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(3) FANTOMS database systems DBAZ CHJII *L, JoiE,
Fril, f&H, THL BRI (), JIEE, Frith*', Gough,
Kodozius, Carninci, % H (&), #KE)
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5 — AT O 72812 FANTOMS3 database systems % [ %
L, FANTOMS3 k[EAFZEE (2f2 it L TRFZRICAEM L 72,
FATOMS3 Tld, #H7z12f% S/ CAGE (Cap Analysis
Gene Expression) #%HWT, cDNADT / 7—3 3 VI
Wz CHRBUBRNTH 7 — & % BEH L7z, CAGE i % H
WC, mRNA O 5 iiof 20 AL (¥7), 7
YERIOBRTTCY = Y AT AT EICLY, EERGN
T, 70E—% —TEH, HEIHERT —EICREIHFESLZ
LS TED,

cDNA annotation database & FANTOM2 %X B L T
non-coding RNA FEHI b4z % & ) 12 L7z CAGE basic
database (I~ 7 A% b D CAGE ©F A 77 V) LM
W, 57 LNOTy ¥ TEREKMLAHTE 5
£II1I2LTHBY, & 512 transcriptome elements (cDNAs,
ESTs, CAGE, GIS, GSC tags/ditags) A & Tw
5 7UE—F =MD T ) LEHRAS genome I —#E 123
N5NTW5S Genome Element database D, ¢cDNA an-
notation database R°1l? databases & #E#E L THH T
%, CAGE analysis database & cDNA v FOHIZH 5
TUE—Y — 2RO THRET AR L T2,
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CAGE expression database |34 Dk & developmental
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(1) cDNA Vv —R%f (R, B2E, KB, i,
M, —&, B4, fH, 44, RE, £8, HE, 3, 3
2, JNE, WE, i)

I LAy NT—=2 RHLNITSLET, ¥ U7 25
T&L5%4EE cDNA 70— VIZWEDOHZE) VY —ATHh b,
TTIZT Y ADEEE cDNA 7 10—V I3HAf FANTOM 2~
O— e L THRELL) Y —ADVDH DL, T2, b M ELEE
¢cDNA 70— FL] 7u—>, MGC 7 t— 7 EFIH
THETH DD, REMOIZrO—2D o720, MIEITIHE
BThHAELREDERRTHALDT, ) Lty NJ—2 70
V7 MIFEICETAHN TR L L e M EeR
cDNA 70— v DEfFEFEHL T b, BRIV — 7T
&, EEHIE A v T — 7128 b ) OV ERE I R
ZF, BNg V88T, ¥ 7 FIVRER GRS
WIIBIC i & tEd TV B,

(2) 7 a~F s (FH, $A (&) *2, K *2, Hiis)

BT HEHA LR TGRSR 257 0 € — & — I
ETEZITNE, EAEZETORBUI RV, AIFZECldE
ETRBOBEIS 70 F USRI 247> T b, #
Ja B % RFH S €72~ 7 X Hepa 1-6 flBICB VT, X b
¥ H2a BIET% 4 DB E% qRT-PCR I & D E= L7,
ZORESR, BT — VFHP L TR I2h 2 0b b T, 3
HE Il 3RKE RS TERAEROENIEL TWE Z 2%
Pol, FIT, FNOoDTOE—¥ —HIFIIBIFTA L A
k> H3 K9 OEifE#HR % ChIP fEHTIZ X ) Fi~72, e X b
~ H3 K9 257 v FMALIBHi #5207 5 & 7 1< F i 125
&, AFNVBHiZ ST E 7O T UREEIZAL A &
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(3) TF complex (&#%, Jtik, 4%, #A (&), M)

EEHE A Y 87— 7 BBV, HEREFEOMEE
TERTE B & ORI T OB HIEHRIIIEF ICEETH 5,
Fald~y AOBGHIENFEZFT—FN—A% b LI
HEEIEE T (%9 1,600 FEEH) B O HEFENIHH BRI AT 2 0
FLEWIHIIL 2 N4 7 v REEIC X DT o 700 ORISR, #
4,000 DB B L NE DB 247> TWb, T/, B
BHHKf & DNA OMA/EHFEREZ TS 72012, I
FLEMIHIE 1 N A 7)) v FiEER W2 A7 2 0% %
HATWD, KIZ, ZNOEMEHIEIRT-OME, MizTo%
HIBEMES L 720 h BB 7V % £ 4 RT-PCR % H W
TPHEY AT LAERS Lze SOV AT LIIYA 78T L
A T AR T H 2 Bl N &m0 5B % mik
BN 52 LD ETHY, w7 A 1,600 FE, v b
1,900 RO EHIHE T2 oW T EERS, EELME
P LREHTa 7 7 A VHESNT V5B,

(4) Gene Discovery GELTFER Y — IV OR%) (FHiHE,
NE, WA (), AL, Carninci, #RWB)

Fald, B 372D CAGE & GSC (Gene Signature
Cloning) 5475 VDT V¥ Ly —4r v A X AEEE R
BERTEOREICERE B W KRBT % B4 L 72,
TUE— ¥ —[[ED-HODIL A F& RT-PCR 7 0 —=
YD DT54<—, FLTDNA 7Ot —%Fv 7
DIZHDETHOIL AV FORIEZIT) TETH b,

CAGE OFFIFIHICHHFADEY TH 5, GSC FEid
SR cDNA 74 77 ) 2T 5, TDDNA L, 13&
AEDE L3 WMDAEGELTA YTy = v ANE®ED
Nb, IS ¥4 %7 13 &, concatamer 75 T A
F—PL, 7I9AIFTZ7U—YLTIELDTY—4 VA
DS/ 8% 5, IR L2 —F v AT 7o E—
¥ —w (BGM) E#TEFEZEDIZOIZT ) A iZwy
TEN, FRD I, FILVEEYORZEEEDT, 7/ 4
DB SN7-EBOBEZ KECHERLABTIENT
X7, EBROEBYOERIZESCHETOI VLT D
AL HEREZTRICT LD TH S, FANTOMS THE
ENZZPNT VAT N =208 I L TLEEL K-
FCRLZEDIZ, TOHLWF—F kv ME, 5H%D R
FUAI) T b= LDOEFEDIEE ELILDLHDTH S,

BifE, Fkxix, 770 E<y ¥y rEnLE (v ¥
YRR DEHIE) 070, LYRERNLEETFRRLEYE
BLTGSCEAWEL TS, XKDATF Yy 7T, D
T LG ERTATETH b,

T/, Bhb7TUuE—F - LEERBEERODIZ,
CAGE b{FH L7z. C &%, PRI & v b O R
fa7213T% <, FHEEWHL RO ND WP &k
e MERRICBIT A mRNA OFEBHICY 7 Lz,

(5) ZEHIEEL & siRNAs (Jh, EH (FF), &K (F))

FAald, HFEOWERGNTEETZENE L TRAE
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R ACERRAERE L TWD, KEEIR, b oER
TRIZT 2 & L7z siRNA 37 10— > OfE#, RNAi
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2, w&HD siRNA FEHIERET 70 7T 2% BT, 1,780 fi
DO MEERTEE T A EN L L7 siRNA BUY 2 T - 3%
FhL, SNOLDSIRNA 28T LT ITIAINTIAT T —
RUEREL, 20—r0y =22y 728 DEF3,941 HE
D SRNAKBLT I A3 Fru—y & [E LIz, $72, 50 H
D MEERHHHFEETFICOVWTIIZERENR 3T oD
SIRNA 25T 577 A3 FEMEL, €OREDETH
iR TEE T 129 % RNAL EEE b P EFEMR % v C
7y L, SROAE SIRNA BLFI & e L7z, 2hb
DD T T L AR AT ¥ A AR L HIF L Tiibh
TVWBELDTH 5,

3. SREBETREMBAREM (T4a, Wk, AW,
BE, RARF *2, MR, AR R (H), AR (RHREA A
CREWERARTEE) 5 MK (I T e 7EEE) )

7 MR OERIZE D v, EET OB T RN
WEL, EERNOZHEETORIEETARL L2 HWE L
BT REAEEBTEROREN EE > Tnb, 22T
FA LN ITHECEM L /72 cDNAY /2707 L A %
AL, 2HMOBELETOREE R, OEEERICEES
Mg MO 7o T\Wb, ZD7-OI2, 74 M
L —#—%H\C 50 L L@ R % MR T - 14
AL, BEERE - SO RRERATREEE 204 2 H v
THMEOERITHEEBHEAF Y =7 (FrTHD
1/1,000 BLLT) TR T 2EEORBEEIT-> TE 7,

R, 72 MIL—F =T TL—2arTIAID
RN RNERRBORMICEE LT — ¥ 2572, ¥
2, %A 2707 L ADON, TP SR RETER
W52 LI L7z, 4%, RO RHEL TOF-
MS EEDBE RN EE3E TV, BHEEKESY V77T
L A R ELISA 2 E~OInH b BE LT3,

4. Tailor made project Gilll, E&I (), i,
R, WA, KEF, AR 2, HA GR), AR (F), &
K, Bk, @F%, WZE, RE, MR, I, R, DE,
Carninci ; FF#%, S8H (—) (BRISFAERS THBERTZEE) )

REFZETIE, HFRATOENE L CHALERTED
HMFEEST AV AT L 2MEL, OB THHERLETFD
HEEA AL ZEEZHWE LTWA, RIS, THEIR L
TN ZEERIERE 7 — ¥ X=X, HHE) 7V 5 A 4
RT-PCR & WV 72lE Y AT &, SR HEML in situ 7
ATVFAX -2 ary Ty AT L, ¥ 237 BIMAHEANEH R
Wi AT L, & 2827 B-DNA HIEAERRNT S AT 4 O
RER L, EEGERS L2 EOMEL N OBIEFF
IEMEZ AT L, HHIDSZ O Z R £ TOES T -
Z2 i - BRI O Pathway %R 57200 =% VT A
TLAERGER LTZe 2D Y AT L% WV THL) D3 fluoxetine
RS Lo~y A (11 5080) RREHCLTAZ ) —
LA, BBEET L 5 ELTRERE LTHE
7o R o & 5T NS BIET- O 2 7 FEHEAT 2
5, fluoxetine $5-12 & 1) 4 < ®EE % 2T B K@ NI O AT
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5. DNA Jv 7 (b Oh) *', Wa&, 446, i, 1
Jip*t, ﬁf?r T4, BRE (B) *, i (3 Y, HE K
NS < ) 1, ﬁtwﬁ)

DNA 7'v 7%, E#HEOET, BT /7u0—rZ20b0%
TOEREHE & b1 - REDTE 20T, WHiEE
EoTUE, WkEEosu—-rTh, —FIZEIANTHAE
MTHIENTEDLIERYITE & LT HIRRE 5 & 21T
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%@f/AUV—Zﬂﬁﬁﬁﬁﬁﬁkbfﬁﬁéﬂfwéo
ARAEFE L, FEFFEICEI&HEE, DNA 7 v 7 ORfER TV,
%tKQEﬁmDNA7/7%Wm¢5_t#f%to

(1) TAQUA DNABook™ Vol. 1-Microsatellite marker
& Disease diagnostic marker ] . fiZ3)I[ KR AR ZERT,
HREEARY, EO®FEICE > TIER S, LIfERs
N722 DD ADNA 7 7 PEek DNA 70— %
BHLTHLDIH LT, 774~ —%HRIL72bDTH
bo LY BN T S50~ —1d, T ADBEMITICE
K~ Ar0% 774 Mo 217 M, KHEEHOLMW
M7 7A4~— 244 (17HEE) T, b7 2 OEBEMITHER
WP KEAROZHE L DI, ARy hE3hTwb, 1§
WEINTVEAFOHRIZIZIAANVRATAIVAFFDLH D,
HHE N,

(2) rArabidopsis cDNA Encyclopedia DNABook™:
Transcription Factors] . B[ 7/ ARV AL >~ & —
EFNAF ) V=AY vy —5—# IST O %15 THE
L7z REEE, YA XFRXFOEBERTELETIEDD
1,069 7 10— Y WL TV 5,

ICHEBTCUE, REAYERMIZET EEFT, 140
ﬁﬁ%lyﬁ47nN?47%1%¢fééoit,ﬂ#
FHREBERE 7 L X ¥ — 1) LT, DNA 7 741k
Bk OFATRSE % ExEo TR Y, Hibr iR TAZ L%
{ffiz% DNA 7 v 7 ORE%{ToTnbEZATHb,

*ILFERTZER, *? B

Recent rapid progresses in the genome researches of
various organisms have introduced a new style of biologi-
cal study, which is a data-driven approach based on huge
data produced by large-scale genome analysis. This group
has established a series of genome technologies and genome
resources, such as full-length cDNAs, their functional an-
notation and their expression profiles. Those have been in-
tegrated in a comprehensive database, called the “RIKEN
Mouse Genome Encyclopedia”. Furthermore, as a next
step towards our final goal, that is, understanding of the bi-
ological phenomena at the molecular level, we have started
the development of various technologies for expression pro-
filing, protein-protein interactions protein-DNA interac-
tions and so on, and accumulation of the functional in-
formation of genes widely.

1. Mouse Genome Encyclopedia Project

(1) Collection and full-sequencing of mouse full-length
cDNAs

We have constructed 237 full-length ¢cDNA libraries

from mouse tissues using a RISA system, which is an “in
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house” system of cDNA analysis. And we have analyzed
the 3’ end of 1,490,000 cDNA clones and collected 186,700
species of cDNAs. As a result, we will have fully sequenced
around 90,100 clones in total by the end of this year.

(2) FANTOM3

In the FANTOMS3 study, a comprehensive polling of
transcription start and termination sites, coupled with
analysis of expanded full-length ¢cDNA libraries has ex-
tended our knowledge of the ~22,000 predicted protein
coding genes in the mouse genome and identified exten-
sive variations in the transcripts arising from alterna-
tive promoter usage, splicing and polyadenylation. We
identified 181,047 transcripts with defined transcriptional
boundaries. Amongst the new full-length cDNA sequences,
we have identified 16,247 new mouse protein-coding tran-
scripts including 5,154 encoding novel proteins. The mouse
genome also expresses large numbers of non-coding RNAs;
whose promoters are strikingly conserved. Many loci
express multiple overlapping transcripts, such that the
genome appears as a series of transcriptional forests, sepa-
rated by deserts from which few transcripts are observed.
Extensive overlap of coding or non-coding transcripts with
transcripts on the other strand might contribute to tran-
scription regulation in cis or in trans. The data herein
provide the first comprehensive platform for the compar-
ative analysis of mammalian transcriptional regulation in
differentiation and development.

The novel FANTOMS3 datasets provide the most com-
prehensive view of the mammalian transcriptome to date.
Analysis of physical cDNA clones, sequence tag and EST's,
provides compelling evidences that sense-antisense (S/AS)
overlap is almost universal. S/AS takes place both in trans
(from different genomic loci) and cis (transcribed from the
same region), which are especially abundant in imprinted
loci in keeping with putative roles in gene silencing. Ex-
pression analysis revealed frequent concordant S/AS pair
regulation, which argues against simple models of interac-
tions based upon RNAi. We present experimental evidence
in which perturbation of an antisense RNA alters the ex-
pression of sense mRNAs. Taken together with the high
conservation level of ncRNA promoters, evidences suggest
that antisense transcription is a major transcriptome con-
troller.

We have produced for the first time a comprehen-
sive map of the mammalian transcription, which include
the majority of the promoter sequence. A subset of
the promoters was validated by finding CAGE clusters,
which have identified about 160,000 transcription start
sites (T'SS) in the mouse and about 180,000 in human.
Many loci show staggering complexity both in the range
of transcripts and TSS. There are, on average, 3.59 TSS
per each of the TU, the identification of which provides
the first comprehensive platform for the comparative anal-
ysis of mammalian promoters and their dynamic function
in differentiation and development. We have produced the
first example of expression clustering based on promoter
usage, which allows reclassification of promoters based on
functional categories, and also have determined several ex-
amples of the transcription factors that promote transcrip-
tion in these clusters. We have also redefined the sequences
that constitute the basic promoters.

Development of Gene Discovery tool

(3) The development of the FANTOM-3 database sys-
tems

We developed the Fantom-3 database systems for
cDNA annotation, expression and promoter analysis and
provided them to the FANTOM-3 collaborators.
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The cDNA annotation database was modified from the
Fantom-2 database to accommodate the non-coding RNA
sequence. The CAGE basic database contains all of the ba-
sic information on the CAGE libraries, tissue and mapped
TAGS information for the mouse and the human. It is
linked to the Genome Element database where all of the
transcriptome elements (cDNAs, ESTs, CAGE, GIS, GSC
tags/ditags) are aligned to the genome, together with pro-
moter elements and other genome features, linked to the
c¢cDNA annotation database and the other databases. The
CAGE analysis database allows advanced searching of pro-
moter elements in sets of cDNA. The CAGE expression
database permits researchers to search information about
the expression and promoter usage of the transcripts in var-
ious tissues and developmental stages. We also developed a
database to search information on sense-antisense mRNA
expression in various tissues and developmental stages.

2. Genome Network Project

Our group has been conducting a national project,
Genome Network Project, since FY2004 as a pivotal in-
stitute to elucidate the gene network from gene to pheno-
type, especially focusing on the transcriptional regulation
network. The research approach is quite new, that is, we
mass-produce fundamental data based on originally devel-
oped technologies and methods, collecting cDNA resources
and construction of individual functional data base (so
called horizontal project), these data and resources should
be used by specialized institutes to study individual bio-
logical phenomena (so called vertical project). All data
should be integrated into one database by IDENKEN to
construct a platform for post life science (also so called
horizontal project).

(1) Chromatin structure analysis

If transcription activating proteins cannot bind to the
promoter of the target gene, it is silencing. In this re-
search, from the viewpoint of gene expression, chromatin
structure analysis has been done. In the cell cycle syn-
chronized mouse Hepa 1-6 cells, the expression-level and
pattern of histone H2a genes has been analyzed using qRT-
PCR. The replication-dependent H2a genes have various
expression levels but similar expression patterns. Next,
we studied the modification of histone H3 K9 at the pro-
moter using ChIP analysis. The result showed that the H3
K9 acetylated level is higher at the promoters of high ex-
pressed genes; the H3 K9 methylated level is higher at the
promoters of low expressed genes. Now we are challenging
to show the H3 K9 modification map on the whole genome
using the genomic tiling array.

(2) cDNA resource collection

Full-length cDNA clones from which functional proteins
could be synthesized are essential resources for the genome
network researches. To facilitate the genome network re-
searches, we started to develop the human ¢cDNA clone
bank cooperating with Tokyo University, and are making
effort especially for transcriptional factor genes, nucleus
protein genes and signal transduction genes that are most
important to explore the transcriptional regulation net-
work.

(3) TF complex

We have explored protein-protein interactions of mouse
transcription regulation factors using the mammalian 2-
hybrid system. We have obtained 4,000 interactions that
are now under analysis. We are also developing a one-
hybrid system to examine protein-DNA interactions. To
examine expression profiles of transcription regulation fac-
tors, we have developed a medium-scale real-time RT-PCR
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system. We have already obtained the expression profiles
of the mouse and human major tissues and cell lines.

(4) Gene Discovery

We have started a large-scale analysis aimed at the
identification of all start (and ends) of the transcripts by
random sequencing of CAGE and GSC libraries in human
and mouse. We are going to provide elements for pro-
moter identification and primers for RT-PCR cloning and
the identification of all elements for a DNA promoter chip.

The technology of CAGE has been described previ-
ously. The GSC technology (Gene signature cloning) is
based on the construction of full-length ¢cDNA libraries,
followed by preparation of ditag sequences, containing only
the most 5’ and 3’ ends of the cDNAs. These “ditags” are
extracted, ligated to form concatamers, cloned into plas-
mids and finally subjected to sequencing. The extracted
sequences can be in silico mapped onto the genome to iden-
tify the start (promoter) and termination site, and there-
fore greatly redefine the structure of the transcribed part
of the genome, including the identification of new tran-
script. This will be the continuation of projects like the
FANTOM3, which allows a complete redefinition of the
concept of “genes” based on the identification of real tran-
script. See the above report on the complexity of the tran-
scriptome identified in the FANTOMS: this novel dataset
will further expand our definition of the transcriptome.

We are currently modifing the GSC technology to have
a better orientation of the tags and better mapping ef-
ficiency (target: 80% of mapping efficiency) in order to
maximize gene discovery. In the next step, we are going
to redefine the human genome structure. We have also
used CAGE to further discover promoter and starting site,
and linked these to mRNA expression, in particular from
adipocytes and human embryo stem cells, but also to a
panel of various human tissues including the brain and
embryo which are very rich in novel transcripts.

(5) Perturbation and siRNA

We have constructed and identified 3,941 siRNA ex-
pression plasmid clones targeting a total of 1,780 genes
which may be involved in transcriptional regulation in hu-
mans. Fifty transcription regulatory factor genes were se-
lected to examine their susceptibilities against the siRNAs
expressed from the plasmids. The RNAI assay successfully
identified a number of effective siRNA sequences. These
studies have been being carried out in cooperation with
the Karolinska Institute.

3. Development of comprehensive gene expres-
sion profiling technology

We have been developing novel technology for analyz-
ing comprehensive gene expression profiles in biological
molecules accurately and rapidly. To accomplish this, we
have established cDNA microarrays labeled with stable iso-
topes, and developed a TOF-MS system with a fs (femto
second) laser ablation ion source.

In this year, the fundamental properties of fs laser ab-
lation plasma, which is the most important information
to improve the TOF-MS system, have been obtained, and
they have been fed back for optimization of conditions in
the ion source. We have finally detected specific signals in-
dicating gene expression from the cDNA microarray. Vari-
ous conditions for mass-spectrometry have been optimized
to improve S/N ratio, which will allow more sensitive de-
tection of biomolecules with high accuracy.

4. Tailor Made Project
We have developed a total screening system to identify
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Research Scientist
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them on a shelf at room temperature. Dr. Mizuki NISHIMURA
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DNABook™ with the National Institute of Agrobiologi- Dr. Kazuro SHIMOKAWA
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ture of Japan Science and Technology Agency to develop
such tough DNABooks that researchers could use safely
and easily.
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