Watanabe, Ms
Masaki Tsuji, Mr
Yusuke Furukawa, Mr
Maki Otsuka, Ms
Hisako Aihara, Ms
Minobu Hojo, Ms

Rie Katagiri, Ms
Kiyoshi Sekita, DVM

Yukio Ogawa, DVM (Inhalation)

Satoshi Kitajima DVM, PhD (Fetus)

Kentaro Tanemura DVM, PhD
Atsuya Takagi, DVM, PhD
Yuhji Tagquahashi, DVM, PhD




