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“The history of the earth is recorded in the layers of its crust,
the bistory of all organisms is inscribed in the chromosomes.”
Dr. Hitoshi Kihara (1946)
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Yuji Kohara
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The National Institute of Genetics (NIG) was established
in 1949 as the central institute to study various aspects of
genetics. It was reorganized in 1984 as an inter-university
research institute to promote collaborations with researchers
at universities. Since 1988, NIG has been participating in
graduate education as the Department of Genetics of the
Graduate University for Advanced Studies (SOKENDALI).
NIG also serves as a center for various genetic resources
such as mutant strains, clones and vectors, and houses DDBJ,
the DNA Data Bank of Japan, and a DNA sequencing cen-
ter.

The history of NIG overlaps the period of a revolution
in the field of life science. Genetics is no longer a disci-
pline to study the rules and mechanisms of heredity, but has
become the basis for all fields of life science. Molecular
techniques now allow us not only to decipher the entire
genome sequence of organisms including humans, but also
to understand the details of higher biological phenomena:
cell differentiation, morphogenesis, brain function, and evo-
lution --- the history of life itself. Currently, 36 research
groups are actively performing pioneering and cutting-edge
researches in these fields at NIG.

Recent generation of massive information on biolog-
ical systems and their environment calls for new directions
in life sciences, such as bioinformatics, system-level anal-
ysis, and theoretical approaches to extract knowledge from
databases. To this end NIG and three other national in-
stitutes, the National Institute of Informatics, The Institute
of Statistical Mathematics and the National Institute of Po-
lar Research have formed a new organization, the Research
Organization of Information and Systems (ROIS) in April
2004, as a part of the reform of national universities and
research institutes in Japan. Inter-institutional collabora-
tions within the new organization are in progress.

We welcome your comments and suggestions on our
research activities and endeavors.

KOHARA, Yuii

Research Field: Genome biology and molecular biology

Career: Assistant Professor, Institute of Molecular Biology, Nagoya
University (1980-1989); Visiting Scientist, MRC Laboratory of Mo-
lecular Biology, Cambridge, UK (1988-1990); Associate Professor,
DNA Research Center, NIG (1989-1996); Professor, Structural Bi-
ology Center, NIG (1996-1998); Professor and Head, Center for Ge-
netic Resource Information, NIG (1998-2004); Professor, Department
of Genetics, SOKENDAI (1996- ); Vice Director, NIG (2002-2004);
Director-General, NIG (2004- ).

Memberships: Genetics Society of Japan; Molecular Biology Soci-
ety of Japan; HUGO (Human Genome Organization)
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AIMS
This institute carries out comprehensive genetic research to
advance the knowledge of basic and applied genetics as one of
the inter-university institutes.

RESEARCH COLLABORATIONS
This institute offers collaborative research opportunities to
researchers throughout Japan.

EDUCATION FOR GRADUATE STUDENTS
This institute enrolls graduate students as the Department
of Genetics, School of Life Sciences, Graduate University for
Advanced Studies, and also participates in the education of stu-
dents from other universities.

INTERNATIONAL COLLABORATION
This institute strives to promote international scientific ex-
changes by sponsoring international symposia and through the
exchange of researchers.

MANAGEMENT
To manage this institute as an inter-university research cen-
ter, there is an Advisory Committee that deliberates research and
administrative affairs. There is also an Advisory Board that ad-
vises the Director-General about the principles and policies of
NIG.

NIG 2005
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ORGANIZATION

Advisory Committee

Director-General

Yuji KOHARA

Office of Strategy Planning and Coordination

Advisory Board

Vice-Director  Susumu HIROSE

Molecular Genetics

}_

Center for Genetic Resource Information

Molecular Genetics

Mutagenesis

Molecular Mechanisms

Tatsuo FUKAGAWA

Fumiaki YAMAO

Hiroaki SEINO

Genetic Informatics

Genome Biology

Yukiko YAMAZAKI

Yuji KOHARA

Comparative Genomics Laboratory

Cell Genetics

}_

Structural Biology Center

Cytogenetics

Microbial Genetics

Tamotsu YOSHIMORI

Hiroyuki ARAKI

Sei-ichi YASUDA

Developmental Genetics

}_

Developmental Genetics

Gene Expression

Molecular and Developmental Biology

Yasushi HROMI

Toshitaka FUJISAWA

Susumu HIROSE

Koichi KAWAKAMI

Population Genetics

}_

Population Genetics

Evolutionary Genetics

Naruya SAITOU

Toshiyuki TAKANO

Integrated Genetics

}_

Human Genetics

Agricultural Genetics

Brain Function

Hiroyuki SASAKI

Tetsuji KAKUTANI

Kei-ichi SHIBAHARA

Tatsumi HRATA

Genetic Strains Research Center

}_

N Mammalian Genetics

B Mammalian Development
N Mouse Genomics Resource
N Model Fish Genomics Resource
N Plant Genetics

N Microbial Genetics

Invertebrate Genetics

Frontier Research

Toshihiko SHIROISHI

Yumiko SAGA

Tsuyoshi KOIDE

Noriyoshi SAKAI

Nori KURATA

Ryu UEDA

Takako ISSHIKI

Molecular Biomechanism
Multicellular Organization

Biomolecular Structure

Gene Network

Biological Macromolecules

Makio TOKUNAGA

Nobuo SHIMAMOTO

Isao KATSURA

Yasuo SHIRAKIHARA

Emiko SUZUKI

Center for Information Biology and DNA Data Bank of Japan

DNA Data Analysis

Gene-Product Informatics

Gene Function Research

Biological Databases

Gene-Expression Analysis

Research and Developoment of

Takashi GOJOBORI

Kazuho IKEO
Ken NISHKAWA
Yoshio TATENO

Hideaki SUGAWARA

Kosaku OKUBO

Radioisotope Center

Hironori NIKI

Experimental Farm

}7
}7

Nori KURATA

Adjunct Faculty

Nucleic Acid Chemistry

Cytoplasmic Genetics

Physiological Genetics

Theoretical Genetics

Applied Genetics

Tokuko HARAGUCHI

Hiroshi IWASAKI

Kazuto KOBAYASHI

Masayuki YAMAMOTO

Fumitoshi ISHINO

Yukiko GOTOH

Asao FUJIYAMA

Sumio SUGANO

Kunio SHIOTA

Takashi ARAKI

Intellectual Property Unit

Technical Section

Munehiro TOMIKAWA
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Department of Administration

General Affairs Section

Financial Affairs Section

Research Promotion Section
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OUTLINE OF DEPARTMENTS, RESEARCH CENTERS AND EXPERIMENTAL FARM

DFETCHER
Department of Molecular Genetics

BT HIEBL & Z OHIERFE 2 BRI S, ROt & ME oMz o, 2RO HIETHRL
T,

Molecular genetic studies of gene expression and its control are being carried, currently focusing on
post-translational modification and chromosomal structure and function.

TR ECZE R

Department of Cell Genetics
NN CBIS SN D BUEBIR Z 0 LAV TINS5 2 L2 HIEL T, Al bk CMEeR 2 v ezt z
fToTn5,

Fundamental genetic phenomena are being studied in living cells and in cell-free systems to explain the phe-
nomena observed at the cellular level in molecular terms.

{[ERr S g A

Department of Developmental Genetics

E RS, Yavulaunz, ¥I7570va, <UAREDEFTAVEMERAY, BWREICRT) 5 EIET
FH, MEavE, Mlasit, BREROEEIZOWTOWNREET> T3,

We study mechanisms of gene expression, cell fate determination, differentiation and morphogenesis during
development using various model organisms, such as hydra, Drosophila, zebrafish and mouse.

EMETHER

Department of Population Genetics
EVHELDIEL & 2 O Z AT 2 BT, ERNEB XCHERBNTFEZNWT, BIz707 /20100
PHEMO L~V E TIRIE HFEL TV 5,

We are conducting experimental and theoretical studies on the history and mechanisms of organismal evolu-
tion from the gene and genome level to the population level.

HEEBEMLMER
Department of Integrated Genetics

t N2 ETHALEYCHY ORAEDTE Y = T 7 721, 3 X ORI % O AR HIE B L T o
AR ZTT> TN D,

We study the epigenetic control of development of mammals, including human, and plants, and the genetic
control of neuron network formation, by integrating the knowledge from various fields of genetics.

Gene’uc Strains Research Center

ETOEGRIZOEBEL 72> TWBRIZFDOIRITIE, ERME LR 22— RAEMRERDLETH D,
Ktz —Tlk, EVMRBEOFE OBEEBEERICIMHL CTHADD D LM EEED L L LB, ~U X, BT
FT74yva, YayTlaunxg, LR, KGE THHRERRAKOBIE - Mk - pEEEEToTn5,

Genetic strains with unique characteristics are essential for research of Genetics that is now the basis of all
fields of biology. This Center consists of seven laboratories working on Mammalian Genetics, Mammalian De-
velopment, Fish Development, Invertebrate Genetics, Plant Genetics and Microbial Genetics. The center develops
valuable genetic strains of mice, Drosophila, rice, Escherichia coli, etc., and supplies them to researchers in and
outside Japan. Each laboratory explores gene function in organisms using these strains.

NIG 2005

7
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OUTLINE OF DEPARTMENTS, RESEARCH CENTERS AND EXPERIMENTAL FARM

BiE BTGty —

Structural Biology Center

BURAITHEE AN TR Z B AT D7), Pk 845 AITIH - AR MMITEt v & — Z Ui/ L TikaL
Shice BFL_ARLEMEL ANV ET, BRY: &GP OB RS CREMOMEZITS L LB I,
AN OREZBIE - T T DR A TR 2R L, BIEAITEALTND,

This Center was established in May 1996 through a reorganization of the former DNA Research Center in or-
der to introduce methods and techniques in structural biology to genetic research. The Center performs pioneer-
ing research in the new area between genetics and structural biology at molecular to multicellular levels, and develops
methods and techniques for investigating various biological structures.

4 eniEER-DDBJ Iz z 05 —
Center for Information Biology and DNA Data Bank of Japan

MERAEDY) ODLBREICBIT DHEMA L LT, EaEmitset o & —2 %k 7 4 4 HICELE N, Fhk
1345 4 AIZBEOR T SNz, A v Z—Ti, FiLar ¥ a—Iic k2B EHERETSS /7 A EL2E
HOWEETT>TCnDd, Eie, AL XZ—ITid, HADNAF—%,"\>7 (DDB]) »#EiishTnd, DDBJ Li
EMBL-Bank 3 X I*GenBank & ®#ffin % & iz, DNABEHOWE, 7/ 55— 3y, F—E2R—21t, &
UL E O EFEILS & LU THERICEE RZE 2RI LTS,

The Center for Information Biology was established in April 1995, as a center of information biology in Ja-
pan, and reorganized as the Center for Information Biology and DNA Data Bank of Japan in April 2001. The
center consists of five laboratories where researchers conduct research on genetic information by an extensive use
of computers. The DNA Data Bank of Japan (DDBJ) is also housed in the center. In collaboration with EMBL-Bank
and GenBank, DDBJ plays worldwide a pivotal role in the collection, annotation, management, publication and
distribution of DNA sequence data.

FYBRTCERBEREGEZYY—

Center for Genetic Resource Information

Kz —iF, RFEFEORRRAFFHE L EMBIZEIRT —Z X—RAORGZHED DT ITHLS NIz, 7/
LBEONAFA 75T 4 7 ARFGE L ILIT, EWRIZEIRE B2 O R OVEMBIRE ﬁT BN D
EORBZIT> TS, S HICHNMEZIHL L 2 2FMEL THRITHIRT 28 &, DT 2is
LT R B 2 HEE L T D,

The mission of this center is 1) to coordinate and reinforce the genetic resource repositories which are car-
ried out at many universities and research institutes in Japan through the activity of the Genetic Resource Com-
mittee and 2) to construct the central database for genetic resource information, and 3) to promote institutional
publicity and to contribute to the society through establishment and practical use of intellectual property rights.

BEHR - 7 A =T 05—
Radioisotope Center
Ky Z—FHERRLZ VAT A Y b =7 (BAHMERINICER) %, BUs1ORe L #EOMRIZRINT 57
DOKFFMMEE TH D, FVFTAY =725 EWRRIETORIITE 2720, LEmBlFEoOfrRIcix
WEDF L 720 TnWD, FILAHINTOBEE¥P, “C, "HO 3 TH D, TN HITTHVER SO
%ﬁ(ﬁ%)%M&#éoik,”Ts%ﬁﬁ&Lkﬁyv—%ﬁﬁﬁﬁ%ﬂmLkﬂ%%ﬁofméo
The Radioisotope Center has facilities for biochemical experiments using radioactive tracer with **P, *C, or

°H and is equipped with different kinds of radiation sources needed for the studies of radiation genetics. A cur-
rently available, commonly used radiation source is "*'Cs.

RERES

Experimental Farm
BURHHC R DL & FE LR O T ORPIBIZ BRI, SR, 7088 X OBIEmE 217> T2,

The farm is responsible for plant resource generation, management, distribution and related studies to support
research and service in the NIG.

8

NIG 2005




e —1
B =
MANAGEMENT

BERS
Advisory Committee

WFZEHT O I B4 2 HELRIH 2 O IR R BHE R IZ B4 %
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5.

The Advisory Committee gives advice to the Director-General
on administrative affairs including joint research programs.

(FIEE A+EIR)

PN L

OSUMI, Noriko

i FE S5

OKADA, Norihiro

INIEF

OGAWA, Tomoko

TER R — 1

SHINOZAKI, Kazuo

B OEER

SEKIGUCHI, Mutsuo

BAFA

TAKAGI, Toshihisa

SRS
TACHIDA, Hidenori

T #ER
TSUJ, Shoj

RREAR

NAKAMURA, Haruki

FAERMT

NISHIDA, Eisuke

(FINZEE RAIE)
LSRR

YAMAO, Fumiaki

FeARBhZ

ARAKI, Hiroyuki

[N#E &

HIROSE, Susumu

L ##

HIROMI, Yasushi

TR

SAITOU, Naruya

E2ARBZ

SASAKI, Hiroyuki

Wake

SHIROISHI, Toshihiko

BHDD

KURATA, Nori

# R

KATSURA, Isao

WS {eR i

SHIMAMOTO, Nobuo

hRE *

GOJOBORI, Takashi

RIERPFARPIREPRARRER

Professor, Graduate School of Medicine, Tohoku University

RRIFERFAL AR T HHERNEER
Professor, Department of Bioscience and Biotechnology, Tokyo Institute of Technology

EFEEEPAFRER

Vice-Director, lwate College of Nursing

WMIATBUE AR RAEYRIEHR VI —R
Director, Plant Science Center, RIKEN

EHENAPESHER

Adjunct Professor, Fukuoka Dental College

RIRKP R P B PRER BRIA IR TR R
Professor, Graduate School of Frontier Sciences, The University of Tokyo

NI RPRP IR

Professor, Faculty of Sciences, Kyusyu University

RRXPEPBHIRERREIR
Professor, The University of Tokyo Hospital

AIRAFE QB RAER

Professor, Institute for Protein Research, Osaka University

RERPRFIEDRPHABRIEER
Professor, Graduate School of Biostudies, Kyoto University

DFECHRRER

Professor, NIG

L RBEURTSSER €y
Professor, NIG

[ElESLURTEERS e
Professor, NIG

BiFECHARREER
Professor, NIG

SEECHRRHAER

Professor, NIG

HREECHARREER
Professor, NIG

RIREMHR I —HIR
Professor, NIG

RIFEYRR I —HIR
Professor, NIG

WEELFMR TR

Professor, NIG

[ PP GRS A Rk 6
Professor, NIG

4eniEIR - DDBJ MRty —Hig
Professor, NIG

NIG 2005
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MANAGEMENT

FRNAHPU—R—R
Advisory Board

B - @R EER

WHZERTIC AR 2 BRI OWT, AR XITEE
RBORDITILE LY FEETT 9,
The board members give advice to the

Director-General and/or the Advisory Committee re-
garding the principles and policies of the institute.

A=W S EERIAEEROBYEE

IWATSUKI, Kunio Director-General, Museum of Nature and Human Activities, Hyogo
A EES EARSEATHRER 2 My oIV LA

OKAZAKI, Tsuneko Director, JSPS Stockholm Office

BT BROXKFRER

GO, Michiko President Ochanomizu University

WOEZ BITHEARCERRTS /AP RATREVS—F
SAKAKI, Yoshiyuki Director, Genomic Sciences Center, RIKEN
I Eufat s —RERE

SUGIMURA, Takashi  President Emeritus, National Cancer Center
TR BUTBENBCERRAEL - BENFRARR VI —R
TAKEICHI, Masatoshi  Director, Center for Developmental Biology, RIKEN
XE 1B RERERFIRELH R

HONJO, Tasuku Professor, Graduate School of Medicine, Kyoto University

John Sulston  Wellcome Trust Sanger Institute &7 &
Former Director-General, Wellcome Trust Sanger Institute

Tim Hunt Cancer Research UK London Research Institute 22 &
Principal Scientist, Cancer Research UK London Research Institute

Walter J. Gehring University of Basel 1%
Professor, Biozentrum, University of Basel

HetE=E
Office of Strategy Planning and Coordination
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AT IS S

AREEEY L & (F—7)
=S
hiRE #
HaERE

SHE ERFH

FEPEE - [NRIEY EIRE

BEERBHANAZER

RIRIE 2 4% - DDBUMREYI—%E
(FzE)

FHEEN  ERTEAFAFRENEDTEHENLID
SEEEE  ANAPRERBEHRRLIR

T AR ERAPESHHERRLE

i ORDITIE UAE R BT OW THRHAMR 5.

BBAH B8R
YR BEER LR &
FEEER (=)
HEREHEREER ERQ KRB
HBEHBREESR LE #
BFHEHRESS hiEE £
ME (SCSEXEM) £EER TH EE
I F—FES A=
DNAF—SHBMARER ERFBH
BLEREXEZST LHE
hHREER LR &
MM ERZER EHES
BAREERER FEARBAZ
BLFHEBZERLZEEESR ER KRB
BMEREZEER WaRE
BN - B BRESS EERNE
F—IR—AFRREER Al B
EMELERESR WaEE
NURINRER WaERE
ARINBEER BHODD
KERNEER ZARRE
NSZAVRHLE - HEREER EIFfR

ENT /L - BLFHEAARGEEERER KARARK

ZEHEERER FEARBhZ
MBAREER g
BLPBYEZER AERA
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MANAGEMENT

B - BREEx

EMBLERARINEER FINEE (z+3m)

BEFER  BUTBEABEENERARRI—VNIIE RERES  SRASAFRESEDRSHRNLE
HEHED EHERPEVRERINARREYS—KE WE 5 SERREEYSERRNBRE Ty — %S
EBE Y AUNRERERESHRRLE TR T ANKERERESHERLE
ity A S PN PN e ot SE dA TP —N—

BA Il RERERRPEMAZRAZ AT TIRERLE EBEHERS  mtRRiRAe SR HIRREHE
BIRFEE  FBREALRELHRNLIE

EMETCERICEBIDAGRENEER FIHNEE (m+um)

FREEHEEE  REBAREYA I AMERZE A 5  OARSHEEEREN SRR
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Open House Apr. 9. 2005

12 | NIG 2005



Il

-~

STAFF

e 1
Director

HIZ 20 (8)

Professors

BHEE 150

Associate Professors

EES 37

Assistant Professors

s+ 73 (10)
Subtotal

EEE 18
Administration Staffs
ek 15
Technicians

=1 106 (10)
Total

) () ROHITEERREFIDH SR (A ) TH B,
() Adjunct members

Zig=3
Director-General

BlFf R
Vice-Director

IR

KOHARA, Yuiji

#E
HIROSE, Susumu

DFEGCHESR
Department of Molecular Genetics

HRER (R I)=p-4:
Head YAMAO, Fumiaki
3 FEGHZREPS
Division of Molecular Genetics
Y% A=
Assoc. Prof. FUKAGAWA, Tatsuo
BE ) HE2 4
Assis. Prof. OKADA, Masahiro
Z BB RHZREPS
Division of Mutagenesis
#ig 11)==p°4:):
Prof. YAMAO, Fumiaki
BE BHERIE
Assis. Prof. TSUTSUI, Yasuhiro
DFHIBIHRE
Molecular Mechanism Laboratory
BE B ERA
Assis. Prof. SEINO, Hiroaki
B FE S ZRERT
Division of Nucleic Acid Chemistry
BERE ROEF
(BRBEREUBBALRAR LV I-TAMESE) HARAGUCHI, Tokuko
Adj. Prof.
(Senior Scientific Staff, Kansai Advanced Research Center, NICT)
EERHE AlFHESR
(BEMUAFAFRAESEFARNEDEE) (WASAKI, Hiroshi
Adj. Assoc. Prof.
(Yokohama City University)

fHAEGZE R
Department of Cell Genetics
HRER (R FARBhZ
Head ARAKI, Hiroyuki
A E R AT
Division of Cytogenetics
Hiig = R
Prof. YOSHIMORI, Tamotsu
BE MEMRARTE
Assis. Prof. UMEBAYASHI, Kyohei
WA BATHA 3R BB T
Division of Microbial Genetics
E el FeARAhZ
Prof. ARAKI, Hiroyuki
ByiE L —
Assoc. Prof. YASUDA, Seiichi
BF N
Assis. Prof. KAMIMURA, Yoichiro
BE HHEHE
Assis. Prof. TANAKA, Seiji
AR E B L SR AT
Division of Cytoplasmic Genetics
E8HIE INFRFDA
(BBRUBNAFEFIMBLAERTERRMER) KOBAYASHI, Kazuto
Adj. Prof.
(Fukushima Medical University)
BEKE ILIAIE==
(RRARFAFPRIERE RARRHIR) YAMAMOTO, Masayuki
Adj. Prof.
(The University of Tokyo)
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ERE TR R Y =PL I EAED
Department of Developmental Genetics Department of Integrated Genetics
HRER () L 2 HZRER () ERARBZ
Head HIROMI, Yasushi Head SASAKI, Hiroyuki
F AR CZREIFY ANSBBCHZREBFY
Division of Developmental Genetics Division of Human Genetics
#ig L & Hig ERABZ
Prof. HIROMI, Yasushi Prof. SASAKI, Hiroyuki
B BERE BF EE B
Assoc. Prof. FUJISAWA, Toshitaka Assis. Prof. SADO, Takashi
BF BK B BF = @8
Assis. Prof. SHIMIZU, Hiroshi Assis. Prof. HATA, Kenichiro
B EdbES BT EHIREM
Assis. Prof. ASAOKA, Miho Division of Agricultural Genetics
T EEHRZRER P #ig J==FayciC
Division of Gene Expression Prof. KAKUTANI, Tetsuji
#ig 1y B SeRE—
Prof. HIROSE, Susumu Assoc. Prof. SHIBAHARA, Kei-ichi
B 7o — BF AT &
Assis. Prof. NISHIOKA, Kenichi Assis. Prof. KINOSHITA, Tetsu
BF EEZ R BB 2R EDFT
Assis. Prof. FUSE, Naoyuki Division of Brain Function
AR TIPS BB FHICDOH
Division of Molecular and Developmental Biology Assoc. Prof. HIRATA, Tatsumi
Bh%dE N Ei&— BF NErEEEE
Assoc. Prof. KAWAKAMI, Koichi Assis. Prof. KAWASAKI, Takahiko
o
BF FARZ , AR SRR
Assis. Prof. KISHIMOTO, Yasuyuki Division of Applied Genetics
I (R B REP Lk RN 1< £
Division of Physiological Genetics (RRAFAFRRPEDNPHRNEIE) SHIOTA, Kunio
= Adj. Prof.
BB ) ) AL (The University of Tokyo)
(RRERERAFPHIGEBARAER) ISHINO, Fumitoshi = = =
Adj. Prof. HEMHIRE b= N
(Tokyo Medical and Dental University) (RBRPRLIREPHRNDEIER) ARAKI, Takashi
- p Adj. Assoc. Prof.
E%ﬂg Tﬁﬁ% Hﬂ é? (Kyoto University)
(RRRFEDFHREMPRARAEE)  GOTOH, Yukiko
Adj. Prof.
(The University of Tokyo)

EMECHESR
Department of Population Genetics

RITEMAE L > 5 —
Genetic Strains Research Center

Y5 —R(FK)
Head

BaRE

SHIROISHI, Toshihiko
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HRER(R) RNt T 2 RMHD FHIL A EHRE
Head SAITOU, Naruya Mammalian Genetics Laboratory
SRS EHRE Huigt WORE
Division of Population Genetics Prof. SHIROISHI, Toshihiko
E e FERAE BF By B
Prof. SAITOU, Naruya Assis. Prof. TAMURA, Masaru
By mEEFMT YRR MTRS B T2
Assoc. Prof. TAKANO, Toshiyuki Mammalian Developmental Laboratory
EIES PRI e el HEWRET
Assis. Prof. SUMIYAMA, Kenta Prof. SAGA, Yumiko
e BiE X BE INA RIS
Assis. Prof. TAKAHASHI, Aya Assis. Prof. KOKUBO, Hiroki
A8 RS BF =F ®
Division of Evolutionary Genetics Assis. Prof. MITSUI, Kaoru
BB nE M IREPY BLFHRERRERARIE Y D AFEFKMEE
Division of Theoretical Genetics Mouse Genomics Resource Laboratory
BEHE BRI R B3R 2NN i
(BUBRFARAMPMARBERARRAE) FUNYAMA, Asao Assoc. Prof. KOIDE, Tsuyoshi
Adj. Prof.
(National Institute of Informatics ) BLFURERRFERAES BB R EREMEE
EEYIT %Eﬁﬁ;& Model Fish Genomics Resource Laboratory
(REAZAL R ELANNEARNLE) SUGANO, Sumio BN BEHAR
/(3\'?:1 P[;)f_' iy of Tokyo) Assoc. Prof. SAKAI, Noriyoshi
e university O OKyO
BF FEHDD
Assis. Prof. SHINYA, Minori




A RRIRARD EEYECHARE
Plant Genetics Laboratory

BLFOREARE

Gene Network Laboratory

Bim BHDD BhER BRI HF
Prof. KURATA, Nori Assoc. Prof. SUZUKI, Emiko
3mF PR BE SRABHE
Assis. Prof. ITO, Yukihiro Assis. Prof. KURUSU, Mitsuhiko
KR RBHARD BFRLEYEGHEE
Microbial Genetics Laboratory EA [‘£§E p= Yy
= - [ g%k - DDBJ#fzE V5 —
ﬁém@]%%%m%ﬁﬁﬁﬁmgwgmmﬁi Center for Information Biology and DNA Data Bank of Japan
Invertebrate Genetics Laboratory
. tm & TIH—R(FK) higE =
Prof. UEDA, Ryu Head GOJOBORI, Takashi
BF [l ERBEDIRE
Assis. Prof. TAKAHASHI, Kuniaki Laboratory for DNA Data Analysis
F ORISR E Az DfRE # .
Laboratory for Frontier Research Prof. GOJOBORI, Takashi
B —mEF JIE-€id HE—TE
Assoc. Prof. ISSHIKI, Takako Assoc. Prof. IKEO, Kazuho
BF EREZ B AR
Assis. Prof. HORIUCHI, Takayuki Assis. Prof. SUZUKI, Yoshiyuki
REBRGIERARE
Laboratory for Gene-Product Informatics
EYECEREREGEY Y — #ig il &
Center for Genetic Resource Information Prof. NISHIKAWA, Ken
TUH—R () BAEE BF BUE S S
Head SHIROISHI, Toshihiko Assis. Prof. FUKUCHI, Satoshi
RHBARE B &= I
Genetic Informatics Laboratory Assis. Prof. KINJO, Akira
I 62 LI B 2 F EEFALERRE
Assoc. Prof. YAMAZAKI, Yukiko Laboratory for Gene Function Research
B AR #az EHES
Genome Biology Laboratory Prof. TATENO, Yoshio
B IR ¥ Ao, onNb
Prof. KOHARA, Yuiji Assis. Prof. BARRERO, Roberto A.
BF TE(ER F— 5 R— 2 EAEFEE
Assis. Prof. ANDACH,, Yoshiki Laboratory for Research and Development of Biological Databases
oo
LB LRATTIZRE #iz ERFH
Comparative Genomics Laboratory Prof. SUGAWARA, Hideaki
IES IS8 & &
Assis. Prof. ABE, Takashi
Ao NeR — pag oo ~ -
WEREPHRL S BET SEREIARE
HUEWIE] Eletegy CaieEr Laboratory for Gene-Expression Analysis
EYI—R(3) (= Hig RARAE
Head KATSURA, Isao Prof. OKUBO, Kosaku
HEEDFRRE
Biological Macromolecules Laboratory
] EA S BEHR - FAY =T V55—
Prof. TOKUNAGA, Makio el
BE TR ::bvd YI—R(H) BEE ZAREGH
Assis. Prof. SHINA, Nobuyuki Head, Assoc. Prof. NIKI, Hironori
B FRIETRE aF ggﬂ;’%ﬁ .
Molecular Biomechanism Laboratory Ssis. Frot. » Yasuyuki
iz WS {eR
Prof. SHIMAMOTO, Nobuo
BF LA ERES
= Experimental Farm
Assis. Prof. NAKAYAMA, Hideki
———— EREABE(H) BEDD
bl e He ;
Multicellular Organization Laboratory ead KURATA, EN;n
i BB s FaNE—
Prof KATSURA“Isao Assis. Prof. NONOMURA, Ken-ichi
IES FNNEPNE
Assis. Prof. KIMURA, Koutarou
A BFEE =
B FEERRE Intellectual Property Unit
Biomolecular Structure Laboratory _— e
=R BIRE
IR €5 E *Jﬁ@iﬁ Chief TOMIKAWA, Munehiro
Assoc. Prof. SHIRAKIHARA, Yasuo
BF FE
Assis. Prof. ITO, Hiroshi
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EEE FAMTER
Department of Administration Technical Section

EEHR
Head

oK BB

IKINAGA, Tadatoshi

HRESER

General Affairs Section

Chief

Assistant Chief

BME

Specialist

General Affairs Unit
ABRE

Personnel Unit
MEBORE(R)
Research Cooperation Unit
HARERE
Collaborative Research Unit

L)1
Expert Official

RARYE
SAKAMOTO, Nagao
BHIEAN
SAKAI, Kiyoto
AR
NITTA, Kiyotaka
(FrEBER)
(NITTA, Kiyotaka)
MARHETF
SUZUKI, Yumiko
(FrEmER=)
(NITTA, Kiyotaka)
ME=H
UMEZAWA, Saburo
LI

AKIYAMA, Keigo

REHER

Financial Affairs Section

Chief

Assistant Chief
BME

Specialist
REHRBRE
General Affairs Unit
HERER
Supplies Unit
BEEBRER
Property Unit

Facilities Unit

L& F

YAMADA, Yoshihiro
FaJIIEZE

NISHIKAWA, Masataka

SlHYER

HIKICHI, Mitsuo

(5lH3ER)

(HIKICHI, Mitsuo)

ZHBE

YASUDA, Hiromi
ARG
IWAZAKI, Hisaharu
B 2

HASHIMOTO, Takeshi

BREHMR IR
Duputy Chief KOHARA, Yuiji
BEME BHBH
Assistant Chief YATA, Katsunori

NI

Animal Unit
a3 5 OKETF
Unit leader SAKAI, Masako
FEARE
Technical Group-| leader
BEARE
Technical Group-Il leader

KEY) - AR

Plant-Microbial Unit
nE R &
Unit leader HARA, Tomio
E—iRE XxO B
Technical Group-I leader EIGUCHI, Mitsugu
B HATRE EMEEIL

Technical Group-Il leader

MIYABAYASHI, Toshie

HaRHE

Mechanical Unit

i3 3

Unit leader
B—EARE
Technical Group-| leader
BEARER

Technical Group-Il leader

(BHEE)

(YATA, Katsunori)

RRHEHEE

Research Promotion Section

ER(R)
Chief

E&E(FH)
Chief Examiner

RARE

SAKAMOTO, Nagao

SlHYER

HIKICHI, Mitsuo
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1949

1953

1954

1955

1960

1962

1964

1969

1974

1975

1976

1983

1984

1985

1987

1988

1989

1993

HISTORY

June 1

Aug. 10

Jan. 1

Aug. 1
July 1
Sept. 15
Oct. 15
Apr. 30
Apr. 1
Apr. 1

Apr. 1

Apr. 1
Mar. 1
Oct. 1
Oct. 1
Oct. 1

Apr. 12

Apr. 1

Jan. 12

Apr. 8

Oct. 1

Oct. 1

Apr. 1

Established under the jurisdiction of the
Ministry of Education, Science, Sports
and Culture. Started with an admin-
istrative department and three research
departments.

Prof. Kan Oguma was elected the 1st
Director.

Three research departments were reor-
ganized as the Departments of Mor-
phological Genetics, Cytological Ge-
netics and Physiological Genetics.
Department of Biochemical Genetics
was added.

Department of Applied Genetics was
added.

Department of Induced Mutation was
added.

Prof. Hitoshi Kihara was elected the
2nd Director.

Department of Human Genetics was
added.

Department of Microbial Genetics was
added.

Department of Population Genetics was
added.

Prof. Daigoro Moriwaki was elected
the 3rd Director. Department of Mo-
lecular Biology was added.

Plant Genetic Stock Laboratory was es-
tablished.

Dr. Yataro Tajima was elected the 4th
Director.

Animal Section was added in the Ge-
netic Stock Center.

Microbial Section was added in the Ge-
netic Stock Center.

Dr. Ei Matsunaga was elected the 5th
Director.

Reorganized as an inter-university re-
search institute for joint use by univer-
sities. The DNA Research Center
(DNA Structure and Recombinant
DNA Laboratories) and the Experimen-
tal Farm were established. The Genet-
ic Stock Research Center was expanded
into five laboratories: the Genetic
Resources Laboratory was added and
the Animal Section was divided into
the Mammalian and Invertebrate
Laboratories.

The DNA Synthesis and DNA Data
Analysis Laboratories were added in
the DNA Research Center.

The DNA Data Bank of Japan began
its operations.

The Radio-isotope Center was estab-
lished. The Gene Library Laborato-
ry was added in the DNA Research
Center.

The Graduate University for Advanced
Studies was established. The Depart-
ment of Genetics, School of Life Sci-
ence of the University began accept-
ing students.

Dr. Jun-ichi Tomizawa was elected the
6th Director.

The Mammalian Development Labor-
atory was added in the Genetic Stock
Research Center.
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1994

1995

1996

1997

1998

2001

2002

2003

2004

2005

June 24

Apr. 1

May 11

Apr. 1

Oct. 1

Apr. 9

Apr. 1

Apr. 1

Apr. 1

Dec. 1

The Gene Function Research Labora-
tory was added in the DNA Research
Center.

The Center for Information Biology
was established.

The DNA Research Center was reor-
ganized as the Structural Biology Cen-
ter consisting of 5 laboratories (Bio-
logical Macromolecules, Molecular
Biomechanism, Multicellular Organi-
zation, Biomolecular Structure and
Gene Network).

The Genetic Stock Research Center
was reorganized as the Genetic Strains
Research Center consisting of 5
laboratories (Mammalian Genetics,
Mammalian Development, Plant Ge-
netics, Microbial Genetics and Inver-
tebrate Genetics), and as the Center for
Genetic Resource Information consist-
ing of 2 laboratories (Genetic Infor-
matics and Genetic Resources).

Dr. Yoshiki Hotta was elected the 7th
Director.

The Division of Early Embryogenesis
was added in the Department of
Developmental Genetics. The Division
of Brain Function was added in the De-
partment of Integrated Genetics.
The Center for Information Biology
was reorganized as the Center for In-
formation Biology and DNA Data
Bank of Japan. The new center con-
sists of 5 laboratories. The Laborato-
ry of Molecular Classification of the
former center was renamed as the La-
boratory for Research and Develop-
ment of Biological Databases in the
new center. The Laboratory for
Gene-Expression Analysis was added
in the new center.

Two laboratories, Mouse Genomics
Resource Laboratory and Model Fish
Genomics Resource Laboratory, were
added to the Genetic Strains Research
Center.

The Molecular Mechanisms was added
to the molecular Genetics. The
Laboratry for Frontier Research was
added to the Genetic Strains Research
Center. Two laboratories, Compara-
tive Genomics Laboratory and Public-
ity and Intellectual Propery Unit, were
added to the Center for Genetic Re-
source Information.

Reorganized as Research Organization
of Information and Systems, Inter-Uni-
versity Research Institute Corpration,
together with three other national in-
stitutes.

Dr. Yuji Kohara was elected the 8th
Director.

Intellectual Property Unit was added.
Research Promotion Section was added
in the Department of Administration.
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DFECHEEFT

Division of Molecular Genetics

F i S HRE

Structure and function of chromosomes in higher vertebrate cells

FIARE

Fukagawa Group

A\ EIZER
1\ e ()
FUKAGAWA, Tatsuo

f D. Sc., Associate Professor  f

| MEE#R
. BNE ()

OKADA, Masahiro
D. Sc., Assistant Professor
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LAy R D 7 iiE, IRIERE o R
ek oBEs L HERPSIEMRICIThR Ry %
®Ao REHEOEE - HELL W o AR 2R BRI IR IT
TEVWRET B Ltk BEE, 23 AA b7 Effaics4
LIEEPECET, MlEMO SITHE IR Ek
X, MEACIEHRD S MO iR A Iz % S, IR
~NEGRENE T, ZOB, HHRESH AT D ko
HHREEIF R a7 0ty hu 27 LI T
WET, FAklx, B buxT7edibE LR aksR
DO TR TN HINTUTO X 5727 — < THi%E %
fToTWVWET,

ORBEUYNAATRAYNRIED/ VI 77 MNEFIZE Dt
b0 AT ORI DR,

O TOTAIVRTIO—FITLBEHHREY FAATRUNR
I EDREZE.

& —BHICtE Y b OATIZERET 5 NuRRIES K DRI,

O XEY RILFviIRA Y Mz 2 ZWI0IE AR DEEEER

i
ot NOATHEBOATFOIOTF UM ERNAIT S —F
1) —& DBEE,

® 7 O 4 PHIWETHE L =/ B{E N TEEBEKROEEREIT,
ot hOATHOXF ORISR,

=M DT40HERE DM D EUE, (A) DHAFEAL (B) DR EBHDEE
H(E)EEEOAT AU EERIGATREBEERL TS,
The picture of chromosomes in metaphase (A) and anaphase (B) dur-
ing mitosis of chicken DT40 cell. DNA was stained by DAPI (blue)
and centoromere protein CENP-C was stained by anti- CENP-C an-
tibody (green). Human mini chromosome was detected by FISH (red)
using human DNA as a probe.

The centromere plays a fundamental role in accurate
chromosome segregation during mitosis and meiosis in
eukaryotes. Its functions include sister chromatid adhesion
and separation, microtubule attachment, chromosome move-
ment and mitotic checkpoint control. Although chromo-
some segregation errors cause genetic diseases including
some cancers, the mechanism by which centromeres inter-
act with microtubules of the spindle apparatus during cell
division is not fully understood. To understand the func-
tion of the centromere, we are currently doing the follow-
ing projects.

® Creation and characterization of several cell lines with condition-
al knockouts of several centromere proteins to investigate the
molecular mechanism of centromere assembly and function.

@ Identification of new centromere proteins by a proteomics ap-
proach.

@® Functional analysis of the Nuf2 complex that transiently localizes
to centromeres during mitosis.

® Functional analysis of the ZW10 complex that is implicated in a
spindle checkpoint pathway.

@ Relationship of an establishment of heterochromatin with a ma-
chinery of RNAI in higher vertebrate cells.

® Structural analysis of human artificial mini-chromosomes made
by the telomere-directed breakage method.

@ Investigation of mechanisms for formation of centromere chromatin.

Mikami, Y., Hori, T., Kimura, H. and Fukagawa, T. (2005) The Func-
tional region of CENP-H interacts with the Nuf2 complex that lo-
calizes to centromere during mitosis. Mol. Cell. Biol. 25, 1958-1970.

Fukagawa, T., Nogami, M., Yoshikawa, M., Ikeno, M., Okazaki, T.,
Takami, Y., Nakayama, T. and Oshimura, M. (2004) Dicer is essen-
tial for formetion of the heterochromatin structure in vertebrate cells.
Nature Cell Biol. 6, 784-791.

Nishihashi, A., Haraguchi, T., Hiraoka, Y., Ikemura, T., Regnier, V.,
Dodson, H., Earnshaw, W.C. and Fukagawa, T. (2002). CENP-I is

essential for centromere function in vertebrate cells. Dev. Cell 2,
463-476.

Fukagawa, T., Mikami, Y., Nishihashi, A., Regnier, V., Haraguchi,
T., Hiraoka, Y., Sugata, N., Todokoro, K., Brown, W. and Ikemura
T. (2001). CENP-H, a constitutive centromere component, is required
for centromere targeting of CENP-C in vertebrate cells. EMBO J.
20, 4603-4617.

Fukagawa, T., Pendon, C., Morris, J. and Brown, W. (1999). CENP-C
is necessary but not sufficient to induce formation of a functional
centromere. EMBO J. 18, 4196-4209.
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MO B EFAZEES | Research Aims and Activities

ZRB LB

Division of Mutagenesis

S NOEDES, HEEL R Ak

Post-translational modifications and proteolysis associated with chromosomal functions

IWWEMRE

Yamao Group

I1]==p°4:)
- - F e
|t;;p I YAMAO, Fumiaki

Y XF U RITE D3RI & 2 X B S RS I
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TrAY =2 RIEEEBIT, XX TES{DOWEE
ZHET 28 LOFIRERE R E L TRBIA TV D,
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& % il
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wt mel1-102

PREBOEEREEISFTLAERK (BT, HROBDID
DEOATHZELTNS, BEDOFEKR(E) TE—RELTRR
Ehd,

Replicated centromere regions in sister chromatids are observed in
two separate foci in cohesion mutant cells (right) otherwise fused in
a single spot (left) in S. pombe cells.

EFFERIS
BF #(E)

TSUTSUI, Yasuhiro

D. Med.,, Assistat Professor

D. Sc., Professor

Proteolysis has emerged as a major fundamental mech-
anism of many biological processes. Selective proteolysis
in eukaryotic cells is mainly carried out by the ubiquitin
system which post-translationaly links ubiquitin to a vast
range of proteins. The proteins selectively tagged with ubi-
quitin are targeted for proteolysis by proteasome. Ultimate-
ly causing the destruction of various regulatory proteins,
the ubiquitin system plays important roles in many cellu-
lar functions. On the other hand, ubiquitin, together with
ubiquitin-like modifiers, is expected to play a role other than
the degradation signal.

Focus of our current research is 1) the identification of
ubiquitin pathways specific for degradation of key proteins
for cell cycle control, 2) understanding the role of ubiquitin
system in repair of damaged DNA and the maintenance of
genetic integrity, and 3) finding the role of ubiquitin in reg-
ulation of chromatin functions such as recombination,
sister-chromatid cohesion and heterochromatin formation.

Seino, H., Kishi, T., Nishitani, H. and Yamao. F. (2003). Two ubi-
quitin-conjugating enzymes, UbcP1/Ubc4 and UbcP4/Ubcl1, have
distinct functions for ubiquitination of mitotic cyclin. Mol. Cell Biol.
23, 3497-505

Mitsuzawa, H., Seino, H., Yamao, F. and Ishihama A. (2001) Two
WD repeat-containing TATA-binding protein-associated factors in
fission yeast that suppress defects in the anaphase-promoting com-
plex. J. Biol. Chem. 276, 17117-17124

Yamao, F. (1999). JB Review: Ubiquitin System - Selectivity and
Timing of Protein Destruction. J. Biochemistry /25, 223-229.

Kishi, T. and Yamao, F. (1998). An essential function of Grrl for
the degradation of Cln2 is to act as a binding core that links Cln2
to Skpl. J. Cell Sci. 111, 3655-3661.

Osaka, F., Seino, H., Seno, T. and Yamao, F. (1997). A ubiquitin-con-
jugating enzyme in fission yeast, that is essential for the onset of
anaphase in mitosis. Mol. Cell Biol. /7, 3388-3397.
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Regulatory mechanisms of cell cycle by ubiquitin system
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Seino Group

REREE
BF H(8)
3 SEINO, Hiroaki

D. Sc., Assistant Professor

FEHEOWRIZZ DGR, FIRREH I X THffic
FoTHIHENTHET, 2EFFL - TaFT7Y —A-
¥ AT NIHIIEN O VB SR HIENIC B T EE A 5]
FHOTWET, ZIZIM4EO/ICZEXFFY - TuFT
V—Dh s VAT ARSI ITh T B g EEITEb
BZEBHLNCRHSTEE LR, T2 XF - 7
077 — A VAT A EHITAERE, FRICHIGE A A
& OBMR & AR ZIENT D F7 L OWESL U T /> R B R A
WTHIT L TWET, BUE, 2EXF UinBREEICHEN
AT, HIRSAMOETICEERBREEF IO X7
VEEEEREE 2 ORIE L, TOMBEEMBTL THhET,
fRFTORER, HAMIZIEXFF UL SN ENEHE T
BHBHEMY A7V VR 2 BRI THRY 285 1k
SNBAREMZ R TH LWAIRBSIH O N2 o TEEL
7o

ubcP4 (ubc11) ZE Rtk
2DDAEFFUERBEBRERKICBOTELUL MRS REIOE
TERENSRLNS, (RAFHRMNGARPOEEERL-HEE
~Y)

Mutant strains of two ubiquitin-conjugating enzymes exhibit similar
abnormality in mitotic transition. (Arrows indicate the typical cells ex-
hibiting abnormal mitosis.)

ubcP1 (ubcd) FTFRi%

Functions of many proteins are regulated by synthesis,
post-translational modification and proteolysis. Ubiquitin/
proteasome system is one of important systems for
proteolysis. Recently it is found that ubiquitin/proteasome
system was involved in many biological phenomena. I study
the relationship between ubiquitin system and cellular
mechanisms, especially cell cycle using fission yeast. Now
I am focusing to two ubiquitin-conjugating enzymes that
are essential for mitotic transition and studying ubiquitin
system involved in mitotic transition.

Osaka, F., Seino, H., Seno, T. and Yamao, F. (1997). A Ubiquitin-con-
jugating enzyme in fission yeast, essential for the onset of anaphase
in mitosis. Mol. Cell Biol. /7, 3388-3397.

Mitsuzawa, H., Seino, H., Yamao, F. and Ishihama, A. (2001). Two
WD repeat-containing TATA-binding protein-associated factors in
fission yeast that suppress defects in the anaphase-promoting com-
plex. J. Biol. Chem. 276, 17117-17124.

Seino, H., Kishi, T., Nishitani, H. and Yamao, F. (2003). Two ubi-
quitin-conjugating enzymes, UbcP1/Ubc4 and UbcP4/Ubcl1, have
distinct functions for ubiquitination of mitotic cyclin. Mol. Cell Biol.
23, 3497-3505.
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MO B EHAZEES | Research Aims and Activities

M b2 B 2T

Division of Nucleic Acid Chemistry

RIBELBREDIMLFTZIOR

Dynamics of Nuclear Structure and Function

FORRE

HEHRX BIBOHRSNEDSF

Integrated bioscience of homologous DNA recombination

sRHRE

Haraguchi Group ROM@F
.- zEu
" HARAGUCH,I, Tokuko

Adjunct Professor

Iwasaki Group BlEEs
' maEsE
| IWASAKI, Hiroshi

oy Adjunct Associate Professor

WilRZIX, DNA Iz a— R&Ehiz#=Eamz, sk
hE, b, AL, BB L, RUUTIE U CRRE
D BAICT 32— R 2L R OBETH 5, Z
D X 5 BB R T K% H 2 DHRHEEIX AL T
F7e <, RBISTCT, ¥4 F Iy 7icEbT 5, i
i, ML IC BT DS OEIL B X D72
12, ¥EEON 1O %4 & oMl TR TX 29064
A=V TR L, ZOHFEEZRWT, Ml
EEWRED X AT Iy J 70 B R L, EGTEEIZ L
2B BBHERA RV —FT 4 VTV AT R EE X D,

The cell nucleus is a structure that functions to
autonomously decode the genetic information encoded in
DNA. Its structure changes in response to biological events
such as development, cell growth, differentiation, aging, and
the cell’s reaction to environmental factors. To study these
changes in nuclear structure, we have developed fluores-
cence microscope systems capable of recording the dynam-
ic behavior of molecular components in living cells. Using
these microscope systems, we study the functional and tem-
poral organization of nuclear structures, and attempt to pro-
pose a model for the genome operating system which sup-
ports fundamental biological activities.

EMBER TORBELHEEDEREMR
Study for relationship between the nuclear structure and function in
biological events

7 BOBABI ST, B BRI AR IR X 1T
LoTftBEsnET, —F, 7/ LOEEMEZ, FIg,
DNA #88 L Yefafh Bt O IEREME, KR OSEEEDNADIEL
WBHHIZ X > TIREES N TWET A, MHFEMIIE, Z
NOOWRICHEERBHEZELTVET, bl
D X 5 MR X DL ORI R LRk RE &
AN L, Z0 A I = XARIZDONT o TR
W - EEAEYE - SIRREERIT B LT e T
U R EDLERBEP SEEMICHEHL IS L L
TVET,

Homologous recombination plays important biological
roles in generating genetic diversity during meiosis and in
repairing damaged chromosomes. It is also involved in oth-
er important subnuclear events such as DNA replication,
DNA repair, proper chromosome segregation, and so on.
In other words, homologous recombination is not only a
genetic engine of genome diversity but also a guardian of
genome stability. We are very much interested in these var-
ious and ambivalent aspects of homologous recombination
function and trying to elucidate precisely its molecular
mechanisms by various integrated approaches with genet-
ics, biochemistry, structural biology and other effective
methodologies.

AR Z O R EERDNAGK) T—HiE) £ Z DUIRTEE SR RuvC D1
BRI EEEET L.

Model of the RuvC resolvase-Holliday junction complex. Holliday junc-
tion, the universal intermediate of homologous recombination, is en-
donucleolytically resolved by RuvC dimmer.

24 | NIG 2005



A& RIS EDPT

Division of Cytogenetics

ATV 57490 e AIE<SEEIRDES HBAMTR R YT =2

Membrane traffic: intracellular transport network organized by proteins and membranes

S AE

Yoshimori Group

(ﬂ‘ =H R
ki R EE

=7 YOSHIMORI, Tamotsu 5 'H_T- UMEBAYASHI, Kyohei
“A D. Med., Professor m D. Ag., Assistant Professor

BRI T DA AT 25 D% <IF, T2AIEL
BRI SN H A F 2y 7 RIROB) X2 X 5 401l
A UCHEEZIRD A0, By N —2Z2BL
TVWET, ZOXIBRYRIAT A=A TL VT
74y 7%, HAcOMIADERICHERTE T TR L,
S HMILE AR ORESE - HERRICBID D kk & 2 kRE 240 > T
WET, AL, REOES DL NIRRT K —
AREF— D77 O—IBEERY, DTAI=ALD
R & R Iz B AR E OBk EfT o T ET,

e LY RY—LTIX MEAMSIYAEN-DFHEM
BACRESAED, YUY Y—LIZELSNRBINE IR
EINh, ZORMTHMBEOEFERBECHRI>TVET,
FOEIBIVRY—AIZE TR EAXOD FHEE
oML, RECEEERRELOBRFRERANLSILL
TWET,

O HIENECDMIEECH LT RS DO—EY VY —LIZE
VDB LBAAT S VATLATHEA— 77 o—DHAA
HOFEZOVWTIHIFEEAERI>TVWERBATLE,
FEFA— 77— IcBAOIHAEEREREREL, ¥
NoDORIZBYDDOHY FY, i, MRRHECEALRLRE
EHMEODEREL NS A — T 7 O—0FH L UL #HRE%E
BRLELE,

1

INHOMERITEY, RANF ) ARROEHLEZHET
% “HNOBME” & EFE~OISAITEER DS D FIrI pE
ORI ZHEL £

EEERROMBEICBALEARL Y ERE(GAS)E, A —hT7
C—DEEBE REHENSHFAESILLTVS A F—bT70—I2k
% GAS DR EDBTE.

Left: the autophagic isolation membrane is surrounding group A Strep-
tococcus that has invaded into the cytoplasm of cultured cells. Right:
Process of elimination of GAS by autophagy.

='ﬁ FIARE
X RE g e

Most of membrane-bound organelles in eukaryotic cells
are linked each other by dynamic membrane trafficking
regulated by proteins. Membrane traffic is involved not only
in survival of each cell but also in various functions required
for organizing the multi-cellular system. We aim to un-
derstand mechanisms and roles of membrane traffic, espe-
cially the endosomal system and autophagy.

® Endocytosed cargo first reaches endosomes and is then either
recycled back to outside or sorted to lysosomes for degradation.
This endosomal sorting plays an important role in regulation of
cell growth. Our present effort focuses on understanding of mo-
lecular machinery underlying sorting and transport in endosomes.
® Mechanisms and role of autophagy, a process delivering part of
the cytosol and organelles into the lysosomes for degradation,
have remained hidden for many years. We identified several mam-
malian proteins involved in autophagy and are uncovering the
secrets of autophagy. We recently found a new role of autophagy;
elimination of the pathogenic bacteria invading into the cytoplasm.

Ogawa, M., Yoshimori, T., Suzuki, T., Sagara, H., Mizushima, N.
and Sasakawa, C. (2005). Escape of Intracellular Shigella from
Autophagy. Science 307, 727-731.

Nakagawa, 1., Amano, A., Mizushima, N., Yamamoto, A., Yamaguchi,
H., Kamimoto, T., Nara, A., Funao, J., Nakata, M., Tsuda, K., Hamada,
S. and Yoshimori, T. (2004). Autophagy defenses cells against in-
vading group A Streptococcus. Science 306, 1037-1040.

Kuma, A., Hatano, M., Matsui, M., Yamamoto, A., Nakaya, H.,
Yoshimori, T., Ohsumi, Y., Tokuhisa, T. and Mizushima, N. (2004).
Role of autophagy during the early neonatal starvation period. Na-
ture 432, 1032- 1036.

Umebayashi, K. and Nakano, A. (2003). Ergosterol is required for
targeting of tryptophan permease to the yeast plasma membrane. J.
Cell Biol. 761, 1117-1131.

HE R (004). BEEARBUEEY AT AL LTOF— K
77 V— WMo TE LR, BIVEMIER,
# 49, 1029-1032.

HahkZ&F, HHZE H 2003). > YA b—3 ZARRKIZRIT
BT —WnkS S F AL LTHOERTFY. HRER 21,
1986-1990
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Division of Microbial Genetics

RiZEYREAHD DNA REHRE LT DOHIRRE M C X 5REh

Molecular mechanism of eukaryotic DNA replication in the cell cycle

RAHAE

FARBhZ
. Bz B

= ARAKI, Hiroyuki

i: 4 I . D. Sc., Professor

Araki Group

Btk DNA K, MlefBliosit L CIEMICER S T,
IR AR SN TP EE T, ZOBMICE Y, Bisfh
BB D FRUTIERE I Az > T X £, ARRFEET
X, SRR E BRI OE T AR E LT, YefafkDNA
HROBE L O DNA KR L fifl 22 8 S & 5 kI
DWTHIZEZ L TWE T, BUELLTO & 5 7eifsessEer
FTd,

O ERAEYDEEFBE U F DMERIC & 3 HIfHERE L,
FLEELOM>TVWERA, BLE, EEFENFEEZAN
THELHELRFEIHLTOET, LT, Z0OELN
BREERICEAL2HEBRFTLE, £IT, RALDHE
LI-EEEBEFEROIC, EHRBEEL, TOHE
MEEFT>TVET,

O DNABHICEEANEL 2 LMIEAHF v 7 RA > MY
faEfE1Le, DNARHE AR EREIETVET,
COFTyIRAY FTEREBZOL DL, DNAERD
BEERAILTVDIENTRERIATVET, RanDE
L7=Dpb11%, DNABEEF v I RSV MZBb>TWVE
¥, £Z T, Dpb11ADNABRHEF T v IRA D MZHWT
EDESBHBEERE TV I20MERN, HEEBLTFTY
JRAVNOBEDLYEBELMZLESELTVET,

FIRAVNNERE (1, 2)RTEE(3, 4, 5) Az, E%H
ETIREADHLIZVENTNS,

Wild-type (1, 2) and checkpoint defective cells (3, 4, 5). The defec-
tive cells show abnormal morphology of nuclei.

LR —E n M a5
BF B(E) - BF B(R)
& KAMIMURA, Yoichiro i TANAKA, Seiji
‘: D. Med., Assistant Professor D. Sc., Assistant Professor

Chromosomal DNA is replicated accurately in accord-
ance with cell division and segregated to daughter cells. This
process ensures that cells transmit accurate genomic infor-
mation to their progeny during cell division. The major
subject of research in this laboratory is the regulation of
DNA replication and the mechanism coupling DNA replica-
tion with cell division in eukaryotic cells.

® Each eukaryotic chromosome is replicated exactly once in the
S-phase of the cell cycle. Although this is regulated in the in-
itiation step of DNA replication, the mechanism of initiation has
not been well elucidated. Using strong yeast genetics and bi-
ochemistry, we have studied the mechanism of the initiation of
DNA replication and its regulation by the cell cycle engines.

@ |f DNA replication is blocked or DNA is damaged by aberrant
replication, the checkpoint system arrests the cell cycle. Com-
ponents of the replication machinery have been suggested to act
as a sensor at the checkpoint. Therefore, we have studied the
relationship between the replication proteins that we isolated and
the checkpoint.

Masumoto, H., Sugino, A. and Araki, H. (2000). Dpb11 controls the
association between DNA polymerase @ and &, and the ARS region
of budding yeast. Mol. Cell Biol. 20, 2809-2817.

Kamimura, Y., Tak, Y-S., Sugino, A. and Araki, H. (2001). Sld3,
which interacts with Cdc45 (S1d4), functions for chromosomal DNA
replication in Saccharomyces cerevisiae. EMBO J. 20, 2097-2107.

Masumoto, H., Muramatsu, S., Kamimura Y. and Araki, H. (2002).
S-Cdk-dependent phosphorylation of Sld2 essential for chromosomal
DNA replication in budding yeast. Nature 475, 651-655.

Tanaka, S. and Diffley J.F.X. (2002). Interdependent nuclear accu-
mulation of budding yeast Cdtl and Mcm2-7 during G1 phase. Nat.
Cell Biol. 4, 198-207.

Takayama, Y., Kamimura, Y., Okawa, M., Muramatsu, S., Sugino,
A. and Araki, H. (2003). GINS, a novel multi-protein complex re-
quired for chromosomal DNA replication in budding yeast. Genes
Dev. 17, 1153-1165.

lida, T. and Araki, H. (2004). Non-competitive counteractions of DNA
polymerase € and ISW2/yCHRAC for epigenetic inheritance of
telomere-position effect in Saccharomyces cerevisiae. Mol. Cell Biol.
24, 217-227.
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Regulation of chromosome replication in Escherichia coli

ZHARE

Yasuda Group
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: YASUDA, Seiichi

u D. Sc., Associate Professor

KIGH Otk OBEEIE, #4647 R OBRIRD Yuta
W DT IE— B i OBEEBGE (oriC) 2 HihE > TH
FHINTHER, D OEBIJe R Fak D SOMU T H 2 -
THAEL £97. P OEROSE I oriC THEIED
ENBPE I PITHh o TET, HREIESDODNAIC
ISEEBGEOH S E D& (Dnald) 2ME&L, Zhic
Ko T2AHDNANHAL, EHIT—HORKILIZ -
THREOEOEHEBIBEY £, L L—Ric—E7ZT
I DX THAEBOFTMINL D L5 2T
BZoTHBONEHLLTIED Y A, TOWEER
TIFEREA DnaA Izl H LT, EHBAEIEDNA ~D
AR E, ZOERHOFOMHA ORERESL, T ORREICE
HrEL25M0EAEOMEERREZHTBY, Z
NHEPEEOBIBOFEIZED L 5 KB NTNWDE D%
ozl EEXTHET,

Replication of Escherichia coli chromosome starts at
a unique site called oriC in its 4.64 million base pair cir-
cular DNA, and proceeds bidirectionally to its terminus. The
initiator protein DnaA binds to the oriC DNA and triggers
a series of reactions that lead to the initiation of replica-
tion. The initiation is strictly regulated and occurs only once
in one division cycle of E. coli, but its mechanism is not
known. Since DnaA is the only known protein that is spe-
cifically involved in the first step of initiation, we are focus-
ing on DnaA and are studying its various functions. We
are also studying other proteins that interact with DnaA and
that may regulate it.
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Division of Cytoplasmic Genetics

TRRHORELZIBRERANZX A

Neural Circuit Mechanisms of Behavioral Control

PMRIFRE

RBBHDDFAN_XA

Molecular mechanism of meiosis

AR =

Kobayashi Group 0 VBRI
@ zaus

= = KOBAYASHI, Kazuto
“ Adjunct Professor

Yamamoto Group IWATESE
BERE

YAMAMOTO, Masayuki

Adjunct Professor

Y OTH ORIENL, BN O MHERIER IS B
WMOIEL ZOREZEMRLE T 5. T b ORI D
FEIE, BRA IR PRRRRS PR R DI O R ITBIFR T D6
ARFZER TR, EBHIE, EFETH, e it
HT, THDHOBAEZBINT D MR X 7 =R 5O
BICIR O #HEe, FRIT, A 57 b F T U HITERE MR
MR RN RBUR T2 — 7 T 4 v TR e T Fills
FOHMZMM L, HRERIEE 2 Ak 3 2 R E ORE -l
fanreHl, i, FEOMId THRIET S EBIsED T D
BEZPISPITT D,

Control of the behaviors is based on the mechanisms
that mediate processing and regulation of information
through the complex neural circuitry in the brain. Dysfunc-
tion in the neural circuitry is involved in the etiology and
pathogenesis of some neuropsychiatric diseases. Our re-
search group is interested in understanding of the
mechanisms of the neural circuitry that mediates motor con-
trol, emotional behavior, and memory and learning. We
study the role of specific neurons or neural pathways in the
circuitry and the function of the signal transduction
molecules that are expressed in specific neuronal types
by using molecular genetic approaches including im-
munotoxin-mediated cell targeting and neuron-specific gene
targeting.

Glu

RIBERZE (PFC)

+

{8 4 4%

(NAc) WRBEIKIED
(GPe)

LIy =$23

IR =T

BRTE ),, EEMEE (SN
(STN) |7, [:XEEKAE (GPi)

Glu +

EBTEZEN 2PN B DB R O R
Neural circuitry of the mesocorticolimbic system that mediates emo-
tional behavior.

AYWERNTB T 2 Ao ERIR S 5V, b
Gt B 2 S TR T 2 TR T D iR B s A o4y
FHEREDIRITITI Y $LA TWB, IFZEsENTIE, B
B O 5 SRR & LRI 22 2 M T B D i
HEHV, WESARBERS TV /P ehngis
T DM A ERERE, Do 2L o A 112 e
T 550 T-HEME, AEAEMIE O 73k & MV I o e R 722
ERFEERFEMNGE L TND, TEHLPITR-TX
TR ZAHIENZ 1T 5 RNASRNAK S X v R E D
HEMIZTRWELE A>TV,

We investigate characteristics of germ cells, focusing
especially on the molecular mechanism of meiosis, which
is a special form of nuclear division to reduce the number
of chromosomes and generate gametes. Using fission yeast
and worm as experimental materials, we aim to identify sig-
naling pathways to initiate meiosis, regulation of the meiotic
cell cycle, and factors controlling differentiation and
sex-determination of germ cells. We are strongly interest-
ed in the role of RNA and RNA-binding proteins involved
in these regulations, which appears to be essential for driv-
ing meiosis.

o4 5 i) Ls il

i 0 L

Tl L1 L
DEBEBOFBAHIZET, Mes1 2V /I BIFE—HHBHDY
19V DBRERHIREDICEE D TEZDHFABICRER YA
21) > ERER S % (Izawa et al, Nature 434, 2005)

The fission yeast Mes1 protein reduces degradation of cyclin at
anaphase of meiosis |, thereby saving a sufficient amount of cyclin
to initiate meiosis Il (zawa et al., Nature 434, 2005)
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Developmental genetics of organogenesis
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- D. Sc., Professor D. Sc., Assistant professor

FREREZRIET 28 25 i, MfatEsE, Ear
WAE, WfaRE), MRBREZAL & v o Tkl & Zeiifa i
BIAETT, hlebid, 7/ AOERBHNPIZLTID
L O RFBBEEHRAET ORI, BEREDHL
WEHZEEL IS ELTHWET,

el 21F, MRREE L Wo BRE TIE, i
RHOEHAENRSAZEVIRTZ EITLY, SMELM
oz KRBk L CrEEL, SEEBK - #HFL Tk
T, AFEEHIIT 1 EEOMIEEE Y I B oiIex L,
PRI 2 RO 21D & 5 R & > T
Fd, 2T, ¥avuYaunTTIO2EEOBRHINE
VAT LB T A Ltk Y, BHloEET 7
T REHLNILTNELZNLEEZTWET,

i S ERH SN AT, Enicaa=s—
varvl, FRNFhRE-SMNEIERETSZLiICk->
THEEMELET., TRNETHEDOEMM A Z—iF
SR L TTE S OREAR TESLNLD
LEZBNTEELREZ, LAL, MM XS REN
ZERe AR ORINETIE, HIHE T OWE O RFTI G B3
BEARITEERE S 2D Z EBRARETYT. b,
PERHN IR O HIZIXFEE O F0NRTET D TIXH]) 2MFETE
THZEERRLUE L, BIE REOERERKSZ O
HEROMIT 2B, [ A OISR AR D 72 D 1T A3
TEDD] LVOBRETHERROF LT L —AT —
JEELESELTWET, kb avyyay
N ORI Z, <7 ZADN %M > i S B
BLELR.

HTERERR ORI IE, EEDEEEDFMIC L >TESN DM
INER(ZYF)DRETHD. A LEBLRINE B-C: =y FHEEEAE
T5&, EEMR(TEL D EFEAERLLBRVIMEITERINS,
Somatic cells in the embryonic gonad provide a “niche” for the for-
mation of germline stem cells in Drosophila. A: normal ovary. B-C:
Genetic knock down of niche function results in the absence of
germline stem cell in the adult ovary. magenta: germ cells. green:
somatic cells. Scale bar: 120um for A, B; 50um for C.

Construction of an organ requires a number of cellu-
lar events, such as proliferation, fate specification, move-
ment and cell shape change. We are trying to understand
how the genomic information orchestrate these events, and
to discover new principles of organogenesis.

In organs such as the nervous system and the gonad, stem
cells undergo a series of self-renewal divisions producing
a large number of differentiated cells to generate and main-
tain the organ. Whereas germline stem cells generate only
one kind of progeny, neural stem cells change their iden-
tity with time and produce a variety of neuronal and glial
cell types. By comparing the behavior of these two types
of stem cells, we expect to unravel the common genetic pro-
gram of stem cells and discover how they are modified in
each organ.

Cells produced from stem cells construct an organ by
communicating with each other and establishing appropri-
ate cellular contacts. While classical models on organ pat-
terning assumed that diffusible morphogens generate a gra-
dient of positional information extra-cellularly, cells that
have long cellular processes could also exert a long range
effect by localizing molecules to sub-cellular “compart-
ments”. We found that neuronal axons are subdivided into
several compartments (or sub-axonal segments) that local-
ize specific molecules. By analyzing how such compart-
ments are formed and what they do for the entire nervous
system, we are trying to build a new framework of or-
ganogenesis, using Drosophila central nervous system and
mouse brain as model systems.

Kanai, ML.I., Okabe, M. and Hiromi, Y. (2005). seven-up controls swit-
ching of transcription factors that specify temporal identities of
Drosophila neuroblasts. Developmental Cell 8, 203-213.

Asaoka, M. and Lin, H. (2004). Germline stem cells in the Drosophila
ovary descend from pole cells in the anterior region of the embry-
onic gonad. Development /37, 5079-5089.

Niwa, N., Hiromi, Y. and Okabe, M. (2004). A conserved develop-
mental program for sensory organ formation in Drosophila
melanogaster. Nature Genetics 36, 293-297.

Yamada, T., Okabe, M. and Hiromi, Y. (2003). EDL/MAE regulates
EGF-mediated induction by antagonizing Ets transcription factor Point-
ed. Development /30, 4085-4096.

Yuasa, Y., Okabe, M., Yoshikawa, S., Tabuchi, K., Xiong, W.C.,
Hiromi, Y. and Okano, H. (2003). Drosophila homeodomain prote-
in REPO controls glial differentiation by cooperating with ETS and
BTB transcription factors. Development /30, 2419-2428.

Hiramoto, M., Hiromi, Y., Giniger, E. and Hotta, Y. (2000). A
Drosophila Netrin receptor Frazzled guides axons by controlling Netrin
distribution. Nature 406, 886-889.

B 3SRl (2005). & 3 7 P 3 U ANTITRIT B AR ESHu DAL
HeRE. FEBRIES: 23, 692-696.

JRUEE N OATTOFIF S (http://www.nig.ac.jp/museum/
livingthing/syojyobae/flyname01.html)
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Cellular and molecular analysis of developmental mechanisms in Hydra

BEHAE

Fujisawa Group "

§=-

- % Ph. D, Associate Professor x
ﬂ_ LY E=

EmE a EK
4 BEEE PhD. L - "

s BF IfE
FUJISAWA, Toshitaka ° JI"/ SHIMIZU, Hiroshi

D. Eng., Assistant Professor

[l N €58 Y [ oW S - 7/ B I W E o)L 71 d [ Y K
WU g B O KT T, B kEl A2 L TR A
HEREIRE R O ITIIRIF O E TV TT, FhleHIdEs
IR BB CTEERE X %35 X7F N1 2 ki
HEtMET 5 Te RKSXRTFRKTevzs b 2HEDT
WET, b NTIIIEE KRS T XXTF KBFEEL, £
OEE EREMIEER R T Y BT F N HEE L T
WET, TNETHEIEK, Mfeait, TEzHEd 25
% OFHRTF REFRELTWET GBEHLSR).
HE, UTFoF—<TlsEfToTHET,

ORTFRMUEDY T HILDFDBBREEREE
o RN —UHMEFIET 5T F K OB

o iR EE A IS 5 T F N O
ORTFREYHY RET BZREOABAERIT
o LHEARE b & MR EAE

o fhfa BB A

® 1TE) & iR R DFRAT

® - K S ESTZM

¢

mRNA Elﬁllde . d

ERSDEEER I H 5 L KRR T FRHym-301 DEIEFRE
ERTFROBIE, It, 1V FanATIVEA4E—ay, A, Hhym-30
REEAVRELE,

Expression and localization of a novel epitheliopeptide, Hym-301 which
is involved in head formation in Hydra. Left: in situ hybridization. Right:
immunostaining using an anti-Hym-301 antibody.

Hydra is a member coelenterates that occupy in a
phylogenetic tree a basal position from which all the higher
metazoans diversified. Because of its simplicity in body
plan, strong regenerative capacity and evolutionary posi-
tion, Hydra is one of the best model animals to study de-
velopment and neuronal functions. Last several years, our
efforts have been focused on systematic identification of
peptide signaling molecules that are involved in develop-
ment and nervous functions in Hydra. The efforts have
revealed several important features: Hydra appears to con-
tain several hundreds of peptide signaling molecules and
a half of them are derived from epithelial cells (thus, called
epitheliopeptides) and the rest neuropeptides. Many of the
epitheliopeptides so far identified are involved in pattern-
ing processes, in good agreement with our previous results
that epithelial cells primarily regulate patterning. Some of
the neuropeptides are involved in cell differentiation as well
as in neurotransmission. Recently, we have initiated an ef-
fort to systematically identify the receptors that utilize pep-
tides as ligands. In addition to the peptide work, we also
study germ cell differentiation and sex determination, and
the behaviors of Hydra.

Takahashi, T., Muneoka, Y., Lohmann, J., Lopez de Haro, Solleder,
G., Bosch, T.C.G., David, C.N., Bode, H.R., Koizumi, O., Shimizu,
H., Hatta, M., Fujisawa, T. and Sugiyama, T. (1997). Systematic iso-
lation of peptide signal molecules regulating development in Hydra:
I. LWamide and PW families. Proc. Natl. Acad. Sci. USA 94,
1241-1246.

Grens, A., Shimizu, H., Hoffmeister, S., Bode, H.R. and Fujisawa,
T. (1999). Pedibin/Hym-346 lowers positional value thereby enhanc-
ing foot formation in hydra. Development /26, 517-524.

Takahashi, T., Koizumi, O., Ariura, Y., Romanovitch, A., Bosch,
T.C.G., Kobayakawa, Y., Mohri, S. Bode, H., Yum, S., Hatta, M. and
Fujisawa, T. (2000). A novel neuropeptide, Hym-355, positively regu-
lates neuron differentiation in Hydra. Development /27, 997-1005.

Harafuji, N., Takahashi, T., Hatta, M., Tezuka, H., Morishita, F., Mat-
sushima, O. and Fujisawa, T. (2001). Enhancement of foot forma-
tion in Hydra by a novel epitheliopeptide, Hym-323. Development
128, 437-446.

Fujisawa, T. (2003). Hydra regeneration and epitheliopeptides.
Developmental Dynamics 226, 182-189.
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Gene expression during Drosophila development
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1. TEDSzRT 14 ORGSR T LADEEA

2 OBAR T I B X — L ida s R a2k T,
EeR B O REICHFINDINERD D, ZoEaE
LIk NCELETHETHY, [ZET =T 4 7 A
LRI EN D, BEIE, Y a vy aunzEZHANTPosi-
tion Effect Variegation X Hox & 1=1- DI BRI E H
LHRTEEEDTLXAVTHTL, TEY 271 7 Al
Y AT LOMPED I L TN D,

2. DNA supercoiling factor (SCF) & SPT6M4AEMIF Y

&2

FEIZ PRA Y AT —F T LHBE L TDNAIZEDIES
VAZEATBSCFEREL, IHIZZOSCERYay
T a N X PEkoBRIRIIEICEED S Z e RH L,
* 7z, EEMERNTFSPT6IZRNARY X5 —F¥Iick?
B> TR IS N/ n<F U EEDT 7 4V b~
OEMIZED S L E 2 bND, EZSPT6 DLHMlaA
IZRITF BBENTONTHEF L TN 5B,

3. BEEMRAICE T HMESHDHREDANZX A

ke AL, BRI EDBIL TH Y, AlakM
BEAF Iy 7 ICBHT DB THD. FEF, a7
Y aunNTORBMAZET T, HERN R MIES) 2
IS D A=A LEMEL TND, KT, ~Tra3&
HWCEHEICERL, MfGEB BT KREL Y 7L
R Z IR TV D,

1. Elucidation of the regulatory mechanisms underlying
epigenetics. In multicellular organisms, expression pat-
terns of genes should be maintained stably through and
after cell division. These phenomena are termed
“epigenetics”. Using Drosophila, we are trying to elu-
cidate the regulatory mechanisms underlying epigenetics
through molecular analyses of factors involved in Posi-
tion Effect Variegation and the regulation of Hox gene
expression.

2. Biological significance of DNA supercoiling factor (SCF)
and SPTT6. SCF is a protein capable of generating neg-
ative supercoils on DNA in conjunction with
topoisomerase II. We found that SCF plays a key role
in dosage compensation of male X chromosome in
Drosophila. We are also analyzing biological role of SPT6
in multicellular organisms.

3. Mechanism of the coordinate cell movement during
gastrulation. Gastrulation is a common step in animal de-
velopment, where many cell groups move in a dynam-
ic manner. We are studying on mechanism of the coor-
dinate cell movement focusing on heterotrimeric G
proteins.

Jindra, M., Gaziova, I., Uhlirova, M., Okabe, M., Hiromi. Y. and
Hirose, S. (2004). Coactivator MBF1 presearves the redox-dependent
AP-1 activity during oxidative stress in Drosophila. EMBO J. 23,
3538-3547.

Shimojima, T., Okada, M., Nakayama, T., Ueda, H., Okawa, K.,
Iwamatsu, A., Handa, H. and Hirose, S. (2003). Drosophila FACT
contributes to Hox gene expression through physical and function-
al interactions with GAGA factor. Genes Dev. /7, 1605-1616.

GAGA
factor Saunders, A., Werner, J., Andrulis, E.D., Nakayama, T., Hirose, S.,
—_— ¢ / Reinberg, D. and Lis, J.T. (2003). Tracking FACT and RNA
GAGAG y, s polymerase II elongation complex through chromatin in vivo. Sci-

23703 /NIFACT(dSSRP1 &£ dSPT16 DATAF AT —)[LGAGA
EFIKYESRAIBEZICIIIL—hah, RTLAY—LIZFEELT
JERFUOVETIVTERET .,

Drosophila FACT (a heterodimer of dSSRP1 and dSPT16) is recruited
to a transcriptional regulatory region and facilitate chromatin remodel-
ing through its binding to a nucleosome.

ence 307, 1094-1096.

Kobayashi, M., Aita, N., Hayashi, S., Okada, K., Ohta, T. and Hirose,
S. (1998). DNA supercoiling facror localizes to puffs on polytene
choromosomes in Drosophila melanogaster. Mol. Cell. Biol. 18,
6737-6744.
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The genetic basis of development and simple behaviors in zebrafish

N LHRE

Kawakami Group

S
Bh#i% EiE
ﬁﬁ,i KAWAKAMI, Koichi

FAEZ
BhE 188

KISHIMOTO, Yasuyuki

D. Sc., Assistant Professor

D. Sc., Associate Professor

Y7574 v a (Danio rerio) 1%, ZEOfAkDE
FELRBENREZGTH A Z L, HRNZHE LIRBREHTS S
T MIARARBEOBEE, BIEPELTHDH I LD,
BHEB OTERETERL, #R BB, 11872 &mkEmiis
BB T 2D 0EFAEHME LTERLTY
7,

Feaix, AXH T ARV Y Tol2 VTR TYI
WDTET T 74 v v 2alBIFLIHET NT v TEOHIE
WCHRIHLCTEE L, ZOHEERHNWS L, FBABRRIC
Bl AL RN, SERRENREE I L HALT
5ZEMTEET, £, FHIGFIZEHRBRRK, FEREERIC
BERHE 2T I2HRBIETEZRLNCT DI ENTE
9, RAOWEETIE, FFUVARY VIERY AT A
ERWBRIRFNTERO & bR PHME, B, ROZ
NHFERIC L BRI NFEEIMR LRz F o
SEBUFENT, WEREMRAT 21T > TWET,

Fiz, 7574 vy aORMEEREOIEEE Z DR
KBAR T D FE & HRERENT 200 U T, BHEEI Y O WIHA%E
AT B REER - OBHEEMSLRENT ONTOWFZEETT -
TVWETJ,

BEFINSYTEICIYGFPEGFNLEFEN (L L), BNEFR
H(ET), HEMESEN (G, FB)ITREL TS ETST1via
FEoExE RE (R 2Rz 2030,

A gene specifically expressed in the heart (upper-left), the hindbrain
(lower-left) or some neurons (right, green) was trapped by the Tol2
gene trap vector containing the promoterless GFP gene. All neurons
were stained (right, red).

Zebrafish is an excellent model animal to study verte-
brate morphogenesis, organogenesis and behaviors by ge-
netic approaches since it is possible to breed and maintain
very large numbers of fish in the lab, and since early
developmental defects are easily identified in transparent
embryos.

Our aim is to develop novel genetic methodologies in
zebrafish, and to understand genetic and molecular
mechanisms underlying vertebrate development and be-
haviors. We have successfully developed a gene trap meth-
od in zebrafish by using the 70/2 transposable element. With
this method, gene expression in specific tissues and organs
during development can be visualized as expression of a
reporter gene such as GFP. Also novel genes important for
morphogenesis, organogenesis and behaviors can be iden-
tified. We are currently working on improvement and de-
velopment of transposon technologies, and investigation of
the function of the genes identified by this method.

We are also working on the zebrafish maternal-effect
mutants, which affect early cleavages and mesodermal de-
velopment, in order to understand the roles of maternal fac-
tors in vertebrate early developmental processes.

Kawakami, K., Takeda, H., Kawakami, N., Kobayashi, M., Matsuda,
N. and Mishina, M. (2004). A transposon-mediated gene trap approach
identifies developmentally regulated genes in zebrafish. Developmen-
tal Cell 7, 133-144.

Kawakami, K. and Noda, T. (2004). Transposition of the 7o/2 el-
ement, an Ac-like element from the Japanese medaka fish Oryzias
latipes, in mouse embryonic stem cells. Genetics /66, 895-899.

Kawakami, K., Imanaka, K., Itoh, M. and Taira, M. (2004). Exci-
sion of the To/2 transposable element of the medaka fish Oryzias
latipes in Xenopus laevis and Xenopus tropicalis. Gene 338, 93-98.

Kawakami, K. (2004). Transgenesis and gene trap methods in zebrafish
by using the To/2 transposable element. Methods in Cell Biology
77,201-222.

Kishimoto, Y., Koshida, S., Furutani-Seiki, M. and Kondoh, H. (2004).
Zebrafish maternal-effect mutations causing cytokinesis defect with-
out affecting mitosis or equatorial vasa deposition. Mechanism of
Development /27, 79-89.
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Epigenetic view of mammalian development
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Cell death regulation in the context of tumorigenesis and neural development
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BEHE
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=i
A '_,"‘ Adjunct Professor

.

Gotoh Group BEHHET
BEXE
GOTOH, Yukiko

Adjunct Professor

\

TIAAVTI T4 T DEYENER
LRI R TR B T H D 7 ) A v
TV T4 2 T ORI EZ T D8 A TE, Bk R BE
MFH 2T HEEITIX 2 R0 S ) Kb iah b,
BEREMNITIX LRk L R D Z DY AT A%, —H, BT
o TARFNZ R 2 2035, WAFITIA S RIFESIN TN D,
ZOMEBRHTDDIL, T/ BA TV T A4V TD
WIS RF A bELZE “av TV AYF—2 3> (M
) RS BEELE (K1), ZORMEETTS A
YT 4V TEIRTFREDMNFIEL TWBH, kD
AR T- OHEREfAT 2D TN D,

Biological significance of genomic imprinting in mam-
malian development

Mammalian genes under regulation of genomic imprint-
ing show parent-of-origin-specific monoallelic expression,
therefore, they are functionally haploid. It has apparent dis-
advantage of escaping recessive genetic diseases, therefore,
we need to explain why this system is widely conserved in
mammals. Is there any advantage of the monoallelic gene
expression system in mammals? We have proposed “Com-
plementation hypothesis™ to solve this problem (Fig. 1) and
have been identifying imprinted genes to fit this hypoth-
esis.

AT A T —ira EER
e
pETN e O
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Comph Ao hypodhickl: Comtmnabon ol bwo Sflerent monoaishs axpessnn
PSS (S NECESLary 12 ensu's sapression o all Pegs mnd Megs in mammakan Oessehidemisnd

(NAKtICKBEFREA =X A LBIEANDEHK
Akti3% < DZR CHEEEIC PO RE 2 R 2 b
WRENTWD, AL, AktOEFAREDOER AL, Akt
WX BEALD A =X AT L THRE LTS,

(2) INKIK R AR HRASERREA h = XA A L ZOE B ESE

INKIiZk A 72 A b L 2l cHalmicidibsst 0 >/
AL F = FF—EThHD, BALEDEOPOT N —
T1E, INKRREEASZ b L RIZE BB AR— AR O7EM:
LICEE R E 2 REZLTCND L ERLTER, 22
THIE, INKOI AR—ZAFERALICBITFSE -7y N
Ol AR — ZIEIRAERIHINASE IR 5 % — 7 v b &kt
LT3,

(S ERTIR RFELE (IC B (T S MR D A FEFIHE & b il
W D RERIEAEIT BN TIER 125 < O MR RTHGH
JaASFE A TR LD S, Z OFIERRE & 562E EoaE
O TR, A ITBEAR R AT D 17 212
T DHMAN > 7 FaziEZ sz, MR TEm 2
WD AN = AL THEIEZREE CHEIEL, Meox 4
IVTERELTHEDRERITND,

(1) Functions of Akt in cell survival and tumorigenesis

We are investigating the mechanisms by which Akt regu-
lates cell survival and migration, in the context of
tumorigenesis.

(2) Regulation of neural cell death and differentiation

A large number of neural precursor cells (NPCs) die dur-
ing early neural development. Our study aims to under-
stand how the pool size and quality of NPCs are regulated,
focusing on the regulation of NPC death and differentia-
tion.

(3) Functions of JNK in cell death regulation

JNK is a key molecule in stress-induced cell death. We
found some functions of JNK in regulating cell death, and
are now pursuing their detailed mechanisms as well as their
physiological and pathological meanings.
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Evolution of organisms at genetic/genomic level
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Saitou Group

bt o
¥ Ph.D. & (H#)

SAITOU, Naruya
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G BmF #(®)
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]
(1l

e

AFRETIX, EWotLE, BIaFL7 /L0
ZBNWT, FhrL ar Va—2rOmm,» b5zl T
W5, BRI NI 2 FRMA - WAL OE 2 8D
FbhE LTnd, BT —< I TOH0RH 5,

O I NIRS / LEHESilver : £ F DBRMERET HEGCFE
LEMZHIZ, TFEWITe MEBREFU RV O—, I
3, #S00—2 B EQOENRDY / LB EREL,
E N7/ LEHEEZNE RO EBEBTEZT>TL 5,

o HAHBMODFH  WABORT 4 TSV DL ERE
FIEECEFORRHBOELCOBRENS =, GERHE
TEEDOWEES & CELERFERYT / LY O— 2 ORFIENT
BLVEBERFEARRICIYBEITLTULS,

o MEEEEF O @ MEREHMBEEREORERDT, /N
DTUVTRITAILNRIGERBHADE DEEEZ(TRTC,
EQBRAADNEC BEREENF L, ABORSH K URhR M
HEELRTFOELEEHRL TS,

0 TDMOMRT—< | LHOBETES O KXRIERNT, E
MEERFOIYEVY, ERFREZAVEGGEDE
M DR, BEFELCHROH L VBT ES L VHE
EFEDE=HDH L WNT—2 R— DR,

Humam Chimpanzes

Freq. A =0.200 10.297)
Freq. T = 0288 (0.205)
Freq. C = 0.214(0.205)
Freq. (= 0208 (0.200)

Freq. A = 0303 (0.206)
Freq. T = 0293 (0.204)
Freq. C = 0.205 {0.205)
Freq. 0w 0200 (0.205)

G comieat = 0.422 (0, 409) G0 comiewt = 0405 (04100

-'"’.-'-..__ s
Human --> 42% Chimp ~ 41%

ENEFURU =D LIZHBNT, SNPEIREA DHEE SRR D
FHESEECBRED O CNOREF) DL, EN/ ARSFERGCE
ENEDEMT BERIZHD,

Equilibrium base frequencies estimated from SNP dynamics compared
with observed one (in parentheses) for human and chimpanzee
genome. Human genome has tendency to increase its GC content
in future.

We study the evolution of organisms at the genetic and
genomic levels through wet experiments and computer anal-
yses. We are particularly interested in primate and mam-
malian evolution toward human. Themes of our study are:

® Ape Genome Project Silver: In search of genetic changes respon-
sible for human uniqueness, we are determining genomic sequen-
ces of chimpanzee and gorilla that are phylogenetically close to
human, and do molecular evolutionary analyses.

® Molecular evolution of developmental regulation: We are study-
ing cis- control elements of the developmental genes by sequence
analysis and gene transfer experiments of large scale genomic
clones, in order to elucidate relationship between evolution of
cis-elements and body plan.

® Evolution of blood group genes: Blood group antigens are ex-
pressed on cell surface, and have a higher chance of being af-
fected by bacteria or virus. Therefore, their genes may have un-
dergone positive selection. We are studying genes for ABO and
Rh blood groups.

® Other themes include: large scale evolutionary analysis of many
gene sequences, human gene mapping, analysis of evolution of
closely related populations using gene genealogy approach, de-
velopment of new methods for the study of gene evolution, and
the development of new database for evolutionary studies.

The International Chimpanzee Chromosome 22 Consortium [H.
Watanabe, ...... C.-G. Kim, S. Oota, T. Kitano, Y. Kohara, N.
Saitou, ...... and Y. Sakaki] (2004). DNA sequence and comparative
analysis of chimpanzee chromosome 22. Nature 429, 382-388.

Kitano, T., Liu, Y.-H., Ueda, S. and Saitou, N. (2004). Human spe-
cific amino acid changes found in 103 protein coding genes. Molec-
ular Biology and Evolution 27, 936-944.

Tomiki, T. and Saitou, N. (2004). Phylogenetic analysis of proteins
associated in four major energy metabolism systems: photosynthe-
sis, oxidative phosphorylation, nitrogen metabolism and sulfur me-
tabolism. Journal of Molecular Evolution 59, 158-176.

Kim, C.-G. Fujiyama, A., and Saitou, N. (2003). Construction of a
gorilla fosmid library and its PCR screening system. Genomics §2,
571-574.

Sumiyama, K. and Ruddle, F.H. (2003). Regulation of DIx3 gene ex-
pression in visceral arches by evolutionarily conserved enhancer ele-
ments. Proc. Natl. Acad. Sci. U.S.A. 100, 4030-4034.

Sumiyama, K., Saitou, N. and Ueda, S. (2002). Adaptive evolution
of the 1gA hinge region in primates. Molecular Biology and Evo-
lution 79, 1093-1099.

Sumiyama, K., Irvine, S.Q., Stock, D.W., Weiss, K.M., Kawasaki,
K., Shimizu, N., Shashikant, C.S., Miller, W. and Ruddle, F.H. (2002).
Genomic Structure and Functional Control of the DIx3-7 Bigene Clus-
ter. Proc. Natl. Acad. Sci. U.S.A. 99, 780-785.

http://sayer.lab.nig.ac.jp/
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Genetic and molecular basis of biological diversity and evolutionary mechanisms
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TR D —BAB LRI 2> & Z3BARTRNT~, FhBIZ4ED
SRRMEDFE, MRS ORZIBE 7 2T
BfFES 5 Z L R HBICIE R T> TVWET, BI5TI1EZ
N2 T3 <, BisT, MlE, £ EERoL
NNV TR ENDE R TRy T =27 O THLL T
WET, Ry T —27 O TOEMIFE OMEE: & RN -
FERB 4T & BTk & DTV A OO o ITITEAE
FRIMHEAER 21X C kA 2B ORI L Bb 55
BT L EROMGE - FlAEETT,

HARERZEROL ITHE LD el BRT,
HAARTO “BIKDSDB W ZELT, ERBENTOK
RERGIRAES BLARIR AT A & TIEAR S L2 VR 7R AR
EPSNMCLTINET, X5IT, FEMEOFE LR,
FREILD D FEBEZHLNIL LS &, EIZTo X
ST — < THIRET>TVET,

O HERRLEERNREK L ERTDOERE

O ERATODERDORE LEBEF Y T -V DEEZBW
& L - BREAE R OEHRN TR

ORT - REZRBFREBRLT, BRESFHESZ VNV EBRLREFOD
L

o FEMb D RS
RECHIFRRE DB R EE & EEERTF OB
ZETHIZE T2 F 7 IRILKE (7 0EY) O&RE

o REHE L DB EER:
MR E R RHBREROMB /N2 — 2 DL
BEMEOTRE, RERE ORI

'm miaem ||

O o (-00m

L.l,lil] Ml

With complete genome sequences, much of current re-
search in molecular evolutionary studies focuses on mul-
tilocus analyses rather than classical single-locus analysis.
Our studies are aimed mainly at understanding origin and
maintenance mechanism of genetic diversity in complicat-
ed networks of genes, molecules, cells, individuals, and even
populations. By nonrandom associations of variations in
natural populations, we detected action of multilocus se-
lection on polymorphisms at about 100 Drosophila
chemoreceptor genes. We are also interested in molecu-
lar changes involved in development of premating isola-
tion and morphological evolution between closely related
species of Drosophila.

We are currently doing the following studies:

@ Nature and population dynamics of deleterious mutations

® Nonrandom associations of natural variants for detection of mul-
tilocus selection and gene-network construction

® Molecular evolution at Drosophila chemoreceptor genes and
odorant binding protein genes

@ [dentification of genes involved in sexual isolation in Drosophila

® Genetic and molecular dissection of within- and between-species
variations in Drosophila bristle development.

Takahashi A. and Takano-Shimizu, T. A high frequency null mutant
of an odorant-binding protein gene, Obp57e, in Drosophila
melanogaster. Genetics (2005, in press).

Takano-Shimizu, T., Kawabe, A., Inomata, N., Nanba, N., Kondo,
R., Inoue, Y. and Itoh, M. (2004). Inter-locus nonrandom associa-
tion of polymorphisms in Drosophila chemoreceptor genes. Proc. Natl.
Acad. Sci. U.S.A. 101, 14156-14161.

Takahashi A, Liu, Y.H. and Saitou, N. (2004). Genetic Variation ver-
sus Recombination Rate in a Structured Population of Mice. Molec-
ular Biology and Evolution 27, 404-409.

Takano-Shimizu, T. (2001). Local Changes in GC/AT Substitution
Biases and in Crossover Frequencies on Drosophila Chromosomes.
Molecular Biology and Evolution /8, 606-619.

Takano-Shimizu, T. (2000). Genetic screens for factors involved in
the notum bristle loss of interspecific hybrids between Drosophila
melanogaster and D. simulans. Genetics 156, 269-282.

BARATHREZT-AROSUNERDOEEEHENBASECTFHEEFERERETIIEAFETHD, FoREBR LEDIDLFES
BREGCFEOEREZBREER(TI/BELEZDIER RESVALISRARLMDOEBGFEOREBRER(S) DEHRNTERITOKRETR
T RN B FRITYERD Ro" AR EHE(ER, BAE)MRHEINLGETTE, EERBRE L FENOFRZEBREEITDOL

TIHHEAEEDNEI—VIZ—EDFRENHD(ER),

Some variants present in adult organisms that have survived selection are not randomly combined, but in linkage disequilibria. The figures show
nonrandom associations of polymorphisms at 74 genes of Drosophila, from which we could identify functional connections between some of these

receptor genes.
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Comparative genomics for chromosomal functions
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Functional Genomics based on the full-length cDNA collection
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We have been studying genomes of human and other
primates, especially chimpanzees. To do so, we adopted
the strategy that was to analyze and compare an individ-
ual chromosome or a part of specific area of interest in ad-
dition to the entire genomes. It is anticipated that the com-
monness kept through various species, or species-specific
characteristics will be clarified at the levels of DNA sequen-
ces, genes, and chromosomes

ENEEF)EDIBRMETTIC BB = F /80 O—Y ZEABACYO—
Y DFISHE R (B EXETF)

FISH analysis of a chimpanzee BAC clone located onto the Y chro-
mosome (photograph taken by Y. Kuroki)
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The main emphasis of our research is to identify and
collect genes of human and other organisms en masse in
the form of full-length cDNA, which is a complete copy
of mRNA. The sequence information of full-length cDNA
is indispensable for elucidating exon-intron structures as well
as promoters of genes. Furthermore, full-length cDNA
clones are valuable resource for the functional analysis of
proteins coded by the genes. Thus, the direction of our re-
search is a mass determination of gene structures and their
functions.
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Construction of full-length cDNA library based on Oligo-capping meth-
od
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The cycle of genomic imprinting and DNA methyltransferase family
proteins responsible for each step (left). A retarded E10.5 mouse em-
bryo without maternal imprints (right top) and a control embryo (right
bottom).

Embryonic development requires the genetic programs
encoded in the genome to be expressed in correct tissues
at correct timings. Once a cell lineage has been established,
its genetic status is stably maintained so that the cells do
not transform into other cell types. Epigenetic mechanisms,
such as DNA methylation and heterochromatin formation,
stabilize the genetic activity of the cell lineage without
changing the DNA sequence. Mammals also have unique
epigenetic phenomena, such as genomic imprinting and
X-chromosome inactivation. Abnormalities of the epigenetic
mechanisms cause a number of human disorders including
cancers. Following research activities are ongoing in our
laboratory.

® Regulation of genomic imprinting in mammalian development

@ Establishment of imprinting in the germ-line

® Epigenetic regulation of gametogenesis

@ Structure, regulation and evolution of imprinted genome domains

® Role for DNA methylation in X-chromosome inactivation

® Regulation of X-chromosome inactivation by anti-sense RNA

® Function and regulation of mammalian DNA methyltransferases

® Human disorders associated with abnormalities in DNA methyla-
tion or imprinting

Hata, K., Okano, M., Lei, H. and Li E. (2002). Dnmt3L cooperates
with the Dnmt3 family of de novo DNA methyltransferases to es-
tablish maternal imprints in mice. Development /29, 1983-1993.

Sado, T., Okano, M., Li, E. and Sasaki, H. (2004). De novo DNA
methylation is dispensable for the initiation and propagation of X chro-
mosome inactivation. Development /37, 957-982.

Kaneda, M., Okano, M., Hata, K. et al. (2004). Essential role for de
novo DNA methyltransferase Dnmt3a in paternal and maternal im-
printing. Nature 429, 900-903.

Yokomine, T., Shirohzu, H., Purbowasito, W. et al. (2005). Struc-
tural and functional analysis of a 0.5-Mb chicken region orthologous
to the imprinted mammalian Ascl2/Mash2-Igf2-H19 region. Genome
Res. 15, 154-165.

Sado, T., Hoki, Y., and Sasaki, H. (2005). Tsix silences Xist through
modification of chromatin structure. Dev. Cell, in press.

SMIETL, A AK#Z (2004). HOT PRESS : DNA X F L1k
FEDnmt3adMEFERIITY ) AV IAR (LT V) T4 )
2115, MY 23, 934-935.

1 RK¥zfm (2004). ZEY = RT 4 7 A, Springer Reviews
VYV—=R, vaF NV H— T =2T 7=
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YHARXFXF D CACTAIRFDEH L DERERRILZOENF
Arabidopsis plants with (right) and without (left) reversion sector of
dwarf phenotype induced by transposition of CACTAT element.
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In order to explore epigenetic gene regulation, we are

taking a genetic approach using Arabidopsis. Mutations in
DDM1 (Decrease in DNA Methylationl) gene, which en-
codes a protein similar to the chromatin-remodeling fac-
tor SWI2/SNF2, results in reduced genomic cytosine
methylation and transcriptional de-repression of repeated
sequences. A striking feature of the ddm! mutation is that
it induces a variety of developmental abnormalities by caus-
ing heritable changes in other loci. One of the
ddml-induced abnormalities, late flowering trait, was caused
by ectopic expression of a homeobox gene, FWA. Anoth-
er abnormality was caused by transpositional activation of
a novel endogenous transposon CACI. Thus DDM]I gene
is necessary for both epigenetically ensuring proper gene
expression and stabilizing the genome structure.

Miura, A., Yonebayashi, S., Watanabe, T., Toyama, T., Shimada, A.
and Kakutani, T. (2001). Mobilization of transposons by a mutation
abolishing full DNA methylation in Arabidopsis. Nature 4/4, 212-214.

Kato, M., Miura, A., Bender, J., Jacobsen, S. and Kakutani, T. (2003).
Role of CG and non-CG methylation in immobilization of transposons
in Arabidopsis. Current Biology /3, 421-426.

Kinoshita, T., Miura, A., Choi, Y., Kinoshita, Y., Cao, X., Jacobsen,
S., Fischer, R. and Kakutani, T. (2004). One-way control of FWA
imprinting in Arabidopsis endosperm by DNA methylation. Science
303, 521-523.

L, ARHEYS (2003). DNAXFIUALDEIES: : B A My
BH#i & DOV L EHEEFINF 2o, ML 22,
655-659.
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Hypothetical roles of CAF-1 in the maintenance of repressed chromatin
states through cellular proliferation

Epigenetic states of chromatin, including modifications
of histones, chromatin structures, and DNA methylation,
are tightly linked with gene expressions in eukaryotic cells.
Proliferating cells are required to maintain those epigenetic
states through rounds of cell cycles. We are studying the
following projects, mainly by using biochemical approach
with mammalian cells, in order to study the mechanism of
epigenetic inhetitance through cellular proliferation in
eukaryotes.

® Mechanism of nucleosome assembly during DNA replication
® Maintenance mechanism of DNA methylation and chromatin struc-
tures by DDM1 protein.

Ono, T., Kaya, H., Takeda, S., Abe, Y. Ogawa, M. Kato, T. Kakutani,
O.M. Scheid, T. Araki, K-i Shibahara. Mutations in CAF1 of
Arabidopsis release transcriptional gene silencing in a stochastic man-
ner. Submitted

Takeda, S., Tadele, Z., Hofmann, 1., Probst, A.V., Angelis, K.J., Kaya,
H., Araki, T., Mengiste, T., Scheid, O.M., Shibahara, K-i., Scheel,
D. and Paszkowski, J. (2004). BRU1, a novel link between respon-
ses to DNA damage and epigenetic gene silencing in Arabidopsis.
Genes & Development /8, 782-793.

Kaya, H., Shibahara, K-i., Tasaka, K-I., Iwabuchi, M., Stillman, B.
and Araki, T. (2001). FASCIATA genes for chromatin assembly fac-
tor-1 in Arabidopsis maintain the cellular organization of apical
meritems. Cell 104, 131-142.

Shibahara, K-i. and Stillman, B. (1999). Replication-dependent mark-
ing of DNA by PCNA facilitates CAF-1 coupled inheritance of
chromatin. Cell 96, 575-585.
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An organotypically cultured telencephalon. Olfactory bulb axons (left)
grow on the pathway marked with specific guidepost neurons (right).
Left and right panels are the same field. Asterisks mark the olfac-
tory bulb.
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The functions of the brain underlying our complex be-
havior and mental activity require the precise interconnec-
tions between neurons. The wiring patterns of neuronal con-
nections are, for the most part, genetically determined. There
are also genes that modify the existing neuronal connec-
tions under environmental influences such as experiences.

The Division of Brain Function aims to reveal the cel-
lular and molecular mechanisms controlling the formation
of neuronal connections. During development, axons of the
olfactory bulb project into the caudal pathway and make
synaptic connections with their target cells in the telen-
cephalon. We developed an organotypic culture system of
the mouse embryonic telencephalon in which olfactory bulb
axons form the stereotyped projection as that in vivo. Using
this culture system, we have found a specific subset of
early-generated neurons that function as the guidepost for
olfactory bulb axons.

Yamatani, H., Sato, Y., Fujisawa, H. and Hirata, T. (2004).
Chronotopic organization of olfactory bulb axons in the lateral ol-
factory tract. J. Comp. Neurol. 475, 247-260.

Tozaki, H., Tanaka, S. and Hirata, T. (2004). Theoretical consider-
ation of olfactory axon projection with an activity-dependent neu-
ral network model. Mol. Cell Neurosci. 26, 503-517.

Kawasaki, T., Takagi, Y., Yamatani, H. and Hirata, T. (2004). Sys-
tematic screening and identification of the antigens recognized by
monoclonal antibodies raised against the developing lateral olfacto-
ry tract. J. Neurobiol. 62, 330-340.

Tozaki, H., Kawasaki, T., Takagi, Y. and Hirata, T. (2002). Expres-
sion of Nogo protein by growing axons in the developing nervous
system. Mol. Brain Res. /04, 111-119.

Hirata, T., Nomura, T., Takagi, Y., Sato, Y., Tomioka, N., Fujisawa,
H. and Osumi, N. (2002). Mosaic development of the olfactory cor-
tex with Pax6-dependent and -independent components. Dev. Brain
Res. 136, 17-26.

Hirata, T., Fujisawa, H., Wu, J.Y. and Rao, Y. (2001). Short-range
guidance of olfactory bulb axons is independent of repulsive factor
slit. J. Neurosci. 21, 2373-2379.

Tomioka, N., Osumi, N., Sato, Y., Inoue, T., Nakamura, S., Fujisawa,
H. and Hirata, T. (2000). Neocortical origin and tangential migra-
tion of guidepost neurons in the lateral olfactory tract. J. Neuros-
ci. 20, 5802-5812.
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In the mammals, the differentiation of a given cell type
is associated with activation of a particular set of genes and
inactivation of other sets. DNA methylation is associated
with gene-silencing and chromatin structure. We found a
numerous number of tissue-dependently and differential-
ly methylated regions (T-DMRs). The DNA methylation
profiles are unique to the cell types. Stem cells as well as
differentiated cells, including neural cells and germ cells,
have their own DNA methylation profiles. The formation
of DNA methylation profiles is principal epigenetic event
of development. We are investigating the mechanism for
the formation of DNA methylation profiles and its biolog-
ical roles.

DA mathylation profiles

DNAAF AL TBT7AILE O F U E (L,
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ESTR Ty ERES/ L LIS TOWET, T ZhO#ifian s
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T MO AEIEL DNAAFIIALL/OR F UBERIbIZESITED T
RFVIRREDHEEBRLEEZIONET,

DNA methylation profiles and chromatin-remodeling.
Somatic cells and germ cells each carry epigenetic information carved
on their genomes. DNA methylation is normally altered at numerous
specific loci (T-DMR) of the genome. Differentiation of cells associates
with the shift of epigenetic status from one to another regulated by
the DNA methylation with chromatin-remodeling.

OUONPRHIZT 2WEMM ORI, FEFERITHRINTE
LI N BB THAMB oMo s L kit kv
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(QIIRFEENT I 1T B 2 TH I 2L DIk b BT 7 Re AL
T 2 LR 2 HIH 3 5 HHE DR AT

Body of higher plants as we see is a product of meris-
tem activity during post-embryonic development. We are
interested in how meristem activity is regulated through-
out the life cycle of plants. We have been focusing on
Arabidopsis mutants, such as fas, in which meristem is nor-
mally formed during embryogenesis, but its functional main-
tenance is compromised. Analysis of these mutants has
revealed a role of CAF-1 and related factors. We are in-
vestigating how these factors regulate meristem function by
analyzing various aspects of growth and differentiation. An-
other topics of our research is the floral transition or flow-
ering which represents a most drastic change of meristem
activity during post-embryonic development.
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|
Stem cells
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Arabidopsis seedling (left) and organization of shoot apical meristem
(SAM) and root apical meristem (RAM) (right). SAM is consists of
3 layers (L1-L3) of cells and is divided into several functional regions.
Some cells act as organizing center to control stem cell (SC) pop-
ulation. RAM contains quiescent center (QC) and 4 types of initials
(St, Co/En, CRC, Ep/LRC).
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Mammalian Genetics Laboratory
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Mouse forward genetics on pattern formation and cell growth control
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Shiroishi Group
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Reading sequences of the human and mouse genomes
has been almost accomplished. The advances in genomics
have facilitated genetic dissection of the developmental pro-
cess and other higher order functions of mammalian genes
at the whole body level. In Mammalian Genetics Labor-
atory, we are studying genetic control of pattern formation
in mouse development, focusing on limb development. We
are also conducting study of genetic regulation on the grow-
th and differentiation of epithelial cells in skins and
gastrointestinal tracts. In these studies, we are taking
strategies of “Forward genetics” based on existing mouse
mutants and “Reverse genetics” using transgenic and knock-
out mice.

In this laboratory, we are developing new experimen-
tal mouse strains, such as consomic strains, based upon the
uniqueness of wild-derived inbred strains established in this
institute. All mouse strains are supplied to researchers in
this country and abroad on request.

Sagai, T., Hosoya, M., Mizushina, Y., Tamura, M. and Shiroishi, T.
(2005). Elimination of a long-range cis-regulatory module causes com-
plete loss of limb-specific Shh expression and truncation of the mouse
limb. Development /32, 797-803.

Sagai, T., Masuya, H., Tamura, M., Shimizu, K., Yada, Y., Wakana,
S., Gondo, Y., Noda, T. and Shiroishi, T. (2004). Phylogenetic con-
servation of a limb-specific, cis-acting regulator of Sonic hedgehog
(Shh). Mamm Genome /5, 23-34.

Sakai, T., Miura, 1., Yamada-Ishibashi, S., Wakita, Y., Kohara, Y.,
Yamazaki, Y., Inoue, T., Kominami, R., Moriwaki, K., Shiroishi, T
Yonekawa, H. and Kikkawa, Y. (2004). Update of mouse microsatel-
lite database of Japan (MMDBJ). Exp. Anim. 53, 151-154.

Oka, A., Mita, A., Sakurai-Yamatani, N., Yamamoto, H., Takagi, N.,
Takano-Shimizu, T., Toshimori, K., Moriwaki, K. and Shiroishi, T
(2004). Hybrid breakdown caused by substitution of the X chromo-
some between two mouse subspecies. Genetics /66, 913-924.

Abe, K., Noguchi, H., Tagawa, K., Yuzuriha, M., Toyoda, A., Kojima,
T., Ezawa, K., Saitou, N., Hattori, M., Sakaki, Y., Moriwaki, K. and
Shiroishi, T. (2004). Contribution of Asian mouse subspecies Mus
musculus molossinus to genomic constitution of strain C57BL /6J, as
defined by BAC-end sequence-SNP analysis. Genome Res. /4,
2439-2447.

Floyd, J.A., Gold, D.A., Concepcion, D., Poon, T.H., Wang, X., Keith-
ley, E., Chen, D., Ward, E.J., Chinn, S.B., Friedman, R.A., Yu, H.T.,
Moriwaki, K., Shiroishi, T. and Hamilton, B.A. (2003). A natural al-
lele of Nxf1 suppresses retrovirus insertional mutations. Nat Genet.
35, 221-228.
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Molecular mechanism of mouse embryogenesis
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<X TFDO X 5T TVET,

o L\iE - MERF A CRET 2%

® (KEIFZ AL IZ & 1T 2 D EIMERESL O 2 F 148 O 28R
o (REIFEMNEERF (Mesp2) DFIFFIEMELE
o RETHALIZREE ¥ 2 R BT F R OKEEMMNT
® < U X nanos ;EfnF B DS ARERRHT

O AT M FENKHE LHR

X

E A
B 1 inanos2 RIEVXTADIBEE (E#% 4BE), RERBEYIADE
BIIEEMRIEE R

Fig. 1: In nanos2-null testis, germ cells are completely absent.

2 :nanos3 RIEYIADEERVIME(E#% 4BB). RERET
VR (a-c) it (d-H) L EFEH E R,

Fig. 2: In nanos3-null mice, germ cells are completely absent in both
testis(a-c) and ovary(d-f).

During mouse development, mesodermal cells generated
via gastrulation play important roles on morphogenesis of
several tissues and organs. We focus on two types of
mesodermal cells; one is cardiac precursor cells specified
by expression of a transcription factor Mesp1, the other is
paraxial mesodermal cells to generate somites, which give
rise to the axial structures such as vertebrae and skeletal
muscles. We have generated several knockout and knock-
in mice to understand the molecular mechanism of early
heart specification and somite segmentation. In addition,
we are interested in the mechanism for specification of germ
cells in early mouse development. Nanos gene implicated
in Drosophila germ cell development is one of our targets.
Mouse nanos homologue genes are isolated and the func-
tions are investigated. All works are conducted by using
several gene engineering technologies. Therefore, we are
interested in the development and application of several new
methods to improve the quality of the analyses.

Takahashi, Y., Kitajima, S., Inoue, T., Kannno, J. and Saga, Y. (2005).
Differential contributions of Mesp1 and Mesp2 to the epithelializa-
tion and rostro-caudal patterning of somites. Development /32,
787-796.

Ishikawa, A., Kitajima, S., Takahashi, Y., Kokubo, H., Kanno, J.,
Inoue, T. and Saga, Y. (2004). Mouse Nkd1, a Wnt antagonist, ex-
hibits oscillatory gene expression in the PSM under the control of
Notch signaling. Mech Dev. 27, 1443-1453.

Kokubo, H., Miyagawa-Tomita, S., Tomimatsu, H., Nakashima, Y.,
Nakazawa, M., Saga, Y. and Johnson, R.L. (2004). Targeted disrup-
tion of hesr2 results in atrioventricular valve anomalies that lead to
heart dysfunction. Circ Res. 95, 540-547.

Tsuda, T., Sasaoka, Y., Kiso, M., Abe, K., Haraguchi, S., Kobayashi,
S. and Saga, Y. (2003). Conserved role of nanos proteins in germ
cell development. Science 30/, 1239-1241.

Takahashi, Y., Inoue, T., Gossler, A. and Saga, Y. (2003). Feedback
loops comprising D11, DII3 and Mesp2, and differential involvement
of Psenl are essential for rostrocaudal patterning of somites. Devel-
opment /30, 4259-4268,.
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Behavioral genetics using wild derived mouse strains
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O NIHTUEREMDH T A Uit T 2RBRZFMEDESLRE
HIFRAT

OHAEMEY U RARMBEAN L BEFANESR ORI

NJL R I 45889 2247 8) - Somersault
A characteristic behavior of NJL: Somersault

For understanding the genetic basis of inheritance and
evolution of behavior, inbred strains established from wild
mice in the National Institute of Genetics are studied on their
behavioral patterns. Particularly, the genetic studies of dif-
ferent locomotor activity and pain sensation are being con-
ducted by the method of QTL analyses followed by posi-
tional cloning. Through this study, we are particularly in-
terested in clarifying the functional difference of proteins
caused by polymorphisms in the genes.

® Analyses of behavioral pattern using wild derived mouse strains

® Genetic analysis of different spontaneous activities in the mouse
strains

® Genetic analysis of different pain perceptions in the mouse strains

® Genetic analysis of different capsaicin sensitivities in the mouse
strains

® Analysis of genetic polymorphisms in protein coding regions

Furuse, T., Miura, Y., Yagasaki, K., Shiroishi, T. and Koide, T. (2003).
Identification of QTLs for differential capsaicin sensitivity between
mouse strains KJR and C57BL/6. Pain 05, 169-175.

Furuse, T., Blizard, D. A., Moriwaki, K., Miura, Y., Yagasaki, K.,
Shiroishi, T. and Koide, T. (2002). Genetic diversity underlying cap-
saicin intake in the Mishima battery of mouse strains. Brain Research
Bulletin 57, 49-55.

Furuse, T., Takano-Shimizu, T., Moriwaki, K., Shiroishi, T. and Koide,
T. (2002). QTL analyses of spontaneous locomotor activity using

mouse strains from Mishima battery. Mammalian Genome /3,
411-415.

Chan, B.W.H., Chan, K.-S., Koide, T., Yeung, S.-M., Leung, M.B.W.,
Copp, A.J., Loeken, M.R., Shiroishi, T. and Shum, A.S.W. (2002).
Maternal Diabetes Increases the Risk of Caudal Regression Caused
by Retinoic Acid. Diabetes 5/, 2811-2816.

Koide, T., Moriwaki, K., Ikeda, K., Niki, H. and Shiroishi, T. (2000).
Multi-phenotype behavioral characterization of inbred strains derived
from wild stocks of Mus musculus. Mammalian Genome //,
664-670.
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Molecular and cellular mechanisms of the zebrafish spermatogenesis and early development
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YIT57 4 vy, RINSEHTRA SR TEH < EiEs
FERGICRWETZ LN TE DD, EREREY
ELTHEBLTETWET, &, AlcbomE=E"TIX
in vitro COMEL LTS EAWT NSV A 2 =w 78T
F74 vy a2t 5EM AL LE LTc, TOHE
TITEFE M TWE LT T OBEEHSZE O F 20
fAkDLETOMIIZEZ BIE T, fEkoEicE~
THRHEIZ NIV AT =y JHEIEHRTES 25 F
ERHVET, FTT, ZOHEBRITEDBIZTFRER
FEAVTHEBREN TFEOIEL 2D THET,

— 5T, ZOREEFAIIEEEERITEE TS T2
BOITELDIED Y TIEAR L, ARSI oA a 5 2L
LR BT 5 0 TR OMITIC O BN TV E T,
in vitro B2 O AV v NERRKBRIZIEN LT, HHEEW
VG I 72 e AR FEA R O T R 1 D W E & RIRF IC D T
NWETF,

S5, BRRREELLEWEGEDOOH Y £,
— D DRGNP O BRARBSHR 235 @R TIE, ZEOM
NP Z o Te il % & 0, £ & DS e RE 2 Fr o
ERH Y ET, IebiTMioB EicE S EH T, —k
IR DMEO—E5 )V L TBElL, Eoksize
MIMELE Z & > TIEHERERERTEDNRL200, Eo X
SREE - BEENSEEROPEHLMZLIS ELTH
£7,

LA AL ARG B— (2L BIEBER T~ DEETEAN CNSOBF
MBMI VAT IZVI B TSI T 1y aEEHTETVD, (A)X-gal
BIZEH>TI2EBEBEL VAL RABEREEFDlac ZEBLFHRRER
HLEt0L, (B)aAVO—LOEELEEF. A7 —/LE10um,
Retroviral infection of sperm cultured in vitro. These sperm produce
transgenic zebrafish. (A) Detection of lacZ expression in infected sperm
after 12-days culture and (B) normal control sperm subjected to
5-bromo-4-chloro-3-indolyl- 8 -D-galactoside (X-gal) staining. Scale
bar: 10um.

Zebrafish have become a laboratory favorite because
their embryos are transparent: geneticists can easily observe
gene effects in the developing fish. We have recently
developed techniques to make genetically modified zebrafish
using sperm cells grown “in vitro” - that is, entirely in la-
boratory conditions. This method has the distinct advantages
of ease and speed over conventional transgenic methods,
because insertion of a foreign gene or alteration of a tar-
get gene in the sperm genome leads to specific genetic
change in the initial generation, including the germ cells
of the organism created from that sperm. We, therefore,
focus on developing reliable reverse genetic protocols for
studying gene functions in zebrafish by using genetically
modified sperm.

On the other hand, this male germ cell culture system
should prove useful not only in producing transfected func-
tional sperm, but also in analyzing the regulatory function
of testicular somatic cells in respect to the mitosis and
meiosis of male germ cells in vertebrates. We are also work-
ing on the molecular mechanisms to regulate mitosis and
meiosis in the male germ cells of vertebrates.

During the course of development in multicellular or-
ganisms, many cells build up tissues and organs by each
of which maintains organized structure and functions. By
labeling and tracing a group of undifferentiated cells, we
are trying to find out the key cell movements and arran-
gements on the vertebrate development.

Kurita, K., Burgess, S.M. and Sakai, N. (2004). Transgenic zebrafish
produced by retroviral infection of in vitro-cultured sperm. Proc. Natl.
Acad. Sci. US.A. 101, 1263-1267.

Kurita, K. and Sakai, N. (2004). Functionally distinctive testicular
cell lines of zebrafish to support male germ cell development. Mol.
Reprod. Dev. 67, 430-438.

Sakai, N. (2002). Transmeiotic differentiation of zebrafish germ cells
into functional sperm in culture. Development /29, 3359-3365.

Shinya, M., Koshida, A., Sawada, A., Kuroiwa, A. and Takeda, H.
(2001). Fgf signaling through MAPK cascade is required for devel-
opment of the subpallial telencephalon in zebrafish embryos. Devel-
opment /28, 4153-4164.

WFAIE (2003). HFRIZEZ—ThSLU AV 2= T4y
v azEET 5. [bLFEEEW 41, 264-269.
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Genetic and molecular analysis of rice development, diversity and speciation of rice genomes/species.
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o XEFEE~ 21— MDMEBRICET2EENTOT I A
DR

® o RAETEMREF B BRE CTHRAEET 2 BT F R OB

® LTEMIEEEICRE S T 2 BEFDY / LT A RERBRITEMRD
vafriuso—=—yv45

A AR, B *EORBEELFLERICLDIEEYS / L
2

O AN RIUNYHY— TV TSAVDER

1R OEBHELF PLAIOEEFIO— =07 ERIRIT.
3D plal 21— 2 UFEBMHANELS, BO 1 REEENS L 2— A
Eaahd(a), COREBEEFTHD PLATILP450EI—RL, B4
BAXTIEENEOEE (D) BIUFOBAIEEIB () TREL TV,

Cloning and expression analysis of heterochronic gene PLAT.
The rice heterochronic gene PLAT was cloned and analysed for its
expression in rice. Phenotype of the pla? mutant (a). Expression pat-
tern of the PLAT gene (P450) in the basal regions of leaves (b) and
bracts of panicles (c).

We aim to unravel genetic programs underlying the
processes from gametogenesis to early embryogenesis in rice.
We are approaching this by we applying several different
strategies shown below. We are also responsible for the
research, generation and management of rice genetic resour-
ces of enhancer trap lines and wild rice species collection.

® Genetic dissection from embryogenesis to shoot formation of rice
by mutant and stage specific gene analysis.

® Cloning and analysis of genes functional in gametogenesis stages
in rice.

® Comparative genomic analysis for expressing genes between wild
and cultivated rice.

® Genome-wide analysis of reproductive barriers in the intra-specific
rice hybrids and positional cloning of the barriers

® Generation of enhancer trap lines of rice

Moriguchi, K., Suzuki, T., Ito, Y., Yamazaki, Y., Niwa, Y. and Kurata,
N. (2005). Functional isolation of novel nuclear proteins showing a
variety of sub-nuclear localizations. Plant Cell /7, 389-403.

Kurata, N., Miyoshi, K., Nonomura, K., Yamazaki, Y. and Ito, Y.
(2005). Rice mutants and genes related to organ development, mor-
phogenesis and physiological traits. Plant Cell Physiol. 46, 48-62.

Ito, Y., Eiguchi, M. and Kurata, N. (2004). Establishment of an en-
hancer trap system with Ds and GUS for functional genomics in rice.
Mol. Gen. Genomics 271, 639-650.

Miyoshi, K., Ahn, B.O., Kawakatsu, T., Ito, Y., Itoh, J.I., Nagato,
Y. and Kurata, N. (2004). PLASTOCHRON1 , a time keeper of leaf
initiation in rice, encodes cytochrome P450. Proc. Natl. Acad. Sci.
101, 875-880.

Nonomura, K-I., Nakano, M., Fukuda, T., Eiguchi, M., Miyao, A.,
Hirochika, H. and Kurata, N. (2004). The novel gene HOMOLOGOUS
PAIRING ABERRATION IN RICE MEIOSISI of rice encodes a pu-
tative coiled-coil protein required for homologous chromosome pair-
ing in meiosis. Plant Cell /6, 1008-1020.

Nonomura, K-I., Nakano, M., Murata, K., Miyoshi, K., Eiguchi, M.,
Miyao, A., Hirochika, H. and Kurata, N. (2004). The insertional mu-
tation of rice PAIR2 gene, the ortholog of Arabidopsis ASY1, caused
a defect in homologous chromosome pairing in meiosis. Mol. Genet.
Genomics 271, 121-129.
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Functional genomics in Drosophila
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Schematic representation of the inducible RNAi mutant fly bank.

The RNAI is one of the post-transcriptional gene silenc-
ing phenomena, in which double-stranded RNA (dsRNA)
introduced into host cells can effectively inhibit host gene
expression in a sequence-specific manner. Thus we can uti-
lize the RNAI for knocking down gene expression. To pro-
duce dsRNA in vivo, the so called “inducible RNAi” tech-
nique has been developed. In this system, dsRNA is
produced by a transgene that contains two copies of the tar-
get sequence organized in an inverted repeat, so that the
hairpin-type dsRNA is expressed whenever the inverted re-
peat is transcribed by driving a suitable promoter. In
Drosophila, a GAL4-UAS gene expression technique has
been established to induce a transcription of the transgene
in a cell-, tissue-, or developmental-stage-specific expres-
sion pattern. When combined with the inducible RNAI,
GAL4-UAS technique will also provide us with a most
useful system with which to induce a conditional
loss-of-function mutation. We are trying to construct in-
verted repeat transgenes and to establish transgenic fly lines
covering 13,000 whole genes in Drosophila. This RNAi
mutant fly bank will provide us a fundamental tool for un-
derstanding gene functions and genetic networks working
in the fly individuals.

Adachi-Yamada, T., Harumoto, T., Sakurai, K., Ueda, R., Saigo, K.,
O’Connor, M.B., and Nakato, H. (2005). Wing-to-leg homeosis by
Spineless causes an apoptosis regulated by Fish-lips, a novel
Leucine-Rich Repeats transmembrane protein. Mol. Cell Biol. (in
press).

Ishimaru, S., Ueda, R., Hinohara, Y., Ohtani, M., and Hanafusa, H.
(2004). PVR plays a critical role via JNK activation in thorax clo-
sure during Drosophila metamorphosis. The EMBO J. 23, 3984-3994.

Ichimiya, T., Manya, H., Ohmae, Y., Yoshida, H., Takahashi, K., Ueda,
R., Endo, T., and Nishihara, S. (2004). The twisted-abdomen
phenotype of Drosophila POMT1 and POMT2 mutants coincides with
their heterophilic protein O-mannosyltransferase activity. J. Biol.
Chem. 279, 42638-42647.

Kamimura, K., Rhodes, J.M., Ueda, R., McNeely, M., Shukla, D.,
Kimata, K., Spear, P.G., Shworak, N.W., and Nakato, H. (2004). Reg-
ulation of Notch signaling by Drosophila heparan sulfate 3-O sul-
fotransferase. J. Cell Biol. /66, 1069-1079.

Ui-Tei, K., Naito, Y., Takahashi, F., Haraguchi, T., Ohki-Hamazaki,
H., Juni, A., Ueda, R. and Saigo, K. (2004). Guidelines for the se-
lection of highly effective siRNA sequences for mammalian and chick
RNA interference. Nucleic Acids Res. 32, 936-948.

Pili-Floury, S., Leulier, F., Takahashi, K., Saigo, K., Samain, E., Ueda,
R. and Lemaitre, B. (2004). /n vivo RNA interference analysis reveals
an unexpected role for GNBP1 in the defence against Gram-positive
bacterial infection in Drosophila adults. J. Biol. Chem. 279,
12848-12853.
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Temporal specification of neural cell fates within neural stem cell lineages
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Kr Pdm Cas

BB RF Hunchback, Kruppel, Pdm $& & U Castor [348E 4k (NB)
TIERFERIND,

Neuroblasts express Hunchback, Kruppel, Pdm and Castor sequen-
tially while daughter cells maintain the expression profile of the tran-
scription factor present at their birth.

N - (1T -hgﬂm-b

Generation of multiple cell types during embryogenesis
should be orchestrated temporally for normal development
of organisms. Yet we know relatively little about how dif-
ferent cell fates are generated over time. Neural stem cells
often generate diverse neurons and glia in stereotyped or-
der, and the cell fate of a neuron/glia is tightly linked to
its birth order within a parental stem cell lineage. Our group
aim to elucidate the molecular mechanisms of temporal spec-
ification of neural cells within a lineage by employing a mo-
lecular genetic approach using the Drosophila CNS as a
model system. Nearly all of Drosophila neuroblasts sequen-
tially express the transcription factors Hunchback, Krup-
pel, Pdm and Castor over time, while daughter cells main-
tain the expression profile of the transcription factor pres-
ent at their birth (Figure). The finding of such factors has
raised many new questions, for example, 1. What regulates
the expression of the transcription factors? 2. How do the
transcription factor specify temporal identity? 3. What con-
trols lineage development at later stages? By addressing these
questions, we would like to understand the molecular ma-
chinery for controlling development of neural stem cell
lineages.

Isshiki, T., Pearson, B., Holbrook, S. and Doe, C.Q. (2001). Drosophila
neuroblasts sequentially express transcription factors which specify
the temporal identity of their neuronal progeny. Cell /106, 511-521.

McDonald, J.A., Holbrook, S., Isshiki, T., Weiss, J., Doe, C.Q. and
Mellerick, D.M. (1998). Dorsoventral patterning in the Drosophila
central nervous system: the vnd homeobox gene specifies ventral col-
umn identity. Genes & Development /2, 3603-3612.

Nose, A., Isshiki,T. and Takeichi, M. (1998). Regional specification
of muscle progenitors in Drosophila: the role of the msh homeobox
gene. Development /25, 215-223.

Isshiki,T., Takeichi, M. and Nose, A. (1997). The role of the msh
homeobox gene during Drosophila neurogenesis: implication for the
dorsoventral specification of the neuroectoderm. Development /24,
3099-3109.
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LCERBENTEE L, LRLERES, Zoko52E
Hokomrs, HHNOBHENEELSBIEHTZ L
X, ZHNWIZ L TRRLBRHSTETVWEIDHHEETT,
RIRTERIFIRE TIX, T2 ¥ a—& 2 M UMt
WA KRIBICFH AT 272012 E S5 Lizd Tnorizo
WCHIR T > TWET, NTH YT Wil s, A
Larta—&—Om IR RE R R E AR L T
WET, T L) RidREERAWEERT — X X—2%
WETHZLITE-T, EREITESTHBEEARTZ
EMTEXENLLNRNDTT,

REBCERERT—I/NVIHEEE

19984 L TEEEIRERT — XN\ 7 HFgeds
(SHIGEN) | #=BfaL £ L7z,

SHIGEN 7w ¥ = 7 MZ, FERWIEICAE R &R
OIEFHIE, T — 2 RX—ZAFEER X OEREgEEN &
LCiF#E# L TR ET,

TIETIMAE, WY, BWEatl1050EE LY
FRIZOWTT —ZR—ZAZHEL, (1 F—xv b i
AL THWET, (http://www.shigen.nig.ac.jp/)

SHIGEN7u o=/ M, 20027 HIT¥8E Lty 3
FanRgFy—27aP=s + (NBRP) 2B} 5 EH#H
KB L L CORE b EML THET,

SHIGEN v ¥ =7 MTIZ, iS5 DNA E T Akl
12, ZRAEMMEERC, MEEROBRREWEL TS
MERFT — 2 RXR—2DOHBEEZHELTVET,

SHared Information o letic re

BEREERBRT—2N\77O00Ib
SHIGEN (SHared Information of GENetic resources) project

The Genetic Resources Databank Project formally started
at the National Institute of Genetics in April 1998. The pur-
pose of the project is to ensure the maintenance and dis-
tribution of genetic resources and their information for many
species. This laboratory will be responsible for the con-
struction and online distribution of an integrated database,
which contains a variety of gene pools including wild spe-
cies, breeding lines, transgenic and knockout organisms, cells
and DNA clones. During the trial phase of the Genetic
Resources Databank Project, this laboratory has constructed
the genetic resources databases of different organisms such
as mouse, Drosophila, wheat, rice and cloning vectors, and
made these databases available on the internet at http://
www.shigen. nig.ac.jp with the collaboration of researchers.
Not only achieving the completeness of individual database
but also full cross-referencing to the relevant databases will
be included in the next practical plan. Expanding the in-
dividual database to whole organisms will make
cross-organism searching possible, which may accelerate
biodiversity studies.

Mochida, K., Yamazaki Y. and Ogihara, Y. (2004). Discrimination
of homologous gene expression in hexaploid wheat by SNP analy-
sis of contigs grouped from a large number of expressed sequence
tags. Mol. Gen. Genomics 270, 371-377.

Sakai, T., Miura, 1., Yamada-Ishibashi, S., Akita, Y., Kohara, Y.,
Yamazaki, Y., Inoue, T., Kominami, R., Moriwaki, K., Shiroishi, T.,
Yonekawa, H. and Kikkawa Y. (2004). Update of Mouse Microsatel-
lite Database of Japan (MMDBJ). Exp. Anim. 53(2), 151-154.

Kawai, Y., Ishii, Y., Arakawa, K., Uemura, K., Saitoh, B., Nishimura,
J., Kitazawa, H., Yamazaki, Y., Tateno, Y., Itoh, T. and Saito,
T .(2004). Structural and Functional Differences in Two Cyclic Bac-
teriocins with the Same Sequences Produced by Lactobacilli, Applied
and Environmental Microbiology 70(5), 2906-2911.

Yamazaki, Y., Nagato, Y. and Kurata, N. (2004). Oryzabase (Integrated
Rice Database) in 2004, Rice Genetics Newsletter 20, 9-10.

o R, IR (2004) TRIGE Y ) AF—&X—2]
JIVAR - TuTFAIVAOHEH, =X 54 - X, 1521

I ERE - (2004) TRAF) Y —2¥B 2 4 — | BHEBEEE
% Vol.49 No.11, 1956-1963.

IHEFEAL T (2004) TEFAEOVEE &HERE B, 1-17.

NIG 2005 | 49

4
?
p =]
=
a
IR
5
25l
=
b4
>
7

UOIBWIOJU| 80IN0S3Y 2I18USK) IO} J8IUsD




S N B S HE

%

E5

—a\rrop

UOIBWLIOJU| 82INOS8Y ON8UsK) IO} Jalua)

MO B EFAZEES | Research Aims and Activities

EMBLCERBERARE

Genome Biology Laboratory

HRAREDT /LEMF

Genome biology of C. elegans development

NEIFRE

Kohara Group

ﬁ i lrgﬁﬁgfiﬁﬁ
o ETC T BE B2
N_" KOHARA, Yuiji &,

e, D. Sc., Professor r y

"% ANDACHI, Yoshiki
D. Sc., Assistant Professor

17 ) DR OB E 5o TTEDHDONT ] 2D
A= ALRAD DT, £ L TERMNITITT L E2—
2 ECOHBEDILT, BB C. elegans W THIZE
PHEDTHNET, T O I 72 2 MR 15
BHEZE L MBI ZRIFE D3N T v R X S AIctEEe X 5
DB THWET, HBERE L TEDNATrY 27
A A L L CaBET 0B EOR)12000:8 (51 0%
BARE— LML TEE L, EHIZRNAL ik
VERSZ: 81T & o THEREIRT Z2itEsD, T & DBIEF23, o,
EOMMET, MzE2LTHDH] LS5 ADOFE - #
t< v 75— _X—Z2NEXTDB (http://nematode.lab.
nig.acjp/) ITHEILL TWET, ZhbOERERAR
WEAL AR TIE, UTFOo7—<TEDTNET,

o MiLEMREICREL 2BMERFOBRHFEA =X L
O EEFRIY TR VTR LELTFH AT — KON
o M EMNRR AN ORE & FHEOBEFH AEE
O REDHERETIIEE Y ZaL—Y 3 Y

O TBIBEBDORENE —V LBEFRE/NE— O LBET

EHIDNAY - v 2 —5EEL, itk
HEREYRZ DONERBRER EITOWT DY /) AiFZR
HiEDTWET (http://dolphin.lab.nig.ac.jp/)»

B E1EF glpo-1(Notch RER4Y) D pos-1, spn-438 15 F 2L HEHR
A)VEFERIRR, B)pos-TREK, C)spn-4ZE RIED 4 HARZEARED GLP-1
FRIZL DR E, AR TELEIERICMRNADFET 5%, BiAIEIEK
Aba, ABp DIIFEED &4 1Z GLP-1 2 BNR N2, ZEETO
FHI/NB— Db pos-1& spn-HEIEFHSEEEDOFIERHEE H T4
TWBIEN LMD,

Translational control of gjo-7 gene (a Notch homologue) by pos-7 and
spn-4 genes. 4-cell stage embryos of A) wild type, B) pos-1, C) spn-4
were immunostained using anti-GLP-1 antibody.

We are performing a systematic analysis of expression
and function of the genome of the nematode C. elegans,
aiming at understanding of the genetic program for devel-
opment and ultimately at reconstructing development in the
computer. We have identified 12,000 genes through EST
project, and have analyzed their expression patterns by using
of whole mount in situ hybridization, and their function by
RNAI. All the information has been integrated in NEXTDB
<http://nematode.lab.nig.ac.jp/>. Based on the informa-
tion, we are conducting the following studies;

® Mechanisms of translational control of maternal mRNAs

® Clustering analysis of gene expression patterns

® Systematic identification of regulatory elements of genes
® Computer modeling and simulation of early embryogenesis.
® Comparative genomics using closely related nematodes.

We are operating the DNA sequencing center to per-
form comparative genomics using various key organisms
in evolution and their closely related species. <http://
dolphin.lab.nig.ac.jp/>

Minakuchi, Y., Ito, M. and Kohara, Y. (2004). SPI: A tool for in-
corporating gene expression data into a four-dimensional database
of C. elegans embryogenesis. Bioinformatics 20, 1097-1109.

Couillault, C., Pujol, N., Reboul, J., Sabatier, L., Guichou, J-F., Kohara,
Y. and Ewbank, J.J. (2004). TLR-independent control of innate im-
munity in C. elegans by the human SARM homolog, TIR-1, a
TIR-domain adaptor protein. Nature Immunology 5, 488-494.

Matsuzaki, M., Misumi, O., Shin-i, T., (and 37 people), Kohara, Y.
and Kuroiwa, T. (2004). Genome sequence of the ultrasmall unicel-
lular red alga Cyanidioschyzon merolae 10D. Nature 428, 653-657.

Andachi Y. (2004). Caenorhabditis elegans T-box genes tbx-9 and
tbx-8 are required for formation of hypodermis and body-wall mus-
cle in embryogenesis. Genes Cells 9, 331-344.

Ogura, K., Kishimoto, N., Mitani, S., Gengyo-Ando, K. and Kohara,
Y. (2003). Translational control of maternal g/p-/ mRNA by POS-1
and its interacting protein SPN-4 in Caenorhabditis elegans. Devel-
opment /30, 2495-2503.

Kajita, A., Yamamura, M. and Kohara, Y. (2003). Computer Sim-
ulation of the Cellular Arrangement in Early Cleavage of the Nematode
C. elegans. Bioinformatics /9, 704-716.
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Biological Macromolecules Laboratory

19 FA A= T EHNICE B E ST FREEDAZ

Single molecule imaging and measurements of biological molecule functions

BAAAE

Tokunaga Group

BKDEH
37 B
TOKUNAGA, Makio

D. Sc., Professor

MR
BF H(E)

SHIINA, Nobuyuki
D. Sc., Assistant Professor

RS THERE DR 7 — <12, AT 1%, #
T BEL - FHIT DB EAR 2 v, B -
Hle A AR 2 D THE T,

(1)in vivo TD 1 DFHENA A =TV F &L EEREIT, MIEAT
1 DFREAA—D VT TELBEMBELEFLBRAREL, &
FTERLHSOFEEAERZEERRBLEY, kRkDHBT
ERTERNSLMREANTOREEER, TEMNISKRY, VF
FTIEER EEMET 2ENAREICAY E L,

g >+ T RATBEIZH 1T 2 BRTMER O FHEE. > F
T AT ORI 12 B G 3 % 1Rk 32 mRNA BRI D,
FHRBUDFORES & CHEGE - BATIZ > /87 R
FlIEREORTETVET, /2, HRMERICETEZhH
DHEBEOREXA A —C U TETVET,

BAFEHBEMEIZ LD 1 DFEE. DF1EAERMICHE
ABELET., XOBFHECTHRMIBEZ T /L, U7
EdZa—rVOERET, 2FEHEAEFRCHYFAREE
EEEMALET,

1 FHAG 2 - I e maier &, Mty - o1
At L ZRVG SET, AR S FHEREO RO L ZH
EHTHRZRESRHANE LTVET,

1 DFEIEAA—DUTEIZES, MlBE— KB THESNDEDTFD
HIAR REIHIEEL TVBLECANVERRINTHY, ERITDF 1 1E.,
HEENTH, RS, FAERELOMIBATOEENILHTH
RElClof= S AR FE LT CEETFRIEHERE, HEF) LOXRB
2T, /N—[E 1um,

Fluorescence image of single molecules involved in nucleocytoplas-
mic transport associated with the nuclear rim. Each spot corresponds
to a single molecule. Numbers of bound molecules, retention time
and binding constants in cells have been obtained quantitatively. Col-
laboration with Dr. Naoko IMAMOTO (Gene network laboratory; pres-
ent, RIKEN). Bar: 1 ym.

Unraveling the molecular mechanisms and novel func-
tions of biological molecules using single molecule tech-
niques is the major focus of this laboratory.

1) Single molecule imaging and quantitative analysis in vivo. We have
developed new fluorescence microscopy, and achieved single mol-
ecule imaging in vivo. Quantitative image analysis of molecular
movements, distributions and interactions has opened a new way
to obtain quantitative information on the kinetics of molecular in-
teractions in cells.

2) Dendritic mRNA transport in neurons. We identify novel com-
ponents of the dendritic mMRNA transport machinery, which is in-
volved in synaptic plasticity. We also study the mechanism of
the mRNA transport and translational regulation of the RNAs using
techniques such as fluorescence imaging.

3) Manipulation and measurements of single molecules. A com-
bination of single molecule nano-manipulation and intermolecular
force microscopy, which we have developed, enables us to di-
rectly measure single-molecule forces of intermolecular and
intra-molecular interactions.

Our pioneering work using novel techniques in biophys-
ics provides new tools for research in the field of cellular
and molecular biology.

Shiina, N., Shinkura, K. and Tokunaga, M. (2005). A novel
RNA-binding protein in neuronal RNA granules, regulatory machin-
ery for local translation J. Neuroscience 25, 4420-4434.

Kitamura, K., Tokunaga, M., Esaki, S., Iwane, A.H. and Yanagida,
T. (2005). Mechanism of muscle contraction based on stochastic
properties of single actomyosin motors observed in vitro. BIOPHYS-
ICS 1, 1-19.

Fukuzawa, A., Hiroshima, M., Maruyama, K., Yonezawa, N.,
Tokunaga, M. and Kimura, S. (2002). Single molecule measurement
of elasticity of serine-, glutamate- and lysine-rich repeats of inver-
tebrate connectin reveals that its elasticity is caused entropically by
random coil structure. J. Mus. Res. Cell Mot. 23, 449-453.

Kitamura, K., Tokunaga, M., Iwane, A.H. and Yanagida, T. (1999).
A single myosin head moves along an actin filament with regular steps
of 5.3 nanometres. Nature 397, 129-134.

fERTEN (2002). KO % EHEICHE TE 584
S EIE. “NAFA A=V T TZZETHRE (b)) 37
Tl GLBFEA - /KRR - SRS - ko ERER, Rttt 104-113.
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BOFHREMREE

Molecular Biomechanism Laboratory

BEFRADT/NAAAD = RFOHENSRIERRAN—X A

Nanobiology of gene expression: mechanism in terms of molecular motions

IS AR E

Shimamoto Group

s SHIMAMOTO, Nobuo
m D. Sc., Professor

'ﬂg WA
==y BiE B

FIo NS F Y=Lk, EMBELESTFOBE LB L
L TR 2EM# T, EOHREZ, I/7neitRo
DEEFHNRZOEE~ 7 v AWl < PHEEE L R
TV HGOHEL, ESCHR THRIHTLZ LT,
15375 AT 7 ALK FEWEIN - AL2ERHEA 2 Vg,
FoRAFuT—F I NMF T /Y —%HIELE
R

ZUNTEBDNA EERATZAT 47552k E (5),
DNA @ &% Alzir > Tl GRS 2 5 5 Z &I
(1), BAPMDTHHLE L, ATAT 1 7Tk
DFLVFAHIEREZFE AL (3), Fk, GBI,
RNARY A5 —FO—-HBIIELTLE S BHLERRL,
TR TAEY =X DFH LVIREFREEETH S Z
LHERESOTELE (1, 2, 4), &5, RNARY 2
Z—E¥Dsigma7l0¥ 7 2=y hB TV F DL S Ik
ZER L THREEEL TS Z L2 R LR 2D T
WET,

FINAF 2 BOHDZNEHEREBRLRNS, £
DFRTTEREDO I ITHREL L T & B2 TVWET,

spiral
motions

Z&z'u
=

~ Nuoorescent sphare
¢ [ixed by laser irap

linear - (_ -»I.x

motions ()

_ 1 pm bead
“DNA

= o

—_

time {10ms / frume)

Upper: 2B DAZAT AT IZIE, 2 DDE—RIHYES, There
are two possible modes of sliding by a protein molecule. Middle: 5
BABH)EE— XDEIEREL THRHE TE 5, The spiral motions can be
detected as rotation of the bead. Lower: #H SN /=[E%x The ro-
tation detected (1).

RLBE
BFE I

NAKAYAMA, Hideki
D. Eng., Assistant Professor

Nobuo is a member who first proposed “nanobiology”
in 1993. We are thus interested in finding and analyzing
phenomena where the microscopic movements of molecules
are directly reflected in macroscopic mechanisms of gene
regulation. We are experts of the single-molecule dynam-
ics and nano-manipulation. By using these, we have proved
the existence of protein sliding along DNA (5), and found
the regulation by sliding (3). We recently proved that
molecules of E. coli RNA polymerase track DNA grooves
during reading DNA sequences and searching promoters (1:
See Figure).

We have also found that a fraction of RNA polymerase
is inactivated during initiation in a manner depending on
a promoter and GreA/B transcription factors (1,2,4). This
inactivation through conformations of initiation complex
forms a molecular memory and can regulate transcription.
This new mechanism is works in vivo for several operons
including azp. We proved that this memory involves a rel-
ative dislocation between DNA and RNA polymerase. Re-
cently we found that the major initiation factor sigma-70
forms inactive amyloid. This may work as a regulatory
switch responding to temperature and other environments.

Sakata-Sogawa, K. and Shimamoto, N. (2004). RNA polymerase can
track a DNA groove during promoter search. Proc. Nat. Sci. U.S.A.
101, 14731-14735.

Shimamoto, N. (2003). Movements of RNA polymerase along DNA.
In Methods Enzymology: RNA polymerases and associated facrors,
Part C: in press, Elsevier Science.

Motoki, Susa Ranjan, Sen and Nobuo, Shimamoto (2002). Gener-
ality of the Branched Pathway in Transcription Initiation by E. coli
RNA Polymerase. J. Biol. Chem. 277 15407-15412.

Shimamoto, N. (1999). One dimensional diffusion of proteins along
DNA: its biological and chemical significance revealed by

single-molecule measurements. J. Biol. Chem. 274, 15293-15296.

Kabata, H. et al. (1993). Visualization of single molecules of RNA
polymerase sliding along DNA. Science 262, 1561-1563.

WSAAERR (2005) -/ SAFAM YA =2 23

http://www.nig.ac.jp/labs/BioMech/JshimaLab.html
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Multicellular Organization Laboratory

#H C. elegans DITENEHERD D FEYF

Molecular biology of the behavior and neural functions of the nematode C. elegans

HRRE

Katsura Group

= g B

Rk KATSURA, Isao
4 D. Sc., Professor

bt N aL@;YORMO 1 201%, MRz W THM
DEEEZKC LY, WYRTHEZLDIIETLLS. %
OTHTHEALDOBRTER SN, LEOBZTOHIT

HIHAENTNBIXTTT, AFEETIE, R Caenor

habditis elegans #iHELE LT, @IBEFRED X 5 Ii7H)
ZHIEAT 2052 L TWET, C. eleganslE, BIZFD
BN AR 72 BT <, 302 milas 121
OPEMETHETE, £MREERbMONTHES, Z
OEFZEMAL, B e ik — 178 &
W5 Btk BARRIZIRIA T 2 003k A< O HINTT, BIfE,
KAIZLL N OREIZOW TR ZfT> TWET,

o IRE L Y E AN EE OEREKEN

O IRk FBERHENICEAHOTHNEL

o TS R £ 11 & L = RRIBRNE OB EFHIBEN

oL TH B FRICL 2HHETE - MERE - BREES
DI EHE

B2 T VEME Y, 1TE) O A AR & O pliesH
JaL < - P LV TRETSZ 88, & hoffEix
MRS DHEE e 2EIIB IR D L%, TDX5%
WMEEfF>TNET,

#RH C. elegans DEK) X L (REBE) ZFETS S5 Ser/ Thr ¥ —
PFLR-4DRB, COFEEEECL, BTORRTHHTHD,
FLR-4 Ser/ Thr kinase, which regulates defecation rhythm in the
nematode C. elegans, is expressed in the intestine, the isthmus of
pharynx, and a pair of neurons, but the intestinal expression is enough
for this regulatory function.

= VN TE=PN:]

BFE B(R)

KIMURA, Koutarou
D. Ag., Assistant professor

Animals, including humans, sense environmental cues
with their nervous system and conduct appropriate behav-
ior. Many stereotyped behaviors must be formed during
evolution and hence controlled by genes. We are study-
ing how genes control such behaviors, using the nematode
Caenorhabditis elegans. C. elegans is a good material not
only for genetic analysis, but also for structural analysis,
since each of the 302 neurons can be identified under a mi-
croscope and the complete neural circuitry is known. Tak-
ing these advantages, we aim to elucidate the relationship
between genes, neurons, neural circuit and behavior.

Our present studies include: (1) analysis of mutants in
the learning with odorants and food/starvation, (2) anal-
ysis of behavioral changes after prolonged exposure to “un-
comfortable” stimuli, (3) genetic analysis of sensory in-
formation processing as assayed by the formation of dauer
larvae, (4) control of defecation behavior, growth, and sen-
sory signals by fIr genes, which probably act in the intes-
tine.

By solving the genetic control of behavior precisely at
molecular and cellular levels using a simple model-organism,
we hope to establish a firm material basis for understand-
ing human behavior.

Take-uchi, M., Kobayashi, Y., Kimura, K., Ishihara, T. and Katsura,
I. (2005). FLR-4, a novel Serine/Threonine protein kinase, regulates
defecation rhythm in Caenorhabditis elegans. Mol. Biol. Cell 16,
1355-1365.

Miyahara, K., Suzuki, N., Ishihara, T., Tsuchiya, E. and Katsura, I.
(2004). TBX2/TBX3 transcriptional factor homologue controls ol-
factory adaptation in Caenorhabditis elegans. J. Neurobiol. 58,
392-402.

Ohkura, K., Suzuki, N., Ishihara, T. and Katsura, 1. (2003). SDF-9,
a protein tyrosine phosphatase-like molecule, regulates the L.3/dauer
developmental decision through hormonal signaling in C. elegans.
Development /30, 3237-3248.

Ishihara, T., lino, Y., Mohri, A., Mori, 1., Gengyo-Ando, K., Mitani,
S. and Katsura, 1. (2002). HEN-1, a novel protein with an LDL recep-
tor motif, regulates sensory integration and learning in Caenorhab-
ditis elegans. Cell 109, 639-649.

Kuhara, A., Inada, H., Katsura, I. and Mori, 1. (2002). Negative reg-
ulation and gain control of sensory neurons by the C. elegans cal-
cineurin TAX-6. Neuron 33, 751-763.
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BOFRBEMEE

Biomolecular Structure Laboratory

XFERBIRER WY NI IERBF DR

Mechanism-oriented protein structure determination by X-ray diffraction

BARATE

Shirakihara Group BB b FEE B
:f BhEIE B -‘_" BmF #E(#)
3 SHIRAKIHARA, Yasuo "= "8 7O Hiroshi
g A D. Sc., Associate Professor .- !Z J‘, D. Sc., Assistant Professor

RS, WSEEMEP LR TEERZ VI, 20
Bhk (B T) ONFEEZIEL £3, BI5%, #
HEAEEITIBT DRk A R 0 TV NV THEET 5 7
DITIE, 2T T & 287 B O REE OGRS E
BB ERT LT, B, ZUoNI7EOREEE
AT EITRZ DREEEILERD Z itk > T, VER#
FFOHEBEOMHFETHZ L HHFLET,

WHFFE R TIXZ O e I XA L Tk 2 v E 4.
FEERIZIE, FFEEESFHAIEL A KR 2
D ET, RITFORERIT X% H T TR 28 L
£9, RBRICHHERNEZ Y ¥ 2 —& — T L Canik
s eRELET,

BE, UTORFOREERIT2iTo THNET,

® F1-ATPase, ATP A& FiEEx

o XGH, REREERTH

O KBELAEEK - TTRI RPBEA /XY
o NERERTE

® LERFES /XY Kid
oMM LA =T+ —F

F1-ATPase a3B3veEEARD=RITHIE LT TIZVMNIER, ald
FLoP, vIEE, eldFRTRT,

A schematic representation of structure of a383ye complex of
F1-ATPase. B-subunits are shown in yellow, a-subunits red, y cyan
and ¢ in magenta.

We are working on protein structure determination using
X-ray diffraction techniques, in order to understand the
working mechanism of the proteins that are broad in bio-
logical function spectrum, but are each with the unique and
interesting action mechanism. The proteins under current
investigation include: the sub-complexes of F1-ATPase, ATP
synthase, E. coli and P. aeruginosa transcription factors,
human transcription factors, a chromosome relocator Kid,
salt-tolerant glutaminase.

To understand the unique rotational catalysis mechanism
of ATP synthase, we have been extending the structural
study from the @33 sub-assembly to upper subassemblies.
The «3B3ye sub-complex has provided a unique opportu-
nity to look at F1 structure with nucleotide bound to a sin-
gle catalytic. Also we have now got ATP synthase crys-
tals. PhzR protein, a P. aeruginosa transcriptional factor,
and E. coli YmcB protein are under investigation using the
MAD approach. Fragments of Kid and transcription fac-
tors from both prokaryotes and eukaryotes have been ex-
amined for crystals. The structures of the C terminal do-
main of PhoB and salt-tolerant glutaminase have been solved
recently.

Shirakihara,Y., Leslie,A.G.W., Abrahams, J.P., Walker, J.E.,
Ueda,T., Sekimoto,Y., Kambara, M. K., Saika, Kagawa, Y. and
Yoshida M. (1997). The crystal structure of the nucleated free
a3B3vye sub-complex of F1-ATPase from the thermophilic Bacillus
PS3 is a symmetric trimer. Structure 5, 825-836.

Samatey,F. ,Imada, K., Vonderviszt, F., Shirakihara, Y. and Namaba,
K. (2000). Crystallization of the F41 fragment of Flagellin and data
collection from extremely thin crystals. Journal of Structural Biol-
ogy, 132,106-111.

Shindoh, K., Maenaka K., Akiba T., Okamura H., Nisimiura Y.,
Makino K., and Shirakihara Y. (2002). Crystallization and prelim-
inary X-ray diffraction studies on the DNA-binding domain of the
transciptional activator protein PhoB from Escherichia coli. Acta Crys-
tallogr D 58, 1862-1864.

Suzuki, T., Murakami, T., Iino, R., Suzuki, J., Ono, S., Shirakihara,
Y. and Yoshida, (2003). FO-F1-ATPase/Synthase is geared to the syn-
thesis mode by conformational rearrangement of e subunit in response
to proton motive force and ATP/ADP balance. J. Biol. Chem. 278,
46840-46846.
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Gene Network Laboratory

HRARNERREOS FEERF

Molecular genetics of cellular fine morphology

HARMAAE

Suzuki Group

AR BF RATAE
BB 1K) BE (8
SUZUKI, Emiko KURUSU, Mitsuhiko

D. Med., Associate Professor D. Sc., Assistant Professor

MR IERIZAEE TN EDITIE, 2 THARE X
ZF 550 T OFNENSHBEN ORISR £ IE Lz
EICEE SN ER Y 8 A. bz L —
1E, T 9 LIEHEREESZ o L ToMES -OlE &,
Il OMRETEBL & DOBIR %2 9 TRIZF O T & B 1B
File & OF D RAEBHMEEIC L BB AEDEDB Z L
ko THLENILENWEEZTHWET, EMENT,
FLL Ty awdau N NTOMRROMEER, Hiia
WD > 7 F WAGECHITA R R O MR I fE 2 & T T
RLTWET, BE LUNOMZEHREITOWTHIZE 2T
TWET,

OLZARMBIZH T2 HBFHRERBE (KIRILXF—%2EXR
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Fig. 1 Electron micrographs of a gene expression experiment in
Drosophila compound eye photoreceptors. Left panel shows a nor-
mal ommatidium. Right panel shows an ommatidium of a retinal de-
generation mutant, rdgA, expressing a normal rdgA gene. The
photoreceptors, except the central one () that does not express the
gene, are rescued from degeneration.

GFP (magenta).

The normal physiology of the cell is based on the prop-
er arrangement of the functional molecules in the subcel-
lular structures. This is genetically regulated and has flex-
ibility to meet the various intra- and extra-cellular condi-
tions. We are interested in such fine morphological fea-
tures of the cell function, especially in the nervous system.
By the combination of electron microscopy and the molec-
ular genetics of Drosophila melanogaster, we are reveal-
ing the genetic mechanism of the dynamic arrangement of
various functional molecules. Followings are our current
research projects.

®In the visual cells, the energy of photons is converted to the elec-
trical signals by the signaling cascade of phototransduction. We
are studying the physiological significance and the genetic mech-
anism of the spatiotemporal arrangement of this system.

@By using Drosophila neuromuscular junction as a model system,
we are currently conducting a screening to identify genes which
encode cell surface proteins involved in targeting of motor axons
and synaptogenesis. We also are trying to understand how these
proteins tune the communication between pre- and post-synaptic
microprocesses using high resolution imaging techniques such
as electron microscopy and confocal laser microscopy.

Masai, L., Suzuki, E., Yoon, C.-S., Kohyama, A. and Hotta, Y. (1997).
Immunolocalization of Drosophila eye-specific diacylglycerol kinase,
rdgA, which is essential for the maintenance of the photoreceptor.
J. Neurobiol. 32, 695-706.

Tsunoda, S., Sierralta, J., Sun, Y., Bodner, R., Suzuki, E., Becker,
A., Socolich, M. and Zuker, C.S. (1997). A multivalent PDZ-domain
protein assembles signaling complexes in a G-protein-coupled sig-
naling cascade. Nature 388, 243-249.

Suzuki, E., Rose, D. and Chiba, A. (2000). The ultrastructural inter-
actions of identified pre- and postsynaptic cells during synaptic tar-
get recognition in Drosophila embryos. J. Neurobiol. 42, 448-459.

Ritzenthaler, S., Suzuki, E. and Chiba, A. (2000). Postsynaptic
filopodia in muscle cells interact with innervating motoneuron axons.
Nature Neuroscience 3, 1012-1017.

PARZ AT (2004). FERIREIED 15D Bic o) 7 AT R HhE.
HIIRE 36, 66-69.

2 2avlaunIwR—HRESHICEET S T T AOEEAL— Y —BEMER, HREERAOHM/NE DES
/X2 — &R 22CI0 TR (IR) I2&oT, BT T RRE GFP(R) DR RN ARB L >TRIE{LL TS,

Fig. 2 Confocal image of the synaptic boutons of the Drosophila neuromuscular junction. Major neural microtubules
are labeled with 22C10 anti-bodies (Green). Post-synaptic membranes are visualized by the specific expression of
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MO B EFAZEES | Research Aims and Activities

BEIBERONARE

Laboratory for DNA Data Analysis

7/ LRNT—HLBEFRADS RIS FELSE, EHIFEHRF

Study for molecular evolution and information biology using genome sequence and gene expression profile

REERRE

Gojobori Group

]
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= GOJOBORI, Takashi
D. Sc., Professor

ﬁ R
B B BB

= @B (0 Kazuho =
D. Sc., Associate Professor

AWIFERE TIIAE OEALRE 2T 5 e, o1t
b2 & AEHRAEN 72 O b R AR 2 D THIZERC S -
7 X/ BRECHI 2 A3 5N 5 BB EER O R & TR
MEZiT> TR, BTEED TV D ERWHZEREZ S
ELET

1. B - iR R OEBIE L AZEAT 5 7=, ESTEIFIRE & DNA
FyTEeAVE RSHERRC TS Y TRTOEERTF
HEKRXDOHR
RYDOEEBEIZH 1T 2B EFHRBEO LLEMENT
BEEYICBITRS /) LERFREROEL
KEEEFHITORE LERTFEROEL
TAILADDFHEA
BLEFRENDHZBOBENEL
EQBRAROBREEDRR

EEDO I RTABEHE T — 2 N— XA DEE

CNAF AV TAITF AT RZEFBZRE7 LI XLP
FRATY — L DRI R

10, ¥/ LRZYNT—=DEFZDONAF TS5y biR—LHEE

© 00 4 O O wWwN

Current capabilicy:
11,000 spots per chip
For various erganisms
(planarian, asidian,
Fish, mouse, hydra eic.

Plararian cH4 Chap srage
husg et ok

- -
1 Flowchart e ETHEgy b g el
ﬂmm“ -

FZFUTDONAF YT DIER, 777 7RESENICRR T 58
{EFDREE, 1< nou-darake BIEF DR R (CEL RV LAFELRL
@ cDNA Fv FYERRIZH A THL TLVB,

ARESE

BmF F(8) #(E)
SUZUKI, Yoshiyuki

M. D, Ph. D, Assistant Professor

In order to understand the evolutionary mechanisms of
organisms, we conduct both wet-lab experiments and data
analyses by use of genome sequences and gene expression
data. In particular, bioinformatics approaches such as
database construction and algorithm developments are com-
monly taken. Currently ongoing research projects are as
follows:

1. Gene expression profiling of planarian brains and hydra neural cells
to understand the evolution of brain and neural system.
2. Comparative analysis of ESTs during the developmental stages
of ascidians.
3. Comparative genomics of higher organisms to trace the evolu-
tionary process of genomes.
4. |dentification of horizontal gene transfer by complete genome com-
parisons of bacteria by grid computing.
. Molecular evolution of pathogenic viruses.
. Evolution of eye structures and their gene expression
. Statistical methods for detecting positive selection.
. 3-D visualized and integrated database of biosystems.
. Developments of algorithms and analytic tools for bioinformatics
research.
10. Construction of bio-platform for the genome network project.

© 0 ~NO O

Nakamura, Y., Itoh, T., Matsuda, H. and Gojobori, T. (2004). Bi-
ased biological functions of horizontally transferred genes on 324,653
open reading frames of 116 prokaryotic complete genomes. Nature
Genetics 36, 760-766.

Iwama, H. and Gojobori, T. (2004). Highly conserved upstream se-
quences for transcription factor genes and implications for the
regulatory network. Proc. Natl. Acad. Sci. U.S.A. 101, 17156-17161.

Imanishi, T. and other 152 authors, *Gojobori, T. and Sugano S.
(2004). Integrative annotation of 21,037 human genes validated by
full-length cDNA clones. PLoS Biology 2, 1-21.

* Correspondence Author

Mineta, et al. (2003). Origin and evolutionary process of CNS
elucidated by comparative genomics analysis of planarian ESTs. Proc.
Natl. Acad. Sci. U.S.A. /00, 7666-7671.

Sasaki, T., et al. (2002). The genome sequence and structure of rice
chromosome 1. Nature 420, 312-316.

Cebria, F., et al. (2002). FGFR-related gene nou-darake restricts brain
tissues to the head region of planarians. Nature 479, 620-624.

Fantom Consortium, Riken Genome Exploration Research Group
Phase I & II Team, Mouse Genome Sequencing Consortium (2002).
Analysis of the Mouse Transcriptome based on Functional Annota-
tion of 60,770 full-length cDNAs. Nature 420, 563-573.

Initial Human Genome Sequencing Consortium (E.S. Lander, R.H.
Waterston, Y. Sasaki, et al) (2001). Initial sequencing and analysis
of the human genome. Nature 409, 860-921.

The RIKEN Genome Exploration Research Group Phase II Team and
the FANTOM Consortium (Y. Okazaki, T. Gojobori, et al.), and Gen-
eral Organizer. Y. Hayashizaki (2001). Functional annotation of a
full-length mouse cDNA collection. Nature 409, 685-690.

56 | NIG 2005



AEECBERARE

Laboratory for Gene-Product Informatics

Y NROBDIBBIEICED <EMmFEHREF

Bioinformatics based on the protein structure

AJIIAR=E

R BE

2 NISHIKAWA, Ken
m D. Sc., Professor

Nishikawa Group q IR

U RTEIED B D AMTEE %I 5 Rt 1T
T, ZOHEXFIENEND X 27 B ER O ARG
AR D Z L TRIEIN, XU EOS ST
I/ BESNIC Lo THRESINET, ThET, 7I/8
BLH 2 3 BRI A N LEHEIC Lo TE U S B O
WEEPMTEZ LI, BLWHEEShTEE LR, &1
E, BHITERRZ VN EONMREENRIA S5 L it
iz, BIEORNTFHIT e 7T AORFICLY, # 2 R
BN EEOPIBIIREERLE L,

b, IS FRITE O TR I 2 5A%
L, LVEHEOTFNEDOBR, 7/ AEFIOMFEN,
R BOERART — 2 RX—ZDBA%E, REEfT-T
WET, 5 ARSI OYPE S 1005EEL_E o iz B
T5, MEENBSREEE TRIORTFE, GTOPLnS 57—
AR—ATALTWET, £, GTOP DfEREHIZ,
W7 ) BT ST o TVET,

[ =
™~

= gg/“

¥ i / J2 wa inseithan
oy

BIRNRATIM2 07 & TRV ERFRAICRASNEI,
£ cDNA T— 2 KYBASMNZSNISBIRW AN T A D55, RCER
FMNSECE 2FBEDO/NYT7 b E ERIZRY, ARITRLEZEE S F
DHERIFT Y UIBRERL, BAEDIEERMORA A VK
9%, LEROESIFEERBIEICTHIST DY, TROEIFENI+
YVERDICECEOBEN I FREICREHBALEI(E
WIL—)ELD, ERONYT U ERKRECITEZIRNIENFER
ST,

Human cDNA data analyses show that alternative splicing sometimes
introduces insertions at the protein surface. Splicing variant at the
bottom contains a loop in black, corresponding to an extra exon com-
pared with the variant in the top. No substantial difference in the gene
expression level was observed for both variants by the RT-PCR ex-
periment.

H am dmwvioms

@t 378 & I
BE 1§(@) = BE R
FUKUCHI, Satoshi = KINJO, Akira

- D. Sc., Assistant Professor D. Sc., Assistant Professor

Proteins are molecules whose functions are essential for
activities in living organisms. They function only after fold-
ing into particular three-dimensional structures, which are
determined by the amino acid sequences. The problem of
predicting the structures of proteins from the amino acid
sequences has been difficult to untangle for a long time. Re-
cent years have witnessed great advancement in methods
to predict the structures of proteins through both increase
in the number of determined structures and development
of sensitive prediction programs.

Based on protein structure prediction, we are explor-
ing new methods to predict structures more precisely, in-
vestigating applications to genome analysis, and examin-
ing stability of protein structures, among others. We have
constructed two databases and made them publicly avail-
able: GTOP (Genomes TO Protein structures and functions),
containing predicted structures of all the proteins encoded
by more than 100 wholly sequenced genomes, and PMD
(Protein Mutant Database), extensively gathering informa-
tion on mutant proteins.

Kinjo, A.R., Horimoto, K. and Nishikawa, K. (2005). Predicting ab-
solute contact numbers of native protein structure from amino acid
sequence. Proteins 58, 158-165.

Homma, K., Kikuno, R.F., Nagase, T., Ohara, O. and Nishikawa, K.
(2004). Alternative splice variants encoding unstable protein domains
exist in the human brain. J. Mol. Biol. 343, 1207-1220.

Fukuchi, S., Yoshimune, K., Wakayama, M., Moriguchi, M. and
Nishikawa, K. (2003). Unique amino acid composition of proteins
in halophilic bacteria. J. Mol. Biol. 327, 347-357.

Kawabata, T., Fukuchi, S., Homma, K., Ota, M., Araki, J., Ito, T.,
Ichiyoshi, N. and Nishikawa, K. (2002). GTOP: A database of pro-
tein structures predicted from genome sequences. Nucl. Acids Res.
30, 294-298.

Homma, K., Fukuchi, S., Kawabata, T., Ota, M. and Nishikawa, K.
(2002). A systematic investigation identifies a significant number of
probable pseudogenes in the Escherichia coli genome. Gene 294,
25-33.

Databases on the WWW:
GTOP (http://spock.genes.nig.ac.jp/~genome/gtop.html)
PMD (http://pmd.ddbj.nig.ac.jp/)
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MO B EFAZEES | Research Aims and Activities

B FHREEARE

Laboratory for Gene Function Research

E&5F(DNA- I NOE) DigELIREEDEIL

Evolution of bio-molecules (DNA/proteins) and their function

A=

Tateno Group

Fiebix, DNARX V RIBH L Wo e BT 5
et L, EIEBNIZErT2ZLickoT,
FNSAMES ORI, #EALE L CTHREZEE DI &
O»TWET, DNAZLELTIEX, MHCZ &A1&
GIEERE 2 W 5 MUR TR T 5 7/ NEIS O L -
f@irZ, b, FrRvTP—, ZOMOBREIEOMILE
ORITIT, ZOMHEBO S 7 AL ORIFELHEL 2 5 T
RO BIZ T OHFEEZHLNTT B LD THE
R

Eie, Fol, BIAT7TFHHEICBET 2 RNAEETE L
THEHERTWS <A 27 2RNA (miRNA) ORFZEIZH
EFLELE. ik b~ RzdE2 miRNA % in
vitro & in silico DWFERZTRME L TR L, £ < D miRNA
ERELUE L, b NOBETRIGIELE <Y ZDHER
LU THATAZ EICHRA 25 TL £ 9. miRNAIX
BRE DB As T2 HHEH Sz mRNA o 3 fHi iR & L,
ZFORREMET D Z & THRIETHRIAZGIET 0T (K
ZR), ThoPbIsZenExbNET, Zoik
EA T = AL S BED DIRETT,

miEMNA inding sile screen

H
]
E. = =N
iR AA binding e _::'::
IL13 ~CFL2 s R en s
WT mut WT  mut B
1 i 3 L
§|~ = " —orp ' A
| BEERESSS. Aol o
| " e e e O
& n 0
o - e W e actin
T pt ™l o 1720

+ I
Let-7Ta miR-20

2 DM miRNA, Let7a& miR-20, NN IL13 & CFL2 B F LIZTFET S
EFREINDZ—FINBRLICHEEBL CGFP 2V /B OFIREEE
ERH

Two miRNAs, Let-7a and miR-20, inhibit GFP protein translation by
binding to predicted MRE targets on /L73 and CFL2.

EHES
4% Ph.D Bi®

TATENO, Yoshio 4
Ph. D., D. Sc., Professor e

Nvg,aniy s
BF B0E)

BARRERO, Roberto A.
D. Sc., Assistant Professor

We have conducted research in elucidating evolution
and function of genomes and proteins in view of molec-
ular evolution, structural biology and information biology.
As part of our research activity, we analyzed a genome re-
gion including part of the MHC class I gene complex for
human, chimpanzee, other primates and mammals to clar-
ify the evolution of genome structure of the regions. As
a result, we could show how and when this region was
formed providing an evolutionary picture of MHC class |
genes in the region.

In addition we have begun research in microRNA
(miRNA), which is known to regulate gene expression at
translation (see the figure). By in vivo and in silico experi-
ments we found a number of new miRNAs common to man
and mouse. These will be useful to extrapolate the regu-
lation of gene expression in man through experiments in
mouse. Since miRNAs are considered to co-evolve with
their targets, it is interesting to investigate its evolutiona-
ry mechanism.

Miyazaki, S., Ikeo, K., Sugawara, H., Gojobori, T. and Tateno, Y.
(2004). DDBYJ in the stream of various biological data. Nucleic Acids
Res. 32, D31-D34.

Ikeo, K. and Tateno,Y. (2004). Microarray gene expression database,
In: Genomics and Proteomics, T. Imanaka ed., pp 828-836, NTS Pub-
lisher, Tokyo (in Japanese).

Kawai, Y., Ishii, Y., Arakawa, K., Uemura, K., Saitoh, B., Nishimura,
J., Kitazawa, H., Yamazaki, Y., Tateno, Y., Itoh, T. and Saito, T.
(2004). Structural and functional differences in two cyclic bacteriocins
with the same sequences produced by Lactobacilli. Appl. Environ
Microbiol. 70, 2906-2911.

Komiyama, T., Ikeo, K., Tateno, Y. and Gojobori, T. (2004). Jap-
anese domesticated chickens have been derived from Shamo, tradi-
tional fighting cock. Mol. Phylogenet. Evol. 33, 16-21.

Ball, C.A., Brazma, A., Causon, H., Chervitz, S., Edgar, R., Hingamp,
P., Matese, J.C., Parkinson, H., Quackenbush, J., Ringwald, M., San-
sone, S.-A., Sherlock, G., Spellman, P., Stoeckert, C., Tateno, Y.,
Taylor, R., White, J. and Winegarden, N. (2004). Submission of
microarray data to public repositories. PLoS. Biol. 2, 1276-1277.

Ball, C., Brazma, A., Causton, H., Chervitz, S., Edgar, R., Hingamp,
P., Matese, J.C., Parkinson, H., Quackenbush, J., Ringwald, M., San-
sone, S.A., Sherlock, G., Spellman, P., Stoeckert, C., Tateno, Y.,
Taylor, R., White, J., Winegarden, N. (2004). 112-12 correspondence:
standards for microarray data: an open letter. Environ Health Perspect
112, A666-A667.

Imanishi, T., Itoh, T., Suzuki, Y., O’Donovan, C., Fukuchi, S.,
Koyanagi, K.O., Barrero, R.A., Tamura, T., Yamaguchi-Kabata, Y.,
Hide, W., Tateno, Y., Chen, Z., Oishi, M., Tonellato, P., Apweiler,
R., Okubo, K., Wagner, L., Wiemann, S., Strausberg, B., Isogai, T.,
Auffray, C., Nomura, N., Gojobori, T. and Sugano, S. (2004). In-
tegrative annotation of 21,037 human genes validated by full-length
cDNA clones. PLoS. Biol. 2, 256-275.

Tateno, Y. and Ikeo, K. (2004). International Public Gene Expres-
sion Database (CIBEX) and Data Submission. Protein, Nucleic Acid
and Enzyme 49, 2678-2683 (in Japanese).

Watanabe, M., Kobayashi, N., Shin-i, T., Horiike, T., Tateno, Y.,
Kohara, Y. and Okada, N. (2004). Extensive analysis of ORF sequen-
ces from two different cichlid species in Lake Victoria provides mo-
lecular evidence for a recent radiation event of the Victoria species
flock - Identity of EST sequences between Haplochromis chilotes and
Haplochromis sp. “Redtailsheller”-. Gene 343, 263-269.

Ball, C., Brazma, A., Causton, H., Chervitz, S., Edgar, R., Hingamp,
P., Matese, J.C., Icahn, C., Parkinson, H., Quackenbush, J., Ringwald,
M., Sansone, S.A., Sherlock, G., Spellman, P., Stoeckert, C., Tateno,
Y., Taylor, R., White, J. and Winegarden, N. (2004). An open let-
ter on microarray data from the MGED Society. Microbiology /50,
3522-3524.
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Laboratory for the Research and Development of Biological Databases

EMEERRRICHDIMBEOMELENEEZ A ST — IR —RADIEFRH

Research and development of biological databases for the new age

ERARE

Sugawara Group

ARFRBIXT — X RX—A LY 7 b7 T TR S
NDEYEREROME LR EZHNETINNI A1
TH T A7 ADWHERHFBEEZED THET,

F—EZDRIE, MBFLTHEDRS, f>F—xXy &
World Wide Web Ot O HEIZ & - T, BEHANIZES
2720 E Lk, —HT, ZHETREOHRFEILA X —
Iy MTEND L5 iy, FIHBEMNITEE TEEMER
FWEBRERE RO Z 8L <o TWET,
Ele, 295 LEEHEREZLSITJHLZE LTS, 20
FIURERMHBICHEE cX 2 LIXRY ¥ A. BT, 7
AR T T A —AE Vo RN T — X SRR
HABINS Zrbid, AFTIERLS v/ I 805
EHRMEREZHER L CHATEARENRBLETT, HED
Web Dt R3S e MZELWETIL, Tul I AITEL
WWebDHERRLEENE T, £ THRAIL, AHEHFER
DM EENPLENRLS, SEIERRATEHRE
HEREMAEFATX I RIE BT D01, eXten-
sible Markup Language (XML), Simple Object Ac-
cess Protocol (SOAP) 3L UWeb services Ol 25
NG LB E Lz, ZO#E, http:/xmlnig.acjp/
12T, DNA Data Bank of Japan (DDBJ]) 23 Web¥ A
FBLABHLTHWBRIEEALDT - R=R L5 — 2R
WY 7 hoxT727alZ AP bRNHLUAEERAY v
RELUTEL —RICEELTHET,

e, HHEROGEM OB N OA—T Y - T )T —
v arvOMSRERIBLENEFE TSV AT AR
RIS D7 ) A REELEEO—BRE L TRRBL
TVWEF, TZTWHIA =T - T /5= arkii,
FeAR—ZDFY PFNDOF—Z TR LT, FEEEN
P27 /7=y a v ENMATHNTF AT, W
HiE, linuxXUbDOTF =2 RX=2HTT, ZOREITTX
D & 52 http://www .jst-bird.nig.ac.jp/ 2 H AL TW
7

B e

OTDF MADE P CESDES MR SO Cessedes

HomePage of OASYS and Web services

| 2mmm A E
iR IE kS BF B(E)
SUGAWARA, Hideaki il a ABE, Takashi

D. Eng., Professor D. Sc., Assistant Professor

Web services as the programmatic interfaces

We introduced the Web services in addition to XML
technology to improve the information environment for
bioinformaticians. The Web browser (e.g. Internet Explor-
er and Netscape) provides human-friendly interfaces. By
contrast, the Web services provide the programmatic inter-
faces, i.e., program-friendly interfaces. A user program writ-
ten in Java and Perl is able to search and bind to Web ser-
vices that offer functions in need. The Web services that
we developed are available at http://xml.nig.ac.jp/

Microbial Genome Portal and Open Annotation System
We have developed a Web site named Genome Infor-
mation Broker (GIB) that covers all the microbial genome
information in the public domain. At the GIB site (http://
gib.genes.nig.ac.jp/), key word search, homology search,
links to DBGET, KEGG and GTOP and visualization of
the data are available for 150 organisms as of April 2004.
We have utilized XML, CORBA and a distributed database
in order to cope with the explosion of the information. In
the meantime, we have thought of capturing biological
knowledge from wide communities to enrich the annota-
tion to genome sequences. We now develop a system named
“Open Annotation System (OASYS)” that functions for both
annotation and capturing annotation by the third party.
Information System for Microbial Resources

‘We participate in a national project for the resource cen-
tre of pathogenic microbes. Our role is to develop an in-
formation system for pathogenic fungi and actinomycetes,
and also a portal site for pathogenic microbes in general.
We have also developed an e-Workbench named InforBIO
by use of JAVA, XML and a relational database manage-
ment system in the public domain. InforBIO is for databas-
ing, classification, phylogenetic analysis and identification
and now actually utilized by microbiology laboratories in
Japan.

In addition, the laboratory maintains an on-line world
directory of microbial culture collections: 469 culture col-
lections in 62 countries. We also used XML technology
to organize the Web page. http://www.wdem.org/.

Sugawara, H., Abe, T., Tanaka, N. and Miyazaki S. (2004). Encoun-
ter of microbiology with the data science in the phase called
post-genome sequencing. Seoil microorganisms 58 (2), 57-67.

Miyazaki, S., Sugawara, H., Ikeo, K., Gojobori, T. and Tateno, Y.
(2004). DDBJ in the stream of various biological data. Nucleic Acids
Research 32, D31-D34.

Vastermark, A., Shigemoto, Y., Abe, T. and Sugawara, H. (2004).
Splicing Profile-based Protein Categorization between Human and
Mouse Genome by use of DDBJ Web Services. Genome Informatics
15, 13-20.
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MO B EFAZEES | Research Aims and Activities

B FHRBEETHARE

Laboratory for Gene-Expression Analysis

T/LTARIENENSDHREFRER

Knowledge discovery through genome-wide measurements.

KARARE

Okubo Group

KARDR

g =B

OKUBO, Kousaku
M. D., Ph. D., Professor

7 BRVE LRI I £ B, BR T REOREEAL
EENITHE MR TH D, HHIXHEEFREL A4
B ZTY, H5WAE T IV —DANT—2B LT
T — 2 O E %1T-o Tk MEETFREORIEAL & ik
FREEDTND,

1. BRFHREEE
BEREFREBIEGTFOREZMBFELNY THY, F=M
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An example of interpretation of gene expression clusters. Bright tri-
angles in the dark background suggests the clusters are “meaning-
ful”.

The practical definition of a transcriptome is a entire
population of mRNA in a defined source, i.e. a cell, cells,
tissue, or an organism. The composition , which gene and
how abundant, is central to the transcriptome data. Since
human genome project started in early 1990s, increasing
amount of human transcriptome data have been generated.
A large collection of fragmentary cDNA sequences and
genome-wide gene expression pattern using parallel hybrid-
ization of thousands of cDNA probes are examples. In these
data, every transcript has ID which enables compilation of
different data set and makes characterization of individu-
al gene, as well as mass mRNA, possible. After this cleans-
ing step, entire data is analyzed for higher order structure
using statistical technique and then local data structures are
interpreted for domain specific knowledge.

Within such a context, ongoing projects in our group
are as follows:

1) BodyMap and iAFLP: As an expansion of the world-first gene ex-
pression database BodyMap, we are collecting gene expression
data for human and mouse with newly developed technique iAFLP.

2) Machine interpretation of genome-wide measurement data (BOB):
Construction of a system for automatic recruitment of biomedi-
cal knowledge and machine interpretation of genome-wide meas-
urement data.

Tanino, M., Debily, MA., Tamura, T., Hishiki, T., Ogasawara, O.,
Murakawa, K., Kawamoto, S., Itoh, K., Watanabe, S., de Souza, SJ.,
Imbeaud, S., Graudens, E., Eveno, E., Hilton, P., Sudo, Y., Kelso,
J., Ikeo, K., Imanishi, T., Gojobori, T., Auffray, C., Hide, W. and
Okubo, K. (2005). The Human Anatomic Gene Expression Libra-
ry (H-ANGEL), the H-Inv integrative display of human gene expres-
sion across disparate technologies and platforms. Nucleic Acids Res.
33, Database Issue: D567-D572.

Michibata, H., Chiba, H., Wakimoto, K., Seishima, M., Kawasaki,
S., Okubo, K., Mitsui, H., Torii, H. and Imai, Y. (2004). Identifi-
cation and characterization of a novel component of the cornified en-
velope, cornifelin. Biochem. Biophys. Res. Commun 3/8, 803-813.

Hishiki, T., Ogasawara, O., Tsuruoka, Y. and Okubo, K. (2004). In-
dexing anatomical concepts to OMIM Clinical Synopsis using the
UMLS Metathesaurus. In Silico Biol. 4, 31-54.

Chiba, H., Michibata, H., Wakimoto, K., Seishima, M., Kawasaki,
S., Okubo, K., Mitsui, H., Torii, H. and Imai, Y. (2004). Cloning of
a gene for a novel epithelium-specific Cytosolic Phospholipase A2,
cPLA2delta, induced in Psoriatic Skin. J. Biol. Chem. 279,
12890-12897.

Kaimori, J., Takenaka, M. and Okubo, K. (2004). Quantification of
Gene Expression in Mouse and Human Renal Proximal Tubules., «La-
ser Capture Microdissection Methods and Protocols» (Grame 1. Mur-
ray and Stephanie Curran ed.) Methods in Molecular Biology 293,
Humana Press, 209-220.

Database: https://www jbirc.aist.go.jp/hinv/h-angel/
http://bodymap.ims.u-tokyo.ac.jp
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Segregation and organization of bacterial nucleoids
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(RBEAREE)
ORERNLRIZE>THFEINLZDNABL BABELIED
DFHEEOMRER

(2BEFRFR)

OIRIEX L XIZK > THFEIN S DNAZEHUIMT K U IEHE
BRI 2 D 5 FHEHE 0 #ZBA

(5 LHEZR)

e KBEHEEZ VAV EDHMIENRENDRENLEBR
OEHKEKATHADDHERNY T 7O

KIEEHEACSEARBERER R T 2T IAINOHEE—42—
221\ SopA

A helical structure of the SopA protein, which is a motor protein for
plasmid segregation, in the E. coli cell

We are studying the proteins and the DNA sites respon-
sible for the regulation of pokaryotic DNA segregation using
a combination of genetic, molecular, biochemical,
cell-biological, and genomic approaches in Escherichia coli.
Prokaryotes are not known to have a eukaryotic-like mitotic
apparatus, and little is known about the mechanisms con-
trolling chromosome partitioning. We visualized bacteri-
al chromosome DNA and plasmid DNA in cells using flu-
orescence in situ hybridization (FISH) during the
cell-division cycle. We have revealed the dynamic migra-
tion patterns of replication origin and terminus on the chro-
mosome during active partitioning of daughter chromosomes.
In addition, the E. coli chromosome is organized a com-
pacted ring structure with the functional domains that par-
ticipate in the cell cycle-dependent localization of the chro-
mosome. Current work focuses on identifying the
chromosomal segments involved in positioning and migra-
tion of the chromosomal domains.

We further investigate the molecular mechanisms of en-
vironmental stress-induced DNA double-strand breaks and
the eventual chromosomal rearrangements via illegitimate
recombination.

We also observe the subcellular localization of E. coli
proteins in living cells and attempt to estimate the function
of proteins through their localization. We now aim to iso-
late ancient bacteria from Antarctic ice core and surmise
the evolution of bacterial genome.

Yamaichi, Y. and Niki, H. (2004). migS, a cis-acting site that affects
bipolar positioning of oriC on the Escherichia coli chromosome.
EMBO J. 23, 221-233.

Ikeda, H., Shiraishi, K. and Ogata, Y. (2004). Illegitimate recombina-
tion mediated by double-strand break and end-joining in Escherichia
coli. Adv. Biophys., 38, 3-20.

Niki, H., Yamaichi, Y. and Hiraga S. (2000). Dynamic organization
of chromosomal DNA in Escherichia coli. Genes & Dev. 14, 212-223.

Niki, H. and Hiraga, S. (1998). Polar localization of the replication
origin and terminus in Escherichia coli nucleoids during chromosome
partitioning. Genes & Dev. 12, 1036-1045.

Niki, H. and Hiraga, S. (1997). Subcellular distribution of actively
partitioning F plasmid during the cell division cycle in E. coli. Cell
90, 951-957.

AR 2004) JEAZEMREAON IR, EVEBIRIR
49, 2017-2023.

INFEEZ, 1oRZEH (2003) N7 T U TITHANT B BRI
Ul & v R0 8 ¥ OB e RTEZE k. L% 75, 137-142.
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DNA Data Bank of Japan (DDBJ)
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Activity of the DNA Data Bank of Japan
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Homepage of the DNA Data Bank of Japan
(http://www.ddbj.nig.ac.jp)

DDBJ (DNA Data Bank of Japan) began DNA data bank
activities in earnest in 1986 at the National Institute of Ge-
netics (NIG) with the endorsement of the Ministry of Ed-
ucation, Science, Sport and Culture. From the beginning,
DDBIJ has been functioning as one of the International
Nucleotide Sequence Databases, which are composed of the
EMBL Bank in Europe and GenBank in the USA as the
two other partners.

DDBIJ now located at the Center for Information Biol-
ogy and DNA Data Bank of Japan at NIG is the sole DNA
data bank in Japan, which is officially certified to collect
DNA sequences from researchers and to issue the interna-
tionally recognized accession number to data submitters.
Since we exchange the collected data with the EMBL Bank
and GenBank on a daily basis, the three data banks share
virtually the same data at any given time.

We also develop other related databases and tools for
data retrieval and analysis, and provide them worldwide.
In addition, we hold a course, DDBJing, a few times a year
to teach beginners how to use DDBIJ.

Miyazaki, S., Ikeo, K., Sugawara, H., Gojobori, T. and Tateno, Y.
(2004). DDBJ in the stream of various biological data. Nucleic Acids
Res. 32, D31-D34.

Ball, C.A., Brazma, A., Causon, H., Chervitz, S., Edgar, R., Hingamp,
P., Matese, J.C., Parkinson, H., Quackenbush, J., Ringwald, M., San-
sone, S.-A., Sherlock, G., Spellman, P., Stoeckert, C., Tateno, Y.,
Taylor, R., White, J. and Winegarden, N. (2004). Submission of
microarray data to public repositories. PLoS. Biol. 2, 1276-1277.

Imanishi, T., Itoh, T., Suzuki, Y., O’Donovan, C., Fukuchi, S.,
Koyanagi, K.O., Barrero, R.A., Tamura, T., Yamaguchi-Kabata, Y., ...,
Hide, W., Tateno, Y., Chen, Z., Oishi, M., Tonellato, P., Apweiler,
R., Okubo, K., Wagner, L., Wiemann, S., Strausberg, B., Isogai, T.,
Auffray, C., Nomura, N., Gojobori, T. and Sugano, S. (2004). In-
tegrative annotation of 21,037 human genes validated by full-length
cDNA clones. PLoS. Biol. 2, 256-275.

Ikeo K, Ishi-i J, Tamura T, Gojobori T, Tateno Y. (2003). CIBEX:
center for information biology gene expression database. C R Biol.
326, 1079-1082.

Sasaki T, Matsumoto T, Yamamoto K, Sakata K, Baba T, Katayose
Y, Wu J, Niimura Y, Cheng Z, Nagamura Y, Antonio BA, Kanamori
H, Hosokawa S, Gojobori T. et al. (2003). The genome sequence and
structure of rice chromosome 1. Nature 420, 312-316.

Okazaki Y, Furuno M, Kasukawa T, Adachi J, Bono H, Kondo S,
Nikaido I, Osato N, Saito R, Suzuki H, Yamanaka I, Kiyosawa H,
Yagi K, Tomaru Y, Hasegawa Y, Nogami A, Schonbach C, Gojobori
T. et al. (2002). Analysis of the mouse transcriptome based on func-
tional annotation of 60,770 full-length cDNAs. Nature 420, 563-573.

International Human Genome Sequencing Consortium (2001). Ini-
tial sequencing and analysis of the human genome. Nature 409,
860-921.
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To promote basic research on genetics, NIG serves as
a center for various genetic resources and databases of ge-
netic information.

These services can be accessed through our web page:
http://www.nig.ac.jp/section/service.html
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Intellectual Property Unit
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Acquisition of intellectual property rights and promotion of publicity activities
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The outcome of basic research influences both the en-
vironment and society in many ways. Research on life scien-
ces - how organisms develop and function - is essential for
finding ways to combat disease, improve, food production,
and even build machines that “think” like humans. Recent
advancement in life science technology, especially genet-
ic engineering, has greatly sped up such applications. It can
also present new moral issues, as exemplified by the de-
velopment of animal cloning technology. Thus, in order
to ensure that society uses the outcome of basic research
for the welfare and prosperity of the mankind, it is essen-
tial that the public is aware of the importance of basic re-
search, and the significance and future implications of its
achievements. This is the main reason for the Institute’s
publicity activities.

Basic research, such as that done at this Institute, is “bas-
ic” in the sense that researchers themselves are not aiming
to produce marketable products of their own. All resear-
chers, however, conduct research with the hope that their
findings will directly or indirectly benefit society, through
application by commercial industries. An effective meas-
ure to promote industrial application of basic research is
to publicize the result as “intellectual property”. A due ac-
quisition of intellectual property rights and their industri-
alization will not only raise the visibility and the status of
Japanese science within the international community, but
also help generate funds to promote basic research even fur-
ther. Unfortunately, the proper “cycle” of basic research
and intellectual property has not yet been achieved, due to
the lack of awareness on the intellectual property rights on
the part of the researchers, and the poor system for the ac-
quisition and dissemination of property rights.

Being these issues in mind, NIG has created a new unit
focusing on Publicity and Intellectual Property. We have
started the following activities:

1) Increase the awareness of researchers on the intellectual prop-
erty rights that can be derived from their own research and ac-
celerate the acquisition of the intellectual property rights.

2) Establish a patent application system which allows securing of
intellectual property rights at minimal cost and burden for the
researchers.

3) Build closer relations with TLO (Technology Licensing Organi-
zation) to disseminate the intellectual properties generated by the
Institute.

4) Improve the Institute’s homepage to maintain informative and time-
ly announcement of research achievements.

5) Advertise the activities of the Institute at academic and public
meetings to publicize potential seeds for academic collaborations
and industrial applications.
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Cyber Museum of Genetics
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Public education and awareness of genetics
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Application of genetic engineering technology has spread
throughout our society at a tremendous speed and has con-
tributed to the improvement of medicare and our life-styles.
Understanding and discussing social issues on genetic en-
gineering applications and heredity requires a basic knowl-
edge of genetics. In order to meet such social needs, the
National Institute of Genetics has put forward as one of its
future goals “the enlightenment of society to genetical re-
search and its achievements”. To this end, the Institute has
held a series of community lectures on genetics, invited high
school and college students to conduct research on genet-
ics at the Institute, and has encouraged its faculty to active-
ly participate in teaching at local K-12 schools. In partic-
ular, the Institute launched “E-Museum of Genetics” at it’s
50th anniversary in 1999. Taking advantage of the sophis-
ticated information technology at the Institute, animations
and charming characters are used to describe fundamental
concepts in various levels genetics and its achievements. The
museum has been visited more than 200,000 times.
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http://www.nig.ac.jp/section/soken-j.html
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BARERRORZGHE L, THILL2irges ]
DOEREHELTVWES, LirL, ZOHEZX
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TEX32bII TRV EHA. KERENELH,

MR LICNOPHNERZE DA LD,
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Department of Genetics, SOKENDAI

The National Institute of Genetics (NIG)
also functions as the Genetics Department of
SOKENDAI, and offers a graduate program
in genetics. Our doctoral course provides in-
terdisciplinary education with frequent semi-
nars, journal clubs, and workshops on scien-
tific writing and presentation. NIG has about
35 research groups, each headed by a profes-
sor or an associate professor, who leads in-
novative research programs in a highly inter-
active atmosphere. The quality of the re-
search done at NIG is evident from the fre-
quent citation of papers published from the
Institute and the high funding rates for grant
proposals from NIG. NIG houses enormous

BARFR IR TR B OB B %)L <
HoTNWEL e®d, FiNORT, KEBED
EE), BEFEEROHEH BB OWEN
RIZOWTHALEDVD ZHEL X Lz, e
fi (fERL) Z#FEINDHIX, KEBREY
(info-soken@lab.nig.ac.jp) £ TIHEfg KXW,

We have produced a DVD video to intro-
duce the activities at the Department of Ge-
netics, SOKENDAI. The video includes an
overview of the graduate program and re-
search activities at the National Institute of
Genetics. The DVD (in Japanese) can be ob-
tained free of charge by contacting the gen-
eral affairs section (info-soken@lab.nig.ac.jp).

resources for carrying out basic research in
life sciences, such as the well-established DNA
database (DDB]J), an extensive collection of
mutant strains of various model organisms,
and state-of-the-art research equipment. Unit-
ed with the term “Genetics”, the graduate stu-
dents at NIG continue to expand the frontiers
of life sciences, in molecular and cell biology,
development, neurosciences, evolution, struc-
tural biology and bioinformatics.

For more information, please visit the web site
of our graduate program:
http://www.nig.ac.jp/section/soken.html
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GRADUATE AND POST-GRADUATE EDUCATION

ENEAZZAIZERT GRAZED) 11X, BRAWIRRFERE KRS
BRZHERE L TRERBE LT TR, k%
DORZBEEDOHBIZOEMRL TWET, BIZLERIZZ
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WFCHIZEd 5 Z L BRWRETY, Bkl EoBERIT»
DVERFA, FOIED, RZEITHE LN EISH Tz
T2 [ZFTHFRE] HIESS, RPEAREOER TRENT
WFed 2 DGRIZIIZRE] OFELH Y £9, BT
TOURLEZZET &V,

http://www.nig.ac.jp/welcome/howtowork-j.html

WSS (R ET DICHDITEHEN

ACTIVITIES FOR THE PROMOTION OF RESEARCH
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NAFZATHILS VRIS T A
Biological Symposium

The National Institute of Genetics (NIG) participates
in graduate education in two ways. First, it offers a
three-year Ph. D. program as the Department of Genetics
of the Graduate University for Advanced Studies (http://
www.nig.ac.jp/section/soken.html). Second, we accept stu-
dents who belong to other graduate programs (master’s
course or doctor’s course) and provide research environ-
ment at the Institute.

NIG also offers ample opportunity for post-graduate ed-
ucation and international exchanges. Postdoc positions are
available through MEXT and JSPS Programs, as well as
grants to individual faculty. NIG also welcome sabbatical
stays of foreign faculty. Please contact your proposed men-
tor/host/hostess for details on the programs.

NIG Colloquia

Seminars are held every Friday by researchers at the In-
stitute to discuss their progress during the past year. Presen-
tations are made not only by the faculty, but also by fifth
year graduate students as a part of their D5 Progress Re-
port.

Biological Symposia

The Biological Symposium is held throughout the year,
featuring distinguished speakers in many areas of biolog-
ical sciences, from universities and institutions worldwide.

WE Rt S F—
NIG Colloquia
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Princeton University Department of Molecular Biology: Lynn Enquist, Jean Schwarzbauer,
Virginia Zakian, Sharon Cohen
Institute of Molecular Biology, Taipei: Henry Sun, Fei Chen
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INTERNATIONAL EXCHANGES

NEARAEREDRIT AN

Admission of foreign scientists

e
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K&/ PR/ HRRE ZAKEHE

Name/ Affilication/Subject title/Host advisor/Period

BARZMRERICLDZITAN
(AEARRIFEES)

Supported by JSPS

(Postdoctoral fellowship for Foreign Researchers)

= #k

Ll Yan

HREMIZ BT B Jetafhk DNA SR O BRIA M

Molecular mechanism of the initiation of DNA replication in eukaryotic cells

FEARBhZ

ARAKI, Hiroyuki

'04.11.15~06.11.14

HASHRARICE ST AN
(AEANSRIAEES (FUK-5EH))

Supported by JSPS

(Postdoctoral fellowship for Foreign Researchers (short-term))

WEBSTER, Matthew Thomas
20 T—=FY 9TYSKE
Uppsala University

b MU ROWET ) MEHRD BT, b SNPERIOELRES

Evolutionary significance of human single nucleotide polymorphisms revealed by com-
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As one of the events of the Science and Technology
Week, the National Institute of Genetics (NIG) opens its
grounds and facilities to the public. Visitors attend exhibits,
special lectures and scientific movies, as well as enjoying
cherry blossoms in the institute campus.

A1, B, FOXTAMZETBE Z#ME LT, —i
R GITRARF NP R 2B L TV R J,

Once every autumn, NIG holds a public lecture in
Tokyo, presented by its faculty.
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AERIAL VIEW OF
THE INSTITUTE

THbfRERR

Institute Facilities and Grounds

Institute area

BERM

Residential area

BYfEE GZEE)

Building area

(REER)

(Total floor space)

AEN

Details

[Eﬂ%ﬁﬁ%&i‘lﬁ

(CEpi17E4 B 1 BR%E)
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96,069m

10,912m

14,672m

34,333m

TEA N

Main building

MELE
Library

I RERIR

Laboratory building

B2
Lecture hall

MEHRSRERE

Radiation laboratory
BIEBELFEMELYS—
Structural Biology Center

RIEERR

Radioisotope laboratory

POER R &Y SRRRAR

Internal radiation laboratory
WINE S
Bird hatchery

SRR =

Main machine room

BFHEMR

Computer building

U

\Y

Silkworm room
XAZEHEE

Mouse breeding building |
RSB 0
Guest house

%l)hi%ﬁﬁ%t\/g_

Genetic Strains Research Center

EMECERBRREGEYS—

Center for Genetic Resource Information

H1 M EAR
Silkworm building

MAEYIMEAR

Microbial research building

K AZHIER
Mouse breeding building |

SREREER

Administration building for experimental farm

W 46piEER - DDBJFFER Y —

X

Center for Information Biology and DNA data bank of Japan

AT RRIR

Animal research building
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ACCESS TO
THE INSTITUTE
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Mishima, Shizuoka
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