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ﬁ ICGC(International Cancer Genome Consortium)

e B XSOBEDNAEZEEL. 205/ LEROERRALAZ05 L& B IEL.
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Bladder Cancer Blood Cancer Bone Cancer
United States .= United States I United Kingdom [

Liver Cancer Liver Cancer Lung Cancer
NELELY o | United States ™ -| United States | =

Brain Cancer Brain Cancer Breast Cancer
Canada | | United States _=| European Union / United
Kingdom -1

Ovarian Cancer Ovarian Cancer Pancreatic Cancer
Australia = .| United States _=| Australia |-

Pancreatic Cancer Pancreatic Cancer Pediatric Brain Tumors
Canada |[J | United States _=| Gemany _|

Prostate Cancer
United Kingdom [5=

Chronic Lymphocytic Chronic Mzelond Colorectal Cancer -
Lok Unlled States | — United States | ltaly | European Union | France
Spain 3= Umted Kingdom g5 |l

Endocrine Tissues Endometrial Cancer Esophageal Cancer.
Cancer United States =) United Kingdom 5=
No jurisdiction(s) committed

United States __| South Korea United States | =

Renal Cancer Skin Cancer Soft Tissue Cancer
United States | United States __=| No jurisdiction(s) committed

Gall Bladder & Biliary Gastric Cancer Gastric Cancer
System Cancer China ™ United States (=

No jurisdiction(s) committed
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Type 2 diabetes related genes
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LOC387761 (@] HMGA2 O HMG20A O
EXT2 O CENTD2 O AP3S2 O
FTO (@] KLF14 O HNF4A O

15,465 Biomarkers

are discovered in genome.

CANIN U
TSPANS8
LGR5
THADA
ADAMTS9
NOTCH2
DCD
SYN2
ADAM30
VEGFA
BCL11A
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(searched on 2012/11/14, THOMSON REUTERS Integrity)

BLIDO
SLC2A2
PROX1
C2CD4B
ADCY5
PROX1
GCK
GCKR

DGKB-
TMEM195

O O O O O O O O ¢
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Nature 445, 881-885 (2007)
Science 316, 1331-1336 (2007)
Science 316, 1336-1341 (2007)
Science 316, 1341-1345 (2007)
Nature Genetics 39, 770-775 (2007)
Nature Genetics 40, 638-645 (2008)
Nature Genetics 41, 89-94 (2009)
Nature Genetics 41, 1110-1115 (2009)
Nature Genetics 42, 579-589 (2010)
Nature Genetics 42, 105-116 (2010)
Nature Genetics 43, 984-989 (2011)
Nature Genetics 44, 67-72 (2012)
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Successfully assigned functional annotations to Discrive the transcription regulation network.
a set of 60,770 full-length mouse cDNAs.
% L8 u ] Key paper:
Key paper: M Suzuki et al. Nat. Gen. 41, 553 (2009)

The mouse

Okazaki et al. Nature 420, 563 (2002) ! i

: i, The first report of detail transcriptional
regulation network using deep CAGE
in the world.

The first project worldwide to standardize &
full-length mammalian cDNAs.

2001
1stinternational meeting

FANTOM 2

Nature 2009

©Nature 2002

©

FANTOM 3

FANTOM 1

FANTOM 4

Mouse cONA - Eromotgr Wl Basin Network sl FANTOMS
full-length * clone bank Analysis analysis On going
cDNA * libraries *Database

Developed functional gene annotation. Discovery of the NEW transcriptional Landscape.
Collection of 20000 fl-cDNA
Key paper:

Kawai et al. Nature 409, 685 (2001)

Key paper:
Carninci et al. Science 309, 1559 (2005)

More than 70% of the genome is transcribed.
- Discovery of the RNA new continent!

>50% of transcripts are ncRNA.

ncRNA have a wide variety of functions.

The draft sequence of human genome
(Lander et al. 2001) used our cDNA for
gene number prediction.
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FANTOMS: P. Carninci et al. Science, 309, 1559-1563 (2005)
FANTOMS; S. Katayama, Y. Science, 309, 1564-1566 (2005)
FANTOM3: Carninci, P. et al. Nat Genet 38, 626-35 (2006).
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CAGE method

RNA extraction

\ 4

CAGE library preparation

1. CAP trapper
2. Trehalose extension method
3. CAGE library

Sequence

Tag sequencing with the next-generation sequencer
1. Genome Sequencer FLX (Roche/454)

2. Genome Analyzer System (illumina/ Solexa)
3. SOLiD (Applied Biosystems)

bt

Data processing

Quality control

Statistical variation of the obtained sequence
Extraction of tag sequences

Clustering

Mapping

Statistical variation of the mapping result
Visualization with “genome browser”
Statistical analysis

O

RNA |

Gene
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31

Genome
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a track of
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T. Shiraki et al, PNAS, 100, 15776-15781 (2003)



R CAGE method

RIM=H
RNA extraction ( \
1. CAP trapper
2.  Trehalose extension method E
3.  CAGE library C: = GTGCGCGTCGAATATCGAT
Sequence - EL CGAATATCGATAGACTTG
Tag sequencing with the next generation sequencer ;

1. Genome Sequencer FLX (Roche/454)
2. Genome Analyzer System (illumina/ Solexa)
3.  SOLiD (Applied Biosystems)

Data processing
Quality control ~
Statistical variation of the obtained sequence
Extraction of tag sequences - @
Clustering
Mapping \ ‘ }

Statistical variation of the mapping result
Visualization with “genome browser”

Statistical analysis T. Shiraki et al, PNAS, 100, 15776-15781 (2003)




CAGE method

G
RrRIK=EN
RNA extraction
CAGE library preparation
1. CAP trapper
2. Trehalose extension method
3. CAGE Iibrary‘
Sequence

Tag sequencing with the next generation sequencer
1.
2.
3.

Genome Sequencer FLX (Roche/454)
Genome Analyzer System (illumina/ Solexa)
SOLiD (Applied Biosystems)

Data processing

Quality control

Statistical variation of the obtained sequence
Extraction of tag sequences

Clustering

Mapping

Statistical variation of the mapping result
Visualization with “genome browser”
Statistical analysis

Number of 1ags on plus strand

Known cONAs
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HiSeq 2500 SOLiID5500 Heliscope

Output data base / run 600 billion base 90 billion base 40 billion base

Number of mappable 1,000,000,000 1,400,000,000 800,000,000

CAGE tags per run (actual performance) (actual performance) (actual Performance)

Detection limit 1 copy/1000 cells 1 copy/1400 cells 1 copy/800 cells

Probability of detection 99.9955% 99.9955% 99.9955%

Points 1 1 1

Sample preparation Sequencing

Genome

€k D CAGE HeliScope CAGE
1 g X .

r=0.65 7| r=0.99

Fragmenlationl

Te+03

Te+01

100

Replicate 2

Te-01

Add poly-A
at 3-end

11}

N

1e-03 Te=01  Te+ Te+03 1 10 100 1000 10000
Replicate 1

Heliscope [&PCR IR AR & {FERALALY
PCRIBIEDRY (/X7 R) HV7ELN

Te-03

Poly-T fixed platform

*Single molecule sequencing

S NATRHIBIZ&KBBIERERE
EEICEVEEREZER

*Single color
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Neuron

10 Generate “TF1”
20 IF “TF1” binds to “Position 1”
THEN generate “TF2”
30
40 IF“TF2” get low
THEN generate “ncRNA1”
50 GOTO 10
60
70 Generate “TF3”

80 GOTO10 7
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HRENH AT LIREBZRFLTOLDI(E.,
fROREZHHT SRFENGHEDEERT
BEEncRNAIL, RATAT 74—y IZ&Y,
REN—FEICRY, FEIRREBISELTLS (R
LTS ELHAHN., RLTHEHRALALY),
4% F DEE KFF EncRNADY, EEREE (Core
Regulation)iE4 70T S LMWYT /LD HIZE
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ZDEEIRREZFIBasins | EH.5,
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&=+ (Peripheral Gene)ZHl{#9 %,

Peripheral genes
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K Gene1 >\/
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Power to trap: attractor
Hollow: attractor basin
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H. Suzuki et al. Nature Genetics, 41:5, 553-562 (2009)
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@ PMA-treated THP-
Rik=y  THP-1

hq
Pt
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Core regulation Core regulation

Core regulation|

Oh1h2h4h6h 12h 24h
PMA :

P hs o
e .
) 3 / i w
¢ ;. 72X G { ’ < ,“t s E "\, vﬁ ¢

THP-1 cells are a monoblastic leukemia cell line which upon PMA treatment can differentiate
into an adherent monocyte like cell (CD14*, CSF1R*)

Suzuki, Forrest, van Nimwegen et al. Nature Genetics 2009
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Size of nodes:
Significance of motifs

Edge support
Green: siRNA
Red: literature
Blue: ChIP
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Surface markers Not sufficient

Diagnosis is very difficult for non

Morphology (shape, volume, polarity) e

Ploidy, single or multinucleated, enucleated Not informative
Motility (adherent, resident, migratory) Not informative

*Surface markers
*Morphology (shape, volume, polarity)

*Single or multinucleated, enucleated
\/ | /'Ploidv

*Motility (adherent, resident, migratory)
/ *Differentiation potential

*Self renewal potential
*Developmental/lineage history
*Tissue of origin
*Developmental age (doublings?)
*Doubling time

Defined outputs (eg growth factors)

e Response to inputs

Self reinforcing stable internal network
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Proc Natl Acad Sci U S A. 2008 Apr

1 Fibroblast Monocyte SPI1, CEBPA/B mouse Feng et al. (Graf) 22:105(16):6057-62. Epub 2008 Apr 18.
2 Mesoderm Cardiomyocyte Gata4, Tbx5, Smarcd3 mouse ;?Eﬁgg:i’ ESE:)rZIOZO%O,?\erUan.t;459(7247):708_11.
3 Fibroblast Neuron Ascl1, Brn2, Myt1l mouse X/i\?er?:ig?en il 218 tlérsusozl)g (I): 3252;74_63(7284):1035_
4 Fibroblast Cardiomyocyte Gata4, Mef2c, Tbx5 mouse leda et al. Cell. 2010 Aug 6;142(3):375-86.

ol i - hematopoietic Octd human  Szabo et al. Nature. 2010 Nov 25;468(7323):521-6.

stem cell Epub 2010 Nov 7.

Nat Cell Biol. 2011 Mar;13(3):215-22.
Epub 2011 Jan 30.

Nature. 2011 May 11;475(7356):386-9.
doi: 10.1038/nature10116.

6 Fibroblast Cardiomyocyte Oct4, Sox2, Kif4, c-Myc mouse Efe et al.

. Gata4, Hnf1a, Foxas3,
7 Fibroblast hepatocyte P19 inactivation mouse Huang et al.

. Ascl1, Brn2, Myt1l, Pang et al. Nature. 2011 May 26;476(7359):220-3.
8 Fibroblast Neuron NeuroD1 human —\vernig) doi: 10.1038/nature10202
. dopamminergic mouse, . Nature. 2011 Jul 3;476(7359):224-7.
9 Fibroblast R Ascl1, Nr4a2, Lmx1a human Caiazzo et al. doi: 10.1038/nature10284.
10 Fibroblast Monocyte  SPI1, CEBPA/B mouse Feng et al. (Graf) -roc Natl Acad Sci U S A. 2008 Apr

22;105(16):6057-62. Epub 2008 Apr 18.
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Fibroblast was induced to Myoblast by MyoD oJ® T RAA—BIETF
Holtzer H.et al, PNAS, 87, 7988-8992 (1990) DAVETH

OOO

Pancreas cell was induced to liver cell by Cebpb

ineering

Toch et al, Nat Cell Biol, 2, 879-887 (2000) and Melton et al 2008

= il fe 25 $R
c iPS was induced from fibroblast
Q . .
— by introducing 4 factors \
8 Yamanaka et al, Cell, 126, 663-676 (2006) X ‘/
i
1990 ), 2006 2008 2009 By
’ ey
S
&
< FANTOM4 clarified that more than 50 TFs works in a concerted \way EE

to defferentiate monoblast to monocyte. Multiple elements can Re
extracted from “natural basin network map”
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