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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 Universi-
ty for Advanced Studies (SOKENDAI). NIG also serves as a center for various genetic resour-
ces such as mutant strains, clones and vectors, and houses DDBJ, the DNA Data Bank of Ja-
pan.

The history of NIG overlaps the period of a revolution in the field of Genetics. Genet-
ics is no longer a discipline 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 deci-
pher the entire genome sequence of organisms including humans, but also to understand the
details of higher biological phenomena: cell differentiation, morphogenesis, brain function, and
evolution — the history of life itself. NIG is actively recruiting researchers who use various
model organisms and databases, to expand its scope and to build a new frontier of life science.

National universities and research institutes in Japan are now undergoing a big reform. NIG
will also participate in this endeavour, forming a new organization on Systems and Informatics.
We wish to exploit this opportunity to enhance our activities in bioinformatics, by collaborat-
ing with the National Institute of Informatics and the Institute of Statistical Mathematics. We

welcome your critical comments and suggestions on our research activities and future plans.

Director-General « Department Chair  Yoshiki Hotta

HOTTA, Yoshiki

Research Field: Molecular and developmental neurobiology

Career: Professor of Biophysics, Graduate School of Science, University of Tokyo
(1972-1997); Director, Molecular Genetics Research Laboratory, University of Tokyo
(1989-1997); Adjunct Professor of Cell Biology, National Institute for Basic Biology
(1990-1995); Director-General, National Institute of Genetics (1997- ); Chair, Depart-
ment of Genetics, SOKENDAI (1997- )

Awards: Matsunaga Award (1977); Inoue Prize for Science (1985); Kihara Award of
Genetics Society of Japan (1995); The Takeda Prize for Medical Science (1998)
Medal with Purple Ribbon (1999)

Memberships: Genetics Society of Japan; Molecular Biology Society of Japan; Jap-
anese Society of Developmental Biologists, Biophysics Society of Japan; Genetics

Society of America
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Details | 15 & 1 ih 9,243t
Residential area
BYFEE (RmEmE) 13,142m
Building area
((EMEE) 28,971m

(Total floor space)

(¥Ep15F 4 B 1 BRTE)

TR ZR AR
Main building

B XE#E
Library

TSR SR BRAR

Laboratory building
w2

Lecture hall

F MEHREERE

Radiation laboratory
BEEGFMEE VS —
Structural Biology Center

RISSERIR

Radioisotope laboratory

J AIEBRETSRERIR
Internal radiation laboratory
WINEHE
Bird hatchery
L FRR#mE
Main machine room
BT
Computer building
£
Silkworm room
P XxX=@mEE
Mouse breeding building I
Q HAEREEHER
Guest house
R RLEYMMAELEY 5 —

Genetic Strains
Research Center

EMECERERBEE VS —
Center for Genetic
Resource Information

74 JMERR
Silkworm building

T WAEMIER

Microbial research building

XX I M EAR

Mouse breeding building IT

EKRESEER

Administration building for

experimental farm

W 463154 - DDBJFIRE V4 —
Center for Information Biology and
DNA data bank of Japan
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1949 June 1

Aug. 10

1953 Jan. 1

Aug. 1
1954 July 1

1955 Sept. 15
Oct. 15

1960 Apr. 30
1962 Apr. 1
1964 Apr. 1
1969 Apr. 1

1974 Apr. 1

1975 Mar. 1
Oct. 1

1976 Oct.

—_

1983 Oct.

—_

1984 Apr. 12

1985 Apr. 1

1987 Jan. 12

1988 Apr. 8

Oct. 1

Established under the jurisdiction of the Ministry
of Education, Science, Sports and Culture. Started
with an administrative department and three re-
search departments.

Prof. Kan Oguma was elected the 1st Director.

Three research departments were reorganized as
the Departments of Morphological Genetics,
Cytological Genetics 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 Direc-
tor.

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 Di-
rector. Department of Molecular Biology was
added.

Plant Genetic Stock Laboratory was established.

Dr. Yataro Tajima was elected the 4th Director.
Animal Section was added in the Genetic Stock
Center.

Microbial Section was added in the Genetic Stock
Center.

Dr. Ei Matsunaga was elected the 5th Director.

Reorganized as an inter-university research insti-
tute for joint use by universities. The DNA Re-
search Center (DNA Structure and Recombinant
DNA Laboratories) and the Experimental Farm
were established. The Genetic 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 opera-
tions.

The Radio-isotope Center was established. The
Gene Library Laboratory was added in the DNA
Research Center.

The Graduate University for Advanced Studies

1989 Oct. 1

1993 Apr. 1

1994 June 24

1995 Apr. 1

1996 May 11

1997 Apr. 1

Oct. 1

1998 Apr. 9

2001 Apr. 1

2002 Apr. 1

2003 Apr. 1

was established. The Department of Genetics,
School of Life Science of the University began ac-
cepting students.

Dr. Jun-ichi Tomizawa was elected the 6th Direc-
tor.

The Mammalian Development Laboratory was
added in the Genetic Stock Research Center.

The Gene Function Research Laboratory was
added in the DNA Research Center.

The Center for Information Biology was estab-
lished.

The DNA Research Center was reorganized as the
Structural Biology Center consisting of 5
laboratories (Biological Macromolecules, Molec-
ular Biomechanism, Multicellular Organization,
Biomolecular Structure and Gene Network).

The Genetic Stock Research Center was reor-
ganized as the Genetic Strains Research Center
consisting of 5 laboratories (Mammalian Genet-
ics, Mammalian Development, Plant Genetics,
Microbial Genetics and Invertebrate Genetics), and
as the Center for Genetic Resource Information
consisting of 2 laboratories (Genetic Informatics
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
Department of Integrated Genetics.

The Center for Information Biology was reor-
ganized as the Center for Information Biology and
DNA Data Bank of Japan. The new center con-
sists of 5 laboratories. The Laboratory of Molec-
ular Classification of the former center was
renamed as the Laboratory for Research and De-
velopment of Biological Databases in the new cen-
ter. The Laboratory for Gene-Expression Anal-
ysis was added in the new center.

Two laboratories, Mouse Genomics Resource La-
boratory and Model Fish Genomics Resource La-
boratory, were added to the Genetic Strains Re-
search Center.

The Comparative Genomics Laboratory was added
to the Center for Genetic Resource Information.
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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 Ad-
vanced Studies, and also participates in the education of students
from other universities.

INTERNATIONAL COLLABORATION

This institute strives to promote international scientific exchan-
ges by sponsoring international symposia and through the exchange
of researchers.

MANAGEMENT

To manage this institute as an inter-university research cen-
ter, there is a Council that advises the Director-General about prin-
ciples and policies. There is also an Advisory Committee that
provides information and advice on research and administrative
affairs to the Director-General.
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Council

The Council gives advice to the Director-General regarding
the principles and policies of the Institute.

ISHII, Shiro

Professor, Emeritus, Tokyo University
IWATSUKI, Kunio

Professor, University of the Air
OSAKI, Hitoshi

Director-General, Center for National University Finance
OSAWA, Shozo

Professor, Emeritus, Nagoya University
OTSUKA, Eiko

Fellow, National Institute of Advanced Industrial Science and Technology
OKADA, Masukichi

Vice-Director, International Institute for Advanced Studies
KATSUMI, Motoya

Director-General, National Institute for Basic Biology
KURODA, Reiko

Professor, Graduate School of Arts and Sciences, The University of Tokyo
KODAIRA, Keiichi

President, The Graduate University for Advanced Studies
SHINJI, Isoya

President, Tokyo University of Agriculture
SUGIMURA, Takashi

President Emeritus, National Cancer Center
TSUNEWAKI, Koichiro

President, Fukui Prefectural University
TOYOSHIMA, Kumao

Director, RIKEN Yokohama Institute, SNP Research Center
HIROBE, Masaaki

President, University of Shizuoka
MATSUO, Minoru

President, Nagoya University
MATSUBARA, Ken-ichi

President, DNA Chip Research Inc.
MIURA, Kin-ichiro

President, Proteios Research Inc.
SASAKI, Kazuo

President, Okazaki National Research Institutes

YAMANOUCHI, Kazuya

Senior Scientific Staff, Nippon Institute for Biological Science
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Advisory Committee

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

ISONO, Katsumi
National Institute of Technology and Evaluation

ITO, Koreaki
Professor, Institute for Virus Research, Kyoto University

OGAWA, Tomoko

Vice-Director, Iwate College of Nursing
GO, Michiko

Professor, Emeritus, Nagoya University

SASAZUKI, Takehiko

Director-General, International Medical Center of Japan Research Institute

SHINOZAKI, Kazuo
Chief Scientist, RIKEN Tsukuba Institute

SEKIGUCHI, Mutsuo
Director, Biomolecular Engineering Research Institute
TAJIMA, Fumio
Professor, Graduate School of Science, The University of Tokyo
HANAOKA, Fumio
Professor, Graduate School of Frontier Biosciences, Osaka University
MATSUURA, Etsuko
Professor, Faculty of Science, Ochanomizu University
ARAKI, Hiroyuki
Professor, NIG
HIROMI, Yasushi
Professor, NIG
HIROSE, Susumu
Professor, NIG
IKEMURA, Toshimichi
Professor, NIG
SASAKI, Hiroyuki
Professor, NIG
SHIROISHI, Toshihiko
Professor, NIG
KOHARA, Yuji
Professor, NIG
SHIMAMOTO, Nobuo
Professor, NIG
KATSURA, Isao
Professor, NIG
GOJOBORI, Takashi
Professor, NIG

NISHIKAWA, Ken
Professor, NIG
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Director Professors Professors Associates Subtotal Staffs Technicians Total
1 27(5) 25(5) 33 86 (10) 21 17 124(10)

) () NOBIFEEMERMOBER M) THS.

() Adjunct members

K i B § &t Director-General HOTTA, Yoshiki
tEEEERG)@FE) N R M ¥ Vice-Director KOHARA, Yuji

D FEGIHER Department of Molecular Genetics
e ER (PF) g A R K Head SHIMAMOTO, Nobuo
S FELAZEE Division of Molecular Genetics
ZEIBGAZEER Division of Mutagenesis

% = W B XX B Prof. YAMAO, Fumiaki

S FREGETIZEE Molecular Mechanism Laboratory

B F B H F Z Assis. Prof. FUIJITA, Nobuyuki

B ES K K 2k Assis. Prof. KIMURA, Makoto

B ES BB pia Assis. Prof. MITSUZAWA, Hiroshi
B + w OB O OB Assis. Prof. SEINO, Hiroaki
KE{LFEEMEEM Division of Nucleic Acid Chemistry

E 30D M oA = BB Prof. AIMOTO, Saburo

(KB K57z Aol < BWFZET #d52) (Osaka University)

E S 3¢ D) Ao h Prof. KATAYAMA, Tsutomu
(FUNRZFRZ B 5E B 84%) (Kyushu University)

RS R Department of Cell Genetics
£ 8 (BF) ook Bk oz Head ARAKI, Hiroyuki

ol tR A ] Division of Cytogenetics

B = 5 & £7 Prof. YOSHIMORI, Tamotsu
W F 1 N Assis. Prof. UMEBAYASHI, Kyohei
MEY BRI ER Division of Microbial Genetics

E O oK Bh 2 Prof. ARAKI, Hiroyuki

By ##% Z WM Ok — Assoc. Prof. YASUDA, Seiichi

g F A B Assis. Prof. KAMIMURA, Yoichiro
B E=t H & 3K 7 Assis. Prof. TANAKA, Seiji
HifEECE S IEERM Division of Cytoplasmic Genetics
KB =5 ) B’ B Adj. Prof. YOSHIKAWA, Takeo
(BTN R G > ¥ —F— LU —%—)  (BSI, RIKEN)

=S G 30D M OHE ® 8A Prof., YANAGIDA, Mitsuhiro

R R R Bt At B2 S R B85%) (Kyoto University)
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Department of Developmental Genetics
Head HIROSE, Susumu

Division of Developmental Genetics

Prof. HIROMI, Yasushi
Assoc. Prof. FUJISAWA, Toshitaka
Assis. Prof. SHIMIZU, Hiroshi
Assis. Prof. OKABE, Masataka
Assis. Prof. ASAOKA, Miho

Division of Gene Expression

Prof. HIROSE, Susumu
Assoc. Prof. UEDA, Hitoshi

Assis. Prof. YAMADA, Masa-aki
Assis. Prof. NISHIOKA, Kenichi

Division of Molecular and Developmental Biology
Assoc. Prof. KAWAKAMI, Koichi
Assis. Prof. KISHIMOTO, Yasuyuki

Division of Physiological Genetics

Prof. KOSEKI, Haruhiko
(Chiba University)
Assoc. Prof. GOTOH, Yukiko

(The University of Tokyo)
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Department of Population Genetics
Head IKEMURA, Toshimichi

Division of Population Genetics

Prof. SAITO, Naruya
Assoc. Prof. TAKANO, Toshiyuki
Assis. Prof. SUMIYAMA, Kenta
Assis. Prof. TAKAHASHI, Aya

Division of Evolutionary Genetics

Prof. IKEMURA, Toshimichi
Assoc. Prof. FUKAGAWA, Tatsuo
(The Graduate University for Advanced Studies)

Division of Theoretical Genetics

Prof. FUIIYAMA, Asao
(National Institute of Informatics)
Prof. TAKAGI, Toshihisa

(The University of Tokyo)
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Department of Integrated Genetics
Head SASAKI, Hiroyuki

Division of Human Genetics

Prof. SASAKI, Hiroyuki
Assis. Prof. SADO, Takashi
Assis. Prof. HATA, Kenichiro
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Division of Agricultural Genetics

Assoc. Prof. KAKUTANI, Tetsuji
Assoc. Prof. SHIBAHARA, Kei-ichi
Assis. Prof. KINOSHITA, Tetsu

Division of Brain Function
Assoc. Prof. HIRATA, Tatsumi
Assis. Prof. KAWASAKI, Takahiko

Division of Applied Genetics

Adj. Prof. HIROCHIKA, Hirohiko
(National Institute of Agrobiological Sciences)
Prof. SHIOTA, Kunio

(The University of Tokyo)
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Genetic Strains Research Center
Head SHIROISHI, Toshihiko

Mammalian Genetics Laboratory
Prof. SHIROISHI, Toshihiko
Assis. Prof. TAMURA, Masaru

Mammalian Developmental Laboratory

Prof. SAGA, Yumiko
Assis. Prof. KOKUBO, Hiroki
Assis. Prof. MITSUI, Kaoru

Mouse Genomics Resource Laboratory
KOIDE, Tsuyoshi

Assoc. Prof.
Model Fish Genomics Resource Laboratory

Plant Genetics Laboratory
Prof. KURATA, Nori
Assis. Prof. ITO, Yukihiro

Microbial Genetics Laboratory
Prof. NISHIMURA, Akiko

Invertebrate Genetics Laboratory
Prof. UEDA, Ryu
Assis. Prof. TAKAHASHI, Kuniaki

Laboratory for Frontier Research
ISSHIKI, Takako
KUSANO, Ayumi

Assoc. Prof.
Assis. Prof.
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Center for Genetic Resource Information
Head NISHIMURA, Akiko

Genetic Informatics Laboratory
Assoc. Prof. YAMAZAKI, Yukiko
Assis. Prof. FUIJITA, Masaya
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Genome Biology Laboratory
Prof. KOHARA, Yuji
Assis. Prof. ANDACHI, Yoshiki

Comparative Genomics Laboratory

Publicity and Intellectual Property Unit
Prof. TOMIKAWA, Munehiro
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Structural Biology Center
Head KATSURA, Isao

Biological Macromolecules Laboratory
Prof. TOKUNAGA, Makio
Assis. Prof. SHIINA, Nobuyuki

Molecular Biomechanism Laboratory

Prof. SHIMAMOTO, Nobuo
Assis. Prof. NAKAYAMA, Hideki
Assis. Prof. SUSA, Motoki

Multicellular Organization Laboratory

Prof. KATSURA, Isao
Assis. Prof. ISHIHARA, Takeshi
Assis. Prof. KIMURA, Koutarou

Biomolecular Structure Laboratory
Assoc. Prof. SHIRAKIHARA, Yasuo

Gene Network Laboratory
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Center for Information Biology and DNA Data Bank of Japan
Head GOJOBORI, Takashi

Laboratory for DNA Data Analysis

Prof. GOJOBORI, Takashi
Assoc. Prof. IKEO, Kazuho
Assis. Prof. SUZUKI, Yoshiyuki

Laboratory for Gene-Product Informatics

Prof. NISHIKAWA, Ken
Assis. Prof. FUKUCHI, Satoshi
Assis. Prof. KINJO, Akira

Laboratory for Gene Function Research
Prof. TATENO, Yoshio
Assis. Prof. FUKAMI-KOBAYASHI, Kaoru

Laboratory for Research and Development of Biological Databases
Prof. SUGAWARA, Hideaki
Assoc. Prof. MIYAZAKI, Satoru
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Laboratory for Gene-Expression Analysis
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Radioisotope Center

oy —EWH = K = # Head NIKI, Hironori

B & & = K = # Assoc. Prof. NIKI, Hironori

B F NGO E Assis. Prof. OGATA, Yasuyuki
EER[E 15 Experimental Farm

TR £ (PF) g H o b Head KURATA, Nori

B + Batt B — Assis. Prof. NONOMURA, Ken-ichi
= B g Department of Administration
EWEE a1 - — Head ISHIKAWA, Kenji

i General Affairs Section

#OE A | O = Chief ISHIDA, Yuzo
HERE W oK & 17 Assistant Chief NEGI, Takayuki

MR E OB B OB General Affairs Unit NITTA, Kiyotaka
ANFEFRE = T % Personnel Unit SHIRAYANAGI, Takashi
e IR E ¥ = B Research Cooperation Unit UMEZAWA, Saburo
HE SRR E H B O A Collaborative Research Unit - MANO, Yuji
EREEMRE OH O 7 Information Resources Unit ~ ARAI, Setsuko

= 5t & Financial Affairs Section

E Jra E& Chief KAWAGUCHI, Kenji
HERIMT moJi E # Assistant Chief NISHIKAWA, Masataka
BB RE 5 H g K Administration Unit HIKICHI, Mitsuo
BHRE . OH R OB Accounting Unit TSURUTA, Yasuaki
HERE Z H M E Supplies Unit YASUDA, Hiromi
EIMRE A oA B Property Unit IWAZAKI, Hisaharu
TG R B oA fid Facilities Unit HASHIMOTO, Takeshi
AT B Technical Section

[ S = i oEaeT Chief ISHII, Yuriko

vt Animal Unit

HE E iz} H ¥ Unit leader SAKAI, Masako

TR R TR 53 Technical Group-I leader

B iR Technical Group-II leader

Y - YR Plant-Mizrobial Unit

HE & J R pf Unit leader HARA, Tomio
FH—HiirE & O =t Technical Group-I leader EIGUCHI, Mitsugu
R R Technical Group-1I leader

2R Mechanical Unit

PE E A H B # Unit leader YATA, Katsunori

iR
B Hh R R

Technical Group-I leader
Technical Group-II leader
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J.C. Kendrew
Elucidated the three-dimensional model of myoglobin.
1962, the Nobel Prize in Chemistry
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Department of Molecular Genetics

Molecular genetic studies of gene expression control are being carried, currently focusing on global regulation of transcription
and selective protein degradation.

Department of Cell Genetics

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

Department of Developmental Genetics

We study mechanisms of gene expression, cell fate determination, differentiation and morphogenesis during development using
the fresh water hydra, the fruit fly Drosophila, zebrafish and mouse as model organisms.

Department of Population Genetics

We are conducting experimental and theoretical studies on the genetic mechanisms of organismal evolution and searching the rules
governing genetic variations within and between species.

Department of Integrated Genetics

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

Genetic Strains Research Center

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 five laboratories working on Mammalian Genetics, Mammalian Development, Invertebrate Genetics, Plant Genet-
ics and Microbial Genetics. The center develops valuable genetic strains of mice, Drosophila, rice, Escherichia coli, etc. , and sup-
plies them to researchers in and outside Japan. Each laboratory explores gene function in organisms using these strains.

Structural Biology Center

This Center was established in May 1996 through a reorganization of the former DNA Research Center in order to introduce methods
and techniques in structural biology to genetic research. The Center performs pioneering research in the new area between genet-
ics and structural biology at molecular to multicellular levels, and develops methods and techniques for investigating various biolog-
ical structures.

Center for Information Biology and DNA Data Bank of Japan

The Center for Information Biology was established in April 1995, as a center of information biology in Japan, 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 study genetic information by an extensive use of computers. The DNA Data Bank of Japan (DDBJ) is also housed in
the center. In collaboration with EBI-Bank and GenBank, DDBJ plays worldwide an important role in the collection, annotation, man-
agement, publication and distribution of DNA sequence data.

Center for Genetic Resource Information

An effective system for the maintenance and distribution of genetic resources and their up-to-date information is essential not only
to biological sciences but also to medical and agricultural fields. Such demands have led to the establishment of this Center. The
mission of this center is 1) to coordinate and reinforce the genetic resource repositories which are carried out at many universities
and research institutes in Japan through the activity of the Genetic Resource Committee and 2) to construct the central database for
genetic resource information.

Radioisotope Center

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 currently available, commonly used radia-
tion source is '*"Cs.

Experimental Farm

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

Contributed to the elucidation of the genetic code,
and later established C. elegans as a novel
experimental model organism.

2002, the Nobel Prize in Physiology or Medicine.
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1962 F / —NIVEFEEFESH,

J.D. Watson

Together with F. Crick, discovered the double
helix structure of DNA.

1962, the Nobel Prize in Physiology or Medicine.
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Yamao Group

Selective protein degradation
controls cellular functions
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YAMAO, Fumiaki
D. Sc., Professor
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BEHN, HDUbc (LEFFUHEAER) ORBIZE>TH
AR (107Y) K Y1000 U EOEIEETpop-outcfLd Z &I
FYRERY Y IKRICEBRT D ENHLAIZHY E L,
Defect of one Ubc in S. pombe induced homothallic conversion of
heterothallic strain, h™~, at an extraordinarily high frequency of
recombinational event at mat7 locus.

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 sys-
tem which post-translationaly links ubiquitin to a vast range
of proteins. The proteins selectively tagged with ubiquitin
are targeted for proteolysis by proteasome. Ultimately caus-
ing the destruction of various regulatory proteins, the ubi-
quitin system plays important roles in many cellular func-
tions, including cell-cycle control, signal transduction,
transcriptional regulation, the nuclear transport process, recep-
tor control by endocytosis, the processing of antigens in the
immune system, and so on. On the other hand, ubiquitin is
expected to play a role other than the degradation signal.

Our focus of research is 1) the identification of ubiquitin
pathways specific for degradation of key proteins for cell cy-
cle control, and 2) the role of ubiquitin system in repair of
damaged DNA, especially in repair by traslesion synthesis,
and 3) the role of ubiquitin in regulation of chromatin func-
tions. To understand the dynamic regulation of this post
translational modification system, together with that of re-
cently found ubiquitin-like modifiers, in network of basic cel-
lular functions is the final goal of our research.

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

Yamao, F. (1999). ]B Review: Ubiquitin System - Selectivity and Tim-
ing 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. Mole. Cell. Biol. /7, 3388-3397.
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We are studying the molecular mechanism of transcrip-
tion regulation using Escherichia coli as a model system. The
study takes advantage of the established in vitro reconstitu-
tion method of E. coli RNA polymerase, which allows us to
introduce mutation or photometric probe at any single site
on this complex enzyme. Current research focuses on
molecular-dynamical aspects of interactions among RNA
polymerase, DNA, and transcription factors. Genome-wide
survey and analysis of bacterial transcription factors is also
in progress.

B T b

EETEEyT  EEEreT——"

HERFT—H
N—Z (BEE
f=F D HEH)
http://comtraf.
lab.nig.ac.jp/

rﬂ,— I-L.....JM "E—l.a.;,w_l.u
sy sl R -

Fujita, N., Endo, S. and Ishihama, A. (2000). Structural requirements
for the interdomain linker of @ subunit of Escherichia coli RNA
polymerase. Biochemistry 39, 6243-6249.

Ozoline, O.N., Fujita, N. and Ishihama, A. (2000). Transcriptional ac-
tivation mediated by the carboxy-terminal domain of RNA polymerase
« subunit: Multipoint monitoring with a fluorescent probe. J. Biol.
Chem. 275, 1119-1127.

Ozoline, O.N., Fujita, N. and Ishihama, A. (2001). Mode of
DNA-protein interaction between the C-terminal domain of Escherichia
coli RNA polymerase @ subunit and T7D promoter UP element. Nucleic
Acids Res. 29, 4909-4919.
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RNARUAZT—FI (Pol ID) 132 THOmMRNAZEKT
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Kimura Group

Regulation mechanisms
of RNA polymerase |l

We are studying the regulation mechanisms of RNA
polymerase II by a variety of transcription factors. The ma-
jor project now is centered on the reversible phosphorylation
of the C-terminal domain of Rpbl subunit through a tran-
scription cycle.

polll
JFiIE
CTD=[-YSPTSPS Jug Fey
: .
pal Il m A
'G‘I'Fg

a ot _PolyA tactors

Splicing factors %

" | Capping Pnn-me

Activator 'I'F!ID
— T — —ﬁf—‘_ﬁf
DMA

Promotar

Holoenzyms

b
CTO=|-YSPTEPS |-

EEH A7 I)LFROPl I CTDDOEEY Bt - i) VERE
Reversible phosphorylation of the Pol II CTD

Kimura, M., Suzuki, H. and Ishihama, A. (2002). Formation of a
carboxy-terminal domain-phosphatase (Fcp1)/TFIIF/RNA polymerase
II (pol II) complex in Schizosaccharomyces pombe involves direct in-
teraction between Fcpl and the Rpb4 subunit of pol II. Mol. Cell. Biol.
22, 1577-1588.

Kimura, M., Sakurai, H. and Ishihama, A. (2001). Intracellular con-
tents and assembly states of all 12 subunits of the RNA polymerase

II in the fission yeast Schizosacchromyces pombe. Eur. J. Biochem.
268, 612-619.
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Transcription regulation
in eukaryotes
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R AT =V I BIOEREE KT TFIID OHRE D #RIH %
HigL, BRE2H - DT EWENBRITNES TH 20 HE
BEHWTUTOID R EITo TWET,

O RNARYAS—FINDORph7H Ty hD, ¥E Lix

BREYOTOR 27 EDHTRITBT D EE O mHT
e TFIIDOWDY E—hZ2HDH 712y MK DHILE

D M T IZBE D 238 5 T HE D FE B Hl EIHERE O i by

HEFR D SRARIRARIT &K 2 B RF O MR B H 1 D fg b & OF &
T, YT FPINOZENSEIETRBEOEITWZS X
TOWEZSTL NV THFETLZEZHIELET,

We are studying the subunit functions of RNA polymerase
II using the fission yeast Schizosaccharomyces pombe. We
are also analyzing the regulation of gene expression by the
general transcription factor TFIID focusing on its link to cell
cycle.

Chiresnaiin
mandifying
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Targol for schivabor | ? Functions of TFID

Mitsuzawa, H. and Ishihama, A. (2002). Identification of histone H4-like
TAF in Schizosaccharomyces pombe as a protein that interacts with WD
repeat-containing TAF. Nucleic Acids Res. 30, 1952-1958.

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

Mitobe, J., Mitsuzawa, H. and Ishihama, A. (2001). Functional anal-
ysis of RNA polymerase II Rpb3 mutants of the fission yeast Schizosac-
charomyces pombe. Curr. Genet. 39, 210-221.

Sakurai, H., Mitsuzawa, H., Kimura, M. and Ishihama, A. (1999). The
Rpb4 subunit of fission yeast Schizosaccharomyces pombe RNA
polymerase II is essential for cell viability and similar in structure to
the corresponding subunits of higher eukaryotes. Mol. Cell. Biol. /9,
7511-7518.

e W (2002). EAREREE O T2 FARHE S R TFIID O fEHT.
EHEMIERE A 47,1931-1938.
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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 rela-
tionship between ubiquitin system and cellular mechanisms,
especially cell cycle using fission yeast. Now I am focus-
ing to two ubiquitin-conjugating enzymes that are essential
for mitotic transition and studying ubiquitin system involved
in mitotic transition.
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Mutant strains of two ubi-
quitin-conjugating enzymes
exhibit similar abnormality in
ubePl [ubed) EESREE  uocPd el 1 BB mitotic transition. (Arrows
indicate the typical cells ex-
hibiting abnormal mitosis.)

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 fis-
sion yeast that suppress defects in the anaphase-promoting complex.
J. Biol. Chem. 276, 17117-17124.

Seino, H., Kishi, T., Nishitani, H. and Yamao, F. (2003). Two
ubiquitin-conjugating enzymes, UbcP1/Ubc4 and UbcP4/Ubcl 1, have
distinct functions for ubiquitination of mitotic cyclin. Mol. Cell. Biol.
(in press).
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Methods for protein synthesis are under development in
which expressed peptide segments as well as chemically
prepared ones are used as building blocks. The developed
methods can afford to condense peptide segments at any giv-
en sites by using peptide thioesters as building blocks. Using
the developed methods, phosphorylated or/and isotope-labeled
proteins are being prepared for their structura I and function-
al studies. A highly specific chemical modification meth-
od is also under development for the preparation of intelli-
gent proteins so as to elucidate protein behaviors in cells.
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Strategies for de novo synthesis and chemical modification of
proteins
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Molecular regulation
for chromosomal
replication cycle
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In cell cycle progression, chromosomal DNA is replicated
only once at specific timing by careful controlling of molec-
ular switch for replicational initiation. We revealed that a
protein (DnaA) initiating E. coli chromosomal replication is
inactivated by timely and direct interaction with the
chromosomal replicase, in a manner dependent on its con-
formational change concomitant with nucleotide-polymerizing
activity. In cell cycle, the initiation protein is most likely
inactivated by this way after initiation, then reactivated be-
fore the next round of replication cycle. We investigate mo-
lecular mechanisms in this DnaA-activity cycle.
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Model for the regulatory cycle of DnaA activity
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The mularm SKDOT Tranafesrin recephor

< 7 X AAAEI ATPase SKD1 D E K %= AL EMEIC KR
SHDE, TURY—LISHAELIN S YR T VRRED
HREE~NOBREEZEAEYT 5 (K, REFEEREZREL
T LHERE,

The mouse AAA-ATPase SKD1 mutant expressed in mammalian
cultured cells binds to endosomes and inhibits the transferrin recep-
tor recycling to the plasma membrane (arrows). Arrowheads in-
dicate the untransfected cells.
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Membrane traffic: intracellular transport network
organized by proteins and membranes
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Most of membrane-bound organelles in eukaryotic cells
are linked each other by dynamic membrane trafficking regu-
lated 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, e.g., formation of
cell polarity and intercellular communication. We aim to un-
derstand mechanisms and roles of membrane traffic, espe-
cially the endosomal system and autophagy. Our current re-
search projects are as follows:

® Endocytosed cargo first reaches endosomes and is then ei-
ther 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 molecular machinery underlying sort-
ing and transport in endosomes and their relationship with
cancer and the lipid accumulation diseases.

® mechanisms and role of autophagy, a process delivering
part of the cytosol and organelles into the lysosomes for
degradation and reuse, have remained hidden for many
years. We identified several mammalian proteins involved
in autophagy and are uncovering the secrets of autophagy.
We also showed involvement of autophagy in the unfolded
protein diseases and the pathogenic bacteria invasion into
cells.

Yoshimori, T., Keller, P., Roth, M. and Simons, K. (1996). Different
biosynthetic transport routes to the plasma membrane in BHK and CHO
Cells. J. Cell Biol. /33, 247-256.

Yoshimori, T., Yamagata, F., Yamamoto, A., Mizushima, N., Kabeya,
Y., Nara, A., Miwako, 1., Ohashi, M., Ohsumi, M. and Ohsumi, Y.
(2000). The mouse SKD1, a homologue of yeast Vpsdp, is required
for normal endosomal trafficking and morphology in mammalian cells.
Mol. Biol. Cell 11, 747-763.

Kabeya, Y., Mizushima, N., Ueno, T., Yamamoto, A., Kirisako, T.,
Noda, T., Kominami, E., Ohsumi, Y. and Yoshimori, T. (2000). LC3,
a mammalian homolog of yeast Apg8p, is localized in autophagosome
membranes after processing. EMBO J. 79, 5720-5728.

Mizushima, N., Yamamoto, A., Hatano, M., Kobayashi, Y., Kabeya,
Y., Tokuhisa, T., Ohsumi, Y. and Yoshimori, T. (2001). Dissection of
autophagosome formation using Apg5-deficient mouse embryonic stem
cells. J. Cell Biol. 152, 657-667.

H& R (001). THINEAHZZRERS] MlRE»H Y VY —A
ANOBEY AT A - F— 77V —. BHEMBEER 46,
2117-2126.

KBIEN, E&/%F M 2002). =2 KY—A F Ly 7z
BT 2ELBHEOANT 2Z. TS 21, 866-876.
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Molecular mechanism of eukaryotic
DNA replication in the cell cycle
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FxvIRAVEIARERE (1, 2) RUPEE (3, 4, 5) &
Hifz, EEMETERADRLEZYERATLS,
Wild-type (1, 2) and checkpoint defective cells (3, 4, 5). The de-
fective cells show abnormal morphology of nuclei.

KAMIMURA, Yoichiro
D. Med., Assistant Professor

TANAKA, Seiji
D. Sc., Assistant Professor

Chromosomal DNA is replicated accurately in accordance
with cell division and segregated to daughter cells. This pro-
cess ensures that cells transmit accurate genomic information
to their progeny during cell division. The major subject of
research in this laboratory is the regulation of DNA replica-
tion and the mechanism coupling DNA replication 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 initiation step of DNA replication, the mechanism
of initiation has not been well elucidated. Using strong
yeast genetics and biochemistry, we have studied the mech-
anism of the initiation of DNA replication and its regu-
lation by the cell cycle engines.

® [f DNA replication is blocked or DNA is damaged by ab-
errant replication, the checkpoint system arrests the cell cy-
cle. Components 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). S1d3, which
interacts with Cdc45 (S1d4), functions for chromosomal DNA replica-
tion 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 accumu-
lation of budding yeast Cdtl and Mcm?2-7 during G1 phase. Nature
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 required
for chromosomal DNA replication in budding yeast. Genes Dev. /7,
1153-1165.
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Regulation of chromosome replication
in Escherichia coli
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DEDITHNTNDDNEHSNMILENEEZTHWET,

Replication of Escherichia coli chromosome starts at a
unique site called oriC in its 4.64 million base pair circular
DNA, and proceeds bidirectionally to its terminus. The in-
itiator protein DnaA binds to the oriC DNA and triggers a
series of reactions that lead to the initiation of replication.
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 specifically in-
volved in the first step of initiation, we are focusing on DnaA
and are studying its various functions. We are also study-
ing other proteins that interact with DnaA and that may reg-
ulate it.
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The etiologies of mental illnesses, such as schizophrenia
and mood disorders, are not known, although it is assumed
that multiple genes, environmental factors and their interac-
tions may underlie the causes. In these complex diseases, it
is a formidable task to narrow down the susceptible
chromosomal loci. Our current efforts focus on strategies
which aim to find susceptibility genes for psychiatric disor-
ders by combining linkage and linkage disequilibrium map-
ping, and by incorporating the isolation of susceptibility genes
from animal models.
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Graphic representation of significance of transmission distortions.
The -log P values of all 444 microsatellite markers calculated by
the PDT statistics are plotted. The blue lines indicate the results
computed by the PDT-sum statistic, and the red lines by the
PDT-ave statistic. The fourteen markers that showed significant
transmission distortions are indicate.
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Research topics in this laboratory are cell cycle control,
maintenance of chromosomes through checkpoint control and
molecular mechanisms of chromosome condensation and seg-
regation in the M phase of cell cycle. These are essential
aspects of cell regulation common for eukaryotic cells. We
are particularly interested in molecular functions of some
supramolecular complexes required for cell cycle progression
and the high fidelity of chromosome transmission.

Moreover our interest extends to the functions of
kinetochore microtubules and centromere chromatin.
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Chromosome dynamics in the cell cycle
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Hiromi Group

Developmental genetics of Drosophila
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D. Sc., Professor
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Neuronal axon is compartmentalized. Certain molecules (magen-
ta) are loalized to a segment of the axon, and may provide glob-
al spatial information within the nervous system.

D. Sc, Assistant professor

M. D,, Ph. D., Assistant Professor

A remarkable feature of the nervous system is that a com-
plex tissue is generated with enormous accuracy. Each cell
acquires particular identity as a neuronal or glial subtype, and
uses their identity to express molecules that are required for
correct axonal guidance and synaptic specificity. We use cen-
tral and peripheral nervous system of Drosophila that allows
identification of single cell types, while enjoying the wealth
of resources of its genome, and the use of modern and clas-
sical genetics. We are studying the nature of the position-
al information that determines the identity of the sensory or-
gans, and the roles of extracellular signals that controls the
pattern, character and the number of neurons and glia that
form within each organ.

Another area of our research is the mechanism of neuronal
circuit formation. Using mutations that alter neuronal sub-
types, we are trying to identify genes that are responsible for
cell type specific behavior of neurons such as axonal guid-
ance and target specificity. Axons use extracellular cues to
choose their correct pathways. We also study how guidance
molecules are localized and presented to growing axons.

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

Umesono, Y., Hiromi, Y. and Hotta, Y. (2002). Context-dependent uti-
lization of Notch activity in Drosophila glial determination. Develop-
ment /29, 2391-2399.

Okabe, M., Imai, T., Kurusu, M., Hiromi, Y. and Okano, H. (2001).
Translational repression determines a neuronal potential in Drosophila
asymmetric cell division. Nature 477, 94-98.

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

Kramer, S., Okabe, M., Hacohen, N., Krasnow, M.A. and Hiromi, Y.
(1999). Sprouty: a common antagonist of FGF and EGF signaling path-
ways in Drosophila. Development /26, 2515-2525.

Hacohen, N., Kramer, S., Sutherland, D., Hiromi, Y. and Krasnow, M.A.
(1998). sprouty encodes a novel antagonist of FGF signaling that pat-
terns apical branching of the Drosophila airways. Cell 92, 253-163.
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Expression and localization of a novel epitheliopeptide, Hym-301
which is involved in head formation in Hydra. Left: in situ hybrid-
ization. Right: immunostaining using an anti-Hym-301 antibody.
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Cellular and molecular analysis
of developmental mechanisms in Hydra
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D. Eng., Assistant Professor

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 position, Hy-
dra is one of the best model animals to study development
and neuronal functions. Last several years, our efforts have
been focused on systematic identification of peptide signal-
ing molecules that are involved in development and nervous
functions in Hydra. The efforts have revealed several im-
portant features: Hydra appears to contain 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 iden-
tified are involved in patterning processes, in good agreement
with our previous results that epithelial cells primarily reg-
ulate patterning. Some of the neuropeptides are involved in
cell differentiation as well as in neurotransmission. Recent-
ly, we have initiated an effort to systematically identify the
receptors that utilize peptides 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 isolation
of peptide signal molecules regulating development in Hydra: 1.
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 enhancing
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 regulates neuron
differentiation in Hydra. Development 127, 997-1005.

Harafuji, N., Takahashi, T., Hatta, M., Tezuka, H., Morishita, F.,
Matsushima, O. and Fujisawa, T. (2001). Enhancement of foot forma-
tion in Hydra by a novel epitheliopeptide, Hym-323. Development /28,
437-446.

Fujisawa, T. (2003). Hydra regeneration and epitheliopeptides. Develop-
mental Dynamics 226, 182-189.
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Defect in formation of tracheal system in an mbf7 mutant embryo
of Drosophila.
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Drosophila FACT (a heterodimer of dSSRP1 and dSPT16) is
recruited to a transcriptional regulatory region and facilitate chromatin
remodeling through its binding to a nucleosome.
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Gene expression during Drosophila development
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YAMADA, Masa-aki
D. Ag., Assistant Professor

NISHIOKA, Kenichi
D. Med,, Assistant Professor.

In multicellular organisms, a single fertilized egg devides
into multiple cells which give rise to tissues and organs. We
are studying gene expression during embryonic and pos-
tembryonic development of Drosophila.

Followings are research projects going on now.

® Role of chromatin modification and remodeling in the reg-
ulation of gene expression

® Role of supercoiling factor in the formation of active
chromatin

® Functional analysis on transcriptional coactivator MBF1

® Mechanism of transcriptional regulation of FTZ-F1

® Role of FTZ-F1 during development

Okada, M. and Hirose, S. (1998). Chromatin remodeling mediated by
Drosophila GAGA factor and ISWI activates fushi tarazu gene tran-
scription in vitro. Mol. Cell. Biol. 18, 2455-2461.

Kobayashi, M., Aita, N. Hayashi, S., Okada, K., Ohta, T. and Hirose,
S. (1998). DNA supercoiling factor localizes to puffs on polytene
chromosomes in Drosophila melanogaster. Mol. Cell. Biol. /8,
6737-6744.

Yamada, M., Murata, T., Hirose, S., Lavorgna, G., Suzuki, E. and Ueda,
H. (2000). Temporally restricted expression of FTZ-F1 transcription
factor-Significance for embryogenesis, molting and metamorphosis in
Drosophila melanogaster. Development /27, 5083-5092.

Suzuki, T., Kawasaki, H., Yu, R.T., Ueda, H. and Umesono, K. (2001).
Segmentation gene product FUSHI TARAZU is an LXXLL
motif-dependent coactivator for orphan receptor FTZ-F1. Proc. Natl.
Acad. Sci. USA 98, 12403-12408.

Liu, Q.-X., Jindra, M., Ueda, H., Hiromi, Y. and Hirose, S. (2003).
Drosophila MBF1 is a co-activator for Tracheae Defective and con-

tributes to the formation of tracheal and nervous system. Development
130, 719-728.
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A gene specifically expressed in the zebrafish embryonic heart was
trapped by a Tol2 gene trap vector with the GFP gene.
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The genetic basis of development
and simple behaviors in zebrafish
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D. Sc., Assistant Professor

A powerful approach to understand the genetic basis of
developmental processes is the application of forward genet-
ics. In zebrafish, a large-scale mutagenesis screen is feasi-
ble since it is possible to breed and maintain very large num-
bers of fish in the lab, and since early developmental muta-
tions are easily identified in transparent embryos. Although
such large-scale mutant screens were completed using a chem-
ical mutagen in zebrafish, it is not easy to clone the mutated
genes since it requires time-consuming efforts for position-
al cloning.

Our aim is to develop insertional mutagenesis methods
in zebrafish using the To/2 transposable element. 70/2 is a
transposon isolated from the genome of the medaka fish and
is similar to the Ac element of maize. We have showed that
Tol2 is an autonomous element, which encodes a function-
al transposase, and is capable of transposition in the zebrafish
germ lineage. Recently, we have successfully achieved high-
ly efficient germ line transmission using the To/2 vector, and
we are now focusing on developing gene trap strategies using
this transposon system.

We are also working on the analysis of zebrafish mater-
nal-effect mutants, which affect early cleavages or mesoder-
mal development, to understand the roles of maternal factors
in vertebrate early developmental processes.

Gaiano, N., Amsterdam, A., Kawakami, K., Allende, M., Becker, T.
and Hopkins, N. (1996). Insertional mutagenesis and rapid cloning of
essential genes in zebrafish. Nature 383, 829-832.

Kishimoto, Y., Lee, K.H., Zon, L., Hammerschmidt, M. and
Schulte-Merker, S. (1997). The molecular nature of zebrafish swirl:
BMP2 function is essential during early dorsoventral patterning. De-
velopment /24, 4457-4466.

Yoon, C., Kawakami, K. and Hopkins, N. (1997). Zebrafish vasa
homologue RNA is localized to the cleavage planes of 2- and
4-cell-stage embryos and is expressed in the primordial germ cells. De-
velopment /24, 3157-3166.

Kawakami, K., Amsterdam, A., Shimoda, N., Becker, T., Mugg, J.,
Shima, A. and Hopkins, N. (2000). Proviral insertions in the zebrafish
hagoromo gene, encoding an F-box/WD40-repeat protein, cause stripe
pattern anomalies. Current Biology /0, 463-466.

Kawakami, K., Shima, A. and Kawakami, N. (2000). Identification of
a functional transposase of the To/2 element, an Ac-like element from
the Japanese medaka fish, and its transposition in the zebrafish germ
lineage. Proc. Natl. Acad. Sci. USA 97, 11403-11408.
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(1) Genetic and molecular dissection of multimeric protein
complex consisted of mammalian Polycomb-group (PcG)
gene products. This project involves identification and
functional characterization of putative PcG proteins and
identification of binding sites for PcG complex in HoxBS§
locus.

(2) Molecular mechanisms underlying the somite segmenta-
tion. This project aims to understand the molecular ma-
chinery required for the activation of Notch pathway in the
presomitic mesoderm

(3) Molecular mechanisms involved in the development of
gut-associated lymphoid system. This project aims to iden-
tify and characterize molecules involved in mesenchyme-
haematopietic cell interaction.
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In mice deficient for Sex comb on midleg homolog-1 (Scmh1), sper-
matogenesis is significantly affected. This defect is due to enhan-
cement of physiological apoptosis mediated by p53 /Bax in
tetraploid spermatocytes. Scmh1 is shown to repress overexpres-
sion of Ink4a and subsequent activation of p53 in developing sper-
matocytes.
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Cell death regulation in the
contexts of tumorigenesis and
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(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 understand
how the pool size and quality of NPCs are regulated, focus-
ing on the regulation of NPC death and differentiation.

(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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Chimpanzee and gorilla genomic regions corresponding to HoxA
cluster in human chromosome 7. Two BAC clones and 7 fosmid
clones cover the entire HoxA genes for chimpanzee and gorilla, re-
spectively.
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SUMIYAMA, Kenta
D. Sc., Assistant Professor

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
responsible for human uniqueness, we are determining
genomic sequences of chimpanzee and gorilla that are
phylogenetically close to human, and do molecular evo-
lutionary analyses.

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

® Evolution of blood group genes: Blood group antigens are
expressed on cell surface, and have a higher chance of be-
ing affected by bacteria or virus. Therefore, their genes
may have undergone 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 gene-
alogy approach, development of new methods for the study
of gene evolution, and the development of new database
for evolutionary studies.

Sumiyama, K., Saitou, N. and Ueda, S. (2002). Adaptive evolution of
the IgA hinge region in primates. Molecular Biology and Evolution
19, 1093-1099.

Oota, S. and Saitou, N. (2002). NJML+P: A hybrid algorithm of the
maximum likelihood and neighbor-goining methods using parallel com-
puting. Genome Informatics /3, 434-435.

Oota, H., Kitano, T., Jin, F., Yuasa, 1., Wang, L., Ueda, S., Saitou, N.
and Stoneking, M. (2002). Extreme mtDNA homogeneity in continen-
tal Asian populations. American Journal of Physical Anthropology
118, 146-53.

Kaneko, M., Nishihara, S., Narimatsu, H. and Saitou, N. (2001). The
evolutionary history of glycosyltransferase genes. Trends in Glycos-
cience and Glycotechnology /3, 147-155.

Sumiyama, K., Kitano, T., Noda, R., Ueda, S., Ferrell, R., and Saitou,
N. (2000). Gene diversity of chimpanzee ABO blood group genes
elucidated from exon 7 sequences. Gene 259, 75-79.

Kitano, T. and Saitou, N. (2000). Evolutionary history of the Rh blood
group-related genes in vertebrates. Immunogenetics 57, 856-862.
Kitano, T. and Saitou, N. (1999). Evolution of Rh blood group genes

have experienced gene conversions and positive selection. Journal of
Molecular Evolution 49, 615-626.
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Studies of genetic and molecular basis
of intra- and inter-species variations
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BI1E, evo-devo (evolutionary developmental biology)
EVIBEIZENTVWDE LT, ENENOZLERE
LTCRETTIRASEKREMERDY - A LU THIEFERZED
TWET, ZHNIFHE, EPHEZOEMOEVWIZERL,
ETINVEYOFREREROHENIZT TIIADOTEHN, H
ZNEFRLTEDITSNENWERS L NWIEROHEGEZE
HRBREMFRICRWEL, ZNZEMEEEmcRAL XIS &7
57 7O0—FTT,

FEOWERRIL, BRIEREORARSOMEZ, 2R
BRE W 72HIE - APFEEEIC D W T HREMFICH DN
HEROEFEEEN, BEFHIEHES 2 D5 T34k 2 01
SMITTHIET, RAEMALERDOELGHESLELZ Y b
J— 7 2RO FTHMET S Z &% HIET developmental
evolutionary ZE#)% (devo-evo) 27> TWET, ER=E
DOHREIELBAR R D, ARERMERDOKIBMIFHH
BORHOEY, MBRELZED UNESR” BENnEDE
59THDTT, THL7E “Bohi” Z2RIZDONVWT, fiix
DEEGT TN (AT T4 v 7)) IAEEMERD,
ENKSNOHEETENS SWVWENEFEET 2MNITDNTH
SEMITT B ENREQEERFETT,

BE, UFOTF—< TlZEZ2To TWET,

2 3T NTY ) LD R AL
AHOETORE SN

025y NTOMMMAOLIE, J64 I Ot
3 3Y Y3 NI OMEROMA - ML RO I
TORFH

O EETH Y N — Y DML HIE LI ERRIE RO
N

Siooa] ernrssee

R walpsie

Fandom 7.6 =M .10 LAk
Te,1 N B.EL 1,83

IV TAINIOMNRERIEE - EHEEIZET S
QTLRITO#ER

QTL analysis for sex comb tooth number variation.
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D. Ag., Assistant Professor

Since the completion of genomic sequences in several
model organisms, much of current research focuses on func-
tional characterization of all identified genes. Assessment of
natural variants is clearly an important task as well and it can-
not fully be done with lab-made mutants. Indeed, most mor-
phological and developmental variations and evolutionary
changes are not an all-or-none issue, but of a quantitative na-
ture. In addition, functional characterization of genes and
evaluation of allele effects cannot fully be done in isolation,
but should be done in networks of genes, molecules, cells,
individuals, and even populations. Actually, little is known
yet about how much epistatic interactions exist between
minor-effect mutations at different loci. We are investigat-
ing intra- and inter-species variations in quantitative charac-
ters such as bristle numbers and DNA sequence variations
with the aim of understanding the genetic and molecular ba-
sis of phenotypic variations and making a quantitative assess-
ment of the various forces of evolution in shaping patterns
of genetic diversity and evolution.

We are currently doing the following studies:

® Detection and analysis of local changes in mutation pres-
sure and crossover frequencies in Drosophila genomes

® Genetic and molecular dissection of the within- and
between-species variation in Drosophila bristle numbers.

® Genome analysis for network construction of Drosophila
genes

Takano, T.S. (1998). Rate variation of DNA sequence evolution in the
Drosophila lineages. Genetics /49, 959-970.

Takano, T.S. (1998). Loss of notum macrochaetae as an inter-specific
hybrid anomaly between Drosophila melanogaster and D. simulans. Ge-
netics 749, 1435-1450.

Takano-Shimizu, T. (1999). Local recombination and mutation effects
on molecular evolution in Drosophila. Genetics /53, 1285-1296.

Yamashita, S., T. Takano-Shimizu, K. Kitamura, T. Mikami and Y.
Kishima (1999). Resistance to gap repair of the transposon Tam3 in
Antirrhinum majus: A role of the end regions. Genetics /53, 1899-1908.

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.

Takano-Shimizu, T. (2001). Local Changes in GC/AT Substitution
Biases and in Crossover Frequencies on Drosophila Chromosomes. Mo-
lecular Biology and Evolution /8, 606-619.
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Self-organizing map, genome signature, codon usage,
oligonucleotide frequency, neural-network algorism
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D. Sc., Professor
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SOMs for tetranucleotide frequency of 140,000 10kb sequences
from 90 genomes. Lattices including sequences from one species
are indicated in color.
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With increasing amount of genome sequences, novel tools
are needed for comprehensive analysis of species-specific se-
quence characteristics for a wide variety of genomes. An un-
supervised neural-network algorithm, self-organizing map
(SOM), is an effective tool for clustering and visualizing
high-dimensional complex data on a single map. We used
SOM to characterize di- to tetranucleotide frequencies in a
total of 1.4 Gb derived from 90 prokaryotic and eukaryotic
genomes for which complete sequences are available. SOMs
classified 140,000 10-kb sequences from the 90 genomes
mainly according to species without any information for the
species name and could unveil hidden sequence characteris-
tics of each genome; an example for the tetranucleotide SOM
is presented. Because the classification power is very high,
the SOM is an efficient and fundamental bioinformatic strat-
egy for extracting a wide range of genomic information from
a vast amount of sequence data. As an example, we proposed
a systematic in silco method to predict signal sequences in
eukaryote genomes and a novel database for genetic signals,
“GenomeWordDictionary”. Following lists are current
projects in our group.

® Self Organizing Map (SOM) of genome sequences

® Compilation of “GenomeWordDictionary” for genome sig-
natures and signals

® Construction of DNA replication timing map of human
chromosomes.

® Prediction of DNA replication origin by a bioinformatic
approach.

® Produce of “GenomeDocumentaryTheater” for visualiza-
tion of genome information.

Abe, T., Kanaya, S., Kinouchi, M., Ichiba, Y., Kozuki, T. and Ikemura,
T. (2003). Informatics for unveiling hidden genome signatures. Genome
Research Vol. 13, 693-702.

Watanabe, Y., Fujiyama, A., Ichiba, Y., Hattori, M., Yada, T., Sakaki,
Y. and Tkemura, T. (2002). Chromosome-wide assessment of replica-
tion timing for human chromosomes 11q and 21q: disease-related genes
in timing-switch regions. Human Molecular Genetics /7, 13-21.
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., Regnier, V. and Ikemura T. (2001). Creation and char-
acterization of temperature-sensitive CENP-C mutants in vertebrate cells.
Nucl. Acids Res. 29, 3796-3803.

Kanaya, S., Kinouchi, M., Abe, T., Kudo, Y., Yamada, Y., Nishi, T
Mori, H. and Ikemura, T. (2001). Analysis of codon usage diversity
of bacterial genes with a self-organizing map (SOM): characterization
of horizontally transferred genes with emphasis on the E. coli O157
genome. Gene 276, 89-99.
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Structure and function of chromosomes
in higher vertebrate cells
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The picture of chromosomes in metaphase (A) and anaphase (B)
during mitosis of chicken DT40 cell. DNA was stained by DAPI
(blue) and centoromere protein CENP-C was stained by anti-
CENP-C antibody (green). Human mini chromosome was detected
by FISH (red) using human DNA as a probe.

BN BEERIFAL

The centromere plays a fundamental role in accurate chro-
mosome segregation during mitosis and meiosis in eukaryotes.
Its functions include sister chromatid adhesion and separa-
tion, microtubule attachment, chromosome movement and
mitotic checkpoint control. Although chromosome segrega-
tion errors cause genetic diseases including some cancers, the
mechanism by which centromeres interact with microtubules
of the spindle apparatus during cell division is not fully un-
derstood. To understand the function of the centromere, we
are currently doing the following projects.

® Creation and characterization of several cell lines with con-
ditional knockouts of several centromere proteins to inves-
tigate the molecular mechanism of centromere assembly
and function.

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

® Functional analysis of the ZW10 complex that is impli-
cated in a spindle checkpoint pathway.

® Relationship of an establishment of heterochromatin with
a machinery of RNAI in higher vertebrate cells.

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

Nishihashi, A., Haraguchi, T., Hiraoka, Y., Ikemura, T., Regnier, V.,
Dodson, H., Earnshaw, W.C. and Fukagawa, T. (2002). CENP-I is es-
sential for centromere function in vertebrate cells. Dev. Cell 2, 463-476.

Spence, J.M., Critcher, R., Ebersole, T.A., Valdivia, M.M., Earnshaw,
W.C., Fukagawa, T. and Farr, C.J. (2002). Co-localization of centromere
activity, proteins and topoisomerase Il within a subdomain of the ma-
jor human X alpha-satellite array. EMBO J. 21, 5269-5280.

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.

Sonoda, E., Matsusaka, T., Morrison, C., Vagnarelli, P., Hoshi, O.,
Ushiki, T., Nojima, K., Fukagawa, T., Waizenegger, 1.C., Peters, J.M.,
Earnshaw, W.C. and Takeda, S. (2001). Scc1/Rad21/Mcdl is required
for sister chromatid cohesion and kinetochore function in vertebrate cells.
Dev. Cell /, 759-770.

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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We have been studying genomes of human and other pri-
mates, especially chimpanzees. To do so, we adopted the
strategy that was to analyze and compare an individual chro-
mosome or a part of specific area of interest in addition to
the entire genomes. It is anticipated that the commonness
kept through various species, or species-specific characteris-
tics will be clarified at the levels of DNA sequences, genes,
and chromosomes

E MECHI & DIEEMETICEEB L =F /8y O—YL£EEKBAC

7 0—rOFSHE®R (&% : BREF)
FISH analysis of a chimpanzee BAC clone located onto the Y chro-
mosome (photograph taken by Y. Kuroki)
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Ontology for living systems
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To substantially promote the integration of heterogene-
ous databases and to further facilitate the discovery of fun-
damental concepts or hidden structures in biological phenom-
ena, we study genome ontology where biological knowledge
is comprehensively reorganized and both the terminology and
the concepts are unified across species. We try to establish
such ontology of signal transduction. In addition, we are
recompiling its dictionary and are developing computer tech-
niques for automatic information extraction from literature
databases.
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Knowledge representation and knowledge bases required for the
computational analysis of biological phenomena and functions.
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Xist RMA

RMA FISH Chromosome Painting

XistEERT Z 1T B &, ARMTERNEEL XsthREL, &£
BLAXEBEOREEIENES 5,

Genetic manipulation of the Xist locus causes ectopic expression
of Xist, leading to aberrant X-chromosome inactivation in males.
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Epigenetic regulation
of the mammalian genome
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D. Med., Assistant Professor

Embryonic development requires the genetic programs en-
coded in the genome to be expressed in correct tissues at cor-
rect timings. Once a cell lineage has been established, its ge-
netic status is stably maintained so that the cells do not trans-
form 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 phe-
nomena, such as genomic imprinting and X-chromosome in-
activation. 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 devel-
opment

® 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 methyl-
transferases

® Human disorders associated with abnormalities in DNA
methylation or imprinting

Ishihara, K., Hatano, N., Furuumi, H. et al. (2000). Comparative
genomic sequencing identifies novel tissue-specific enhancers and se-
quence elements for methylation-sensitive factors implicated in Igf2/
H19 imprinting. Genome Research /0, 664-671.

Sado, T., Wang, Z., Sasaki, H. and Li, E. (2001). Regulation of im-
printed X-inactivation in mice by 7Tsix. Development /28, 1275-1286.

Ishihara, K. and Sasaki, H. (2002). An evolutionarily conserved pu-
tative insulator element near the 3’ boundary of the imprinted Igf2/
HI19 domain. Hum. Mol. Genet. /1, 1627-1636.

Davies, K., Bowden, L., Smith, P. et al. (2002). Disruption of mesoder-
mal enhancers for /gf2 in the minute mutant. Development /29,
1657-1666.

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



MBS
BMSEE S ) DB
TEYITRT 1 w3

=2 &
E _“_‘%

P

B~

AR
EhEE EE

KAKUTANI, Tetsuiji
D. Sc., Associate Professor

HHFLFI LI DI TR A FRBIBROMIE S 2% b
R EICRFF SN DB G, BERD SHILEE THEMICE
BINET., Nz (PzxT+4 v IR BEEFIERD
IV RT 4 v ZEMETONET, GHEEW O &S5
WTE, TEDxT 4 v I RELTRENG & DNA AF
L EDHBEIN UIZ LIRS S N E T, Y= T3, MY
KBTI ATIES 22T 4 v I RAHFORENEFTHRTNET,

201 XFRF D ddml BRI, KIEBFIDDNA A
FIALHEEZ T, oI5k E2@E%RL£9, DDMI#E
mFEMIZOYFUETY > RTSWI2/SNF2 &34
PlowsEZFB £, £77, ddml 2REFRIMMOBILT 2
PAZIVBZEICEKD, FMaOREREEZERLET, T
NSO —>, BEREREX, RALTRY 7 A#Ex
T FWA D, BAFIULIHES TREFRET 2 Z EAHRRET
EZVET, B —DOFERY clam 3, WIELT > AR
V2 OEERBIEENRRTL 2, DNA AFIULDOFES T
DI 3T 4oy 7 REENL, ERSERTREZHRIETS &
EBIT, T LABEORENMIIOEEEEZEZSNET,

04 X+ RF+0OCACTAIRFDERIZ L 2BERRTRLEZOD
Biw

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 tak-
ing a genetic approach using Arabidopsis. Mutations in
DDM]I (Decrease in DNA Methylationl) gene, which encodes
a protein similar to the chromatin-remodeling factor SWI2/
SNF2, results in reduced genomic cytosine methylation and
transcriptional de-repression of repeated sequences. A strik-
ing feature of the ddml mutation is that it induces a varie-
ty of developmental abnormalities by causing heritable chan-
ges in other loci. One of the ddml-induced abnormalities,
late flowering trait, was caused by ectopic expression of a
homeobox gene, FWA. Another abnormality was caused by
transpositional activation of a novel endogenous transposon
CACI. Thus DDMI gene is necessary for both epigeneti-
cally ensuring proper gene expression and stabilizing the
genome structure.

Kakutani, T, Jeddeloh, J.A., Flowers, S., Munakata, K., and Richards,
E.J. (1996). Developmental adnormalities and epimutations associated
with DNA hypomethylation mutants. Proc. Natl. Acad. Sci. USA 93,
12406-12411.

Kakutani, T. (1997). Genetic characterization of late-flowering traits
induced by DNA hypomethylation mutation in Arabidosis thaliana.
Plant J. 12, 1447-1451.

Kakutani, T., Munakata, K., Richards, E.J., and Hirochika, H. (1999).
Meiotically and mitotically stable inheritance of DNA hypomethyla-
tion induced by ddml mutation of Arabidopsis thaliana. Genetics /51,
831-838.

Soppe, W., Jacobsen, S.E., Alonso-Blanco, C., Jackson, J., Kakutani,
T., Koornneef, M. and Peetes, A.J.M. (2000). The gain of function
epi-mutant FWA causes late flowering. Molecular Cell 6, 791-802.

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 Arabidopsos. Nature 471, 212-214.

Kinoshita, T, Harada, J.J., Goldberg, R.B., Fischer, R.L. (2001).
Polycomb repression of flowering during early plant development. Proc.
Natl. Acad. Sci. USA 98, 14156-14161.

Kato, M., Miura, A., Bender, J., Jacobsen, S.E. and Kakutani, T. (2003).
Role of CG and Non-CG methylation in immobilization of transposons
in Arabidopsis. Curr. Biol. 3, 421-426.



EEYOMBERICHITS
OOV FUBEEMT

Divisio argiles

on uf Aegrloulitiez)] Ce

Shibahara Group

Chromatin assembly and inheritance
through cellular proliferation in eukarytotes
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Colocalization of CAF-1 and PCNA at replication foci in human

proliferating cells, suggesting the involvement of those factors in

nucleosome assembly during DNA replication.

Epigenetic states of chromatin, including modifications
of histones, chromatin structures, and DNA methylation, are
tightly linked with gene expressions in eukarytic cells.
Proliferating cells are required to maintain those epigenetic
states through rounds of cell cycles. Especially in S phase,
pre-existing chromatin are transiently disrupted, providing a
window of opportunity for reprogramming gene expression.
Therefore, mechanisms must exist to ensure that differences
between cell types are maintained during and after DNA
replication. We are studying the following projects, main-
ly by using biochemical approach with mammalian cell ex-
tracts.

® Mechanism of nucleosome assembly during DNA replica-
tion

® Maintenance mechanism of DNA methylation and
chromatin structures by DDM1 protein.

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.

Shibahara, K-i., Verrault, A. and Stillman, B. (2000). The N-terminal
domains of histones H3 and H4 are not necessary for in vitro
nucleosome formation onto replicated DNA by Chromatin Assembly
Factor 1. Proc. Natl. Acad. Sci. USA 97, 7766-7771.

Zhang, Z., Shibahara, K-i. and Stillman, B. (2000). PCNA connects
DNA replication to epigenetic inheritance in yeast. Nature 408,
221-225.

Kaya, H., Shibahara, K-i., Tasaka, K-i., Iwabuchi, M, Stillman, B. and
Araki, T. (2001). FASCIATA genes for chromatin assembly factor-1
in Arabidopsis maintain the cellular organization of apical meritems.
Cell 104, 131-142.
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DEhER (K) 13, HHRoHEMRRENMEY HIRR (B) &
BRLTHRT 2, ZLEARRA—REOEE, EMEFEKZE
=Y

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 olfactory bulb.
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Vertebrate neural network
formation

|\
NiEEEEZ
BF B(E)
KAWASAKI, Takahiko
D. Sc., Assistant Professor

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 connections
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 ol-
factory bulb project into the caudal pathway and make synap-
tic connections with their target cells in the telencephalon.
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.

Tozaki, H., Kawasaki, T., Takagi, Y. and Hirata, T. (2002). Expres-
sion of Nogo protein by growing axons in the developing nervous sys-
tem. 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 guid-
ance of olfactory bulb axons is independent of repulsive factor slit. J.
Neurosci. 2/, 2373-2379.

Tomioka, N., Osumi, N., Sato, Y., Inoue, T., Nakamura, S., Fujisawa,
H. and Hirata, T. (2000). Neocortical origin and tangential migration
of guidepost neurons in the lateral olfactory tract. J. Neurosci. 20,
5802-5812.

Hirata, T. and Fujisawa, H. (1999). Environmental control of collat-
eral branching and target invasion of mitral cell axons during devel-
opment. J. Neurobiol. 38, 93-104.

JIWEREES, Sl TzD2 (2002). WAZRH A KR A MG (lothilfa)
OIERRE LI, BRI EREREE 47, 1989-1993.

FHITEDOA (2002). HORUBLEE fiiE R DT ARSI O 24,
729-737

SEH Tz oA (2002). FEAXIC 1T 2 ML O BERR T M O F B,
FEEREES3 A BTS20, 738-743.

SEMTOA (2001). FEHMIZIIT B HEHIHL O E) & SRR L
T2 20, 508-512.
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Regulatory mechanisms of plant
retrotransposons and their utilization
for functional genomics of rice
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Adjunct Professor
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The ongoing international efforts of the rice genomic se-
quencing project have generated a large amount of sequence
data. The next important challenge is to determine the func-
tion of each gene. We produce a sufficient number of mutant
lines induced by stress-activation of an endogenous
retrotransposon for saturation mutagenesis and develop a
method for systematic functional analysis of genes. We also
study the regulatory mechanism of activation of retro-
transposons by focusing on transcriptional regulation and
DNA methylation.

BIRTFHREOHF : MAPKGEETFOBIEIC L2 HEREE (B).
Example of gene disruption: Abnormal morphology induced by dis-
ruption of MAPK gene (right).
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Shiota Group

DNA methylation code
for mammalian development
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SHIOTA, Kunio
Professor (Adjunct)
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MAL ERIEHEALN B 2 DRI BB T REE Y b
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During the development of mammals, most cells differ-
entiate without changing the DNA sequence, while the dif-
ferentiation of a given cell type is associated with activation
of particular set of genes and inactivation of other sets. DNA
methylation is associated with gene-silencing and changes in
chromatin structure. Recently, we found a numerous num-
ber of tissue-dependently and differentially methylated regions
(T-DMRs). T-DMRs are widespread in the mammalian
genome and the methylation pattern is specific to the cell
types, suggesting that the formation of DNA methylation pat-
tern is one of the principal epigenetic events underling mam-
malian development. We are investigating the mechanism
for DNA methylation pattern and its biological roles.

%A Methylation Code for Mammalion Development

Baity o
Fro 4 ve

FREDBETIE LA EOMBEIER 2 REMRICOEL, —5A
HTEMREICAME L E T, BRI CETERRE, Theh
DFT ) LADEBERETIIES IR T4 VI IERES / A
FIZF->TUVET, ThENOMBEOS / LRIZIZRREED
B EN A FILEEE (TDMR) NEELFET. ThTh
DO EIE, DNA A FIL B Z—2 L) O F UEER E
IEDITAVvIBERICKYREENRTVELEZLNET,
Most embryonic cells develop into somatic cells, while few differ-
entiate into germ cells. 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 genome.
Differentiation of cells seem to be defined by the epigenetic infor-
mation of DNA methylation pattern, which may associate with
chromatin structure.
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Fig. 1 Two mouse mutations with preaxial polydactyly.
Fig. 2 Causative mutations are found in intron 5 of the Lmbr7 gene.
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Mouse forward genetics on pattern formation
and cell growth control
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TAMURA, Masaru
D. Sc., Assistant Professor

Reading sequences of the human and mouse genomes has
been almost accomplished. The advances in genomics have
facilitated genetic dissection of the developmental process and
other higher order functions of mammalian genes at the whole
body level. In Mammalian Genetics Laboratory, we are
studying genetic control of pattern formation in mouse de-
velopment, focusing on limb development. We are also con-
ducting study of genetic regulation on the growth and dif-
ferentiation 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 ge-
netics” using transgenic and knockout mice.

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

Saeki, N., Kuwahara, Y., Sasaki, H. and Shiroishi, T. (2000). Gasder-
min (Gs) localizing to mouse chromosome 11 is predominantly ex-
pressed in upper gastrointestinal tract but significantly suppressed in
human gastric cancer cells. Mammal. Genome //, 718-724.

Makino, S., Masuya, H., Ishijima, J., Yada, Y. and Shiroishi, T. (2001).
A spontaneous mouse mutation, mesenchymal dysplasia (mes), is caused
by a deletion of the most C-terminal cytoplasmic domain of patched
(ptc). Dev. Biol. 239, 95-106.

Isobe, T., Yoshino, M., Mizuno, K.-1., Lindahl, K.F., Kiode, T.,
Gaudieri, S., Gojobori, T. and Shiroishi, T. (2002). Molecular char-
acterization of the Pb recombination hotspot in the mouse major his-
tocompatibility complex class II region. Genomics 80, 229-235.

Yada, Y., Makino, S., Chigusa-Ishiwa, S. and Shiroishi, T. (2002). The
mouse polydactylous mutation, luxate (/x), causes anterior shift of the
anteroposterior border in the developing hindlimb bud. Int. J. Dev. Biol.
46, 975-982.

Hide, T., Hatakeyama, J., Kimura-Yoshida, C., Tian, R., Takeda, N.,
Ushiro, Y., Shiroishi, T., Aizawa, S. and Matsuo, 1. (2002). Genetic
modifiers of otocephalic phenotypes in Otx2 heterozygous mutant mice.
Development /29, 4347-4357.
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Koide Group

Behavioral genetics
using wild derived mouse strains
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O AR YU A RMEEE W TR Y — > OfFNT
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NJL 24 125889 7 478) : 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 position-
al cloning. Through this study, we are particularly interest-
ed 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., 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). Ma-
ternal Diabetes Increases the Risk of Caudal Regression Caused by
Retinoic Acid. Diabetes 5/, 2811-2816.

Koide, T., Moriwaki, K., Tkeda, 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.

Koide, T., Moriwaki, K., Uchida, K., Mita, A., Sagai, T., Yonekawa,
H., Katoh, H., Miyashita, N., Tsuchiya, K., Nielsen, T.J. and Shiroishi,
T. (1998). A new inbred strain JF1 established from Japanese fancy
mouse carrying the classic piebald allele. Mammalian Genome 9,
15-19.
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Saga Group

Molecular mechanism
of mouse embryogenesis
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mespb 28 AT 5 L EEEIENBEIND,

Mesp2 deficiency can be rescued by an introduction of zebrafish
mespb gene.

D. Sc., Assistant Professor

D. Med., Assistant Professor

During mouse development, mesodermal cells generated
via gastrulation play important roles on morphogenesis of sev-
eral tissues and organs. We focus on two types of mesoder-
mal cells; one is cardiac precursor cells specified by expres-
sion of a transcription factor Mespl, 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 knockin mice to under-
stand 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 functions are investigated. All
works are conducted by using several gene engineering tech-
nologies. Therefore, we are interested in the development
and application of several new methods to improve the qual-
ity of the analyses.

Saga, Y., Hata, N., Koseki, H. and Taketo, M. (1997). Mesp2: a nov-
el gene expressed in the presegmented mesoderm and essential for seg-
mentation initiation. Genes Dev. /7, 1827-1839.

Kitajima, S., Takagi, A., Inoue, T. and Saga, Y. (2000). MesP1 and
MesP2 are essential for the development of cardiac mesoderm. Devel-
opment /27, 3215-3226.

Takahashi, Y., Koizumi, K., Takagi, A., Kitajima, S., Inoue, T., Koseki,
H. and Saga, Y.(2000). Mesp2 initiates somite segmentation through
the Notch signalling pathway. Nature Genet. 25, 390-396.

Saga, Y. and Takeda, H. (2001). The making of the somite: Molec-
ular events in vertebrate segmentation. Nature reviews genet. 2,
835-845.

Nomura-Kitabayashi, A., Takahashi, Y., Kitajima, S., Inoue, T., Takeda,
H. and Saga, Y. (2002). Hypomorphic Mesp allele distinguishes estab-
lishment of rostrocaudal polarity and segment border formation in
somitegenesis. Development /29, 2473-2481.
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Kurata Group
Genetic and molecular analysis of rice
development/differentiation and for speciation
of rice genomes/species.
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D. Ag., Professor
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Cloning and expression analysis of heterochronic gene PLAT.
The rice heterochronic gene PLA7 was cloned and analysed for
its expression in rice. Phenotype of the pla7 mutant (a). Expres-
sion pattern of the PLAT gene (P450) in the basal regions of leaves
(b) and bracts of panicles (c).

D. Ag., Assistant Professor

D. Ag., Assistant Professor

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 re-
search, 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.

® Approaches for the nuclear architecture and for relation-
ship between chromosome function and structure.

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

® Generation of enhancer trap lines of rice

Harushima, Y., Nakagahra, M., Yano, M., Sasaki, T. and Kurata, N.
(2002). Diverse variation of reproductive barriers in three intraspecific
rice crosses. Genetics /60, 313-322.

Ito, Y., Hirochika, H. and Kurata, N. (2002). Organ specific alterna-
tive transcripts of KNOX family classs 2 homeobox genes of rice. Gene
288, 41-47.

Kurata, N., Nonomura, K.-I. and Harushima, Y. (2002). Rice genome
organization: the centromere and genome interactions. “Botanical Brief-
ings.” Annals of Botany 90, 427-435.

Dunford, R.P., Yano, M., Kurata, N., Sasaki, T, Huestis, G., Rocheford,
T. and Laurie, D.A. (2002). Comparative mapping of the barley Ppd-H1
photoperiod response gene region, which lies close to a junction be-
tween two rice linkage segments. Genetics 16/, 825-834.

Ahn, B.O., Miyoshi, K., Itoh, J.I. Nagato, Y. and Kurata, N. (2002).
A genetic and physica | mapping of the region containing plastochronl,
a heterochronic gene, in rice. Theor. Appl. Genet. 105, 654-659.

Kurata, N. and Fukui, K. (2002). Chromosome research in genus Oryza.
‘Monograph in genus Oryza.” Nanda, J.S. ed. Springer. (in press).
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Nishimura Group

Regulatory mechanism of cell division
in Escherichia coli: Timing of cell division
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FtsZ-GFPs are assembling in cytokinetic rings

During the cell cycle of E. coli, several fundamental
events take place through strictly periodic processes, and two
identical daughter cells are produced under the various growth
conditions. We are proposing that cell must have mechanisms
coordinating the timing of each event through cell division.
For example, we have isolated cfc mutants, which are defec-
tive in the signaling mechanisms that couple DNA replica-
tion and cell division, and have concluded that Ap4A forms
part of this signaling mechanism. The cfc mutants divide be-
fore reaching the optimal size at which cfct cells divide (Fig.
1). We also isolated the Ap4A binding protein, which is
structurally well conserved from human to bacteria. We are
planning to investigate the mode of expression of this gene
in a synchronized cell cycle, localization of gene products
within cells, in vitro function of gene products, and relation-
ships with Ap4A.

FtsZ, a homologue of eucaryotic tubulin, scatters through-
out the cytoplasm, it assembles in cytokinetic rings at the ear-
ly stages of septation. The molecular mechanism governing
this accumulation has been elusive. We have succeeded to
construct a strain, in which FtsZ-GFP is expressed normal-
ly from the chromosomal DNA, and a real time observation
system of FtsZ-ring formation (Fig. 2). We also identified
a gene encoding the factor involved in the dynamics of
FtsZ-ring formation.

Nishimura, A. and Hirota, Y. (1989). A cell division regulatory mech-
anism controls the flagellar reguon in Escherichia coli. Mol. Gen.
Genet. 216, 340-346. “Selections of Articles in this year”

Nishimura, A. (1998). Timing of cell division: Ap4A as the signal. TiBS
23, 157-159.

Ukai, H., Matsuzawa, H., Ito, K., Yamada, M. and Nishimura, A.
(1998). fisE(Ts) affects translocation of K+-pump proteins into the mem-
brane Escherichia coli. J. Bacteriol. /80, 3663-3670.

Uehara, T., Matsuzawa, H. and Nishimura, A. (2001). HscA is involved
in the dynamics of FtsZ-ring formation in Escherichia coli. Genes to
Cells 6, 803-814.

Fujishima, H., Nishimura, A., Wachi, M., Takagi, H., Hirasawa, T.,
Teraoka, H., Nishimori, K., Kawabata, T., Nishikawa, K. and Nagai,
K. (2002). kdsA mutations affect FtsZ-ring formation in Escherichia
coli K-12. Microbiol. /48, 103-112.
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Schematic representation of the inducible RNAI mutant fly bank.
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The RNAI is one of the post-transcriptional gene silenc-
ing phenomena, in which double-stranded RNA (dsRNA) in-
troduced into host cells can effectively inhibit host gene ex-
pression in a sequence-specific manner. Thus we can uti-
lize the RNAI for knocking out 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 target sequence
organized in an inverted repeat, so that the hairpin-type
dsRNA is expressed whenever the inverted repeat 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 expression 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 inverted repeat transgenes and to estab-
lish transgenic fly lines covering 13,800 whole genes in
Drosophila. This RNAi mutant fly bank will provide us a
fundamental tool for understanding gene functions and ge-
netic networks working in the fly individuals.

Ueda, R. (2001). RNAi: A new technology in the post-genomic sequenc-
ing era. J. Neurogenet. /5, 193-204.

Inaki, M., Kojima,T., Ueda, R. and Saigo, K. (2002). Requirements of
high levels of Hedgehog signaling activity for medial-region cell fate
determination in Drosophila leg: identification of pxb, a putative Hedge-
hog signaling attenuator gene repressed along the anterior-posterior com-
partment boundary. Mech. Develop. 716, 3-18.

Leulier, F., Vidal, S.S., Saigo, K., Ueda, R. and Lemaitre, B. (2002).
Inducible expression of double strand RNA reveals a role of dFADD
in the regulation of antibacterial response in Drosophila. Curr. Biol.
12, 996-1000.

Hayashi, S., Ito, K., Sado, Y., Taniguchi, M., Akimoto, A., Takeuchi,
H., Aigaki, T., Matsuzaki, F., Nakagoshi, H., Tanimura, T., Ueda, R.,
Uemura, T., Yoshihara, M. and Goto, S. (2002). GETDB, a database
compiling expression patterns and molecular locations of a collection
of Gal4 enhancer traps. Genesis 34, 58-61.

Doi, N., Zenno, S., Ueda, R., Ohki-Hamazaki, H., Ui-Tei, K. and Saigo,
K. (2003). Requirement of Dicer and elF2C translation initiation fac-
tors for short-interfering-RNA-mediated gene silencing in mammalian
cells. Curr. Biol. /3, 41-46.

Takemae, H., Ueda, R., Ohkubo, R., Nakato, H., Izumi, S., Saigo, K.
and Nishihara, S. (2003). Proteoglycan UDP-galactose: beta-xylose
betal, 4galactosyltransferase I is essential for viability in Drosophila
melanogaster. J. Biol. Chem. (in press).
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Neuroblasts express Hunchback, Kriippel, Pdm and Castor sequen-
tially, while daughter cells maintain the expression profile of the tran-
scription factor present at their birth.
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Temporal specification of neural cell fates
within neural stem cell lineages
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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 order,
and the cell fate of a neuron/glia is tightly linked to its birth
order within a parental stem cell lineage. Our group aims
to elucidate the molecular mechanisms of temporal specifi-
cation of neural cells within a lineage by employing a mo-
lecular genetic approach using the Drosophila CNS as a mod-
el system. Nearly all of Drosophila neuroblasts sequential-
ly express the transcription factors Hunchback, Kriippel, Pdm
and Castor over time, while daughter cells maintain the ex-
pression profile of the transcription factor present at their birth
(Figure). By inheriting the expression profile of their paren-
tal neuroblasts, daughter cells can memorize birth order. The
finding of such factors has raised many new questions, for
example, 1. What regulates the expression of the transcrip-
tion factors? 2. How do the transcription factor specify tem-
poral identity? By addressing these questions, we would like
to understand the molecular machinery for controlling devel-
opment 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 cen-
tral nervous system: the vnd homeobox gene specifies ventral column
identity. Genes Dev. /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,
3099-3106.
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Genetic resources databank project
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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 distri-
bution of genetic resources and their information for many
species. This laboratory will be responsible for the construc-
tion and online distribution of an integrated database, which
contains a variety of gene pools including wild species, breed-
ing lines, transgenic and knockout organisms, cells and DNA
clones. During the trial phase of the Genetic Resources
Databank Project, this laboratory has constructed the genet-
ic 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 individual database
to whole organisms will make cross-organism searching pos-
sible, which may accelerate biodiversity studies.

Yamazaki Y., Tsujimoto T. and Kawahara T. (1998). KOMUGI
Database-Wheat Genetic Resources Database. Genes Genet. Syst. 73,
75-717.

Yamazaki Y., Yoshimura A., Nagato Y. and Kurata N. (2000).
Oryzabase-Integrated map and mutant database-. Plant & Animal
Genome VIII Abstract 54p.

Yamazaki, Y., Yoshimura, A., Nagato, Y. and Kurata, N. (2002). Re-
cent advances in Oryzabase (Integrated Rice Database), Rice Genet-
ic Newsletter /9, 7-9.
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Genome biology of
C. elegans development
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Translational control of gjo-7 gene (a Notch homologue) by pos-1
and spn-4 genes. 4-cell stage embryos of A) wild type, B) pos-7,
C) spn-4 were immunostained using anti-GLP-1 antibody.
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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 of development in
the computer. We have already identified 10,000 genes
through EST project, and have analyzed their expression pat-
terns by using of whole mount in situ hybridization. Anal-
yses using RNAi and antibodies are also in progres. All the
information has been integrated in our database named
NEXTDB. Based on the information, we are conducting the
following studies;

® Mechanisms of translational control of maternally supplied
mRNAs

® Clustering analysis of gene expression patterns to eluci-
date the gene cascade.

® [dentification of regulatory elements of genes and the ge-
netic program of development.

® Computer modeling and simulation of early embryogenesis.

® Molecular anatomy and functional analysis of germ-line
P-granules.

® Analyses of development and gene expression in closely
related nematodes.

We are operating the DNA sequencing center to perform
comparative genomics using various key organisms in evo-
lution and their closely related species.

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. Develop-
ment /30, 2495-2503.

Kajita, A., Yamamura. M. and Kohara, K.. (2003). Computer simula-
tion of the cellular arrangement in early cleavage of the nematode
C. elegans. Bioinformatics /9, 704-716.

Dehal, P., Satou, Y. (and 81 people), Kohara, Y., Levine, M., Satoh,
N. and Rokhsar, D. (2002). The draft genome of Ciona intestinalis: in-
sights into chordate and vertebrate origins. Science 298, 2157-2167

Mallo, G.V., Kurz, C.L., Couillault, C., Pujol, N., Granjeaud, S., Kohara,
Y. and Ewbank, J.J. (2002). Inducible antibacterial defence system in
C. elegans. Current Biology /2, 1209-1214.

Altun-Gultekin, Z., Andachi, Y., Tsalik, E.L., Pilgrim, D., Kohara, Y.
and Hobert, O. (2001). A regulatory cascade of three homeobox genes,
ceh-10, ttx-3 and ceh-23 , controls cell fate specification of a defined
interneuron class in C. elegans. Development /28, 1951-1969.
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The outcome of basic research influences both the envi-
ronment 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 produc-
tion, and even build machines that “think™ like humans. Re-
cent advancement in life science technology, especially ge-
netic 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 essential that the
public is aware of the importance of basic research, 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 researchers,
however, conduct research with the hope that their findings
will directly or indirectly benefit society, through application
by commercial industries. An effective measure to promote
industrial application of basic research is to publicize the
results as “intellectual property”. A due acquisition of in-
tellectual property rights and their industrialization 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 further. Unfortunate-
ly, the proper “cycle” of basic research and intellectual prop-
erty has not yet been achieved, due to the lack of awareness
on the intellectual property rights on the part of the resear-
chers, and the poor system for the acquisition and dissem-
ination of property rights.

Bearing 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
property rights that can be derived from their own re-
search.

2) Establish a patent application system which allows secur-
ing of intellectual property rights at minimal cost and bur-
den for the researchers.

3) Seek collaboration with commercial industries to create
intellectual property rights based on the outcome of the
basic research done.

4) Build closer relations with the TLO (Technology Licens-
ing Organization) to disseminate the intellectual proper-
ties generated by the Institute.

5) Improve the Institute’s homepage to maintain informative
and timely announcement of research achievements.

6) Advertise the activities of the Institute at academic and
public meetings to publicize potential seeds for academ-
ic collaborations and industrial applications.
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Single molecule imaging and measurements
of biological molecule functions
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Fluorescence image of molecules involved in nucleocytoplasmic
transport associated with the nuclear rim. Each spot corresponds
to a single nuclear pore. Numbers of bound molecules, retention
time and binding constants in cells have been obtained quantita-
tively. Collaboration with Dr. Naoko IMAMOTO (Gene network la-
boratory).
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SHIINA, Nobuyuki
D. Sc., Assistant Professor
Unraveling the molecular mechanisms and novel func-
tions of biological molecules using single molecule techni-
ques 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 molecule imaging in vivo. Quantitative im-
age analysis of molecular movements, distributions and in-
teractions has opened a new way to obtain quantitative in-
formation on the kinetics of molecular interactions in cells.

2) Dendritic mRNA transport in neurons. We identify nov-
el components of the dendritic mRNA transport machin-
ery, which is involved in synaptic plasticity. We also study
the mechanism of the mRNA transport and translational
regulation of the RNAs using techniques such as fluores-
cence imaging.

3) Manipulation and measurements of single molecules.
A combination of single molecule nano-manipulation and
intermolecular force microscopy, which we have developed,
enables us to directly 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.

Fukuzawa, A., Hiroshima, M., Maruyama, K., Yonezawa, N., Tokunaga,
M. and Kimura, S. (2002). Single molecule measurement of elastic-
ity of serine-, glutamate- and lysine-rich repeats of invertebrate con-
nectin reveals that its elasticity is caused entropically by random coil
structure. J. Mus. Res. Cell Mot. (in press).

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.

Shiina, N. and Tsukita, S. (1999). Mutations at phosphorylation sites
of Xenopus microtubule-associated protein 4 affect its microtubule-bind-
ing ability and chromosome movement during mitosis. Mol. Biol. Cell
10, 597-608.

Tokunaga, M., Kitamura, K., Saito, K., Iwane, A.H. and Yanagida, T.
(1997). Single molecule imaging of fluorophores and enzymatic reac-
tions achieved by objective-type total internal reflection fluorescence
microscopy. Biochem. Biophys. Res. Comm. 235, 47-53.

ROKTT=RE (2002). REOHZ REEICHL TE 52 HHE
BEMEBRE., “NAFA A=V TITETHE (b)) 57
GLIABA « JINBRIA - ERIEE - WA EEARR, Ak, 104113,



5 N o= Vil BBty el —,
DI R e
WS AT 7 =8
BELETFRBEOF I NAAOI—

DFOEESHDRICHEBEAN XA

Molssulzr Blomssrzniseg Lagortory

Shimamoto Group

Nanobiology of gene expression:
mechanism in terms of molecular motions
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SHIMAMOTO, Nobuo ~ NAKAYAMA, Hideki SUSA, Motoki

D. Sc., Professor

FINAFOO—E, EYMBEEHSTFOEBEERELT
HEETHH L WEYFETT, FAZEDBZEIERESHERT,
27 OMRON TFEENZ DO F F~ 7 O sy o< FH
B LR TWAHIR OB ZMAT 22 &TY, NT4E
W=, DTBEFEIHEXD, 1T FITACKHE
PR - LB ST, TANZALRHDZDRS
EATHHO ] NEY =TT, ¥ /NIEAMNDNA L&
FAT 4 TTBHTENE, BRADWOTHHALELR, X
TAT A TICEDH L WREE ZRRAL, TEATA1
T4 TRFICRNARY AT —HIL, sHAEHZELT, #
G ER A 25 A TNA T 2L ELE (R, £
7=, EEBAMARFIZ, RNARY XA S —FO—H N&iFELTL
FOREHERBHREZHKAL, INNDTFATY—ICLDH
LWEB G TH D L2 RDITE L, 517, RNA
KUY RAS—FDsigma7?0d 712y bW TUF>DLEDIC
AR L CBREIRE L TWS Z L2 R LK Z2ED
TWET,

spiral
motions

linear -

motions () SN

&
- Nuoreseent sphare

> [ixed by laser trap
- 1 um bead
“UDNA

time {1ims / frame)
Upper R Y IRGBDAZA T4V 7I2IE, 2DDFE—RFHH
Y153, There are two possible mode of sliding by a protein mol-
ecule.
Middle: 5B AJEEIF E—XDEERE L THRIETE %, The spi-
ral motions can be detected as rotation of the bead.
Lower: #&HH & v /=[Al#x, The rotation detected.

D. Eng., Assistant Professor

D. Sc., Assistant Professor

As a member who first proposed “nanobiology” in 1993,
we are interested in finding and analyzing phenomena where
the microscopic movements of molecules are directly reflected
in macroscopic mechanisms of gene regulation. We use not
only conventional biochemistry and genetics but also
single-molecule dynamics and micro-manipulation. We have
proved the existence of sliding of proteins on DNA, and
found the regulation by sliding. We recently proved that E.
coli RNA polymerase tracks a DNA groove during sliding
(See Figure).

We have found a molecular memory in E. coli complex
of transcription initiation. A fraction of RNA polymerase
is inactivated at a promoter during initiation and the fraction
depends on the promoter sequence and GreA/B protein fac-
tors. This new mechanism is a post-recruitment regulation
and works in vivo for several operons including atp. We
proved that this memory involves a relative dislocation be-
tween DNA and RNA polymerase. Recently we found that
the major initiation factor sigma-70 forms inactive amyloid.
This may work as a regulatory switch responding to temper-
ature and other environments.

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

Susa, M., Sen, R. and Shimamoto, N. (2002). Generality of the Bran-
ched Pathway in Transcription Initiation by E. coli RNA Polymerase.
J. Biol. Chem. 277, 15407-15412.

Sen, R., Nagai, H. and Shimamoto, N. (2000). Polymerase-arrest at the
APR promoter during transcription initiation. J. Biol. Chem. 275,
10899-10904.

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.
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Molecular biology of the behavior
and Neural functions of the nematode C. elegans
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KATSURA, Isao
D. Sc., Professor
b EEDEYOEED 1 DIE, #REERAWTEMD
REEEC LD, MURfTEHZEESLIETLLED. <D
FENIELOBRETER I N, 2EOEMETOHRIZH HIA
FNTVBITTTY, KFEETIE, BH Caenorhabditis
elegans @ MELE LT, BLETFNED IS ITEIZHIET S
INEHFELTNET, C eleganstd, BEEZFEOEN-MEE
251G TR, 302UEDMHREHAEA 1 D 1 DEEfMEE TR
TE, SMRER SN TWET, ZOEFREFHAL,
B AT — R I — SRR Bl — 1T Eh & W\ S B R 2 BRI
AT 200F 2 OEKNTY ., HE, F4IZLIFOMEIC
DVWTHEZTT> TWET,

o (it LS Rk & Fia kR & U 7o R 5 AL EE O & (R A AR AT

® B AL DL & LATEI D AIYEME D 7 TIEAR RIS

® 5T L fH YR D DR SR D fET

o I Tl < LDLND fIrBia TRIC K BB TH) - sk
B - BRSOl

HAi72ET)VEDEE L, [TEIO I 2 2 O iR
LX) - FLNIVTHIYT S Z &N, b NOITE) % H#F
T HEEZDWEHEBIC/RDEEZ, ZOLD R
FoTnWEd,

Nz (wild type) une-704 (Kinesin) mutant

REMKELEB LA T 2 2WEREHEN-1(E, AR (R)
L ASEBED/NBIZRET %

HEN-1, a secretory protein that regulates sensory integration and
learning, is localized at vesicles in AlY (Figure) and ASE neurons

ISHIHARA, Takeshi
D. Sc., Assistant Professor

KIMURA, Koutarou
D. Ag., Assistant professor

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

Our present studies include: (1) genetic analysis of sen-
sory information processing as assayed by the formation of
dauer larvae, (2) molecular genetic studies on sensory inte-
gration and behavioral plasticity, (3) analysis of mutants in
the associative learning of odorants and food/starvation, (4)
control of defecation behavior, growth, and sensory signals
by fIr genes, which probably act in the intestine.

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 understanding
human behavior.

Ohkura, K., Suzuki, N., Ishihara, T. and Katsura, I. (2003). SDF-9, a
protein tyrosine phosphatase-like molecule, regulates the L3/dauer
developmental decision through hormonal signaling in C. elegans. De-
velopment (in press).

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 Caenorhabdlitis
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 calcineurin
TAX-6. Neuron 33, 751-763.

Okuda, T., Haga, T., Kanai, Y., Endou, H., Ishihara, T. and Katsura,
L. (2000). Identification and characterization of the high-affinity choline
transporter. Nature Neurosci. 3, 120-125.

Fujiwara, M., Ishihara, T. and. Katsura, 1. (1999). A novel WD40 pro-
tein, CHE-2, acts cell-autonomously in the formation of C. elegans sen-
sory cilia. Development /26, 4839-4848.
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Shirakihara Group

Mechanism-oriented protein structure determination
by X-ray diffraction
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SHIRAKIHARA, Yasuo
D. Sc., Associate Professor

BARYE, MEEWMFEN S A TEERY VNVE, TOR
B (B827) OIMAEEEZREL XY, Einy, MEk
WHIT BT DR L TeER 201 L NV TEFY 27201213,
T ITH< & 2N EH O NLARREE O HMIFH AN B e E 2 R
ZIMETY, HiT, YNV EOREBEEA L EITE
CHWERILERD Z LIk > T, EAEFEOEREDIEME
THILBHHEBELET,

YPHFEETIET OO XRFSMETiEEZ T, %
BRI, FIAEKSSTORAEL SMAZHKSZED X
Fo RIZZDREFRHITXMZ H T TR ZRLRL X7,
BRI EHTERRZ O > E o —8 — T L TLIRRESE &k
ELET,

B, WO TOMEMRT 217> THWET.

® F1-ATPase

o KGR E R T

o KIBHEYEIKR -« 75 A3 ROELSY 2N
o i E DHIKF CamR ¥ > /X7

o KIGHX 7 LA RiEEEDHE

o 1 & ikt VA ATPase

oDV /)75 —+F
ot/ Iy I F—+F

oV INF2TA3IF—F

Fi1-ATPase a3B3velE &N =RcHEiE, g7y MEHE
@, alEdFL T, vixE, eldFTERI,

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

We are working on protein structure determination using
X-ray diffraction techniques, in order to understand the work-
ing mechanism of the proteins that are broad in biological
function spectrum, but are each with the unique and inter-
esting action mechanism. The proteins under current inves-
tigation are: the sub-complexes of F1-ATPase, bacterial tran-
scription regulators, E.coli nucleoid proteins, Na*-translocat-
ing ATPase, D-aminoacylase from Alcaligenes, salt-tolerant
glutaminase, arginine deiminase from Mycoplasma argini.

To understand the unique rotational catalysis mecha-
nism of F1-ATPase, we are extending the structural study to
the a3B83ve sub-assembly, from the &383 sub-assembly of
which structure we solved before. PhoB protein, a transcrip-
tional activator, and CamR protein, a repressor, are now un-
der investigation using the MAD approach. The structure of
the C terminal domain of PhoB and salt-tolerant glutaminase
have been solved recently. Also, crystal analysis is in pro-
gress for arginine deiminase and Na'-translocating ATPase.
We have included structural and functional studies of the
immunoglobulin(Ig)-like receptors.

E. coli nucleoid proteins and D-aminoacylase have been
examined for crystals.

Shirakihara, Y., Leslie, A.G.W., Abrahams, J.P., Walker, J.E., Ueda,
T., Sekimoto, Y., Kambara, M., Saika, K., Kagawa, Y. and Yoshida,
M. (1997). The crystal structure of the nucleated free o353 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. J. Structural Biol. /32,
106-111.

Shindoh, K., Maenaka, K., Akiba, T., Okamura, H., Nisimiura, Y.,
Makino, K. and Shirakihara, Y. (2002). Crystallization and prelimina-
ry X-ray diffraction studies on the DNA-binding domain of the transcip-
tional activator protein PhoB from Escherichia coli. Acta Crystallogr.
D 58, 1862-1864.
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Gojobori Group

Study for molecular evolution and information biology
using genome sequence and gene expression profile
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GOJOBORI, Takashi IKEO, Kazuho SUZUKI, Yoshiyuki

D. Sc., Professor

AWFRE T EY O 2 BT 5720, 77Tl
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J BEBCHIIN 5 75 5 N5 BARE RO M B L OVEBRIITTL 2
fToTWET, BIFEHED TWD EaFEE 5% L £,
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2. ZMEMCB T 2B E TR O LESEITIc LS
‘4E®ﬁﬁ,
FRETE ik 2 AL S B R A AR w 7 AT D FitEfk
4.tb&/bgh?%ﬁ®@k
NI TFUTH ) AT OB T DK ER B O &8
h?%ﬁ@@m

6. FRREYEZARERT O T

7. REICBITSEREKRDIEL

8. UAIVADH il

9. BETHEENSBIROME DL

10, H RIS HTE D B 7

Lo P oMOLEESD DNATA 2OFLA

PR A LM ST & D E
Bifiz., 5 U F OETREG TSN
ONEELLELT, I90FIA-FE

Bioinformatics approach to evolution
of brains in various organisms
With the aim of understanding evolutionary aspects of central nerv-
ous system (CNS) and brains, we study gene expression profiles
by cDNA microarray and construct their 3-dimensional and visual-
ized database.

D. Sc., Associate Professor

M. D,, Ph. D., Assistant Professor

We are studying the evolutionary mechanisms of or-
ganisms by analyzing the nucleotide and amino acid sequen-
ces using computers as well as conducting experiments. Cur-
rently ongoing research projects are as follows.

1. Gene expression profiling of planarian brains based on
EST sequencing and DNA chip technology

2. Comparative study of gene expression profiles in multi-
cellular organisms

3. Molecular evolution of the homeobox gene family

. Evolution of human genome organization

. Evolution of genomic structures of microbes through hor-

izontal gene transfer

[ N

6. Molecular evolution of neurotransmitter receptor genes

7. Evolution of sex chromosomes in teleosts

8. Molecular evolution of viruses

9. Evolution of eye structure using gene expression profiles

10. Development of the methods for detecting natural selec-
tion

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

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

Okazaki, et al. (2002). Analysis of the mouse transcriptome based on
functional annotation of 60,770 full-length cDNAs. Nature 420,
563-573.

Niimura, Y. and Gojobori, T. (2002). In silico chromosome staining:
reconstruction of Giemsa bands from the whole human genome se-
quence. PNAS 99, 797-802.

Akashi, H. and Gojobori, T. (2002). Metabolic efficiency and amino
acid composition in the proteomes of Escherichia coli and Bacillus sub-
tilis. PNAS 99, 3695-3700.
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Nishikawa Group

Bioinformatics based
on the protein structure
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NISHIKAWA, Ken FUKUCHI, Satoshi KINJO, Akira

D. Sc., Professor

& NI BT 5P 5 EMIEENE T D BEEE S T
FOEZIIFNTNDY N7 EINEE OIS % R EF
THZETHERBIN, ¥ ONTEOVAREILT 2 BBAC
FNCEoTHRESNET, INFET, 73/ BEHIZHE
BIC AN LEEIC L > TY /N7 E O A 2 THT %
ZEE, HLWHEESNTEELRE, BE, BHICER
5 N EDOINREENFIHI NS EHIZ, BEORWT
BTO7 S LAORFEICED, &2 /N7 BRSO T RITE
IIRESERLELE,

T2 BE, SRR T HE O kiR s i gE 2 £k &
L, X0EREOTFEDOHTE, 7/ LSO, &>
INTBDOEFMLT I R—2ADFE, LEZ{To>TNWET,
7 ) LNEFIOPE S NI=100F L, EOEFEICRE T 5, B
RS T IAREE FHIORERIL, GTOP ENWSHF—FRXR—ZAT
NBALTWET, /2, GTOPO#ERZILIC, iy / L
B HIToTVWET,

KBHEYT / LRICREENBERTFOR  ILEEELN S H
TARBRZORFIZHIE LTS XHIER by Fa R DAL
BERY)

Examples of pseudogenes found in the E. coli genome. It was sug-
gested by prediction of 3D structures that they could not fold into
any stable structures (X shows a location of a stop codon).

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 de-
termined by the amino acid sequences. The problem of
predicting the structures of proteins from the amino acid se-
quences 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 sensi-
tive prediction programs.

Based on protein structure prediction, we are exploring new
methods to predict structures more precisely, investigating ap-
plications to genome analysis, and examining stability of pro-
tein structures, among others. We have constructed two
databases and made them publicly available: GTOP (Genomes
TO Protein structures and functions), containing predicted
structures of all the proteins encoded by more than 100 whol-
ly sequenced genomes, and PMD (Protein Mutant Database),
extensively gathering information on mutant proteins.

Kawabata, T., Fukuchi, S., Homma, K., Ota, M., Araki, J., Ito, T.,
Ichiyoshi, N. and Nishikawa, K. (2002). GTOP: A database of prote-
in 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.

Fukuchi, S. and Nishikawa, K. (2001). Protein surface amino-acid com-
position distinctively differ between thermophilic and mesophilic bac-
teria. J. Mol. Biol. 309, 835-843.

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

Nakashima, H., Fukuchi, S. and Nishikawa, K. (2003). Composition-
al changes in RNA, DNA and proteins for bacterial adaptation to higher
and lower temperatures. J. Biochem. (in press).

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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Ph. D., D. Sc., Professor
F7zB1d, DNAS®Y XV B E WS T ERS TN S Ef
HEmEML L, BN d2 2 EI2L-> T, 215
RS T ORI, #bE L THREZRLIMAZED TNE
9. DNAZWGHRELTIE, MHCZ 5 A T &S %t
EEHBETFHNGEET DT ) AEBROE - @iz, &
k, FINIT—, ZOMOEEECHILHEDOH TN,
ZTOMIBDT /) LG DEJEPHELZS 5 NTRA DB T
DEEZHASNTT DR ZHED THET (FH), &2
DBEELTIE, &7 LEFIME S N S N7z EYFE 2t
RIT, TNONFFDY 2N B DNARKEE S R A1 > D
AR O - T2 KRB S FRIFZEE S FE T > T
£9, VAEHES RAA COMERIET I JBEESIL D
{EHRENNZINWDT, INS5OFEREANDEZETHY N
VEDOENELDESZLTAS#AZ ZENERET. Z
S5 UTEHL RV S 2T TR S T &R W LR
Bz oM TMAEEDTNET,
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FUNRYO—OMHC Y 5 R | B OfFNTHER, Patr-B, Patr-C
BIRFOLR - FRMEEICAER L LNEE &L U SINEERFI AR H
€3, LEN>TINSDERFIE, TAESTS / LBEE
NEELEERELELEZALND,

Part of the MHC class | genome structure in chimpanzee.
Homologous LINEs and SINEs are observed around Patr-B and
Patr-C loci, indicating that they were created by genome fragment
duplication in evolution.
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Tateno Group

Evolution of bio-molecules (DNA/proteins)
and their function
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FUKAMI-KOBAYASHI, Kaoru

Ph. D., Assistant Professor

We are conducting research in elucidating evolution and
function of genomes and proteins in view of molecular evo-
lution, structural biology and information biology. As part
of our research activity, we analyzed a genome region includ-
ing part of the MHC class I gene complex for human, chim-
panzee, other primates and mammals to clarify the evolution
of genome structure of the region. As a result, we could
show how and when this region was formed providing an
evolutionary picture of MHC class I genes in the region (see
the figure below). We also analyzed evolutionary changes
in the three-dimensional structure and domain combination
of proteins of the organisms for which the genome has been
completely sequenced. Since the three-dimensional structure
and domain combination of proteins evolve more slowly than
amino acid sequences themselves, they enable us to trace back
protein evolution further and wider, which sequence analy-
sis alone could be unattainable.

Tateno, Y., Imanishi, T., Miyazaki, S., Fukami-Kobayashi, K., Saitou,
N., Sugawara, H. and Gojobori, T. (2002). DNA Data Bank of Japan
(DDBJ) for genome scale research in life science. Nucleic Acids Res.
30, 27-30.

Kunihiro, S., Kawanishi, Y., Sano, M., Naitoh, K., Matsu-ura, S.,
Tateno, Y., Gojobori, T., Yamagata, Y., Abe, K. and Machida, M.
(2002). A PCR-based method for cloning novel members of a gene fam-
ily by a combination of degenerate and inhibitory primers. Gene 289,
177-184.

Fukami-Kobayash, K., Schrieber, D.R. and Benner, S.A. (2002). Detect-
ing compensatory covariation signals in protein evolution using
reconstructed ancestral sequences. J. Mol. Biol. 379, 729-743.

Miyazaki, S., Sugawara, H., Gojobori, T. and Tateno, Y. (2003). DNA
Data Bank of Japan (DDBJ) in XML. Nucleic Acids Res. 37, 13-16.

Fukami-Kobayashi, K., Tateno, Y. and Nishikawa, K. (2003). Paral-
lel evolution of ligand specificity between Lacl/GalR family repres-
sors and periplasmic sugar-binding proteins. Mol. Biol. Evol. 20,
267-277.

PR MR R (2002). U —X [HARITHBELDNNAF A
Tx<T4 7 AIQ&A (£D 1) ICLUSTALWZ&AILTAITiZ ? |
E B RERS 47, 1237-1239.
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AFFERITT —F R—ZA LY 7 NI LY TR S 11
LHEYEREFEOHEELREZENETDINAT A T+
NT4 7 ADMFEHAEZED TNET,

T—HERE, BRRELU THEN,
World Wide Web&ffiiOHEIC L > T, EHIMICERITR
DEL7z, —HT, ZHRTRKEOBERENT>F—>v b
WSS X D270, FIH B CTEREENE W ER
BAFRZEADITHT I ENHEL < Bo>TWET, F=, 5
L7BMERZ R DUTHLEZE LTS, TOF AL
B CED EIFBO ERA. HiZ, ¥/ a7 o574 —
LEVS BN T — Y INKEICERAR I NS 20h
513, ARTR AR 07 I L0 5 EMEREHRR L TH
HATELRENNETT, BUEDO Web DAL MTEL
WwWETHE, Tar I LELWLYWebDIERNEENE T,

FTITERLE, SEREBFEOSHEEEZENLENS D,
IFEX ifﬂ%m‘f%’?%f;‘%iﬁﬁﬁE%é*'])ﬂTé“ LI %
EHT 572912, eXtensible Markup Language (XML),
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Web services as the programmatic interfaces

We introduced the Web services in addition to XML tech-
nology to improve the information environment for bioin-
formaticians. The Web browser such as Internet Explorer
and Netscape provide human-friendly interfaces. By contrast,
the Web services provide the programmatic interfaces, i.e.,
program-friendly interfaces. A user program written in Java
and Perl is able to search and bind to Web services that pro-
vide 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 Informa-
tion Broker (GIB) that covers all the microbial genome in-
formation 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 100 organisms as of December 2002. We
have utilized XML, CORBA and a distributed database in or-
der to cope with the explosion of the information. In the
meantime, we have thought of capturing biological knowl-
edge from wide communities to enrich the annotation to
genome sequences. We now develop a system named “Open
Annotation System (OASYS)” that functions for both anno-
tation 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 infor-
mation 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 management
system in the public domain. InforBIO is for databasing,
classification, phylogenetic analysis and identification and now
actually utilized microbiology laboratories in Japan.

In addition, the laboratory maintains an on-line world di-
rectory of microbial culture collections: 469 culture collec-
tions in 62 countries. We also used XML technology to or-
ganize the Web page. http://www.wdcm.org/.

Miyazaki S. and Sugawara, H. (2002). Networking of biological re-
source centres: WDCM experiences. Data Science Journal 7, 102-107.

Fumoto, M., Miyazaki, S. and Sugawara, H. (2002). Genome Infor-
mation Broker (GIB): data retrieval and comparative analysis system
for completed microbial genomes and more. Nucleic Acid Research
30, 66-68.

Tateno, Y., Imanishi, T., Fukami-Kobayashi, K., Saitou, N., Sugawara,
H. and Gojobori, T. (2002). DNA Data Bank of Japan (DDBJ) for
genome scale research in life science. Nucleic Acid Research 30, 27-30.
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Segregation and organization
of bacterial nucleoids
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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-bio-
logical, and genomic approaches in Escherichia coli.
Prokaryotes are not known to have a eukaryotic-like mitotic
apparatus, and little is known about the mechanisms controll-
ing chromosome partitioning. We visualized bacterial chro-
mosome DNA and plasmid DNA in cells using fluorescence
in situ hybridization (FISH) during the cell-division cycle.
We have revealed the dynamic migration patterns of replica-
tion origin and terminus on the chromosome during active
partitioning of daughter chromosomes. In addition, the E.
coli chromosome is organized a compacted ring structure with
the functional domains that participate in the cell cycle-de-
pendent localization of the chromosome. Current work
focuses on identifying the chromosomal segments involved
in positioning and migration of the chromosomal domains.

We now investigate the behavior of replication machin-
ery according as cell cycle. Furthermore, we attempt to elu-
cidate the molecular basis for maintenance of higher-or-
der-structure of chromosomal DNA against environmental
stress such as heat shock and the molecular mechanisms of
chromosomal rearrangement via illegitimate recombination
induced by environmental stress including UV light-irradiation
and starvation.

Yamaichi, Y. and Niki, H. (2000). Active segregation by the Bacillus
subtilis partitioning system in Escherichia coli. Proc Natl. Acad. Sci.
USA. 97, 14656-14661.

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. (1999). Subcellular localization of plasmids con-
taining the oriC region of Escherichia coli chromosome, with or with-
out the sopABC partitioning system. Mol. Microbiol. 34, 498-503.

Niki, H. and Hiraga, S. (1998). Polar localization of the replication or-
igin and terminus in Escherichia coli nucleoids during chromosome par-
titioning. Genes Dev. /2, 1036-1045.

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

INTTREE, [CARZEHL (2003). N2 5 ) TSNS B HITEREEIZIS U
Te & VXD B LB OB eI kS 75, 137-142.

oAz, SEPR T, SRR (2000). fE 2RI 2 20 FHufad
W OR IR, B&AEMBEE 45, 153-163.
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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 Edu-
cation, 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 internation-
ally 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 virtu-
ally 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 ad-
dition, we hold a course, DDBJing, a few times a year to
teach beginners how to use DDBJ.

Miyazaki, S., Sugawara, H., Gojobori, T. and Tateno, Y. (2003). DNA
Data Bank of Japan (DDBJ) in XML. Nucleic Acids Res. 37, 13-16.

Tateno Y, Imanishi T, Miyazaki S, Fukami-Kobayashi K, Saitou N,
Sugawara H, Gojobori T. (2002). DNA Data Bank of Japan (DDBJ)
for genome scale research in life science. Nucleic Acids Res. 30, 27-30.

Sasaki, T., Matsumoto, T., Yamamoto, K., Sakata, K., Baba, T.,
Katayose, Y., Wu, J., Niimura, Y., Cheng, Z., Nagamura, Y., Antonio,
B., Kanamori, H., Hosokawa, S., Masukawa, M., Arikawa, K., Gojobori,
T. et al. (2002). The genome sequence and structure of rice chromo-
some 1. Nature 420, 312-316.

International Human Genome Sequencing Consortium. (2001). Initial
sequencing and analysis of the human genome. Nature 409, 860-921.

Abola, E.E., Bairoch, A., Baker, W.C., Beck, S., Benson, D.A., Ber-
man, H., Cameron, G., Cantor, C., Doubet, S., Hubbbard, T.J.P, Jones,
T.A., Kleywegt, G.J. Kolaskar, A.S., Kuik, Van A., Lesk, A.M., Mews,
H.-W., Neuhaus, D., Pfeiffer, F., TenEyck, L.F., Simpson, R.J., Stosser,
G., Sussman, J.L., Tateno, Y., Tsugita, H., Ulrich, E.L., and Viegen-
thart, J.LF.G. (2000). Quality control in data banks for molecular biol-
ogy. BioEssays 22, 1024-1034.

Tateno Y., Miyazaki S., Ota M., Sugawara H. and Gojobori T. (2000).
DNA data bank of Japan (DDBJ) in collaboration with mass sequenc-
ing teams. Nucleic Acids Res. 28, 24-26.
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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 engi-
neering applications and heredity requires a basic knowledge
of genetics. In order to meet such social needs, the Nation-
al Institute of Genetics has put forward as one of its future
goals “the enlightenment of society to genetical research and
its achievements”. To this end, the Institute has held a se-
ries of community lectures on genetics, invited high school
and college students to conduct research on genetics at the
Institute, and has encouraged its faculty to actively partic-
ipate in teaching at local K-12 schools. In particular, the In-
stitute launched “The Internet Museum of Genetics” at it’s
50th anniversary in 1999. Taking advantage of the sophis-
ticated information technology at the Institute, this museum
uses animations and charming characters to describe funda-
mental concepts in classical/molecular genetics and its
achievements. The museum has been visited almost 140,000
times over the past 4 years.
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To promote basic research on genetics, NIG serves as a
center for various genetic resources and databases of genet-
ic information.

These services can be accessed through our web page:
http://www.nig.ac.jp/section/service.html
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MOm E W= ok A > The Foles qf DNA polymerase e and yCHRAC of budding yeast )
in epigenetic inheritance of telomere position effect
TR HHC. elegans D sdf-9BETIIEAEF O KA T v & —YED .
=4 E==N ﬁ L
28 13 B S FEI— RLTHO L3/ daver NHORAEDREEMAL T s | T EF)
N A v | et » .Compar.atlv.e Analysis of .Gen.e EXI.)I.'CSS}OI’I in C:amer?l Eye and )
its Implication to Genomic Diversification of Bilateria
OO M A W BT Studies on moleculalr.me.char.nsms unflerlylng early mesoderm )
and endoderm specification in zebrafish.
oK PE B | FROR 2 Corpparatlve genomics of prokgryotes Wlth Spe.aal 1.refe1.rence to Wt (B2)
horizontal gene transfer, and its evolutionary implication
M B | Flw x Evolut_lonary features of RNA viruses with special reference to ()
mutation rates and transmission modes

- Physiological and Morphological Changes during the Transition .

g 35 y A .. . . . 2
tEe A OB M T of Escherichia coli from Exponential Growth to Stationary Phase Rt ()
W A~ £ m =on 'I.‘ran51ent expression of c-kit receptor in the immature projec- Wt (BE2E)

tion neurons of the olfactory bulb
£ AN e ﬁessbthultm pathway associated with genome integrity in fission )




K = BEEHE il X | =] FAIBER S
Genetic Approach To Study Centromere Function In Vertebrate
[E 5 B2 AF WU 38 | Cells: CENP- [ is essential for centromere assembly in vertebrate | 8+ (F%%)
cells

ARG - PAE
LA LR BT RS T H 0% <11, PIRMEERICRUET,
S MGERDE T EOER

_ 0E [z [ e
HRE (74%) (6%)|(5%)[ 1| (13%)

g (1%) Ex (1%)

Department of Genetics, SOKENDAI

The National Institute of Genetics (NIG) also functions as the Genetics Department of the University for Advanced Studies
(SOKENDAI), and offers a graduate program in genetics. The three-year doctoral course provides interdisciplinary education with
frequent seminars, journal clubs, and workshops on scientific writing and presentation. NIG has about 35 research groups, each head-
ed by a professor or an associate professor, who leads innovative research programs in a highly interactive atmosphere. The qual-
ity of the research done at NIG is evident from the frequent citation of papers published from the Institute and the high funding rates
for grant proposals from NIG. NIG houses enormous resources for basic research in life sciences, such as the well-established DNA
database (DDBJ), an extensive collection of mutant strains of various model organisms, and state-of-the-art research equipment. Unit-
ed under the term “Genetics”, the graduate students at NIG continue to expand the frontiers of life sciences, in molecular and cell

biology, development, neurosciences, evolution, structural biology and bioinformatics.

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

HaERK - BEEFEERDVD
WA RER KRS - BIRFELTIE, ENGERFUIEAT OIS ERE 25 <
HoTWeEL 720, FINOHKT, KREREDES, BRFHROHAF HEHCHE
DWIZEIZDNWTHEN L7ZDVDZEWEL £ L7z, BfiezmEI N5 AL, BEW - JF
B FRHEY  (info-soken@lab.nig.ac.jp) ETIHK AN,

Promotional Video of the NIG graduate program

We have produced a DVD video to introduce the activities at the Department of Genet-
ics, SOKENDAI. The video includes an overview of the graduate program and research
activities at the National Institute of Genetics. The DVD (in Japanese, region code=2) can
be obtained free of charge by contacting the general affairs section (info-soken@lab.nig.ac.jp).
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CGRADUATE ANPRHeOSRe AP LN TE EDUCATION

ENLERFIERT GEEDD) 1&, BEFFERLERRY - The National Institute of Genetics (NIG) participates in grad-
BLRFPELRE L TRAREE E‘ﬁ‘ 5 2T, fK¥ED uate education in two ways. First, it offers a three-year Ph. D.
KEREDHBFICHEL TWET, BRPEEZIZIINIC program as the Department of Genetics of the Graduate Univer-
BET 22T Z2HRL TWDRERAE (BL - i sity for Advanced Studies (http://www.nig.ac.jp/section/
) Thiu, TRPBEFERIAIEE] & U GERIF T soken.html). Second, we accept students who belong to other
THZENARETY, RERBEOERIINND EHE A, graduate programs (master’s course or doctor’s course) and pro-
FDEMN, BEICHELRNSERH TS T S [ZEFF vide research environment at the Institute.

R HIES, RPEFEEOER CTEIRMITHIET 5 NEER NIG also offers ample opportunity for post-graduate educa-
WHRTEE ) ORlEDH VD ET, FMIILAFOURLEZE T tion and international exchanges. Postdoc positions are availa-
S, ble through MEXT and JSPS Programs, as well as grants to in-

http://www.nig.ac.jp/welcome/howtowork-j.html dividual faculty. NIG also welcome sabbatical stays of foreign

faculty. Please contact your proposed mentor/host/hostess for
details on the programs.

e LJ;""_J Ll :ﬁ
W91 s ‘Ll: =3 J DicH Uy 122
> POR A= PRoOMOTION OF RESEARCH
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ACTIVIT]

(11
U )

ARRZREIF— NIG Colloquia

FEFTNIC BT IR R EREL, FmdT 22T, & Seminars are held every Friday by researchers at the Institute
HEEHICHEMET. BEICLDFHEOM, D3TOr L to discuss their progress during the past year. Presentations are
AL HR— k&L THRHIEESFEEDOHERNTOBELTH made not only by the faculty, but also by third year graduate stu-

FAITNTHET. dents as a part of their D3 Progress Report.
NAAOQTAWDVYRID L Biological Symposia
v DR 21T > TV D ENI OIS HE 25T ICE &, The Biological Symposium is held throughout the year, featur-
MEFRZITVWET. RIAWS T OEN/EEERHKIE0 ing distinguished speakers in many areas of biological sciences,
EfTHNTNET. from universities and institutions worldwide.
BROE Tea Time
I F—OMERREDORKOLGOMITH, EEM T In addition to formal seminars and collogia, NIG offers many

BREOE, ETN—T 41—, BERXRE, FINOMSEEDN  opportunities for the researchers to get together and discuss var-
B£FE->TY IV I ALEFHKTEY - #imd 2H2%%  ious issues in a relaxed atomosphere, such as tea time, happy
<ERIFTWET. hours, and end-of-the-year party.

NAFATAILLVRIT L Biological Symposium HBEDE Tea Time
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NEATFEEDZIFAN Admission of foreign scientists

1. XHERNEENEARREFEICKBZETAN
Supported by Ministry of Education, Culture, Sports, Science and Technology

SCINGES

K % B B i A S | ZAHE B &
Name Affiliation Subject title Host advisor Period
Ry N T — V7 IERRICB T BB A
%1 B 1 TDF O 5 (02 4.1
LIU, Qin -Xir? The role of transcription factor TDF | HIROSE, )
’ g in network formation of nervous sys- Susumu | 02. 9.30
tem
5 (capt ; s - = 02. 5.
CA TN e )51
Choong Gon Analysis of Ape genomics Naruya | 02. 9.30
Ry BT — U RRIC BT BB o - r
% B fE WHAr—R JE i |°02.10. 1
. . L . HIROSE, S
LIU, Qing-Xin Cascade of transcriptional regulation
. . Susumu | 03. 3. 31
during nervous network formation
2. ENEGEMEFRAEAMEEZARAUICEIZIZITAN
National Institute of Genetics Foreign Associates Program
K = At B i A S | ZAHE B &
Name Affiliation Subject title Host advisor Period
s AR ZE T ’
CATANEs], |MEWEROIAT = ey ssmmn 7o oy | o B W02 o
Cecilia Ines ulti 1sc1p Inary Institute o BOBAL 5 o,
Cellular Biology Tsuyoshi | 03. 2.15
3. BREHRERICKDZITAN
Supported by JSPS
K % B B i A S | ZAHE B &
Name Affiliation Subject title Host advisor Period
JAUME AN & ﬁ@i%gggiatﬁﬁ}@ﬁﬁ& % OB R th|02.9.22
L KRS - Ty TSR P v SAITO, S
Bertranpetit . . Origin and dispersal of modern ;
University of Pompeu Fabra . . Naruya | 02.10.13
humans viewed from genetic data
RIROH T ARNIT A | LA PVARGEDTSETITT | e g | 0211 6
JINDRA, . F~X—%4 — MBF1 D% E|
Institute of Entomology ASCR HIROSE, )
Marek nd Universitv of South Boh The role of a transcriptional coac- Susumu | 092 19. 2
fnia versity of South Bohe- | i i0r MBF1 in oxidative stress usumu T
YII77 4y a0 ARRERICK
A A
CAlELAINE, 2o S%)tﬁﬁfjffﬁglzfuncﬁon of vertebrate ko — 02116
Hlorram U3 R¥ enes by transgenesis and insertion- AR Al 5
Dubois Lyon University g y SENEs . Koichi | ’03. 3.31
nal mutagenesis using transposon in
Zebrafish
T LRIERS RS LEERED
KIM fi] AL B W % B |05 1.6
Heui’-soo = ERNE= Evolutionary study of apes from the | TATENO, )
Pusan National University viewpoint of repeated sequences Yoshio | 03. 2. 5

such as retro-viruses and LINEs
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W xR = B B RR S WRRE E B % 49
L FA A—D 2 I L BRI AT LD e MR EEWR L 5 — | 2002, 4. 25~
WAL BALFHIIT s @ ok FEN | 2003 3.31
B ) BN IR ST R—ADME | e i s iR DRI 57— | 2002 5. 13~
supR gt PSRRI s e m % w1 | 2003, 3. 31
RIS O S AT £ B BRI | \ S TR 2002. 5. 13~
H PSRRI e e | 2003, 3. 31
Ebh-~YTACDNAZO—>HREY > INVE - _ RREMTE Y > Y — 2002. 6. 5~
DR - BEEERRN BACFBITERR Wi WG B = | 2005 3.31
EE TSRS T EDT — 5 ~—2 | HEENNT AT | EhfR DB 5— | 2002, 6. 14~
HISE - RN WO —Th | H0E REE % | 2003, 3.31
AR AT ENUBR Y ARAERAD | 0 AR 5 — | 200211, 1~
A T g w6 @B 2004. 3. 31
|EH+J]|§]|1 %2 A — A %ﬁi%ﬁﬁ%t‘)&“ 2003. 2.256~
L P R 2 L 1 B 5 2 SRt R 7 | 00 2. B
9 - I 7 4L 577 N = i%iﬁ{iﬁﬁ%iﬁ%ét\/yﬂ 2002. 4.16~
B 17 519 2 AR O B R PR | I RRAtsT ) 20 A6
RPN FEE RO A MENDY | o (R TR 2002. 4. 10~
) LSRR Wiz o A W | 2003 3.31

Yr; él— H_L[ J
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ERR14EE 20028
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. - \\ R 2002 4. 8 ~
RBIRE | & el s LImity ) AoSOMAR | it D] 200 A 8
DR = v o =Y | - Yu VAN : 73 j&'ﬂ:iﬁ'fiﬁﬁ%%mﬁlﬂ 2002 4 10"\’
BARBRE | @A ORI O i S K B
WRENEIS T | 0. Inm A HEED NGB EROE | MEREEIEL 5— | 2002 5. 30~
) 2 HE b 6 & T ) T~ wig W A& 1 B | 2003 3.31

S R [ TR e

L g . S e B R AT 2002. 6. 4~
BARRRE RN | RS TRE LS TR i AR R B
ERASTEIESE | o e LR 5 2002. 4. 1~
e M FFEAIE N DH T2 IR B T EAEDBIFE T B ak B — 9003, 331




2 5 % W ® = = Bom oy & 2 4 %
o MR OTNE, EROMEREC ST 5 | REEWHEL 5 — | 2002 7. 8~
SRS v H FRlL S
REEEUEE L e S e A g WG B = | 2003 3.31
. S avva INTOERMBEERTORY | REAEMIRT S5 — | 2002, 7. 8~
FIARHRBERE | 2 ke 0/ o MEER U2 ORIERTT W M W WRT | 2003.3.31
VT—— O - REAMPIR LS F— | 2002.7. 8~
AR SE | M TR T RO FE & R il IR
o e EREEEEEA T S~ | 2002, 5. 10~
o R R B T
PR EE | A4 ADRETSES 25 AOME s IRa L | S 0
) AT N KEEEORFZ7o—>OGFPZ2FHELZE WG 7 ) h—=T 15— 2002. 7. 3~
SRS i H FRlL S
RASARBERE | e BEE - A 7 St | 2003 3.31
AT EGE ) BSEA | %) 5 DNA GBS o CREOET il | F S EHR 2002, 7. 24~
BRI BT WeE 8 A B 4 | 2003. 3.6
TEGE NS | 1 R MR — D — 1T L BRAMES S 0 | RIS 5 — | 2002, 7. 24~
BRI L — 5 —Bi%E BEE & M o D | 2003 3.6
AT TEGE Ay | BETORMEON S EE =R TEIEET | SMAmIiRes 5 — | 2002, 7. 24~
BRI DY & KRR BEE & M o D | 2003 3.6
MTEGE NS A | FREETREOME SRR LD | RIS 5 — | 2002 7. 24~
BRI HehE 58 BEE & M o D | 2003 3.6
WS EGE MR | DRE TR AR 2 S LR Y | A RE e 2002, 8. 16~
DIRHHE ST | OM%E) oM 5 R WeE s A 4 | 2003 3. 14
e SCFLEFF > 1) H—Tic & oG | 2 aEarse i 2003, 1. 10~
SRS r H Bl S
BBt RIS & SEHIBIFEA D S e 1% 2003. 3.31
e o \ e A R 2003, 1. 10~
DR i i HAll ~ # —_— Z # =
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SRS i H Bl S
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e DO F AR o BRI RS | B P 2003. 1. 10~
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e { TR 2003. 1. 10~
o R R LB DT Ak
FEH R EE | R O b B | T L0
. SamUa N TR T ORI | REAMRLS S— | 2003, 1.10~
REFERARBUIERM | p A2 Rk & 2 O3 i L om #2003 3.31
e . . e e MR BARIFFEER Y 2003. 1.20~
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it A & S| TN H XN %
Classification Number of Grants Amount
woE @B B % 31 113, 200"

Grant-in-Aid for Scientific Research on Priority Areas T
F % i 7% (S) 1 17900

Grant-in-Aid for Scientific Research (S) ’
F & Wt 7t (A) 3 28 300

Grant-in-Aid for Scientific Research (A) ’
K i W % (B) 7 39300

Grant-in-Aid for Scientific Research (B) ’
# i Wt 7t (C) 6 9. 500

Grant-in-Aid for Scientific Research (C) ’
[i] i Wt % 3 3 300

Grant-in-Aid for Exploratory Research ’
= F i 7% (A) 1 8300

Grant-in-Aid for Encouragement of Young Scientists (A) ’
P F Wt 7t (B) 7 12. 800

Grant-in-Aid for Encouragement of Young Scientists (B) ’
AR R . 19000

Grant-in-Aid for Creative Scientific Research ’
OBl W o3t B R’ OBy & T 12. 800

Grant-in-Aid for JSPS Fellows ’

t
Total 71 1,293, 700
(5 H 1 BRE)
IRV FERZMRERMERMES
(H#NR—2R)
RIS B R ME
15.4%
EFHE(B)
9.9%
Y5 RE pRIGAA 2T
43.7%

EFHAR(A) 1.4%

BB 4.2%

ER/HER(C)
8.5%

& Jo [0)
REHR(B) 9.9% SEAISHRE 1.4%
HBBMER(A) 4.2% HEBIE(S) 1.4%



RO —RR Open House
BHAEARICB T 27 FO—IREL T, BUFEEMD As one of the events of the Science and Technology Week,
JEOR L DM H 2 TV, 22IBE 2 B L, BFSEATD—  the National Institute of Genetics (NIG) opens its grounds and
WENFHEL T—RORAATHL THET, facilities to the public. Visitors attend exhibits, special lectures

and scientific movies, as well as enjoying cherry blossoms in the

institute campus.

NHABES Public Lecture
1, B, ERTAHETAEZHEELT, —KeE Once every autumn, NIG holds a public lecture in Tokyo,

MBITE R FNER ZHEL TWE T, presented by its faculty.
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B - K & ] = Name Awards - Honors
BT Emeritus Professor | Foreign associate, the National
XK H B F | XKERZETFATISHNEAZE OHTA, Tomoko | Academy of Sciences USA
B R Emeritus Professor .
* m B T AL OHTA, Tomoko Person of Cultural Merits
Bh#dz (OHE) Associate Professor | The Genetic Society of Japan
w oIl & BB HABRZERERE FUKAGAWA, Tatsuo | Young Investigators Award

KR 15
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19BEXLBESE
KIHARA Hitoshi
Studied the genetics of wheat
and created the concept of the “genome”.
1948, the Order of Culture.
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